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(57) ABSTRACT

The invention includes isolated polynucleotide molecules
that are differentially expressed in a native fungus exhibiting
a first morphology relative to the native fungus exhibiting a
second morphology. The invention includes a method of
enhancing a bioprocess utilizing a fungus. A transformed
fungus is produced by transforming a fungus with a recom-
binant polynucleotide molecule. The recombinant polynucle-
otide molecule contains an isolated polynucleotide sequence
linked operably to a promoter. The polynucleotide sequence
is expressed to promote a first morphology. The first morphol-
ogy of the transformed fungus enhances a bioprocess relative
to the bioprocess utilizing a second morphology.
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Query: 29 VPSGUHHVEDAGSDHQISLSIALARKNLD QLESKLKDLSTPGESQYGQULDQEDV-DTLF 87
+P G + A + 4++SL+ AL +HHN+H+L ++ +3 P Q¥G++L E+¥V D +
Sbhjct: 31 LPPGUVSLGRADPEEELSLTFALRQONVERLSELVQAVSDPSSPQYGKYLTLENVADLVR 90

Query: 88 PVA-SDRAVINWLRSANIT--HISRQGSLVNFATTVDKVNKLL-NATFAYYQSGSSQR-- 141
P + ¥V UL +A H + -+ + LL AF+Y G ++
Sbjct: 91 PSPLTLHTVQKULLAAGAQKCHSVITQDFLTCWLSIRQAELLLPGAEFHHYVGGPTETHV 150

Query: 142 LRTTE-YSIPDDLVDSIDLISPTTFFGKEKTTAGLNQRAQKIDNHVAKRSNSSSCADLIT 200
R+ Y4+P L 4D + F T+ L QR + + 4+ +T
Sbjct: 151 VRSPHPYQLPQALAPHVDFVGGLHHF--- PPTSSLRQRPE--~——- PQVTGTVGLHLGYT 201

Query: 201 L3CLREMYNFGNYTPSASSGIKLGFGSFLNESASY-SDLAKFERLF--NLPSQSFSVELY 257
5 +HH+ YN + E + SDLA+F +LF N 0O+ 5V V¥
Sbjct: 202 PSVIRKRYNLTSQDVGSGTSNNSQACAQFLEQYFHDSDLAQFMRLFGGNFAHQA- SVARV 260

Query: 258 NGGVNDQNQSTASLTEADLDVELLVGVAHPLPVTEFITSGEFPFIPDPDEPSAADNENEP 317
¥ Q+ A+ EA LDV+ L+ + ++ G EP
Shjct: 261 ---VGOOQGRGRAGI-EASLDVOYLMSAGANISTUVYSSPGR-~~----mm———- HEGQEP 303

Query: 318 YLOYYEYLLSKPNSALPOVISNSYGDDEQTVPEYYAKRVCHNLTGLVGLRGISVLE SSGDE 377
+L0+  +L SALP V + SYGDDE ++ ¥ 4RV RGHH+L +83GD
Shjct: 304 FLQW--LMLLSNESALPHVHTVSYGDDED SLSSAYIQRVNTELMKAAARGLTLLFASGDS 361

Query: 378 GIGSGCRTTDGTNRTQFNPIFPATCPYVTAVGGTMSYAP-——-—-— EIAVEASSGGFSNYFE 432
G+GC + G R QF P FPA+ PYVT VGGT 3 EI S GGFSN F
dbjct: 362 --GAGCWSVIG--RHQFRPTFPASSPYVITVGGTSFQEPFLITNEIVDYISGGGFSNVFP 417

Query: 433 RAWFQREAVONYLAHHITNETROYYSOFANFSGRGFPDVAAHSFEPSYEVIFYGARYG-S 491
R +Q+EAV +L+ ¥+ N SGR +PDVAd S Y V+
Sbjcc: 418 RPSYQEEAVTKFLSSSPHLPPSSYF----NASGRAYPDVARLS--DGYNVVSNRVPIPUV 471

Query: 492 GGTSAACPLFSALVGMLNDARLRAGKSTL GFLNPLLYSKEGYRALTDYTGGQSIGCNGIDP 551
GTSA+ P+F -+ N+ B+ +G+ LGFLNP LY + L DVT G c
Sbjct: 472 SGTSASTPVFGGILSLINEHRILSGRPPLGFLNPRLYQQHGAGLFDVIRGCHESC ---—- 526

Query: 552 QNDETVAGAGIIPWAHWNATVGWDPVTGLGLPDFEKLRQLVLS 594

DEY G G + GUDPVIG G P+F L + +L+
Sbict: 527 -LDEEVEGQGFC------ SGPGUDPVTGW GTPNFPALLKTLLIN 562

Lz ay o
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Query: 26 FI'VNSPNVWTDHEIRSQYAYHI'I’DITRTADN—-—KLVATPKATTIIYHI‘KVDRKVGKVGVH 82
F Y 3PNV.YT+ EI § ¥ Y TI++ .. +N  ++ PK Y FKD _
shjcet: 6 FKVESPIWKYTEGEIHSVYNYETTELVHESRNGTYQUIVKPKI'VKYEFKI’DTHVPKLGVH 65

Query: 83 -MVGUGGNNGSTVT- QVSLPTAWSHGRPRA}[RASHYYGS?VHGSTIKLGTDAKTGEEIHI 141
_ STHT V. +5 7 3 HNYHGS+ S+I++G+  GEEIL o
sbjct: 66 LY GUGGNNGSTLTGGY IANRE GI SWATKDKVQQANYFGSLTQASSTRVGS--FNGEEIYA 123

Query: l4z PFHDI'ILPHVHPNDLAIGGUDISSLNLADSHDRAUVLEPTLKQU?RKEI{AEIH{PLPSIYYPf‘20'1
PF +LPMV+P+D+ . GGUDISHHNLAD+M RA+VL+ L+0+R M M PLP IV P
Shjct: 124 PFKSLLPI‘IVHPDDWFGGIJ'DISI’H'HJLADAHGRAKVLDIDLUKQLRPYHEI-HWPLP GIYDP. 183

Query: 202-D FIAANQEDRADNVLE GSKACHA}HIEKI QQDIRDFEAQNGLDKVIVMWTANTERY AD ILP Z6l
' DFIAAN Q  RAHNVHGHK V4+I - 4+D+RDFK QN +DKV+V+UTANTERY +-+H N
Sbhjct: 184 DFIAANQGSRANNVIKGTKE- —E QVQQIIKDMRDFKE QHIWDKVVVLTATI‘MI’I’ERYSNV Vv 241

Query: 262 GVNDTADNLLNAIKTGHLEVSPSTVFAVACILDNVPFINGSPQNTFYPGATQLAE QHKAF 321
G+NDTAHL+ + E+SPSTHHAHAC+ +NVPFINGSPQNTFVEG, T LA Q +
Shjct: 242 GL LETAESLHASVERHEAEI SPSTLYATACVFENVPFINGSPQNTFVP GLID LAIQRNSL 301

Query: 322:IGGDDFKSGOTKMKSALVDFLINAGIKLT SIASYNHLGNNDGKNLSSQKQFRSKEE ISKSH 381
"IGGDDFKSGQTKMKS LVDFL+ AGIK TSI SYNHLGHNNDG NLS+ +- FRSKE I SKSH
Sbjerr 302 IGGDDFKSGQTKHKSVLVDFLVGAGIKPTSIVSY’I'H-ILGNIIIDGI‘HIILSAPQTFRSKEISKSI\I 361

Qu'eryr:_ 382 VVDDMVAANKILYAEDEHPDHTVVIKYMPAVGDNKRALDEYYAEIFMGGHQTISLFNICE 441
VVDDMVA+N ILY = EHPDH VVIEY+P VGD+KRA+DEY +EIFMGG TI L N CE _
Shjct: 362 ,WDDI'WASNGILYEPGEHPDHIWIKYYPWGDSKRAI'DEYTSEIFI'IGGKSTIVLHNTCE 421

Query: 442 DSLLASPLIIDLVLIAEMMTRISUWKSDEAAEYKGFHSVLSYLSYHLKAPLTPPGTPVVNS. 501
DSLLA+P+I4+DLVL+AE+ TRI K++ ++ FH'V ++LSY+ KAPL PPGTP‘.WI'H,
Sbjct: 422°D§ LLAAPIILD LVLLAELSTRIOLKAE GE GKFHSF'HPVATIL SYLTKAPLVPPGTPVVNA 481

Query: 502 LTKQRSALTNIFRACVGLQPESEMTLEHK 530

L+KQR+ L NI RACVGL ‘PE+ M.LE+K"
Shict: 482 LSKQRAMLENILRACVGLAPENNMILEYK -510

L oy &
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1 2 3 45 6 123 456
Fzay T Fz =g AU7

Query: 1 MAARPQNIGIKAIEVYFPROCVDQSELEKFDGVSEGRYTIGLGQTKMSFCDDREDIVSIA 60
MaA RPQNIGIRATIE+YFP (V+(SELEKFDGVS  GKYTIGLGQTKM+FCDDRED IVS+A _
Sbjct: 1  MATRPQNIGIKAIEIYFPSQYVEQSELEKFDGVSTGKYTIGLGQTKMAFCDDRED IYSLA 60

Query: 61 LTTFSSLLRKYNIDPNSIGRLEVGTETLLDRESKSVKSYLMOLLAPHGNTNVEGYDNVNAC. 120
LT- 3 LL+ Y ID:N+IGRLEVGTETLLDKSKSVESVLMQL NTN+EGVD +NAC
Sbjct: 61 LTAVSRLLENYEIDTNTI GRLEVGTETLLDKSKSVKSVLHULFGE-~NTNIE GVDTINAC -118

Query: 121 CGGTNAVFNSINULESSAWDGRDAVVVCGDIALYAE GAARPTGGAGCVAMLI GPDAPIVF 180
GGTNA FNS-HUU+ESSAUDGRDA+VY GDIALYAHG ARPTGGAGCVAML+GP+APT .
Sbjct: 119 YGGTNAFFNSVNWIESSAWDGRDAIVVAGDIALYAKGNARPTGGAGCVAMLYGPNAP IAVV 176

Query: 181 EPGLRASYVTHAYDFFKPDLTSEYPVVDGHFSLRCYTEAVNACYKAYNAREKTLKEKVQN 240
-EPGLR .5Y+ HAYDF4KPDLTSEYP. VDGH+5+ CYTEA++ Y+AYN REK I b
Sbjct: 179 EP GLRGSYI'IAHAYDFYKPD LTSEYPWGHYSWCYTEALDGAYRAW,QREKLL— ==-TN 234

Query: 241 GTNGTAQDDSQTALDRFEYLCYHAPTCKLVQKSFARHLYNDYLTHPTHPAFAEVAPELRD 300
"G NG 43D +4T LDRF+YL. +HAPTCKLVUKS+AR+LY+DYL NP P FA+V PE4RD.
Sbjct: 235 GVNGHSEDSTKTPLDRFDYLAFHAPTCKL VQKSYARLLYHDYLANPESPVFADVP PEVRD -294

yuery: 301 LDYATSLTDKNVEKI‘FI-IGLTIG(RFAERVKPALEVATLC[}NMYTAIVIJJAGLASLISHVPFD_ 360
ADY SLTDK VEKTFM. LTKKRF- ERV: PA++V TLCGNMY. +VW GLAS+T HV o
Sbhjct: 295 I‘[DYKKSLTDKVVEKTFHTLT!G(RFOERWPAIQVPTLCGI\MYCGSV[JGGLASIIGHVDSA' 354

Query: 361 ASESKRIGLFSYGSGLASSLLSVKIVGDV-SNLVEKLDLKNRLSNRNVLPPQSYVDMCALR 420
E KRI +H G L + L+L “RI+'R- +PP+SY HC IR
Sbjct: 355. QLEGKRIGLFSYGSGLAASFCSFRVTGSTEKLAKTLNL PARLMRRAVP PESYDAI‘ICD LR 414

Query: 421 EHAHLKKNFKPSGNTETLYPGTYYLTEVDDMFRRKYDVEAL- 460-
+ AHL+KN+ P G-~ TL PGTYYL YVDDMF4R ¥ +K& .
Sbict: 415 KQAHLOKNYTPKGEVSTLEPGTYYLENVD DMFKRTYSIKA 454
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Query: 70 VLRLRGGMQIFVKTLTGKTITLEVESSDTIDNVKTKIQDKEGIPPDQQRLIFAGKQLEDG 129
VLR + + VKTLTGKTITLEVESSDTIDNVKTKIQDKEGIPPDQQRLIFAGKQLEDG
Sbjct: 68711 VLRHANNLAV-VKTLTGKTITLEVESSDTIDNVKTKIQDKEGIPPDQQRLIFAGKQLEDG 68535

Query: 130 RTLSDYNIQKESTLHLYLRLRGGHMQIFVKTLTGKTITLEVESSDTIDNVKTKI QDKEGIP 189
RTLSDYNIQRESTLHLYLRLRGGHMQIFVKTLTGKTITLEVE SSDTIDNVE+KI QDKEGIP
Sbjct: 68534 RTLIDYNIQKESTLHLYLRLRGGMOIFVKTLTGKTITLEVESSDTIDNVKSKINDKEGIP 68355

Query: 190 PDQQRLIFAGKQLEDGRTLSDYNIQKE STLHLVLRLRGGMQIFVKTLTGKTITLEVESSD 249
PDQQRLIFAGKQLEDGRTLSDYNIQKE STLHLVLRLRGGMQIFVKTLTGKTITLEVESSD
Sbjct: 68354 PDQQRLIFAGKQLEDGRTLSDYNIQKE STLHLYLRLRGGMQIFVETLTGKTITLEVESSD 68175

Query: 250 TIDNVKTKIQDKEGIPPDQOQRLIFAGKQLEDGRTLSDYNIQRESTLHLVLRLRGGN 305

TIDNVKTKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGN
Sbict: 68174 TIDNVKTKRIQDREGIPPDQOQRLIFAGKQLEDGRTLSDYNIQRESTLHLVLRLRGGN 68007

/3 HV /A/4
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ISOLATED POLYNUCLEOTIDES AND
METHODS OF PROMOTING A
MORPHOLOGY IN A FUNGUS

RELATED PATENT DATA

This patent claims benefit of priority under 35 U.S.C. §119
to U.S. Provisional Patent Ser. No. 60/382,132, which was
filed May 20, 2002.

CONTRACTUAL ORIGIN OF THE INVENTION

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

TECHNICAL FIELD

The invention pertains to isolated polynucleotide mol-
ecules, recombinant polynucleotide constructs, and methods
of promoting a morphology in a fungus.

BACKGROUND OF THE INVENTION

Fungi are becoming increasingly utilized for production of
numerous commercially useful products. A type of fungi
known as “filamentous™ fungi are currently used for the
industrial scale production of metabolites such as antibiotics
(penicillins and cephalosporins, for example) and organic
acids (citric and fumaric acids for example). Filamentous
fungi are additionally useful for the industrial production of
enzymes such as, for example, proteases and lipases.

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

Alternatively, “filamentous” fungi can exhibit a pellet mor-
phology. In contrast to cultures of fungi exhibiting a filamen-
tous morphology, the viscosity of cultures of fungi exhibiting
apellet morphology can be relatively low and can utilize less
power for mixing and aeration of the culture. For many prod-
ucts, for example citric acid, itaconic acid, statins, penicillins,
and various enzymes, productivity can be enhanced utilizing
fungus exhibiting a pellet morphology relative to fungus
exhibiting a filamentous morphology. However, at least in
certain fungal species, production of peptic enzyme or
fumaric acid, for example, can be enhanced by utilizing a
fungus exhibiting a filamentous morphology.

It would be desirable to develop methods to promote a
desired morphology in a fungus and to develop methods for
influencing or controlling morphologies exhibited by a fun-
gus in a culture to optimize productivity.

SUMMARY OF THE INVENTION

In one aspect, the invention encompasses an isolated poly-
nucleotide molecule that is differentially expressed in a native
fungus exhibiting a pellet morphology relative to the native
fungus exhibiting a filamentous morphology.
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In one aspect, the invention encompasses a method of
enhancing a bioprocess utilizing a fungus. A transformed
fungus is produced by transforming a fungus with a recom-
binant polynucleotide molecule. The recombinant polynucle-
otide molecule contains an isolated polynucleotide sequence
linked operably to a promoter. A polypeptide encoded by the
polynucleotide sequence is expressed to promote a pellet
morphology. The pellet morphology of the transformed fun-
gus enhances a bioprocess relative to the bioprocess utilizing
a filamentous morphology of the transformed fungus.

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

FIG. 3 shows the results of Northern blot analysis of tran-
scription levels of the native A. niger gene corresponding to
the Balu-42 ¢cDNA sequence set forth in SEQ ID NO.:4.
Lanes 1, 2 and 3 reflect transcription levels in the pellet
morphology. Transcription levels in the filamentous morphol-
ogy are shown at 20 minutes (lane 4), 40 minutes (lane 5) and
120 minutes (lane 6) after inducing the filamentous morphol-
ogy.
FIG. 4 shows the results of Northern blot analysis of tran-
scription levels of the native A. niger gene corresponding to
the Brsa-25 ¢cDNA sequence set forth in SEQ ID NO.:6.
Lanes 1, 2 and 3 reflect transcription levels in the pellet
morphology. Transcription levels in the filamentous morphol-
ogy are shown at 20 minutes (lane 4), 40 minutes (lane 5) and
120 minutes (lane 6) after inducing the filamentous morphol-
ogy.

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

FIG. 6 shows the alignment and comparison of the pre-
dicted amino acid sequence of A. niger Brsa-43, SEQ ID
NO.:10 (top sequence), and the amino acid sequence of the
Homo sapiens lysosomal pepstatin insensitive protease, SEQ
ID NO.:11 (bottom sequence).
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FIG. 7 shows the results of Northern blot analysis of tran-
scription levels of the native A. niger gene corresponding to
the Brsa-47 cDNA sequence set forth in SEQ ID NO.:12.
Lanes 1, 2 and 3 reflect transcription levels in the pellet
morphology. Transcription levels in the filamentous morphol-
ogy are shown at 20 minutes (lane 4), 40 minutes (lane 5) and
120 minutes (lane 6) after inducing the filamentous morphol-
ogy.

FIG. 8 shows the alignment and comparison of the pre-
dicted amino acid sequence of A. niger Brsa-47, SEQ ID
NO.:14 (top sequence), and the amino acid sequence of Sesa-
mum indicum Myo-inositol 1-phosphate synthase, SEQ ID
NO.:15 (bottom sequence).

FIG. 9 shows the results of Northern blot analysis of tran-
scription levels of the native A. niger gene corresponding to
the Brsa-109 cDNA sequence set forth in SEQ ID NO.:16.
Lanes 1, 2 and 3 reflect transcription levels in the pellet
morphology. Transcription levels in the filamentous morphol-
ogy are shown at 20 minutes (lane 4), 40 minutes (lane 5) and
120 minutes (lane 6) after inducing the filamentous morphol-
ogy.

FIG. 10 shows the results of Northern blot analysis of
transcription levels of the native 4. niger gene corresponding
to the Brsa-118 cDNA sequence set forth in SEQ ID NO.:18.
Lanes 1, 2 and 3 reflect transcription levels in the pellet
morphology. Transcription levels in the filamentous morphol-
ogy are shown at 20 minutes (lane 4), 40 minutes (lane 5) and
120 minutes (lane 6) after inducing the filamentous morphol-
ogy.

FIG. 11 shows the alignment and comparison of the pre-
dicted amino acid sequence of 4. niger Brsa-118, SEQ ID
NO.:20 (top sequence), and the Neurospora crassa probable
hydroxymethylglutaryl-CoA synthase, SEQ ID NO.:21 (bot-
tom sequence).

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

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

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

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

ogy.
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FIG. 16 shows the results of Northern blot analysis of
transcription levels of the native 4. niger gene corresponding
to the Arsa-43 cDNA sequence set forth in SEQ ID NO.:33.
Lanes 1, 2 and 3 reflect transcription levels in the pellet
morphology. Transcription levels in the filamentous morphol-
ogy are shown at 20 minutes (lane 4), 40 minutes (lane 5) and
120 minutes (lane 6) after inducing the filamentous morphol-
ogy.

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

FIG. 18 shows the results of Northern blot analysis of
transcription levels of the native 4. niger gene corresponding
to the Arsa-10 cDNA partial sequence set forth in SEQ ID
NO.:36. Lanes 1, 2 and 3 reflect transcription levels in the
pellet morphology. Transcription levels in the filamentous
morphology are shown at 20 minutes (lane 4), 40 minutes
(lane 5) and 120 minutes (lane 6) after inducing the filamen-
tous morphology.

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

FIG. 20 shows a comparison of enhanced expression levels
in filamentous morphology (right) relative to the pellet mor-
phology (left) of native 4. niger for each of the Balu-4, Brsa-
25, Brsa-43, Brsa-47, Brsa-109, and Brsa-118 genes.

FIG. 21 shows a comparison of enhanced expression levels
in the pellet morphology (left) relative to filamentous mor-
phology (right) of native 4. niger for each of the Arsa-7,
Arsa-10, Arsa-27, A-27, Arsa-43 and A-90 genes.

FIG. 22 shows the results of Northern blot analysis of
transcription levels of the native 4. niger genes corresponding
to the Balu-4, Balu-42, Brsa-25, Brsa-47, Brsa-109, and Brsa-
118 cDNA sequences set forthin SEQ ID NOs.:1, 4, 6,12, 16
and 18, respectively. Panel (A) shows transcription levels in
native 4. niger grown in 10 ppb Mn>* (pellet morphology) for
14 hr (lane 1), 24 hr (lane 2), 48 hr (lane 3), 72 hr (lane 4), 96
hr (lane 5) and 120 hr (lane 6). Panel (B) shows transcription
levels innative A. niger grown in 1000 ppb Mn** (filamentous
morphology) for 1 hr (lane 1), 2 hr (lane 2), 24 hr (lane 3), 36
hr (lane 4), 72 hr (lane 5) and 108 hr (lane 6).

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

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

FIG. 25 shows suppression results for 4. niger transformed
with antisense oriented polynucleotide sequences compli-
mentary to Balu-42 (Panel A), Brsa-25 (Panel B) and Brsa-
118 (Panel C). Each panel compares morphologies of control
A. niger (left) and transformed A. niger (right) containing the
corresponding antisense DNA construct grown in 15 ppb
Mn** medium.
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FIG. 26 shows suppression results for A. niger transformed
with antisense oriented polynucleotide sequences compli-
mentary to cDNAs corresponding to Arsa-7 (Panel A), A-37
(Panel B) and A-90 (Panel C). Each panel compares mor-
phologies of control 4. rniger (left) and transformed A. niger
(right) grown in 12 ppb Mn** medium.

FIG. 27 shows the citric acid production of control 4. niger
and transformed A. niger containing antisense polynucleotide
sequence complimentary to Balu-42 (strain 2805) or compli-
mentary to Brsa-118 (strain 2808). Panel (A) shows measured
citric acid production for individual transformation experi-
ments. Panel (B) shows averaged values of the data depicted
in Panel (A).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention encompasses polynucleotides that can have
differential expression in a native fungus. For purposes of the
present description the term “expression” of a polynucleotide
sequence can refer to the combined processes of transcription
and translation, or can refer to a portion of the combined
transcription and translation process. The term “differential
expression” can refer to two or more differing levels of
expression, or can refer to an absence in expression in a first
instance relative to a presence of expression in a second
instance.

The invention includes isolated polynucleotide molecules
that can include a polynucleotide sequence that is differen-
tially expressed in different morphologies exhibited by a
native fungus. For purposes of the present description, the
term “native” can refer to an organism that has not been
genetically manipulated. The term “isolated” can refer to a
naturally occurring molecule such as, for example, a poly-
nucleotide or a polypeptide that has been recovered from the
organism which produced it, or alternatively can refer to a
synthetic molecule.

An isolated polynucleotide molecule according to the
present invention can comprise a polynucleotide sequence
that has an increased expression in a fungus exhibiting a pellet
morphology relative to a lower level or an absence of expres-
sion in the filamentous morphology of the fungus. Alterna-
tively, a polynucleotide molecule according to the present
invention can comprise polynucleotide sequence having an
increased expression level in a filamentous morphology of a
native fungus relative to a lower level or absence of expres-
sion in the pellet morphology.

Isolated polynucleotides encompassed by the present
invention can be isolated from any source fungus that is
capable of exhibiting a filamentous morphology and a pellet
morphology. A source fungus is not limited to a specific group
of fungi and can be a member any of the three major fungi
groups. An exemplary member of the Basidiomycetes group
is Phanerochaete chrysosporium. Exemplary members of the
group of Ascomycetes and Imperfect Fungus include
Aspergillus niger, Aspergillus oryzae, Aspergillus terreus,
Emericella  nidulans, Neurospora crassa, Fusarium
oxysporum, Penicillium chrysogenum, and Trichoderma
reesei. Exemplary members of the Zygomycetes group
include Rhizomucor miehei and Rhizopus oryzae.

An exemplary isolated polynucleotide molecule encom-
passed by the present invention can comprise a polynucle-
otide sequence isolated from A. miger that is differentially
expressed in the filamentous morphology of native-A4. niger
relative to the pellet morphology of native A. niger. The
differentially expressed polynucleotide sequence can com-
prise, for example, a sequence as set forth in any of SEQ ID
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6
NOs.:1,4,6,8,12,16,18,22,24,26,28,33,36 and 37, or can
comprise a sequence complimentary to any of those
sequences. Each of the polynucleotide sequences set forth in
SEQIDNOs.:1,4,6,8,12,16, 18, 22, 24, 26, 28,33,36 and
37, corresponds to the sequence determined from a full-
length ¢cDNA molecule prepared according to methods dis-
cussed below, with SEQ ID NOs.:36 and 37 being partial
sequences determined from full length ¢cDNA. It is to be
understood that the isolation methods and techniques dis-
cussed herein are exemplary and that numerous conventional
techniques can be utilized for producing the isolated poly-
nucleotide molecules of the present invention.

Full-length ¢cDNA molecules comprising the polynucle-
otide sequences set forthin SEQ IDNOs.:1,4,6,8,12, 16, 18,
22,24,26,28,33,36and 37, are obtained from A. niger strain
ATCC11414 utilizing suppression subtractive hybridization
techniques (Diatchenko et al., Proceedings National Acad-
emy of Science U.S.A. Vol. 93, pp. 6025-6030, 1996), in
conjunction with PCR-SELECT™ cDNA subtraction kit
(CLONTECH, Palo Alto, Calif.). Two suppression subtrac-
tive cDNA libraries are constructed. A first cDNA library is
constructed utilizing cDNA obtained from 4. niger exhibiting
the pellet type morphology as tester and cDNA obtained from
A. niger exhibiting the filamentous morphology as a driver.
The driver/tester ratio is increased threefold over the ratio
suggested by the subtraction kit manual.

A second suppression subtractive cDNA library is created
utilizing cDNA obtained from A4. niger exhibiting the fila-
mentous morphology as tester and utilizing cDNA obtained
from A. niger exhibiting pellet morphology as driver. A first
c¢DNA pool is generated from the first library and a second
c¢DNA pool is generated from the second library. Differen-
tially expressed cDNAs that are specifically present or
enhanced in the pellet morphology are isolated from the first
c¢DNA library by hybridization utilizing the first cDNA pool
as probes and independently hybridizing utilizing the second
c¢DNA pool as probes. Isolation of cDNA that is enhanced or
specific to the filamentous morphology of 4. niger is achieved
by independently hybridizing the second cDNA library uti-
lizing the first cDNA pool and the second cDNA pool as
probes.

The segments of differentially expressed cDNAs that are
isolated by suppression subtractive hybridization are selected
for DNA sequencing. Sequencing of the segments is per-
formed utilizing single pass sequencing with the T7-2 primer.
The DNA fragments isolated by the suppression subtractive
hybridization are used to design pairs of gene specific primers
for utilization in isolating full-length cDNAs.

Full-length cDNA isolation is achieved utilizing the mara-
thon cDNA amplification kit and the ADVANTAGE® cDNA
polymerase (CLONTECH, Palo Alto, Calif.). The gene spe-
cific primers designed from the suppression subtractive
hybridization clones are utilized for performing rapid ampli-
fication of cDNA ends PCR (RACE-PCR). The sequence of
full-length ¢cDNAs is determined using conventional auto-
mated DNA sequencing methods.

Twelve full-length ¢cDNA clones and two partial-length
c¢DNA clones are produced and sequenced according to the
methods discussed above. The resulting sequences are pre-
sented as follows. The sequence of the Balu-4 cDNA is set
forth in SEQ ID NO.:1; the sequence of the Balu-42 cDNA is
set forth in SEQ ID NO.:4; the sequence ofthe Brsa-25 cDNA
is set forth in SEQ ID NO.:6; the sequence of the Brsa-43
c¢DNA is set forth in SEQ ID NO.:8; the sequence of the
Brsa-47 cDNA is set forth in SEQ ID NO.:12; the sequence of
the Brsa-109 ¢cDNA is set forth in SEQ ID NO.:16; the
sequence of the Brsa-118 cDNA is set forth in SEQ ID NO.:
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18; the sequence of the Arsa-7 cDNA is set forth in SEQ ID
NO.:22; the sequence of the Arsa-48 cDNA is set forth in SEQ
ID NO.:24; the sequence of the A-37 cDNA is set forth in
SEQ ID NO.:26; the sequence of the A-90 cDNA is set forth
in SEQ ID NO.:28; the sequence of the Arsa-43 cDNA is set
forth in SEQ ID NO.:33; the partial sequence of the Arsa-10
c¢DNA is set forth in SEQ ID NO.:36; and the partial sequence
of the Arsa-27 cDNA is set forth in SEQ ID NO.:37.

The amino acid sequence of each of the fourteen deter-
mined polynucleotide sequences is predicted utilizing the
known genetic code. Homology searches are performed uti-
lizing BLASTP to investigate homology between a predicted
amino acid sequence and the sequences in the NCBI non-
redundant GenBank CDS. All homology searches are con-
ducted utilizing a threshold E value of E=0.005. Accordingly,
the results of each BLAST homology search (discussed
below) are based upon this initial threshold value.

Northern blot analysis is utilized to analyze the expression
levels of the genes in native A. niger corresponding to each of
the fourteen cDNA clones. The expression of each gene by A.
niger exhibiting filamentous morphology is compared to the
expression of the same gene in 4. niger exhibiting the pellet
morphology. For expression analysis, 4. niger is initially
grown in a culture medium containing less than or equal to
about 12 parts per billion (ppb) Mn>* for 12 hours. After the
initial 12 hours of growth the culture is divided into two
halves, the first half is maintained at low Mn>* concentration
(less than or equal to about 12 ppb) and the other half is
brought to a final concentration of approximately 1000 ppb
Mn?* (or in some instances to a final concentration of greater
than or equal to about 15 ppb Mn>*). 4. niger can be
extremely sensitive to Mn>* concentration. At Mn** concen-
trations at or below about 12 ppb, native 4. niger exhibits the
pelleted morphology, while at Mn>* concentrations higher
than about 12 ppb, native A. niger exhibits filamentous mor-
phology. To simplify the present description, the point at
which the culture is divided into two halves (after 12 hours of
initial growth) can be referred to as time zero (t=0). Addition-
ally, since the addition of Mn>* to a final concentration of
above 12 ppb promotes the filamentous morphology, the
addition of Mn** can be referred to as filament induction.

Culture samples are collected at 20, 40, 60 and 120 minutes
after time zero from both the non-induced culture (pellet
morphology) and the induced culture (filamentous morphol-
ogy). The samples are centrifuged to form culture pellets
which are frozen with liquid nitrogen and stored at -80° C. for
future total RNA extraction.

Total RNA can be isolated from the frozen culture pellets
utilizing conventional methods. After size fractionation of the
total RNA sample by conventional gel electrophoresis tech-
niques and subsequent transfer to a blotting membrane, the
total RNA samples collected at each time point are analyzed
using hybridization of probes that are synthesized by ran-
domly priming the isolated suppression subtractive hybrid-
ization cDNA fragments or by randomly priming fragments
of full-length ¢cDNA digested with restricting endonuclease.
Probe synthesis includes incorporation of [**P]-a-dCTP.
Hybridization results of the Northern blots can be visualized
by exposing the blots to x-ray film.

FIG. 1 shows the x-ray film exposure of a Northern blot
analysis of the expression of the 4. niger gene corresponding
to Balu-4 SEQ ID NO.:1. Increased hybridization is apparent
in mRNA samples taken from filamentous cultures (lanes 4, 5
and 6) relative to mRNA produced in pellet morphology
(lanes 1-3). Fifteen micrograms (ug) of total RNA is used for
each lane. The RNA samples utilized are obtained from post
t=0 pellet cultures at t=20 minutes (lane 1), t=40 minutes
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(lane 2) and t=120 minutes (lane 3); and from post-induction
filamentous cultures at t=20 minutes (lane 4), t=40 minutes
(lane 5) and t=120 minutes (lane 6). The total RNA used for
each lane and the lane identification for each of the Northern
blots discussed below is the same as that set forth for FIG. 1.
The results shown in FIG. 1 indicate that Balu-4 is differen-
tially expressed in native A. niger, with an increased level of
expression detected in the filamentous morphology.

The predicted amino acid sequence of Balu-4 is set forth in
SEQ ID NO.:2. The Balu-4 amino acid sequence is predicted
from the Balu-4 cDNA sequence (SEQ ID NO.:1). As shown
in FIG. 2, an amino acid sequence homology search utilizing
BLASTP indicates that SEQ ID NO.:2 (top sequence) has a
97% identity with the amino acid sequence of a G-protein
beta subunit of Emericella nidulans, SEQ ID NO.:3 (bottom
sequence). Positions of sequence identity are indicated by the
placement of the corresponding identical amino acid symbol
between SEQ ID NO.:2 (top) and SEQ ID NO.:3 (bottom).
The symbol “+” shown intermediate SEQ ID NO.:2 and SEQ
ID NO.:3 indicates a conservative amino acid difference. For
purposes of the present invention a conservative amino acid
difference or a conservative amino acid substitution can refer
to a substitution of one amino acid by another amino acid with
similar chemical properties. Additionally, the term “homol-
ogy” can, in some instances, refer to an identical or a conser-
vative amino acid.

The appearance of an open space between corresponding
positions in SEQ ID NO.:2 and SEQ ID NO.:3 in FIG. 2
indicates a non-conservative amino acid difference between
the two aligned sequences. Three sections of SEQ ID NO.:2
having relatively minimal identity with SEQ ID NO.:3 are set
forth as SEQ ID NOs.:30, 31 and 32. SEQ ID NO.:30 corre-
sponds to amino acids 28-49 of SEQ ID NO.:2. SEQ ID
NO.:31 corresponds to amino acids 194-209 of SEQ ID NO.:
2. SEQ ID NO.:32 corresponds to amino acids 260-288 of
SEQ ID NO.:2.

FIG. 3 shows the results of Northern blot analysis of the
expression of the native gene corresponding to Balu-42, SEQ
ID NO.:4. The increased detection of mRNA corresponding
to Balu-42 in the filamentous morphology indicates that
Balu42 is differentially expressed with increased expression
in filaments relative to the pellet morphology of native A.
niger.

SEQ ID NO.:5 corresponds to the Balu-42 amino acid
sequence predicted from SEQ ID NO.:4. A BLASTP homol-
ogy search is unable to identify homology between SEQ ID
NO.:5 and any sequence in the searched database.

FIG. 4 shows the results of Northern blot analysis of the
expression of the native gene corresponding to the Brsa-25
c¢DNA sequence set forth in SEQ ID NO.:6. The results indi-
cate that Brsa-25 is differentially expressed with increased
expression in the filamentous morphology of native 4. niger
relative to the pellet morphology.

The predicted amino acid sequence of Brsa-25 SEQ ID
NO.:6 is set forth in SEQ ID NO.:7. A BLASTP homology
search was unable to identify homology between SEQ ID
NO.:7 and any sequence in the searched database.

FIG. 5 shows results of the Northern blot analysis of the
expression of the native gene corresponding to the Brsa-43
c¢DNA set forth in SEQ ID NO.:8. The Northern blot results
indicate that Brsa-43 is differentially expressed with
increased expression in the filamentous morphology of native
A. niger relative to the pellet morphology.

The Brsa-43 amino acid sequence predicted from SEQ ID
NO.: 8 is set forth in SEQ ID NO.: 9. SEQ ID NO.:10 corre-
sponds to amino acids 29-594 of SEQ ID NO.:9. FIG. 6 shows
the BLASTP alignment and comparison of Brsa-43 SEQ ID
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NO.:10 (top sequence) which has 31% identity to the amino
acid sequence of human tripeptidyl-peptidase I precursor (ly-
sosomal pepstatin insensitive protease), SEQ ID NO.:11 (bot-
tom sequence). Indication of identity and homology between
sequences is as discussed above with respect to FIG. 2.

FIG. 7 shows the results of Northern blot analysis of the
expression of the native Brsa-47 gene corresponding to the
c¢DNA sequence set forth in SEQ ID NO.:12. The results
indicate that Brsa-47 is differentially expressed; with
increased expression levels apparent in the filamentous mor-
phology relative to the pellet morphology of native 4. niger

The amino acid sequence of Brsa-47 as predicted from
SEQ ID NO.:12 is set forth in SEQ ID NO.:13. FIG. 8 shows
the BLASTP homology search results for SEQ ID NO.:14
(top sequence) which corresponds to amino acids 26-530 of
SEQ ID NO.:13. The BLASTP results indicate that SEQ ID
NO.:14 has a 56% identity with the amino acid sequence of
Myo-inositol 1-phosphate synthase from Sesamum indicum,
SEQ ID NO.:15 (bottom sequence).

The results of Northern blot analysis of the expression of
the Brsa-109 gene in native 4. niger corresponding to the
c¢DNA sequence set forth in SEQ ID NO.:16 is shown in FIG.
9. The results indicate that the Brsa-109 gene is differentially
expressed, with increased expression detected in the filamen-
tous morphology relative to the pellet morphology.

The Brsa-109 amino acid sequence predicted from SEQ ID
NO.: 16, is set forthin SEQID NO.:17. ABLASTP homology
search is unable to identify homology between SEQ ID NO.:
19 and any sequence in the database.

FIG. 10 shows the results of Northern blot analysis of the
expression of the Brsa-118 gene in native A. niger corre-
sponding to the cDNA sequence set forth in SEQ ID NO.:18.
The results indicate that the Brsa-118 gene is differentially
expressed, with increased expression in the filamentous mor-
phology relative to the pellet morphology.

The amino acid sequence of Brsa-118 predicted from SEQ
ID NO.:18 is set forth in SEQ ID NO.:19. FIG. 11 shows the
BLASTP homology search results for Brsa-118. The results
show that the predicted amino acid sequence of Brsa-118,
SEQ ID NO.:20 (top sequence), has 66% identity with the
amino acid sequence of probable hydroxymethylglutaryl-
CoA synthase from Neurospora crassa, SEQID NO.:21 (bot-
tom sequence).

FIG. 12 shows the results of Northern blot analysis of the
expression of the Arsa-7 gene in native A. niger correspond-
ing to the cDNA sequence set forth in SEQ ID NO.:22. The
results indicate that the Arsa-7 gene is differentially
expressed, with increased expression levels in the pellet mor-
phology relative to expression levels in the filamentous mor-
phology.

The amino acid sequence of Arsa-7 as predicted from SEQ
ID NO.: 22 is set forth in SEQ ID NO.:23. BLAST homology
search results were unable to identify any sequences with
homology to the predicted amino acid sequence of Arsa-7.

FIG. 13 shows the results of Northern blot analysis and the
expression of the Arsa-48 gene in native 4. niger correspond-
ing to the cDNA sequence set forth in SEQ ID NO.:24. The
results indicate the Arsa-48 gene is differentially expressed,
with increased expression levels occurring in the pellet mor-
phology relative to the filamentous morphology.

The Arsa-48 amino acid sequence as predicted from SEQ
IDNO.:24, is set forth in SEQ ID NO.:25. ABLASTP homol-
ogy search was unable to identify homology between the
Arsa-48 amino acid sequence and any other amino acid
sequence in the searched database.

FIG. 14 shows the results of a Northern blot analysis of the
expression of the A-37 gene in native 4. niger corresponding
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10
to the cDNA sequence set forth in SEQ ID NO.:26. The
results indicate that the A-37 gene is differentially expressed
with increased expression occurring in the pellet morphology
relative to the expression level detected in the filamentous
morphology.

The A-37 amino acid sequence as predicted from SEQ ID
NO.:26, is set forth in SEQ ID NO.:27. The BLASTP homol-
ogy search was unable to detect any homology between the
predicted A-37 amino acid sequence and other amino acid
sequences in the searched database.

FIG. 15 shows the result of Northern blot analysis of the
expression of the A-90 gene in native 4. niger corresponding
to the cDNA sequence set forth in SEQ ID NO.:28. The
results indicate that A-90 is differentially expressed with an
increased expression level occurring in the pellet morphology
relative to the expression level detected in the filamentous
morphology.

The amino acid sequence of A-90 as predicted from SEQ
IDNO.:28, is set forth in SEQ ID NO.:29. A BLASTP homol-
ogy search performed on SEQ ID NO.:29, is unable to detect
any homology with any other amino acid sequence in the
database.

FIG. 16 shows the results of Northern blot analysis of the
expression of the Arsa-43 gene in native A. niger correspond-
ing to the cDNA sequence set forth in SEQ ID NO.:33. The
results indicate that the Arsa-43 gene is differentially
expressed, with increased expression in the pellet morphol-
ogy relative to the filamentous morphology.

The amino acid sequence of Arsa-43 predicted from SEQ
1D NO.:33, is set forth in SEQ ID NO.:34. FIG. 17 shows the
BLASTP homology search results for Arsa-43. The results
show that the predicted amino acid sequence of Arsa-43, SEQ
1D NO.:34 (top sequence), has 96% identity with the amino
acid sequence of the polyubiquitin protein from Aspergillus
nidulans, SEQ 1D NO.:35 (bottom sequence).

FIG. 18 shows the results of Northern blot analysis of the
expression of the Arsa-10 gene in native A. niger correspond-
ing to the cDNA partial sequence set forth in SEQ ID NO.:36.
The results indicate that the Arsa-43 gene is differentially
expressed, with increased expression in the pellet morphol-
ogy relative to the filamentous morphology. Homology
searching is unable to detect any homology between SEQ ID
NO.:36 and other polynucleotide sequences in the searched
database

FIG. 19 shows the results of Northern blot analysis of the
expression of the Arsa-27 gene in native A. niger correspond-
ing to the cDNA sequence set forth in SEQ ID NO.:37. The
results indicate that the Arsa-43 gene is differentially
expressed, with increased expression in the pellet morphol-
ogy relative to the filamentous morphology. Homology
searching is unable to detect any homology between SEQ ID
NO.:37 and other polynucleotide sequences in the searched
database.

Referring to FIGS. 20 and 21, such show bar-chart com-
parison of differential expression of various 4. niger genes.
FIG. 20 shows transcript levels for genes Balu-4. Brsa-25,
Brsa-43, Brsa-47, Brsa-109 and Brsa-118, which show
increased expression in filamentous A. niger. FIG. 21 shows
transcript levels for genes Arsa-7, Arsa-10, Arsa-27, A-37,
Arsa-43, and A-90, which show increased expression in the
pellet morphology of 4. niger.

Additional expression analysis is conducted utilizing cul-
tures grown for up to 5 days post t=0 (as defined above).
Referring to FIG. 22, such shows the increased transcript
levels for genes Balu-4, Balu-42, Brsa-25, Brsa-47, Brsa-109,
and Brsa-118 in native 4. niger grown in filamentous condi-
tions (Panel B) as compared to transcript levels in A. niger
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grown in pellet conditions (Panel A). Referring to FIG. 23,
such shows the increased transcript levels for genes Arsa-7,
A-37, Arsa-48 and A-90 in native 4. niger grown in pellet
conditions (Panel A), as compared to levels of the correspond-
ing transcript in filamentous cultures (Panel B).

In particular embodiments, the present invention encom-
passes isolated polypeptide molecules comprising an amino
acid sequence set forth in any of SEQ ID NOs.:2, 5,7, 9, 13,
17, 19, 23, 25, 27, 29 and 34, and functional equivalents
thereof. For purposes of the present description, the term
functional equivalent can refer to a truncated version or a
conservatively substituted version of an amino acid sequence
having substantially equivalent functional properties and/or
biological activity relative to the non-truncated, non-substi-
tuted polypeptide. As will be understood by those skilled in
the art, conventional methods can be utilized for truncating or
introducing conservative amino acid substitutions into the
amino acid sequences set forth in the sequence listing. Con-
ventional methods are available that can be utilized for pro-
ducing of the isolated polypeptides of the present invention.

In addition to the isolated polynucleotide molecules dis-
cussed above, the present invention encompasses polynucle-
otides comprising alternative polynucleotide sequences that
encode the amino acid sequences set forth in SEQ ID NOs.:2,
5,7,9,13, 17, 19, 23, 25, 27, 29 and 34, or that encode
functional equivalents of those amino acid sequences. The
invention also encompasses amino acid sequences encoded
by SEQ ID NOs.:36 and 37, and functional equivalents, and
alternate polynucleotide sequences encoding the amino acid
sequences encoded by SEQ ID NOs.:36 and 37. As will be
under stood by those skilled in the art, various modifications
can be introduced into a polynucleotide sequence without
affecting the resulting amino acid sequence due to the degen-
erative nature of the genetic code.

Various recombinant polynucleotide constructs are
encompassed by the present invention. In particular embodi-
ments, a recombinant polynucleotide construct according to
the present invention can comprise any of the isolated poly-
nucleotide sequences discussed above. All or part of any of
the polynucleotide sequences discussed herein can be linked
to a promoter, preferably operably linked to a promoter. Oper-
able linkage of a polynucleotide to a promoter to form a
recombinant polynucleotide construct can allow expression
of the polynucleotide sequence to be controlled by the pro-
moter. Alternatively, a sequence complimentary to at least a
part of a sequence set forth in any one of SEQ ID NO.:1, 4, 6,
8,12,16, 18,22, 24, 26, 28, 33, 36 and 37, can be utilized to
form a recombinant polynucleotide, and can be incorporated
in antisense orientation.

In particular aspects, the complementary sequence can
comprise a portion of complementary sequence of sufficient
length to enable suppression hybridization (discussed below).
Although utilization of polynucleotide sequences of fewer
than 30 nucleotides is contemplated, suppression hybridiza-
tion can typically involve utilization of one or more poly-
nucleotides having a length of greater than or equal to 30
nucleotides. Accordingly, the invention encompasses poly-
nucleotide sequences comprising a fragment of any of the
sequences set forth in any one of SEQ ID NO.:1, 4, 6, 8, 12,
16, 18, 22, 24, 26, 28, 33, 36 and 37, and complimentary
fragments. Such fragments can preferably comprise a length
of at least 30 nucleotides of the corresponding sequence, or
complimentary sequence.

The invention also encompasses a vector comprising any of
the isolated polynucleotide sequences discussed above. Vec-
tors encompassed by the present invention are not limited to
aparticular type of vector and can be, for example, a plasmid,
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a cosmid or a viral vector. Vectors according to the present
invention can be utilized for introducing into a host cell one or
more of the isolated polynucleotide molecules discussed. The
host cell is not limited to a particular cell type and can be, for
example, a bacterium, a fungus, or a higher-eukaryotic cell.
Additionally, vectors encompassed by the present invention
can be cloning vectors, expression vectors and/or integration
vectors.

The invention also encompasses a transformed host cell
and cell cultures which have been transformed to comprise
any of the isolated polynucleotide molecules discussed
above. Conventional cell transformation techniques can be
utilized for introduction of the isolated polynucleotide into a
desired host cell.

The present invention encompasses methods for promot-
ing a morphology in a fungus. A process for promoting a
morphology in a fungus is described with reference to a
flowchart in FIG. 24. At initial step 100, an isolated poly-
nucleotide is provided. The isolated polynucleotide from step
100 can comprise any of the isolated polynucleotides dis-
cussed above.

The isolated polynucleotide from step 100 can be used to
form a recombinant polynucleotide in step 110. As discussed
above, formation of the recombinant polynucleotide can
comprise operably linking a promoter and the isolated poly-
nucleotide sequence. Additionally, formation of a recombi-
nant nucleotide step 110 can comprise formation of a vector
which can be utilized to transform a fungus in step 120.
Numerous fungi are available for utilization in transformation
step 120. Preferably the fungus to be transformed is capable
of exhibiting a filamentous morphology and is additionally
capable of exhibiting a pellet morphology. Exemplary fungi
for purposes of step 120 can be, for example, any of the fungi
discussed above with respect to source fungi.

After transformation step 120, a polypeptide encoded by
the recombinant polynucleotide can be expressed from the
transformed fungus in step 130. The expression in step 130
can promote a particular morphology of the fungus. The
particular morphology promoted by the expression can be
determined by the sequence of the isolated polynucleotide
provided in step 100. For example, a filamentous morphology
can be promoted by providing an isolated polynucleotide
encoding a polypeptide comprising an amino acid sequence
set forth in any one of SEQ ID NOs.: 2,5,7,9,13,17,and 19,
and functional equivalents thereof. Alternatively, a pellet
morphology can be promoted by providing an isolated poly-
nucleotide in step 100 that encodes a polypeptide comprising
an amino acid sequence set forth in any one of SEQ ID
NOs.:23, 25,2729, and 34, or a functional equivalent thereof;,
or that encodes an amino acid sequence encoded by poly-
nucleotide SEQ ID NO.: 36 or 37, or a functional equivalent
thereof.

In an alternate embodiment of the present invention, a
recombinant polynucleotide comprising an antisense ori-
ented complimentary sequence (discussed above) can be uti-
lized for transformation step 120. In a suppression step 140,
the RNA produced from transcription of the antisense DNA
can form an RNA duplex (dsRNA) with the native mRNA and
thereby promote RNA degradation and/or inhibit or block
translation of the mRNA. Accordingly, recombinant anti-
sense constructs introduced in step 120 can suppress or block
expression of the complimentary gene to promote a desired
morphology. For example, a polynucleotide construct com-
prising, a sequence complimentary to a fragment or an
entirety of any of SEQ ID NOs.:1, 4,6, 8,12, 16 or 18 can be
introduced in step 120. In step 140, the transcript produced
from the antisense complimentary sequence can hybridize to
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mRNA transcribed from genes Balu-4, Balu-42, Brsa-25,
Brsa-43, Brsa-47, Brsa-109 or Brsa-118, respectively, and
inhibit or block production of the corresponding protein prod-
uct. Suppression of one or more of Balu-4, Balu-42, Brsa-25,
Brsa-43, Brsa-47, Brsa-109 or Brsa-118 by methods in accor-
dance with the present invention can promote pellet morphol-
ogy in the transformed host. Similarly, polynucleotides hav-
ing one or more sequences complimentary to a fragment or an
entirety of any of SEQ ID NOs.: 22,24, 26, 28, 33,36, and 37,
can be introduced in step 120, can inhibit or block expression
of corresponding gene Arsa-7, Arsa-48, A-37, A-90, Arsa-43,
Arsa-10 and Arsa-27. Suppression of one or more of Arsa-7,
Arsa-48, A-37, A-90, Arsa-43, Arsa-10 and Arsa-27 in step
140 by methods in accordance with the present invention can
promote filamentous morphology in the transformed host.

Although the process shown in FIG. 24 was discussed in
terms of providing a single isolated polynucleotide in step
100, it is to be understood that the invention encompasses
providing two or more of the isolated polynucleotide
sequences discussed above. Additionally, it is to be under-
stood that isolated polynucleotide sequences can be provided
in step 100 wherein at least one of the isolated polynucle-
otides provided can promote pellet morphology when
expressed and at least one other provided isolated polynucle-
otide can promote filamentous morphology when expressed.
By operably linking differing isolated polynucleotides to dif-
fering inducible promoters in step 110, and using multiple
recombinant polynucleotides for transformation step 120, it
can be possible to selectively promote either the filamentous
morphology or the pellet morphology by inducing expression
in step 130 or 140.

It can be advantageous to promote a particular morphology
in a fungus since utilization of a particular fungus morphol-
ogy can enhance a bioprocess in a fungus culture. For
example, utilization of a pellet form of a fungus can enhance
various bioprocesses such as, for example, expressing hemi-
cellulase, expressing cellulase, expressing lignase, convert-
ing biomass to alcohol, producing organic acids, producing
glucoamylase, producing penicillin and producing lovastatin.
Alternatively, utilization of filamentous fungal cultures can
enhance bioprocesses such as fumaric acid production or
peptic enzyme production.

The process shown in FIG. 24 can be utilized to produce a
transformed fungus and to promote a pellet morphology in
the transformed fungus which can be utilized to enhance
production of a desired product in a culture containing the
transformed fungus relative to non-transformed fungus cul-
tures under otherwise identical conditions. Alternatively, the
process can be utilized to produce a transformed fungus and
to promote a filament morphology in the transformed fungus.
The promoted filament morphology can enhance production
of a desired product in a culture containing the transformed
fungus relative to non-transformed fungus culture under oth-
erwise substantially identical conditions.

The invention also contemplates co-introduction of one or
more polynucleotides encoding one or more proteins of inter-
est along with the morphology promoting constructs dis-
cussed above. The protein of interest can be native to the host
or can be from a different fungal or non-fungal species.
Where the protein(s) of interest have increased expression
and/or activity in a first morphology relative to a second
morphology, the morphology promoting construct co-intro-
duced can preferably promote the first morphology. A protein
of interest may be one that can be collected from the culture
or can be one that is involved in a bioprocess that produces a
desired product or compound.
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EXAMPLES

Example 1

General Methods for DNA Isolation and Functional
Analysis

Escherichia coli (E. coli) strains DHS5a and JM109 are
used as hosts for cloning experiments. Agrobacterium tume-
faciens strain AGLO is utilized as host for binary vectors and
transformation of 4. niger.

For isolation of morphology associated genes by suppres-
sion subtractive hybridization (SSH), total RNA is isolated
from A. niger according to the modified acid phenol-guani-
dinium isothiocyanate-chloroform extraction method
described by Chomczynski and Sacch (Anal. Biochem. 162:
156-159 (1987)). The SSH is performed utilizing the PCR-
SELECT™ ¢DNA subtraction kit (CLONTECH, Palo Alto
Calif.) as described by the manufacturer, with the exception
that the amount of amount of driver cDNA relative to tester
utilized was tripled for each of the first and the second hybrid-
izations.

Morphology associated clones are identified by differential
screening of SSH ¢cDNA libraries. Two oligonucleotides are
designed against each newly isolated clone sequence. Rapid
amplification of cDNA and PCR (RACE-PCR) is performed
to isolate the 5'-end and the 3'-end of each cDNA clone.

Fungal transformation is achieved utilizing the Bgl II/Xba
1 pGpdA-hph-TtrpC fragment in pAN7-1 (Punt and van der
Hondel, Methods Enzymol. 216: 447-57 (1992)), inserted
into binary vector pGA482 (An et al., Binary Vectors” in
Plant Molecular Biology Manual, Gelvin and Schilperolands
(1988), at pp A3/1-19). Introduction of constructs based on
pGA482 into Agrobacterium tumefaciens strain AGLO is con-
ducted utilizing the freeze-and-thaw method (Ebert et al.,
Proc. Natl. Acad. Sci., USA 84: 5745-5749 (1987)). Plasmids
areisolated from the transformed 4. tumefaciens, are digested
with various restriction enzymes, and are analyzed utilizing
agarose gel electrophoresis to confirm transformation. Fun-
gal transformations are performed as described by Grootet al.
(Nat. Biotechnol. 18: 839-42 (1998). At least fifteen indepen-
dently transformed fungi are selected and grown on agar
minimum media containing 250 pg/ml of hygromycin, and
250 pg/ml cefotaxin for each transgenic event.

Example 2

Promoting a Morphology Using Antisense
Expression

Individual transgene expression vectors are constructed to
comprise polynucleotide sequence complimentary to one the
following: Balu-42 (SEQ ID No. 4); Brsa-25 (SEQ ID No.:6);
Brsa-118 (SEQ ID No.:18); Arsa-7 (SEQ ID No.:22); A-37
(SEQ ID No.:26); and A-90 (SEQ ID No.:28). The compli-
mentary sequences are incorporated into the vectors in anti-
sense orientation under the control of 4. nidulans phospho-
glyceral dehydrogenase (gpdA) promoter and A. nridulans
trpC terminator. The constructed vectors are independently
introduced into 4. niger utilizing Agrobacterium tumefaciens
mediated transformation. Control A. niger is prepared by
transformation with binary vector without incorporated anti-
sense sequence.

Referring to FIG. 25, such shows the promotion of the
pellet morphology in transgenic 4. niger expressing antisense
Balu-42, Brsa-25 and Brsa-118 (right), as compared to con-
trol A. niger cultured under identical conditions. FIG. 26
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shows the promotion of filamentous morphology in trans-
genic A. niger expressing antisense Arsa-7, A-37 and A-90
(right), as compared to control 4. niger cultured under iden-
tical conditions.

16
the average citric acid production for cultures of strains 2805

and 2808 relative to control cultures.

The results indicate that the methods and sequences of the
invention can be utilized to promote morphology in fungi.

Example 3 > The promotion of a morphology by methodology of the
invention can be used for enhancing production of protein
Morphology Enhanced Bio-production and/or enhancing a bioprocess utilizing transgenic fungi.
In compliance with the statute, the invention has been
Transgenic A. niger comprising antisense complimentary ,, described in language more or less specific as to structural and
Balu-42 (strain 2805) or Brsa-118 (strain 2808) is prepared as methodical features. It is to be understood, however, that the
described in Example 1. Multiple independently transformed invention is not limited to the specific features shown and
cultures of each strain and multiple control cultures (prepared described, since the means herein disclosed comprise pre-
as described above) were grown at 30° C. for about 50 hours. ferred forms of putting the invention into effect. The invention
Referring to FIG. 27, Panel A shows the citric acid production |, is, therefore, claimed in any of its forms or modifications
for individual cultures of transformed strains 2805 (Balu-42) within the proper scope of the appended claims appropriately
and 2808 (Brsa-118), and for control A. riger. Panel B shows interpreted in accordance with the doctrine of equivalents.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 37
<210> SEQ ID NO 1
<211> LENGTH: 2208
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 1
accgtcaact caatttctcce ccctcaggce cgtcectcegt ttcacaattg acatcttcecc 60
tctccagggg cttgttcegt caagatggec gacatgtccg gcegaacagat gcaggctaag 120
attaccgcgg ctaggcgcga agccgaaggce ctgaaggaca agatcaageg cagaaaggat 180
gagttggcceg atacgactct ccgtcaagtc gcgcagaacc aaactgaaac cttgcctegt 240
attggtatga agccceggeg gacgctcaag ggacatttgg ccaagatcta cgccatgcat 300
tggtcgaccg accgccgaca tctegtctca gectctcagg acggaaagct catcatctgg 360
gacgcctaca ccacgaacaa ggtccatgeg atcccegetga ggtcatcatg ggtcatgacce 420
tgtgcctatg cceccgagtgg aaactacgtc gectgeggtg gtctcgacaa catttgetceg 480
atctacaacc tctecteteg cgagggtcecg accegtgteg cgegtgaget ctccggacac 540
tctggctacce tctecttgetg ccggttcatce aacgatcgca gaatcatcac gtcttecgge 600
gacatgactt gcatgctgtg ggatatcgaa tcgggctcga aagttactga attcgctgat 660
caccttggeg acgtgatgtc aatcagcatc aacccgacaa accagaacgt tttcegtttceg 720
ggcgectgtg atgccttege caagetgtgg gacattcgta ccecggaaaggce ggtgcaaact 780
ttcgctggac acgaatccga catcaacgcce atccagttct tcccecgacgg aaacgcettte 840
ggaacgggtt ccgacgacac ctcctgecegt ctgtttgaca tcecgtgegga tcgecgaactce 900
aacacctacc agagcgacca aatactgtgc ggtatcacct cecgttgectt ctcegtcetcet 960
ggcagattge tttttgctgg ttacgatgac ttcgagtgca aggtctggga tgttctgcge 1020
ggagacaagg ttggatccct gagtggtcac gagaaccgcg taagctgcect gggagtcage 1080
aacgatggca tcagcttgtg cactggatcc tgggattctce tgctcaaggt ctgggcttgg 1140
taaaaaagca aaacgaacaa aaacagcaaa gataccctgt ctcagtcttt tgcgacgtcce 1200
tcattccaag tttectcetttt tttecttttt ctgcgecact aggctaaatg tccgccattg 1260
tacgataatc tttttcaccg ggagcaaatc ttgtcgcecct tgctccataa tgtactatct 1320
cggagtaccg gcaaagttac cacgaaacga aaaaatcacg gggcagtcag ggtgcctaga 1380
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-continued

catgtcgggg

caagaaaaga

gtaataatgce

dggcaagagyg

gttettatgt

ttacccttca

aatttcttac

cttetettge

tgcgggtgat

gactcttact

tgtgtcattt

accatgttte

tcegegacac

gcagccacta

ttggggattc

gcagaatgcee

tattgatgtt

cagcgcatct

attecgeggge

cccttactaa

ctcgattact

cecectetttt

ggatggaaag

gegatccect

gagtgtttte

cagcaaatct

tcttatgtec

gtacaaatga

<210> SEQ ID NO 2
<211> LENGTH: 352
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 2

tgcecgecttt

aacaagaacc

tgagaccteg

cacatgtcat

ttgactttet

ccccateccee

accatgatcg

cttetetgac

ggagggaatg

tctgttacta

aagcgggett

ttcctttatce

cgacctggty

caggcaatac

Aspergillus nige

Met Ala Asp Met Ser Gly Glu Gln

1

Arg

Glu

Thr

Leu

65

Val

Thr

Cys

Asn

Val

145

Phe

Met

Val

Arg

Leu

Leu

50

Ala

Ser

Asn

Ala

Ile

130

Ala

Ile

Leu

Leu

Phe
210

Glu

Ala

35

Pro

Lys

Ala

Lys

Tyr

115

Cys

Arg

Asn

Trp

Gly

195

Val

Ala Glu Gly Leu Lys

Asp Thr Thr Leu Arg

40

Arg Ile Gly Met Lys

55

Ile Tyr Ala Met His

70

Ser Gln Asp Gly Lys

85

Val His Ala Ile Pro

100

Ala Pro Ser Gly Asn

120

Ser Ile Tyr Asn Leu

135

Glu Leu Ser Gly His
150

Asp Arg Arg Ile Ile

165

Asp Ile Glu Ser Gly

180

Asp Val Met Ser Ile

200

Ser Gly Ala Cys Asp

215

cccagetggy

gacaatgctce
ggatcgttge
cttttgaget
acttatgtte
ccectectte
agtattcttt
ctttcttact
tttccggata
atcatcagec
ttttttettet
ccteggggge
gtcagccaag

tttttggtaa

T

Met Gln Ala
10

Asp Lys Ile

Gln Val Ala

Pro Arg Arg

Trp Ser Thr
75

Leu Ile Ile
90

Leu Arg Ser
105

Tyr Val Ala

Ser Ser Arg

Ser Gly Tyr

155

Thr Ser Ser
170

Ser Lys Val
185

Ser Ile Asn

Ala Phe Ala

tgtgacgaga aagaataagc

gaatactggt

acggatatca

tcgaatattt

ctttttettt

gatgtettgt

tgttcacttt

cactatcttce

ggccatgacg

tacgtcttga

tatatccggt

ttcgeccccac

gtgtggcaga

aaaaaaaa

Lys

Lys

Gln

Thr

60

Asp

Trp

Ser

Cys

Glu

140

Leu

Gly

Thr

Pro

Lys
220

Ile

Arg

Asn

45

Leu

Arg

Asp

Trp

Gly

125

Gly

Ser

Asp

Glu

Thr

205

Leu

Thr

Arg

Gln

Lys

Arg

Ala

Val

110

Gly

Pro

Cys

Met

Phe

190

Asn

Trp

geggtgggtt
gtgegttget
gecaggccect
cgatcteget
tcttttette
tcattgttte
tgtacttttt
tttttcttte
aagtgtcggt
gttgaaatcg
gatgtcatgt

gagttgttag

Ala Ala
15

Lys Asp

Thr Glu

Gly His

His Leu
80

Tyr Thr
95

Met Thr

Leu Asp

Thr Arg

Cys Arg

160
Thr Cys
175
Ala Asp

Gln Asn

Asp Ile

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2208
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-continued

20

Arg
225

Asn

Asp

Phe
Cys
305

Gly

Ser

Thr

Ala

Asp

Thr

Ser

290

Lys

His

Leu

Gly

Ile

Thr

Tyr

275

Val

Val

Glu

Cys

Lys

Gln

Ser

260

Gln

Ser

Trp

Asn

Thr
340

Ala

Phe

245

Cys

Ser

Gly

Asp

Arg

325

Gly

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Asp

1

Arg

Asp

Ala

Leu

65

Val

Thr

Cys

Asn

Val

145

Phe

Met

Ile

Arg
225

Asn

Arg

Leu

Leu

50

Ala

Ser

Asn

Ala

Ile

130

Ala

Ile

Leu

Phe

Phe

210

Thr

Ala

Glu

Ala

Pro

Lys

Ala

Lys

Tyr

115

Cys

Arg

Asn

Trp

Gly

195

Val

Gly

Ile

Met

Ala

20

Asp

Arg

Ile

Ser

Val

100

Ala

Ser

Glu

Asp

Asp

180

Asp

Ser

Lys

Gln

352

Val

230

Phe

Arg

Asp

Arg

Val

310

Val

Ser

Gln

Pro

Leu

Gln

Leu

295

Leu

Ser

Trp

Thr

Asp

Phe

Ile

280

Leu

Arg

Cys

Asp

Phe

Gly

Asp

265

Leu

Phe

Gly

Leu

Ser
345

Emericella nidulans

3

Ser

Glu

Thr

Ile

Tyr

Gln

85

Pro

Ile

Leu

Arg

165

Ile

Val

Gly

Ala

Phe
245

Gly

Gly

Thr

Gly

Ala

70

Asp

Ala

Ser

Tyr

Ser

150

Arg

Glu

Met

Ala

Val

230

Phe

Glu

Leu

Leu

Met

55

Met

Gly

Ile

Gly

Asn

135

Gly

Ile

Ser

Ser

Cys

215

Gln

Pro

Gln

Lys

Arg

Lys

His

Lys

Pro

Asn

120

Leu

His

Ile

Gly

Ile

200

Asp

Thr

Asp

Met

Asp

25

Asp

Pro

Trp

Leu

Leu

105

Tyr

Ser

Ser

Thr

Ser

185

Ser

Ala

Phe

Gly

Ala

Asn

250

Ile

Cys

Ala

Asp

Gly

330

Leu

Gln

10

Lys

Val

Arg

Ser

Ile

90

Arg

Val

Ser

Gly

Ser

170

Lys

Ile

Phe

Ala

Asn
250

Gly

235

Ala

Arg

Gly

Gly

Lys

315

Val

Leu

Ala

Ile

Ala

Arg

Thr

75

Ile

Ser

Ala

Arg

Tyr

155

Ser

Val

Asn

Ala

Gly

235

Ala

His

Phe

Ala

Ile

Tyr

300

Val

Ser

Lys

Lys

Arg

Gln

Thr

60

Asp

Trp

Ser

Cys

Glu

140

Leu

Gly

Thr

Pro

Lys

220

His

Phe

Glu Ser Asp

Gly

Asp

Thr

285

Asp

Gly

Asn

Val

Ile

Arg

Asn

45

Leu

Arg

Asp

Trp

Gly

125

Gly

Ser

Asp

Glu

Thr

205

Leu

Glu

Gly

Thr

Arg

270

Ser

Asp

Ser

Asp

Trp
350

Thr

Arg

30

Gln

Lys

Arg

Ala

Val

110

Gly

Pro

Cys

Met

Phe

190

Asn

Trp

Ser

Thr

Gly

255

Glu

Val

Phe

Leu

Gly

335

Ala

Ala

15

Lys

Thr

Gly

His

Tyr

95

Met

Leu

Thr

Cys

Thr

175

Ala

Gln

Asp

Asp

Gly
255

Ile

240

Ser

Leu

Ala

Glu

Ser

320

Ile

Trp

Ala

Asp

Asp

His

Leu

80

Thr

Thr

Asp

Arg

Arg

160

Cys

Asp

Asn

Ile

Ile

240

Ser
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22

-continued
Asp Asp Thr Thr Cys Arg Leu Phe Asp Ile Arg Ala Asp Arg Ser Leu
260 265 270
Asn Thr Tyr Gln Ser Asp Gln Ile Leu Cys Gly Ile Thr Ser Val Gly
275 280 285
Phe Ser Val Ser Gly Arg Leu Leu Phe Ala Gly Tyr Asp Asp Phe Glu
290 295 300
Cys Lys Val Trp Asp Val Leu Arg Gly Asp Lys Val Gly Ser Leu Ser
305 310 315 320
Gly His Glu Asn Arg Val Ser Cys Leu Gly Val Ser Asn Asp Gly Ile
325 330 335
Ser Leu Cys Thr Gly Ser Trp Asp Ser Leu Leu Lys Val Trp Ala Trp
340 345 350
<210> SEQ ID NO 4
<211> LENGTH: 1149
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 4
acgatttgac gtcecctegeg ttttegecct cteccacggt agtcactect ttgcactaca 60
tacacgaagt cttacttcca gtcactcttt gaaaccactt ctcaatatcc ctacctctta 120
tcattcttta cttcacgcac aagacacgaa agtgaacctyg taaaaatgcg tttcttcace 180
accgeecttyg tetetgecct tgcggecctyg gectetgect acactcagece cgactactcet 240
cagaacccca ccggcaatge catcctcacce cecgaactga accaggttgt tcctgetgge 300
aagcectteg agatcacctg ggaccccact acctegggea ctgtgtcetet tgtecttetg 360
cgeggeccca gcaccaacgt cgtccccate cagaccattyg tcgaagacat cgacaactct 420
ggcagttact cttggactcce cagcaccacce ctcgagectg acaccaccca ctacggtatce 480
ctecttgttyg tcegagggcac tggccagtac cagtactceeg tcecagttegyg catctccaac 540
ccttactact cttettette ctetgttgee getgetacta gcaccactge cgecgecget 600
gtgagctetyg atgecttccga gactagegtt atcatcagca agatcaccag cactatctge 660
ccegagactg ccactgecac tgccgacgte aageccacct cegtecctgt ggteggtgge 720
aacaagccca ccagcettegt cgttgetece tetgecteeg getcectgecag ccttatccege 780
agctctgeca ctcecteecgg cactcectget gecagcaget ccteegtete tcecegtttte 840
accggtgetyg ctgaccgcaa cgccatcage cteggegecyg tegecgtegyg tgtegetgece 900
gtecttgett tctaaatggg gcagecatcce ggcattetta ggaatttgta aagtgatgga 960
ggttgtacct agctgagaca gttgtatgta caagaacgcg caagcgcgag agagtgtgtt 1020
gagattattc atgtttgcag cgattcgatt cgattcgteg actctttact tatgacaata 1080
taccceccata gttaatgage aagggtaata ataagagcat tgtattatcc caaaaaaaaa 1140
aaaaaaaaa 1149

<210> SEQ ID NO 5
<211> LENGTH: 249
<212> TYPE: PRT

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE: 5

Met Arg Phe Phe Thr Thr Ala Leu Val Ser Ala Leu Ala Ala Leu Ala

1 5

10

15

Ser Ala Tyr Thr Gln Pro Asp Tyr Ser Gln Asn Pro Thr Gly Asn Ala
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24

-continued
20 25 30
Ile Leu Thr Pro Glu Leu Asn Gln Val Val Pro Ala Gly Lys Pro Phe
35 40 45
Glu Ile Thr Trp Asp Pro Thr Thr Ser Gly Thr Val Ser Leu Val Leu
50 55 60
Leu Arg Gly Pro Ser Thr Asn Val Val Pro Ile Gln Thr Ile Val Glu
65 70 75 80
Asp Ile Asp Asn Ser Gly Ser Tyr Ser Trp Thr Pro Ser Thr Thr Leu
85 90 95
Glu Pro Asp Thr Thr His Tyr Gly Ile Leu Leu Val Val Glu Gly Thr
100 105 110
Gly Gln Tyr Gln Tyr Ser Val Gln Phe Gly Ile Ser Asn Pro Tyr Tyr
115 120 125
Ser Ser Ser Ser Ser Val Ala Ala Ala Thr Ser Thr Thr Ala Ala Ala
130 135 140
Ala Val Ser Ser Asp Ala Ser Glu Thr Ser Val Ile Ile Ser Lys Ile
145 150 155 160
Thr Ser Thr Ile Cys Pro Glu Thr Ala Thr Ala Thr Ala Asp Val Lys
165 170 175
Pro Thr Ser Val Pro Val Val Gly Gly Asn Lys Pro Thr Ser Phe Val
180 185 190
Val Ala Pro Ser Ala Ser Gly Ser Ala Ser Leu Ile Arg Ser Ser Ala
195 200 205
Thr Pro Ser Gly Thr Pro Ala Ala Ser Ser Ser Ser Val Ser Pro Val
210 215 220
Phe Thr Gly Ala Ala Asp Arg Asn Ala Ile Ser Leu Gly Ala Val Ala
225 230 235 240
Val Gly Val Ala Ala Val Leu Ala Phe
245
<210> SEQ ID NO 6
<211> LENGTH: 2083
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 6
aaagttcgte ctctattetg tctcecctteg gegattgtet tegtcatteg ccttgettta 60
ccatggccac agaaatcgag ccggccgaga tceectcecegt getgggagte ctceccagcat 120
acggacagga taaagaaacc cccctgagga tggtgccacyg tgccgatggt gttegegete 180
gcttagatce gaacgtcace ctcgaggagt acatgtactg ggccaagatc gagcgtcage 240
tggaagagga agagaaccgc cagtacgtgce tggagcgegg gectcectgace gtceggcaagg 300
tcatccagaa ccgtttctcee aagggegtcece accatgagaa ggagaagaaa ggcgceccaga 360
atagcccgca gatcgaaggt gaaaagggca tggtcgcate cactccctca gattegtcece 420
tagctgttac cgatgaggaa tggagaactg cagctcgege cctecgaaca gccagttggg 480
gtaccgtett ctacttgatt accaccgacg tgctaggctg ggcaaacgca ccgttegtet 540
ttgcaagtgt gggatacggt cctgccegtgg ctttgttcat tgtttttggt tgcttcegecg 600
gettcagtgyg ctggattctg tggaaggtgt ttctagaact cgactcaacg cgctaccect 660
tgatcaactt tggtgacacc tactatcgtg tttttggagc ttggagtcgt catttggtca 720
acatcggaca gtcgetgcag ctgctgatgt cggtgtcegt gettgttetyg ggtaacggece 780
agatcctgte gcagetgtcce aatgaaagta tcetgtttegt ggegtgcatyg attatccatg 840
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-continued
atggtcatcg gcatggtact gtggaagcat teggtccctt gecagegtcete ggatggetga 900
ccaacgctge cgtetggttyg aacatcgegg acttcatcat gatcatggte getgetggtg 960
gccactttgg tatcgactat caggccgtca tctcatccac cttgatccag gtegtcgage 1020
ccgtcaaggt cttcegctggg ccaccgeccg acaagtatca gattcaggceg acagggttcet 1080
cgggacaatt cactggtgtc gaccagatgg tttacagcta cggtggtgct attttatttg 1140
ttgccttect ggctgaaatyg cgccatccgt gggacttetg gaagggattg ttgtgcgecce 1200
agatgttcat ttgttttgtc tacatcttct tcggtgectt tgtctacage ttcectacggcece 1260
aatactccat ctccaacctt tacaacgtgg ttgagccgaa aggtctacaa atggcagtaa 1320
atatagtcta ctttttaaca tccattattg cctgcattect ctacttcaat atcggcatga 1380
agtccatcta ccaacaggtc tttatggagc ttctcaactt cccagatatc tccaccacce 1440
gcggecgeat getcectggtac ggtceteggece cgatctactg ggtgattgeg ttegtcateg 1500
ccgctgecgt geccaaacttt agtggaattt ccagcatggt cggcgecggece ctgatcctca 1560
acttcaccta cacgctceceg ggtattcectat acgttggttt ccgatgccag aaggatgcetg 1620
cgctaccegg agaggggtat gatcctgega ceggggagac ggtgcgcecat gattccggea 1680
tgcagcggta tatccgtggg ttcaagaage actgggtgct gaatctttte tgtatcttet 1740
acttctgtgg tggattggcg tgttctggta tgggcatgtg ggctgccatt gagagtttga 1800
ttgaggtgtt tgggcccggg ggtacggtgg ctacgtcettt tgggtgtget gcacctgttt 1860
agaggggaga ttaaaggaga gtgcactgtg gagtagatgg gcactcttga tgagactgtc 1920
tataatatta ttgttagtag atggtgatga tggtatatat gctctcatct ctgtatatgt 1980
ctgtgatggt gtcattatca tgtatggtac gacatggatg tgattttaat gttaatgcta 2040
tgatcttcta tccccaaaaa aaaaaaaaaa aaaaaaaaaa aaa 2083
<210> SEQ ID NO 7
<211> LENGTH: 599
<212> TYPE: PRT
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 7
Met Ala Thr Glu Ile Glu Pro Ala Glu Ile Pro Pro Val Leu Gly Val
1 5 10 15
Leu Pro Ala Tyr Gly Gln Asp Lys Glu Thr Pro Leu Arg Met Val Pro
20 25 30
Arg Ala Asp Gly Val Arg Ala Arg Leu Asp Pro Asn Val Thr Leu Glu
35 40 45
Glu Tyr Met Tyr Trp Ala Lys Ile Glu Arg Gln Leu Glu Glu Glu Glu
50 55 60
Asn Arg Gln Tyr Val Leu Glu Arg Gly Pro Leu Thr Val Gly Lys Val
65 70 75 80
Ile Gln Asn Arg Phe Ser Lys Gly Val His His Glu Lys Glu Lys Lys
85 90 95
Gly Ala Gln Asn Ser Pro Gln Ile Glu Gly Glu Lys Gly Met Val Ala
100 105 110
Ser Thr Pro Ser Asp Ser Ser Leu Ala Val Thr Asp Glu Glu Trp Arg
115 120 125
Thr Ala Ala Arg Ala Leu Arg Thr Ala Ser Trp Gly Thr Val Phe Tyr
130 135 140
Leu Ile Thr Thr Asp Val Leu Gly Trp Ala Asn Ala Pro Phe Val Phe
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-continued

28

145

Ala

Cys

Leu

Arg

Leu

225

Ile

Ile

Leu

Ala

Asp

305

Val

Thr

Tyr

Pro

Phe

385

Tyr

Met

Leu

Glu

Trp

465

Ala

Leu

Phe

Ala

Arg

545

Phe

Ser

Phe

Asp

Val

210

Gln

Leu

Ile

Gln

Asp

290

Tyr

Lys

Gly

Gly

Trp

370

Val

Ser

Ala

Tyr

Leu

450

Tyr

Ala

Ile

Arg

Thr

530

Gly

Cys

Val

Ala

Ser

195

Phe

Leu

Ser

His

Arg

275

Phe

Gln

Val

Phe

Gly

355

Asp

Tyr

Ile

Val

Phe

435

Leu

Gly

Val

Leu

Cys

515

Gly

Phe

Gly

Gly

Gly

180

Thr

Gly

Leu

Gln

Asp

260

Leu

Ile

Ala

Phe

Ser

340

Ala

Phe

Ile

Ser

Asn

420

Asn

Asn

Leu

Pro

Asn

500

Gln

Glu

Lys

Gly

Tyr

165

Phe

Arg

Ala

Met

Leu

245

Gly

Gly

Met

Val

Ala

325

Gly

Ile

Trp

Phe

Asn

405

Ile

Ile

Phe

Gly

Asn

485

Phe

Lys

Thr

Lys

Leu
565

150

Gly

Ser

Tyr

Trp

Ser

230

Ser

His

Trp

Ile

Ile

310

Gly

Gln

Leu

Lys

Phe

390

Leu

Val

Gly

Pro

Pro

470

Phe

Thr

Asp

Val

His

550

Ala

Pro

Gly

Pro

Ser

215

Val

Asn

Arg

Leu

Met

295

Ser

Pro

Phe

Phe

Gly

375

Gly

Tyr

Tyr

Met

Asp

455

Ile

Ser

Tyr

Ala

Arg

535

Trp

Cys

Ala

Trp

Leu

200

Arg

Ser

Glu

His

Thr

280

Val

Ser

Pro

Thr

Val

360

Leu

Ala

Asn

Phe

Lys

440

Ile

Tyr

Gly

Thr

Ala

520

His

Val

Ser

Val

Ile

185

Ile

His

Val

Ser

Gly

265

Asn

Ala

Thr

Pro

Gly

345

Ala

Leu

Phe

Val

Leu

425

Ser

Ser

Trp

Ile

Leu

505

Leu

Asp

Leu

Gly

Ala

170

Leu

Asn

Leu

Leu

Ile

250

Thr

Ala

Ala

Leu

Asp

330

Val

Phe

Cys

Val

Val

410

Thr

Ile

Thr

Val

Ser

490

Pro

Pro

Ser

Asn

Met
570

155

Leu

Trp

Phe

Val

Val

235

Cys

Val

Ala

Gly

Ile

315

Lys

Asp

Leu

Ala

Tyr

395

Glu

Ser

Tyr

Thr

Ile

475

Ser

Gly

Gly

Gly

Leu

555

Gly

Phe

Lys

Gly

Asn

220

Leu

Phe

Glu

Val

Gly

300

Gln

Tyr

Gln

Ala

Gln

380

Ser

Pro

Ile

Gln

Arg

460

Ala

Met

Ile

Glu

Met

540

Phe

Met

Ile

Val

Asp

205

Ile

Gly

Val

Ala

Trp

285

His

Val

Gln

Met

Glu

365

Met

Phe

Lys

Ile

Gln

445

Gly

Phe

Val

Leu

Gly

525

Gln

Cys

Trp

Val

Phe

190

Thr

Gly

Asn

Ala

Phe

270

Leu

Phe

Val

Ile

Val

350

Met

Phe

Tyr

Gly

Ala

430

Val

Arg

Val

Gly

Tyr

510

Tyr

Arg

Ile

Ala

Phe

175

Leu

Tyr

Gln

Gly

Cys

255

Gly

Asn

Gly

Glu

Gln

335

Tyr

Arg

Ile

Gly

Leu

415

Cys

Phe

Met

Ile

Ala

495

Val

Asp

Tyr

Phe

Ala
575

160

Gly

Glu

Tyr

Ser

Gln

240

Met

Pro

Ile

Ile

Pro

320

Ala

Ser

His

Cys

Gln

400

Gln

Ile

Met

Leu

Ala

480

Ala

Gly

Pro

Ile

Tyr

560

Ile
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-continued

30

Glu Ser Leu Ile Glu Val Phe Gly Pro Gly Gly Thr Val Ala Thr Ser
580 585

Phe Gly Cys Ala Ala Pro Val
595

<210> SEQ ID NO 8

<211> LENGTH: 2006

<212> TYPE: DNA

<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 8

gtgtgttgte cctctcaagg tctcecageat
gtgctecectyg gecgectega ccaacgegat
cggetggeat cacgtegaag atgetggete
ggcacgcaag aacctcgatc agcttgaatc
atcgcaatac ggccagtgge tggaccagga
cgacaaggct gtgattaact ggetgegeag
cagcttggtyg aactttgega ccacggtcega
tgcctactac caaagegget ctteccagag
tgatttggte gactcaatcg acctcatcte
tactgctggt ttgaaccage gggcgcaaaa
cagctegtee tgtgecgate tcattacget
caactacact cccagegett cgtegggeag
atccgecteg tattetgace ttgecaagtt
ctttteegtyg gagttggtca acggeggegt
gaccgaggeg gacctcgatg tggaattget
tgagttcatc acttectggeg aacctecttt
cgacaacgag aacgagcctt accteccagta
ggctctgece caagtgattt ccaactccta
ctacgccaag cgagtctgea acctgaccgg
cgagtegtee ggtgacgaag gtattggatce
aacccaatte aaccccatct tcecggecac
aatgtcctat geccccgaga tegectggga
cgagegggeg tggttecaga aggaagetgt
cgagacgaag cagtactact cgcaattcge
tgctgecccat agettegage cttcatatga
cggeggtace tcageegegt gtecectttt
tegtetgegyg gegggcaagt ccacgetggg
gtacagagcg ttgactgatg tgacgggggy
gcagaatgat gagactgttg ccggcegceggyg
ggtcggatgg gatccggtga ctggattggg
ggtgctgteg ttgtagatgt atactatgta

atcttatatg agagagaatg gtttagactg

gegttettee

tgtccatgaa

cgaccaccag

caagctgaaa

ggatgtcgac

cgccaatatce

taaggtgaac

attgcgcaca

cccaacgacyg

gattgacaac

gtcetgecty

caagctggge

cgagaagcetyg

caatgatcag

cgteggagtt

cattcccgac

ctatgagtac

tggtgacgac

acttgttgge

cggetgecga

ctgtcectac

agccagttee

gcagaactac

caactttage

ggtgatctte

ctctgegeta

tttcttgaac

ccagtecgatce

cattatcceg

acttcctgac

tatggtatga

tgcgtgatat

590

ggtctctaca

aagctegecg

atcagectgt

gacttgtcaa

acgctgttee

acccatattt

aagcttctca

acagagtact

ttctteggea

catgtggceca

aaggagatgt

ttcggcaget

tttaacctge

aatcaatcga

gctecatccce

cccgatgage

cteccteteca

gaacagaccg

ctgegeggea

accaccgacg

gtgaccgecg

ggcggattca

ctggegeace

ggtcgcggat

tacggecgece

gtgggcatgt

ccectgetet

ggatgcaatg

tgggcgcact

tttgagaagt

gattttgtgt

acatggacag

cagcactect

cggteeecte

cgatcgeget

cacctggega

cagtggccag

ccegecagygyg

acgccacctt

ccatcccgga

aggaaaagac

aacgttccaa

acaactttgyg

tcctgaacga

cctetcagag

cggettectt

tcecectgtgac

cgagtgcege

agcccaacte

ttcccgagta

tcagtgtect

gcaccaaccg

tgggagggac

gcaactactt

acatcaccaa

tcecctgacgt

gctacggete

tgaacgatge

acagcaaggg

gecattgatce

ggaacgccac

tgaggcagtt

gtgatgtgtg

ttcattttct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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-continued

catttaatga gacccttcat acggtagggg tcttagaggt cctceccattg ttatgcaaaa 1980
aaaaaaaaaa aaaaaaaaaa aaaaaa 2006
<210> SEQ ID NO 9

<211> LENGTH: 595

<212> TYPE: PRT

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE: 9

Met Arg Ser Ser Gly Leu Tyr Thr Ala Leu Leu Cys Ser Leu Ala Ala
1 5 10 15

Ser Thr Asn Ala Ile Val His Glu Lys Leu Ala Ala Val Pro Ser Gly
Trp His His Val Glu Asp Ala Gly Ser Asp His Gln Ile Ser Leu Ser
35 40 45

Ile Ala Leu Ala Arg Lys Asn Leu Asp Gln Leu Glu Ser Lys Leu Lys
50 55 60

Asp Leu Ser Thr Pro Gly Glu Ser Gln Tyr Gly Gln Trp Leu Asp Gln
65 70 75 80

Glu Asp Val Asp Thr Leu Phe Pro Val Ala Ser Asp Lys Ala Val Ile
85 90 95

Asn Trp Leu Arg Ser Ala Asn Ile Thr His Ile Ser Arg Gln Gly Ser
100 105 110

Leu Val Asn Phe Ala Thr Thr Val Asp Lys Val Asn Lys Leu Leu Asn
115 120 125

Ala Thr Phe Ala Tyr Tyr Gln Ser Gly Ser Ser Gln Arg Leu Arg Thr
130 135 140

Thr Glu Tyr Ser Ile Pro Asp Asp Leu Val Asp Ser Ile Asp Leu Ile
145 150 155 160

Ser Pro Thr Thr Phe Phe Gly Lys Glu Lys Thr Thr Ala Gly Leu Asn
165 170 175

Gln Arg Ala Gln Lys Ile Asp Asn His Val Ala Lys Arg Ser Asn Ser
180 185 190

Ser Ser Cys Ala Asp Leu Ile Thr Leu Ser Cys Leu Lys Glu Met Tyr
195 200 205

Asn Phe Gly Asn Tyr Thr Pro Ser Ala Ser Ser Gly Ser Lys Leu Gly
210 215 220

Phe Gly Ser Phe Leu Asn Glu Ser Ala Ser Tyr Ser Asp Leu Ala Lys
225 230 235 240

Phe Glu Lys Leu Phe Asn Leu Pro Ser Gln Ser Phe Ser Val Glu Leu
245 250 255

Val Asn Gly Gly Val Asn Asp Gln Asn Gln Ser Thr Ala Ser Leu Thr
260 265 270

Glu Ala Asp Leu Asp Val Glu Leu Leu Val Gly Val Ala His Pro Leu
275 280 285

Pro Val Thr Glu Phe Ile Thr Ser Gly Glu Pro Pro Phe Ile Pro Asp
290 295 300

Pro Asp Glu Pro Ser Ala Ala Asp Asn Glu Asn Glu Pro Tyr Leu Gln
305 310 315 320

Tyr Tyr Glu Tyr Leu Leu Ser Lys Pro Asn Ser Ala Leu Pro Gln Val
325 330 335

Ile Ser Asn Ser Tyr Gly Asp Asp Glu Gln Thr Val Pro Glu Tyr Tyr
340 345 350

Ala Lys Arg Val Cys Asn Leu Thr Gly Leu Val Gly Leu Arg Gly Ile
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34

Ser

Thr

385

Thr

Glu

Arg

Ile

Gly

465

Glu

Ala

Leu

Ser

Gly

545

Gly

Val

Leu

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

<400>

Val

370

Thr

Cys

Ile

Ala

Thr

450

Arg

Val

Cys

Arg

Lys

530

Cys

Ile

Thr

Ser

355

Leu

Asp

Pro

Ala

Trp

435

Asn

Gly

Ile

Pro

Ala

515

Gly

Asn

Ile

Gly

Leu
595

Glu

Gly

Tyr

Trp

420

Phe

Glu

Phe

Phe

Leu

500

Gly

Tyr

Gly

Pro

Leu
580

PRT

SEQUENCE :

Val Pro Ser Gly

1

Ile

Ser

Trp

Lys

65

Arg

Lys

Arg

Ser

Lys

Leu

50

Ala

Gln

Leu

Leu

Leu

Leu

35

Asp

Val

Gly

Leu

Arg
115

Ser

20

Lys

Gln

Ile

Ser

Asn

100

Thr

Ser

Thr

Val

405

Glu

Gln

Thr

Pro

Tyr

485

Phe

Lys

Arg

Ile

Trp

565

Gly

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM: Aspergillus

566

10

Trp

Ile

Asp

Glu

Asn

Leu

85

Ala

Thr

Ser

Asn

390

Thr

Ala

Lys

Lys

Asp

470

Gly

Ser

Ser

Ala

Asp

550

Ala

Leu

His

Ala

Leu

Asp

Trp

70

Val

Thr

Glu

Gly

375

Arg

Ala

Ser

Glu

Gln

455

Val

Ala

Ala

Thr

Leu

535

Pro

His

Pro

His

Leu

Ser

Val

55

Leu

Asn

Phe

Tyr

360

Asp

Thr

Val

Ser

Ala

440

Tyr

Ala

Arg

Leu

Leu

520

Thr

Gln

Trp

Asp

Glu

Gln

Gly

Gly

425

Val

Tyr

Ala

Tyr

Val

505

Gly

Asp

Asn

Asn

Phe
585

niger

Val

Ala

Thr

40

Asp

Arg

Phe

Ala

Ser
120

Glu

Arg

25

Pro

Thr

Ser

Ala

Tyr

105

Ile

Gly

Phe

Gly

410

Gly

Gln

Ser

His

Gly

490

Gly

Phe

Val

Asp

Ala

570

Glu

Asp

10

Lys

Gly

Leu

Ala

Thr

90

Tyr

Pro

Ile

Asn

395

Thr

Phe

Asn

Gln

Ser

475

Ser

Met

Leu

Thr

Glu

555

Thr

Lys

Ala

Asn

Glu

Phe

Asn

75

Thr

Gln

Asp

Gly

380

Pro

Met

Ser

Tyr

Phe

460

Phe

Gly

Leu

Asn

Gly

540

Thr

Val

Leu

Gly

Leu

Ser

Pro

60

Ile

Val

Ser

Asp

365

Ser

Ile

Ser

Asn

Leu

445

Ala

Glu

Gly

Asn

Pro

525

Gly

Val

Gly

Arg

Ser

Asp

Gln

45

Val

Thr

Asp

Gly

Leu
125

Gly

Phe

Tyr

Tyr

430

Ala

Asn

Pro

Thr

Asp

510

Leu

Gln

Ala

Trp

Gln
590

Asp

Gln

30

Tyr

Ala

His

Lys

Ser

110

Val

Cys

Pro

Ala

415

Phe

His

Phe

Ser

Ser

495

Ala

Leu

Ser

Gly

Asp

575

Leu

His

15

Leu

Gly

Ser

Ile

Val

95

Ser

Asp

Arg

Ala

400

Pro

Glu

His

Ser

Tyr

480

Ala

Arg

Tyr

Ile

Ala

560

Pro

Val

Gln

Glu

Gln

Asp

Ser

80

Asn

Gln

Ser
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36

Ile

Ala

145

Arg

Lys

Ser

Asp

Ser

225

Ala

Ala

Phe

Pro

Leu

305

Pro

Leu

Ser

Ile

Ser

385

Asn

Leu

Ala

Glu

Gly

465

Asn

Pro

Gly

Val

Gly

Asp

130

Gly

Ser

Glu

Lys

Leu

210

Val

Ser

His

Ile

Tyr

290

Pro

Glu

Arg

Gly

Phe

370

Tyr

Tyr

Ala

Asn

Pro

450

Thr

Asp

Leu

Gln

Ala

530

Trp

Leu

Leu

Asn

Met

Leu

195

Ala

Glu

Leu

Pro

Pro

275

Leu

Gln

Tyr

Gly

Cys

355

Pro

Ala

Phe

His

Phe

435

Ser

Ser

Ala

Leu

Ser

515

Gly

Asp

Ile

Asn

Ser

Tyr

180

Gly

Lys

Leu

Thr

Leu

260

Asp

Gln

Val

Tyr

Ile

340

Arg

Ala

Pro

Glu

His

420

Ser

Tyr

Ala

Arg

Tyr

500

Ile

Ala

Pro

Ser

Gln

Ser

165

Phe

Phe

Val

Glu

245

Pro

Pro

Tyr

Ile

Ala

325

Ser

Thr

Thr

Glu

Arg

405

Ile

Gly

Glu

Ala

Leu

485

Ser

Gly

Gly

Val

Pro

Arg

150

Ser

Phe

Gly

Glu

Asn

230

Ala

Val

Asp

Tyr

Ser

310

Lys

Val

Thr

Cys

Ile

390

Ala

Thr

Arg

Val

Cys

470

Arg

Lys

Cys

Ile

Thr

Thr

135

Ala

Cys

Gly

Ser

Lys

215

Gly

Asp

Thr

Glu

Glu

295

Asn

Arg

Leu

Asp

Pro

375

Ala

Trp

Asn

Gly

Ile

455

Pro

Ala

Gly

Asn

Ile

535

Gly

Thr

Gln

Ala

Asn

Phe

200

Leu

Gly

Leu

Glu

Pro

280

Tyr

Ser

Val

Glu

Gly

360

Tyr

Trp

Phe

Glu

Phe

440

Phe

Leu

Gly

Tyr

Gly

520

Pro

Leu

Phe

Lys

Asp

Tyr

185

Leu

Phe

Val

Asp

Phe

265

Ser

Leu

Tyr

Cys

Ser

345

Thr

Val

Glu

Gln

Thr

425

Pro

Tyr

Phe

Lys

Arg

505

Ile

Trp

Gly

Phe

Ile

Leu

170

Thr

Asn

Asn

Asn

Val

250

Ile

Ala

Leu

Gly

Asn

330

Ser

Asn

Thr

Ala

Lys

410

Lys

Asp

Gly

Ser

Ser

490

Ala

Asp

Ala

Leu

Gly

Asp

155

Ile

Pro

Glu

Leu

Asp

235

Glu

Thr

Ala

Ser

Asp

315

Leu

Gly

Arg

Ala

Ser

395

Glu

Gln

Val

Ala

Ala

475

Thr

Leu

Pro

His

Pro

Lys

140

Asn

Thr

Ser

Ser

Pro

220

Gln

Leu

Ser

Asp

Lys

300

Asp

Thr

Asp

Thr

Val

380

Ser

Ala

Tyr

Ala

Arg

460

Leu

Leu

Thr

Gln

Trp

540

Asp

Glu Lys Thr

His

Leu

Ala

Ala

205

Ser

Asn

Leu

Gly

Asn

285

Pro

Glu

Gly

Glu

Gln

365

Gly

Gly

Val

Tyr

Ala

445

Tyr

Val

Gly

Asp

Asn

525

Asn

Phe

Val

Ser

Ser

190

Ser

Gln

Gln

Val

Glu

270

Glu

Asn

Gln

Leu

Gly

350

Phe

Gly

Gly

Gln

Ser

430

His

Gly

Gly

Phe

Val

510

Asp

Ala

Glu

Ala

Cys

175

Ser

Tyr

Ser

Ser

Gly

255

Pro

Asn

Ser

Thr

Val

335

Ile

Asn

Thr

Phe

Asn

415

Gln

Ser

Ser

Met

Leu

495

Thr

Glu

Thr

Lys

Thr

Lys

160

Leu

Gly

Ser

Phe

Thr

240

Val

Pro

Glu

Ala

Val

320

Gly

Gly

Pro

Met

Ser

400

Tyr

Phe

Phe

Gly

Leu

480

Asn

Gly

Thr

Val

Leu
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37

-continued

545 550 555 560
Arg Gln Leu Val Leu Ser
565

<210> SEQ ID NO 11

<211> LENGTH: 532

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Leu Pro Pro Gly Trp Val Ser Leu Gly Arg Ala Asp Pro Glu Glu Glu
1 5 10 15

Leu Ser Leu Thr Phe Ala Leu Arg Gln Gln Asn Val Glu Arg Leu Ser
20 25 30

Glu Leu Val Gln Ala Val Ser Asp Pro Ser Ser Pro Gln Tyr Gly Lys
35 40 45

Tyr Leu Thr Leu Glu Asn Val Ala Asp Leu Val Arg Pro Ser Pro Leu
50 55 60

Thr Leu His Thr Val Gln Lys Trp Leu Leu Ala Ala Gly Ala Gln Lys
65 70 75 80

Cys His Ser Val Ile Thr Gln Asp Phe Leu Thr Cys Trp Leu Ser Ile
Arg Gln Ala Glu Leu Leu Leu Pro Gly Ala Glu Phe His His Tyr Val
100 105 110

Gly Gly Pro Thr Glu Thr His Val Val Arg Ser Pro His Pro Tyr Gln
115 120 125

Leu Pro Gln Ala Leu Ala Pro His Val Asp Phe Val Gly Gly Leu His
130 135 140

His Phe Pro Pro Thr Ser Ser Leu Arg Gln Arg Pro Glu Pro Gln Val
145 150 155 160

Thr Gly Thr Val Gly Leu His Leu Gly Val Thr Pro Ser Val Ile Arg
165 170 175

Lys Arg Tyr Asn Leu Thr Ser Gln Asp Val Gly Ser Gly Thr Ser Asn
180 185 190

Asn Ser Gln Ala Cys Ala Gln Phe Leu Glu Gln Tyr Phe His Asp Ser
195 200 205

Asp Leu Ala Gln Phe Met Arg Leu Phe Gly Gly Asn Phe Ala His Gln
210 215 220

Ala Ser Val Ala Arg Val Val Gly Gln Gln Gly Arg Gly Arg Ala Gly
225 230 235 240

Ile Glu Ala Ser Leu Asp Val Gln Tyr Leu Met Ser Ala Gly Ala Asn
245 250 255

Ile Ser Thr Trp Val Tyr Ser Ser Pro Gly Arg His Glu Gly Gln Glu
260 265 270

Pro Phe Leu Gln Trp Leu Met Leu Leu Ser Asn Glu Ser Ala Leu Pro
275 280 285

His Val His Thr Val Ser Tyr Gly Asp Asp Glu Asp Ser Leu Ser Ser
290 295 300

Ala Tyr Ile Gln Arg Val Asn Thr Glu Leu Met Lys Ala Ala Ala Arg
305 310 315 320

Gly Leu Thr Leu Leu Phe Ala Ser Gly Asp Ser Gly Ala Gly Cys Trp
325 330 335

Ser Val Ser Gly Arg His Gln Phe Arg Pro Thr Phe Pro Ala Ser Ser
340 345 350
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40

-continued
Pro Tyr Val Thr Thr Val Gly Gly Thr Ser Phe Gln Glu Pro Phe Leu
355 360 365
Ile Thr Asn Glu Ile Val Asp Tyr Ile Ser Gly Gly Gly Phe Ser Asn
370 375 380
Val Phe Pro Arg Pro Ser Tyr Gln Glu Glu Ala Val Thr Lys Phe Leu
385 390 395 400
Ser Ser Ser Pro His Leu Pro Pro Ser Ser Tyr Phe Asn Ala Ser Gly
405 410 415
Arg Ala Tyr Pro Asp Val Ala Ala Leu Ser Asp Gly Tyr Trp Val Val
420 425 430
Ser Asn Arg Val Pro Ile Pro Trp Val Ser Gly Thr Ser Ala Ser Thr
435 440 445
Pro Val Phe Gly Gly Ile Leu Ser Leu Ile Asn Glu His Arg Ile Leu
450 455 460
Ser Gly Arg Pro Pro Leu Gly Phe Leu Asn Pro Arg Leu Tyr Gln Gln
465 470 475 480
His Gly Ala Gly Leu Phe Asp Val Thr Arg Gly Cys His Glu Ser Cys
485 490 495
Leu Asp Glu Glu Val Glu Gly Gln Gly Phe Cys Ser Gly Pro Gly Trp
500 505 510
Asp Pro Val Thr Gly Trp Gly Thr Pro Asn Phe Pro Ala Leu Leu Lys
515 520 525
Thr Leu Leu Asn
530
<210> SEQ ID NO 12
<211> LENGTH: 1991
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 12
acccatcaat accttcagtt cgttagcaat cgtcttceeg tegttcaatt caacttctga 60
tcacactcte tgaggegtgg tcgaatataa accgtcaaaa ttttegccac acttcttaac 120
tegeggecace accegttcaa cggccggege tceatccaace gtggtgggge accggactac 180
gcattatacyg tccagtaaac aactcgcagt ctgaacactc gtattatctg tctegcacce 240
caatctgtca actgtgaaca atggctecccce acgcaagete ggatgttget gccaatggeg 300
cegtgaacgg gtcecegetegt gecaacgete ctttgtttac cgtcaacteg cccaacgteg 360
tgtacaccga caatgaaatc agaagccagt atgcttatca taccactgat atcacccgca 420
ctgccgacaa caagctegtt gecactecca aggccaccaa ctaccactte aaggtcgace 480
gcaaggtggyg caaggtggge gtcatgatgg tcggetgggg tggtaacaat ggttccacceg 540
tgacgcaggt atccttgcca accgcegtgg tetegaatgg gagaccgega gccatgegeg 600
cctecaacta ctacggetcet gtggtcatgg gttccaccat caagetceggt actgacgcca 660
agaccggtga ggagattaac attcctttee acgacatget geccatggte caccccaatg 720
atctegetat tggtggetgg gacattagca gectgaacct tgccgattece atggaccegtg 780
cccaggtect ggagectacce ctcaagecage aggttcegtaa ggagatggece gagatgaage 840
ccetgectag tatctactac ccggacttta tegetgccaa ccaggaggac cgggecgaca 900
atgtgctcga gggctceccaag gecatgetggg cteatgttga gaagatccag caggacatte 960
gcgacttcaa ggctcagaac ggcctcgaca aggtcatcgt gatgtggact gccaacaccyg 1020
agcgttacgce cgacatcctg cctggegtca atgacacggce cgacaacctce ctcaacgcta 1080



41

US 7,439,067 B2

-continued
tcaagaccgg ccacctggag gtgtccccecgt ccactgtett tgcectgtggece tgtatcctgg 1140
acaacgttcce cttcatcaac ggctcteccce agaacacctt tgttcccggt gecatccagt 1200
tggctgagca gcacaaggcc ttcattggcg gagacgactt caagtctggce cagaccaaaa 1260
tgaagtcggce tctggttgac ttecttgatca acgccggtat caagctcacce tcgattgeca 1320
gctacaacca cctgggcaac aacgacggca agaacttgag ctcccagaag cagttcceggt 1380
ccaaggagat ctccaagtcc aacgtggtgg acgacatggt cgcggctaac aagatcctcet 1440
acgccgagga cgagcacccce gaccacaccg tggtgatcaa gtacatgect geggtgggeg 1500
acaacaagcg cgcgctecgac gagtactacg cggagatctt catgggtgge caccagacca 1560
tcagtctgtt caacatctgc gaggactcce tgctggegte tcccttgatce attgatcectgg 1620
tgctgattge ggagatgatg acccgcatca gctggaagtc ggacgaggcg gcecgagtaca 1680
agggcttecca cagcgtgcte agcgtgctca gctacatget caaggcgcect ctgactccce 1740
ctggcactcce tgtggtcaac tcgctgacca agcagcgcag tgccttgacce aacatcttcece 1800
gggcgtgegt tggactgcag cctgaatccg agatgactcet ggagcacaag ctgttctaga 1860
cacccaccta gtaatgctta gccatcatge taggcgttga tcacacttta cccattgtca 1920
gccaactaca gccactcttt gaatatcagt gactaccttc gaaaaaaaaa aaaaaaaaaa 1980
aaaaaaaaaa a 1991
<210> SEQ ID NO 13
<211> LENGTH: 532
<212> TYPE: PRT
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 13
Met Ala Pro His Ala Ser Ser Asp Val Ala Ala Asn Gly Ala Val Asn
1 5 10 15
Gly Ser Ala Arg Ala Asn Ala Pro Leu Phe Thr Val Asn Ser Pro Asn
20 25 30
Val Val Tyr Thr Asp Asn Glu Ile Arg Ser Gln Tyr Ala Tyr His Thr
35 40 45
Thr Asp Ile Thr Arg Thr Ala Asp Asn Lys Leu Val Ala Thr Pro Lys
50 55 60
Ala Thr Asn Tyr His Phe Lys Val Asp Arg Lys Val Gly Lys Val Gly
65 70 75 80
Val Met Met Val Gly Trp Gly Gly Asn Asn Gly Ser Thr Val Thr Gln
85 90 95
Val Ser Leu Pro Thr Ala Val Val Ser Asn Gly Arg Pro Arg Ala Met
100 105 110
Arg Ala Ser Asn Tyr Tyr Gly Ser Val Val Met Gly Ser Thr Ile Lys
115 120 125
Leu Gly Thr Asp Ala Lys Thr Gly Glu Glu Ile Asn Ile Pro Phe His
130 135 140
Asp Met Leu Pro Met Val His Pro Asn Asp Leu Ala Ile Gly Gly Trp
145 150 155 160
Asp Ile Ser Ser Leu Asn Leu Ala Asp Ser Met Asp Arg Ala Gln Val
165 170 175
Leu Glu Pro Thr Leu Lys Gln Gln Val Arg Lys Glu Met Ala Glu Met
180 185 190
Lys Pro Leu Pro Ser Ile Tyr Tyr Pro Asp Phe Ile Ala Ala Asn Gln
195 200 205
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44

Glu Asp Arg Ala Asp Asn Val
210 215

His Val Glu Lys Ile Gln Gln
225 230

Gly Leu Asp Lys Val Ile Val
245

Ala Asp Ile Leu Pro Gly Val
260

Ala Ile Lys Thr Gly His Leu
275

Val Ala Cys Ile Leu Asp Asn
290 295

Asn Thr Phe Val Pro Gly Ala
305 310

Phe Ile Gly Gly Asp Asp Phe
325

Ala Leu Val Asp Phe Leu Ile
340

Ala Ser Tyr Asn His Leu Gly
355

Gln Lys Gln Phe Arg Ser Lys
370 375

Asp Met Val Ala Ala Asn Lys
385 390

Asp His Thr Val Val Ile Lys
405

Arg Ala Leu Asp Glu Tyr Tyr
420

Thr Ile Ser Leu Phe Asn Ile
435

Leu Ile Ile Asp Leu Val Leu
450 455

Trp Lys Ser Asp Glu Ala Ala
465 470

Ser Val Leu Ser Tyr Met Leu
485

Pro Val Val Asn Ser Leu Thr
500

Phe Arg Ala Cys Val Gly Leu
515

His Lys Leu Phe
530

<210> SEQ ID NO 14

<211> LENGTH: 505

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 14

Phe Thr Val Asn Ser Pro Asn
1 5

Ser Gln Tyr Ala Tyr His Thr
20

Lys Leu Val Ala Thr Pro Lys

Leu Glu

Asp Ile

Met Trp

Asn Asp
265

Glu Val
280

Val Pro

Ile Gln

Lys Ser

Asn Ala

345

Asn Asn
360

Glu Ile

Ile Leu

Tyr Met

Ala Glu

425
Cys Glu
440
Ile Ala
Glu Tyr
Lys Ala
Lys Gln

505

Gln Pro
520

niger

Val Val

Thr Asp
25

Gly

Arg

Thr

250

Thr

Ser

Phe

Leu

Gly

330

Gly

Asp

Ser

Tyr

Pro

410

Ile

Asp

Glu

Lys

Pro

490

Arg

Glu

Ser

Asp

235

Ala

Ala

Pro

Ile

Ala

315

Gln

Ile

Gly

Lys

Ala

395

Ala

Phe

Ser

Met

Gly

475

Leu

Ser

Ser

Lys Ala
220

Phe Lys

Asn Thr

Asp Asn

Ser Thr
285

Asn Gly
300

Glu Gln

Thr Lys

Lys Leu

Lys Asn

365

Ser Asn
380

Glu Asp

Val Gly

Met Gly

Leu Leu

445

Met Thr

460

Phe His

Thr Pro

Ala Leu

Glu Met
525

Tyr Thr Asp Asn

10

Ile Thr Arg Thr

Ala Thr Asn Tyr His Phe

Cys

Ala

Glu

Leu

270

Val

Ser

His

Met

Thr

350

Leu

Val

Glu

Asp

Gly

430

Ala

Arg

Ser

Pro

Thr

510

Thr

Glu

Ala
30

Trp

Gln

Arg

255

Leu

Phe

Pro

Lys

Lys

335

Ser

Ser

Val

His

Asn

415

Ser

Ile

Val

Gly

495

Asn

Leu

Ile
15

Asp

Ala

Asn

240

Tyr

Asn

Ala

Gln

Ala

320

Ser

Ile

Ser

Asp

Pro

400

Lys

Gln

Pro

Ser

Leu

480

Thr

Ile

Glu

Arg

Asn

Lys Val Asp
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46

Arg

Asn

65

Asn

Val

Glu

Asp

Ser

145

Arg

Asp

Gly

Arg

Thr

225

Thr

Ser

Phe

Leu

Gly

305

Gly

Asp

Ser

Tyr

Pro

385

Ile

Asp

Glu

Lys

Lys

50

Gly

Gly

Met

Ile

Leu

130

Met

Lys

Phe

Ser

Asp

210

Ala

Ala

Pro

Ile

Ala

290

Gln

Ile

Gly

Lys

Ala

370

Ala

Phe

Ser

Met

Gly
450

35

Val

Ser

Arg

Gly

Asn

115

Ala

Asp

Glu

Ile

Lys

195

Phe

Asn

Asp

Ser

Asn

275

Glu

Thr

Lys

Lys

Ser

355

Glu

Val

Met

Leu

Met

435

Phe

Gly

Thr

Pro

Ser

100

Ile

Ile

Arg

Met

Ala

180

Ala

Lys

Thr

Asn

Thr

260

Gly

Gln

Lys

Leu

Asn

340

Asn

Asp

Gly

Gly

Leu

420

Thr

His

Lys

Val

Arg

85

Thr

Pro

Gly

Ala

Ala

165

Ala

Cys

Ala

Glu

Leu

245

Val

Ser

His

Met

Thr

325

Leu

Val

Glu

Asp

Gly

405

Ala

Arg

Ser

Val

Thr

70

Ala

Ile

Phe

Gly

Gln

150

Glu

Asn

Trp

Gln

Arg

230

Leu

Phe

Pro

Lys

Lys

310

Ser

Ser

Val

His

Asn

390

His

Ser

Ile

Val

Gly

55

Gln

Met

Lys

His

Trp

135

Val

Met

Gln

Ala

Asn

215

Tyr

Asn

Ala

Gln

Ala

295

Ser

Ile

Ser

Asp

Pro

375

Lys

Gln

Pro

Ser

Leu
455

40

Val

Val

Arg

Leu

Asp

120

Asp

Leu

Lys

Glu

His

200

Gly

Ala

Ala

Val

Asn

280

Phe

Ala

Ala

Gln

Asp

360

Asp

Arg

Thr

Leu

Trp

440

Ser

Met

Ser

Ala

Gly

105

Met

Ile

Glu

Pro

Asp

185

Val

Leu

Asp

Ile

Ala

265

Thr

Ile

Leu

Ser

Lys

345

Met

His

Ala

Ile

Ile

425

Lys

Val

Met

Leu

Ser

90

Thr

Leu

Ser

Pro

Leu

170

Arg

Glu

Asp

Ile

Lys

250

Cys

Phe

Gly

Val

Tyr

330

Gln

Val

Thr

Leu

Ser

410

Ile

Ser

Leu

Val

Pro

75

Asn

Asp

Pro

Ser

Thr

155

Pro

Ala

Lys

Lys

Leu

235

Thr

Ile

Val

Gly

Asp

315

Asn

Phe

Ala

Val

Asp

395

Leu

Asp

Asp

Ser

Gly

60

Thr

Tyr

Ala

Met

Leu

140

Leu

Ser

Asp

Ile

Val

220

Pro

Gly

Leu

Pro

Asp

300

Phe

His

Arg

Ala

Val

380

Glu

Phe

Leu

Glu

Tyr
460

45

Trp

Ala

Tyr

Lys

Val

125

Asn

Lys

Ile

Asn

Gln

205

Ile

Gly

His

Asp

Gly

285

Asp

Leu

Leu

Ser

Asn

365

Ile

Tyr

Asn

Val

Ala

445

Met

Gly

Val

Gly

Thr

110

His

Leu

Gln

Tyr

Val

190

Gln

Val

Val

Leu

Asn

270

Ala

Phe

Ile

Gly

Lys

350

Lys

Lys

Tyr

Ile

Leu

430

Ala

Leu

Gly

Val

Ser

95

Gly

Pro

Ala

Gln

Tyr

175

Leu

Asp

Met

Asn

Glu

255

Val

Ile

Lys

Asn

Asn

335

Glu

Ile

Tyr

Ala

Cys

415

Ile

Glu

Lys

Asn

Ser

80

Val

Glu

Asn

Asp

Val

160

Pro

Glu

Ile

Trp

Asp

240

Val

Pro

Gln

Ser

Ala

320

Asn

Ile

Leu

Met

Glu

400

Glu

Ala

Tyr

Ala
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-continued

48

Pro
465

Arg

Glu

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

<400>

Phe

1

Ser

Gly

Lys

Gly

65

Glu

Phe

Gly

Pro

Ala

145

Gln

Asp

Ile

Arg

Thr

225

Thr

Ser

Phe

Leu

Gly

305

Gly

Leu Thr Pro Pro

Ser Ala Leu Thr

485

Ser Glu Met Thr

500

PRT

SEQUENCE :

Lys Val Glu

Val

Thr

Thr

50

Gly

Gly

Gly

Glu

Asp

130

Asp

Leu

Pro

Lys

Asp

210

Ala

Ala

Pro

Ile

Ala

290

Gln

Ile

Tyr

Tyr

35

Asp

Asn

Ile

Ser

Glu

115

Asp

Ala

Arg

Asp

Gly

195

Phe

Asn

Glu

Ser

Asn

275

Ile

Thr

Lys

Asn

20

Gln

Thr

Asn

Ser

Leu

100

Ile

Val

Met

Pro

Phe

180

Thr

Lys

Thr

Ser

Thr

260

Gly

Gln

Lys

Pro

SEQ ID NO 15
LENGTH:
TYPE:
ORGANISM: Sesgamum

505

15

Ser

Tyr

Trp

His

Gly

Trp

85

Thr

Tyr

Val

Gly

Tyr

165

Ile

Lys

Glu

Glu

Leu

245

Leu

Ser

Arg

Met

Thr

Gly
470

Asn

Leu

Pro

Glu

Ile

Val

Ser

70

Ala

Gln

Ala

Phe

Arg

150

Met

Ala

Lys

Gln

Arg

230

Met

Tyr

Pro

Asn

Lys

310

Ser

Thr Pro

Ile Phe

Glu His

indicum

Asn Val

Thr Thr

Val Lys
40

Pro Lys
55

Thr Leu

Thr Lys

Ala Ser

Pro Phe
120

Gly Gly
135

Ala Lys

Glu His

Ala Asn

Glu Gln
200

Asn Lys
215

Tyr Ser

Ala Ser

Ala Ile

Gln Asn

280

Ser Leu
295

Ser Val

Ile Val

Val Val Asn Ser Leu Thr Lys

Arg

Lys
505

Lys

Glu

25

Pro

Leu

Thr

Asp

Ser

105

Lys

Trp

Val

Met

Gln

185

Val

Val

Asn

Val

Ala

265

Thr

Ile

Leu

Ser

475

Gln
480

Ala Cys Val Gly Leu Gln Pro

490

Tyr Thr
10

Leu Val

Lys Thr

Gly Vval

Gly Gly

75

Lys Val
90

Ile Arg

Ser Leu

Asp Ile

Leu Asp
155

Val Pro
170

Gly Ser

Gln Gln

Asp Lys

Val Val

235

Glu Arg
250

Cys Val

Phe Val

Gly Gly

Val Asp

315

Tyr Asn

Glu

His

Val

Met

60

Val

Gln

Val

Leu

Ser

140

Ile

Leu

Arg

Ile

Val

220

Val

Asn

Phe

Pro

Asp

300

Phe

His

Gly

Glu

Lys

45

Leu

Ile

Gln

Gly

Pro

125

Asn

Asp

Pro

Ala

Ile

205

Val

Gly

Glu

Glu

Gly

285

Asp

Leu

Leu

Glu

Ser

30

Tyr

Val

Ala

Ala

Ser

110

Met

Met

Leu

Gly

Asn

190

Lys

Val

Leu

Ala

Asn

270

Leu

Phe

Val

Gly

495

Ile

15

Arg

Glu

Gly

Asn

Asn

95

Phe

Val

Asn

Gln

Ile

175

Asn

Asp

Leu

Asn

Glu

255

Val

Ile

Lys

Gly

Asn

His

Asn

Phe

Trp

Arg

80

Tyr

Asn

Asn

Leu

Lys

160

Tyr

Val

Met

Trp

Asp

240

Ile

Pro

Asp

Ser

Ala

320

Asn
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50

-continued
325 330 335
Asp Gly Met Asn Leu Ser Ala Pro Gln Thr Phe Arg Ser Lys Glu Ile
340 345 350
Ser Lys Ser Asn Val Val Asp Asp Met Val Ala Ser Asn Gly Ile Leu
355 360 365
Tyr Glu Pro Gly Glu His Pro Asp His Ile Val Val Ile Lys Tyr Val
370 375 380
Pro Tyr Val Gly Asp Ser Lys Arg Ala Met Asp Glu Tyr Thr Ser Glu
385 390 395 400
Ile Phe Met Gly Gly Lys Ser Thr Ile Val Leu His Asn Thr Cys Glu
405 410 415
Asp Ser Leu Leu Ala Ala Pro Ile Ile Leu Asp Leu Val Leu Leu Ala
420 425 430
Glu Leu Ser Thr Arg Ile Gln Leu Lys Ala Glu Gly Glu Gly Lys Phe
435 440 445
His Ser Phe His Pro Val Ala Thr Ile Leu Ser Tyr Leu Thr Lys Ala
450 455 460
Pro Leu Val Pro Pro Gly Thr Pro Val Val Asn Ala Leu Ser Lys Gln
465 470 475 480
Arg Ala Met Leu Glu Asn Ile Leu Arg Ala Cys Val Gly Leu Ala Pro
485 490 495
Glu Asn Asn Met Ile Leu Glu Tyr Lys
500 505
<210> SEQ ID NO 16
<211> LENGTH: 2059
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 16
cttttctett gtettttecee tegttettet ctetttette tettetttet ttetetgett 60
cggtccagtce tcectegttett gtetttactg accctagtet ttegtttcege gtggtcetgte 120
gtggtgtcgt atcaaatgat tattattatc ttctaaccta tcecctcectgec tatttgcetat 180
atatccccaa aactgaccca tacatatcac atctctccac ctttggttac atatacatac 240
attcatacat acatatacac ctctcataca acaatgaagg ccactagcge aacggtggcet 300
ttcctageca ttgetgetgt ccaagcagec aagcacgcecce atgaccatgg ccaccaccgt 360
agccatcget cggtggatag ccccegtggte aagaagagtt cctegtgtca gtteccectee 420
ggggcetgget tgatccccat cactccccac gagaccaatg gtggttggge gatgageect 480
gatcaggagt gcaagcctgg cggatattgt ccgtatgett gtecagecgg ccaggtctec 540
atgcagtggg acccggaggce tacttcegtac acctacccca tgtccatgaa tggtggactg 600
tactgcgacg agaatggcga aatacagaag ccattccegg accgtcccta ctgcaaggac 660
ggcacaggceyg tcegtcagege gaagaacaag tgcaaggage aggtgtettt ctgecagact 720
gttetteegy gcaatgaage catgecgatce cccacgettg tggaagagec ggctaccctg 780
getgttecegyg atctgagtta ctggtgtgag actgeggege acttctatat caaccctecg 840
ggatacaaca ccaagactgc ctgtgtctgg ggtacctcetg agaacccecta cggcaactgg 900
tcecegtatg ttgceggtge caacactgac ggcgacggea acacctatgt gaagctcaga 960
tggaacccga tttacctaga accgactacce ccgttcececgca acgaagtccce tgagtteggt 1020
gtcgagatcg agtgtgaggg agacggctgce aatggactgc catgcaagat cgacccatcce 1080
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-continued

gtgaacggceg

tgtgtggtgg

geggtggact

agcagcgeca

ccgacgagtyg

agcactagca

accactctca

cccaccecea

tggaccgtgt

cacacgcage

accgctcaag

tcgaagetga

catgttgacc

ttettggtte

cgttcttgta

attaatttge

aaaaaaaaaa

tgaacgagat

acggtgcceca

ctaccagegt

gcaccagcag

tcagcaccag

gcagcaccce

gctecagete

getggacgee

cggctageta

ctgtagetge

caacgcagte

gtctgattgt

atcataccga

acttctgatg

tgtgcttgat

ctgtaaattce

aaaaaaaaa

<210> SEQ ID NO 17
<211> LENGTH: 505
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 17

gactggcgac
agggcggaaa
geeggtgtee
cacctegace
caccagcacc
ggceccgacy
caccatcage
ctcttecage
cacgtacaag
tgctgetgtt
agcggttgtyg
ggcagttett
tcaactgtgt
ggcacctttt
tgatgagcat

caagtgccac

Aspergillus nige

Met Lys Ala Thr Ser Ala Thr Val

1

Gln

Ser

Ser

Trp

65

Tyr

Thr

Glu

Asp

Ser

145

Thr

Trp

Thr

Ala

Val

Gly

Ala

Ala

Ser

Asn

Gly

130

Phe

Leu

Cys

Lys

Ala

Asp

35

Ala

Met

Cys

Tyr

Gly

115

Thr

Cys

Val

Glu

Thr

Lys His Ala His Asp

20

Ser Pro Val Val Lys

40

Gly Leu Ile Pro Ile

55

Ser Pro Asp Gln Glu

70

Pro Ala Gly Gln Val

85

Thr Tyr Pro Met Ser

100

Glu Ile Gln Lys Pro

120

Gly Val Val Ser Ala

135

Gln Thr Val Leu Pro
150

Glu Glu Pro Ala Thr

165

Thr Ala Ala His Phe

180

Ala Cys Val Trp Gly

agctcagtygg
ggccaatgte
agcagcagtyg
agcagcatcg
agcaccagta
cegtecagea
accaccagcet
tggaagatca
ccacacgtga
gccagtgagg
acggagggag
ggagccattyg
cggttgcata
tcacacttac
ttatcgataa

ttagcacaga

T

Ala Phe Leu
10

His Gly His
25

Lys Ser Ser

Thr Pro His

Cys Lys Pro

75

Ser Met Gln
90

Met Asn Gly
105

Phe Pro Asp

Lys Asn Lys

Gly Asn Glu

155

Leu Ala Val
170

Tyr Ile Asn
185

Thr Ser Glu

gtgcaggegyg tgcatcctte

gttgtetteg acaagggacg

ttagcagegt

tcecctactac

ctagcaccag

ctactactac

ccagcageat

getegagege

tggtggagac

getegageca

ctgctgteag

tcatggtcta

ctcactcacce

acttataccc

tgtttactgt

gtagaggtce

Ala

His

Ser

Glu

60

Gly

Trp

Gly

Arg

Cys

140

Ala

Pro

Pro

Asn

Ile

Arg

Cys

45

Thr

Gly

Asp

Leu

Pro

125

Lys

Met

Asp

Pro

Pro

Ala

Ser

30

Gln

Asn

Tyr

Pro

Tyr

110

Tyr

Glu

Pro

Leu

Gly

190

Tyr

cgtegtgage
gagcagcacg
cactagcact
tatcteccage
aactcccegyg
agcactgaac
gggctecteg
gacgactgga
cactgecegty
gacaatagac
atcatcactt
ttatgattga
taatatagtc

aaaaaaaaaa

Ala Val
15

His Arg

Phe Pro

Gly Gly

Cys Pro
80

Glu Ala
95

Cys Asp

Cys Lys

Gln Val

Ile Pro

160

Ser Tyr
175

Tyr Asn

Gly Asn

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2059



53

US 7,439,067 B2

-continued

54

Trp

Tyr

225

Phe

Asp

Val

Phe

Leu

305

Ser

Thr

Val

Thr

Thr

385

Thr

Ser

Ser

Ser

Ser

465

Glu

Ala

Ser

210

Val

Arg

Gly

Asn

Cys

290

Arg

Ser

Ser

Ser

Ser

370

Thr

Ser

Ser

Ala

His

450

Gln

Gly

Val

195

Pro

Lys

Asn

Cys

Glu

275

Val

Gln

Val

Thr

Thr

355

Thr

Ile

Ser

Ser

Ser

435

Thr

Thr

Ala

Leu

200

Tyr Val Ala Gly Ala

215

Leu Arg Trp Asn Pro
230

Glu Val Pro Glu Phe

245

Asn Gly Leu Pro Cys

260

Met Thr Gly Asp Ser

280

Val Asp Gly Ala Gln

295

Gly Thr Ala Val Asp
310

Ser Ser Val Val Val

325

Ser Ser Ile Val Pro

340

Ser Thr Ser Thr Ser

360

Ser Ser Ser Thr Pro

375

Ser Ser Thr Thr Leu
390

Ser Ser Ile Thr Pro

405

Trp Lys Ile Ser Ser

420

Tyr Thr Tyr Lys Pro

440

Gln Pro Val Ala Ala

455

Thr Gly Thr Ala Gln
470

Ala Val Ser Thr Ala

485

Gly Ala Ile Val Met

500

<210> SEQ ID NO 18
<211> LENGTH: 1904
<212> TYPE: DNA

<213> ORGANISM: Aspergillus nige

<400> SEQUENCE: 18

aacaaatttt tctcctcectta

acatcatact

cccactttec

ctcagaacat

gcgagettga

ccaagatgag

ctcegeaata
gcttaatact
tggtatcaag
gaaattcgat

cttetgtgat

cctttaatca

getetettte

tacccctect

gccattgagg

ggcgtgageg

gaccgtgaag

Asn Thr Asp
Ile Tyr Leu
235

Gly Val Glu
250

Lys Ile Asp
265

Ser Val Gly

Gly Arg Lys

Ser Thr Ser

315

Ser Ser Ser
330

Thr Thr Ser
345

Thr Ser Thr

Ala Pro Thr

Ser Ser Ser

395

Arg Pro Thr
410

Ser Ala Ala
425

His Val Met

Ala Ala Val

Ala Thr Gln

475

Val Ser Lys
490

Val
505

T

ttttctttta
ttgagtgttt
ccttttacac
tctacttece
aaggcaaata

acatctactce

Gly

220

Glu

Ile

Pro

Ala

Gly

300

Val

Ala

Ser

Ser

Pro

380

Ser

Pro

Leu

Val

Ala

460

Ser

Leu

205

Asp

Pro

Glu

Ser

Gly

285

Gln

Pro

Ser

Thr

Thr

365

Ser

Thr

Ser

Asn

Glu

445

Ser

Ala

Ser

Gly

Thr

Cys

Val

270

Gly

Cys

Val

Thr

Pro

350

Ser

Ser

Ile

Trp

Trp

430

Thr

Glu

Val

Leu

ttctecttet

tgtgtcttaa

attcaccatg

tcgtcagtgt

caccattggt

cattgetttyg

Asn Thr
Thr Pro
240

Glu Gly
255

Asn Gly

Ala Ser

Arg Cys

Ser Ser

320

Ser Ser
335

Thr Ser

Thr Ser

Thr Thr

Ser Thr

400

Thr Pro
415

Thr Val

Gly Ser

Gly Ser

Val Thr

480

Ile Val
495

tccecceccat
actctactgt
getgecegte
gtcgaccaga
cttggtcaga

accaccttct

60

120

180

240

300

360
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ccteecttet

ccgagaccett

cccacggaaa

acgctgtttt

ttgttgtety

ctggetgtgt

gtgcctecta

ctgtegtgga

aggcctacaa

cecgeccagga

ctacctgcaa

accccactca

cctectcetecac

ctgagegtgt

cegtttggge

agcgcategyg

ttgtcggaga

gcaacgttet

tcaagaagaa

tgactgaggt

tatgatggac

actagattcc

gcagcggaat

gtttcatacyg

ctggaatgca

ccgcaagtac

getggacaag

caccaacgtt

caacagcatc

cggtgacatt

cgccatgetyg

cgtcacccac

tggtcactte

tgctegtgag

cgactcccag

gctggtgcag

cecctgettte

tgacaagaac

taagcceget

tggtctgget

tctettetec

cgtgtecaac

cecctecteag

cttcaagect

ggacgatatg

ttgctttega

cttcagcatg

gctectacca

ttgttcatgt

attatataag

aagagtcatyg aaaggaaaaa

<210> SEQ ID NO 19
<211> LENGTH: 460
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 19

Aspergillus

aacatcgacc

tccaagteeyg

gagggtgttg

aactggcteg

gecctgtacy

atcggtectyg

gectacgact

tccctecagat

aagaccttga

actgecettygg

aaatcctteg

geccgaagtgg

gtggagaaga

ctcgaggttyg

agcttgatct

tacggcagtyg

ctggtggaga

tcctacgttyg

tccggcaaca

ttcegecgea

ccttgettet

cgcattgttt

atttcegggt

atcctectag

acgatgacca

aaaaaaaaaa

Met Ala Ala Arg Pro Gln Asn Ile

1

Phe

Val

Phe

Ser

Leu

Ser

Pro

Ser

Cys

50

Ser

Glu

Val

Arg

Glu

35

Asp

Leu

Val

Leu

Gln Cys Val Asp Gln

Gly Lys Tyr Thr Ile

40

Asp Arg Glu Asp Ile

55

Leu Arg Lys Tyr Asn

70

Gly Thr Glu Thr Leu

85

Met Gln Leu Leu Ala

ccaactccat

tcaagtcegt

acaacgtcaa

agtcctetge

ccgagggtgc

acgccectat

tcttcaagee

gctacactga

aggagaaggt

accgcttega

ctcgtatget

ctcctgaget

ccttecatggy

ccactetttyg

ctcacgtece

gtcttgecag

agctcgatct

acatgtgtge

ccgagactcet

agtacgacgt

ttggacatga

atttgtggtt

ctgettttet

ggaggagacc

ataattccag

aaaaaaaaaa

niger

Gly Ile Lys
10

Ser Glu Leu
25

Gly Leu Gly

Tyr Ser Ile

Ile Asp Pro

Leu Asp Lys

90

Pro His Gly

tggcegecty gaggteggta

cctgatgecag cttetggete

tgcttgetge

ctgggatggc

tgctegeect

tgtgttcgag

cgacctgace

ggctgtcaac

tcagaacggt

atacctctge

gtacaacgac

ccgtgattty

cctgaccaag

cggtaacatg

cttegatget

ctcectgett

caagaaccgt

cctecgtgag

ctaccetggt

caaggcatga

ceggttgett

cgccttaata

cctttacatt

ttetettgte

actcatcaag

aaaa

Ala

Glu

Gln

Ala

60

Asn

Ser

Asn

Ile

Lys

Thr

45

Leu

Ser

Lys

Thr

Glu

Phe

30

Lys

Thr

Ile

Ser

Asn

ggtggcacca
agagatgcecg
accggtggty
cceggtette
agcgagtacce
gettgcetaca
accaacggca
taccatgcete
tacctcacaa
gactacgcca
aagcgetteg
tacactgcca
agcgagtceca
agcgtaaaga
cttagcaacc
catgctcace
acttactact
attatgagca
agacggttta
gagcttgggyg
ggttcttaat
cagacaggag

agtcagaaag

Val Tyr

15

Asp Gly

Met Ser

Thr Phe

Gly Arg

Val Lys

95

Val Glu

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1904
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58

Gly

Asn

Val

145

Pro

Pro

Tyr

Gly

Lys

225

Gly

Phe

Ser

Pro

Thr

305

Lys

Leu

Leu

Leu

Ile

385

Arg

Cys

Gly

Asp

Val

Ser

130

Val

Thr

Ile

Asp

His

210

Ala

Thr

Glu

Phe

Ala

290

Ser

Lys

Cys

Ile

Phe

370

Val

Leu

Ala

Asn

Asp
450

Asp

115

Ile

Val

Gly

Val

Phe

195

Phe

Tyr

Asn

Tyr

Ala

275

Phe

Leu

Arg

Gly

Ser

355

Ser

Gly

Ser

Leu

Thr

435

Met

100

Asn

Asn

Cys

Gly

Phe

180

Phe

Ser

Asn

Gly

Leu

260

Arg

Ala

Thr

Phe

Asn

340

His

Tyr

Asp

Asn

Arg

420

Glu

Phe

Val

Trp

Gly

Ala

165

Glu

Lys

Leu

Ala

Thr

245

Cys

Met

Glu

Asp

Ala

325

Met

Val

Gly

Val

Arg

405

Glu

Thr

Arg

<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Aspergillus

PRT

<400> SEQUENCE:

460

20

Asn

Leu

Asp

150

Gly

Pro

Pro

Arg

Arg

230

Ala

Tyr

Leu

Val

Lys

310

Glu

Tyr

Pro

Ser

Ser

390

Asn

His

Leu

Arg

Ala

Glu

135

Ile

Cys

Gly

Asp

Cys

215

Glu

Gln

His

Tyr

Ala

295

Asn

Arg

Thr

Phe

Gly

375

Asn

Val

Ala

Tyr

Lys
455

Met Ala Ala Arg Pro Gln Asn

1

5

Cys

120

Ser

Ala

Val

Leu

Leu

200

Tyr

Lys

Asp

Ala

Asn

280

Pro

Val

Val

Ala

Asp

360

Leu

Leu

Leu

His

Pro

440

Tyr

105

Cys

Ser

Leu

Ala

Arg

185

Thr

Thr

Thr

Asp

Pro

265

Asp

Glu

Glu

Lys

Thr

345

Ala

Ala

Val

Pro

Leu

425

Gly

Asp

niger

Gly

Ala

Tyr

Met

170

Ala

Ser

Glu

Leu

Ser

250

Thr

Tyr

Leu

Lys

Pro

330

Val

Ser

Ser

Glu

Pro

410

Lys

Thr

Val

Gly

Trp

Ala

155

Leu

Ser

Glu

Ala

Lys

235

Gln

Cys

Leu

Arg

Thr

315

Ala

Trp

Glu

Ser

Lys

395

Gln

Lys

Tyr

Lys

Thr

Asp

140

Glu

Ile

Tyr

Tyr

Val

220

Glu

Thr

Lys

Thr

Asp

300

Phe

Leu

Ala

Ser

Leu

380

Leu

Ser

Asn

Tyr

Ala
460

Asn

125

Gly

Gly

Gly

Val

Pro

205

Asn

Lys

Ala

Leu

Asn

285

Leu

Met

Glu

Gly

Lys

365

Leu

Asp

Tyr

Phe

Leu
445

110

Ala

Arg

Ala

Pro

Thr

190

Val

Ala

Val

Leu

Val

270

Pro

Asp

Gly

Val

Leu

350

Arg

Ser

Leu

Val

Lys

430

Thr

Val

Asp

Ala

Asp

175

His

Val

Cys

Gln

Asp

255

Gln

Thr

Tyr

Leu

Ala

335

Ala

Ile

Val

Lys

Asp

415

Pro

Glu

Phe

Ala

Arg

160

Ala

Ala

Asp

Tyr

Asn

240

Arg

Lys

His

Ala

Thr

320

Thr

Ser

Gly

Lys

Asn

400

Met

Ser

Val

Ile Gly Ile Lys Ala Ile Glu Val Tyr

10

15
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-continued

60

Phe

Val

Phe

Ser

65

Leu

Ser

Gly

Asn

Val

145

Pro

Pro

Tyr

Gly

Lys

225

Gly

Phe

Ser

Pro

Thr

305

Lys

Leu

Leu

Leu

Ile

385

Arg

Cys

Gly

Pro

Ser

Cys

50

Ser

Glu

Val

Val

Ser

130

Val

Thr

Ile

Asp

His

210

Ala

Thr

Glu

Phe

Ala

290

Ser

Lys

Cys

Ile

Phe

370

Val

Leu

Ala

Asn

Arg

Glu

35

Asp

Leu

Val

Leu

Asp

115

Ile

Val

Gly

Val

Phe

195

Phe

Tyr

Asn

Tyr

Ala

275

Phe

Leu

Arg

Gly

Ser

355

Ser

Gly

Ser

Leu

Thr

Gln

20

Gly

Asp

Leu

Gly

Met

100

Asn

Asn

Cys

Gly

Phe

180

Phe

Ser

Asn

Gly

Leu

260

Arg

Ala

Thr

Phe

Asn

340

His

Tyr

Asp

Asn

Arg

420

Glu

Cys

Lys

Arg

Arg

Thr

85

Gln

Val

Trp

Gly

Ala

165

Glu

Lys

Leu

Ala

Thr

245

Cys

Met

Glu

Asp

Ala

325

Met

Val

Gly

Val

Arg

405

Glu

Thr

Val

Tyr

Glu

Lys

70

Glu

Leu

Asn

Leu

Asp

150

Gly

Pro

Pro

Arg

Arg

230

Ala

Tyr

Leu

Val

Lys

310

Glu

Tyr

Pro

Ser

Ser

390

Asn

His

Leu

Asp

Thr

Asp

55

Tyr

Thr

Leu

Ala

Glu

135

Ile

Cys

Gly

Asp

Cys

215

Glu

Gln

His

Tyr

Ala

295

Asn

Arg

Thr

Phe

Gly

375

Asn

Val

Ala

Tyr

Gln

Ile

Ile

Asn

Leu

Ala

Cys

120

Ser

Ala

Val

Leu

Leu

200

Tyr

Lys

Asp

Ala

Asn

280

Pro

Val

Val

Ala

Asp

360

Leu

Leu

Leu

His

Pro

Ser

25

Gly

Tyr

Ile

Leu

Pro

105

Cys

Ser

Leu

Ala

Arg

185

Thr

Thr

Thr

Asp

Pro

265

Asp

Glu

Glu

Lys

Thr

345

Ala

Ala

Val

Pro

Leu

425

Gly

Glu

Leu

Ser

Asp

Asp

90

His

Gly

Ala

Tyr

Met

170

Ala

Ser

Glu

Leu

Ser

250

Thr

Tyr

Leu

Lys

Pro

330

Val

Ser

Ser

Glu

Pro

410

Lys

Thr

Leu

Gly

Ile

Pro

75

Lys

Gly

Gly

Trp

Ala

155

Leu

Ser

Glu

Ala

Lys

235

Gln

Cys

Leu

Arg

Thr

315

Ala

Trp

Glu

Ser

Lys

395

Gln

Lys

Tyr

Glu Lys Phe Asp

Gln

Ala

60

Asn

Ser

Asn

Thr

Asp

140

Glu

Ile

Tyr

Tyr

Val

220

Glu

Thr

Lys

Thr

Asp

300

Phe

Leu

Ala

Ser

Leu

380

Leu

Ser

Asn

Tyr

Thr

45

Leu

Ser

Lys

Thr

Asn

125

Gly

Gly

Gly

Val

Pro

205

Asn

Lys

Ala

Leu

Asn

285

Leu

Met

Glu

Gly

Lys

365

Leu

Asp

Tyr

Phe

Leu

30

Lys

Thr

Ile

Ser

Asn

110

Ala

Arg

Ala

Pro

Thr

190

Val

Ala

Val

Leu

Val

270

Pro

Asp

Gly

Val

Leu

350

Arg

Ser

Leu

Val

Lys

430

Thr

Met

Thr

Gly

Val

95

Val

Val

Asp

Ala

Asp

175

His

Val

Cys

Gln

Asp

255

Gln

Thr

Tyr

Leu

Ala

335

Ala

Ile

Val

Lys

Asp

415

Pro

Glu

Gly

Ser

Phe

Arg

80

Lys

Glu

Phe

Ala

Arg

160

Ala

Ala

Asp

Tyr

Asn

240

Arg

Lys

His

Ala

Thr

320

Thr

Ser

Gly

Lys

Asn

400

Met

Ser

Val
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-continued

62

435

440

Asp Asp Met Phe Arg Arg Lys Tyr Asp Val Lys

450

<210> SEQ ID NO 21

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Thr Arg

1

Phe

Val

Phe

Ser

65

Leu

Ser

Asp

Val

Val

145

Gly

Ala

Phe

Tyr

Tyr

225

Glu

Tyr

Pro

Val

305

Arg

Cys

Pro

Ser

Cys

50

Arg

Glu

Val

Thr

Asn

130

Ala

Gly

Val

Tyr

Ser

210

Asn

Asp

Ala

His

Pro

290

Val

Val

Gly

Ser

Thr

35

Asp

Leu

Val

Leu

Ile

115

Trp

Gly

Ala

Glu

Lys

195

Val

Gln

Ser

Pro

Asp

275

Glu

Glu

Asn

Ser

Gln

20

Gly

Asp

Leu

Gly

Met

100

Asn

Ile

Asp

Gly

Pro

180

Pro

Asn

Arg

Thr

Thr

260

Tyr

Val

Lys

Pro

Val
340

454

455

Neuro spora crassa

21

Pro

Tyr

Lys

Arg

Lys

Thr

85

Gln

Ala

Glu

Ile

Cys

165

Gly

Asp

Cys

Glu

Lys

245

Cys

Leu

Arg

Thr

Ala

325

Trp

Gln

Val

Tyr

Glu

Asn

70

Glu

Leu

Cys

Ser

Ala

150

Val

Leu

Leu

Tyr

Lys

230

Thr

Lys

Ala

Asp

Phe

310

Ile

Gly

Asn

Glu

Thr

Asp

55

Tyr

Thr

Phe

Tyr

Ser

135

Leu

Ala

Arg

Thr

Thr

215

Leu

Pro

Leu

Asn

Met

295

Met

Gln

Gly

Ile

Gln

Ile

40

Ile

Glu

Leu

Gly

Gly

120

Ala

Tyr

Met

Gly

Ser

200

Glu

Leu

Leu

Val

Pro

280

Asp

Thr

Val

Leu

Gly Ile

Ser Glu
25

Gly Leu

Tyr Ser

Ile Asp

Leu Asp

Glu Asn

105

Gly Thr

Trp Asp

Ala Lys

Leu Val

170

Ser Tyr
185

Glu Tyr

Ala Leu

Thr Asn

Asp Arg
250

Gln Lys
265

Glu Ser

Tyr Lys

Leu Thr

Pro Thr

330

Ala Ser
345

Lys

Leu

Gly

Leu

Thr

75

Lys

Thr

Asn

Gly

Gly

155

Gly

Met

Pro

Asp

Gly

235

Phe

Ser

Pro

Lys

Lys

315

Leu

Ile

Ala
460

Ala

Glu

Gln

Ala

60

Asn

Ser

Asn

Ala

Arg

140

Asn

Pro

Ala

Tyr

Gly

220

Val

Asp

Tyr

Val

Ser

300

Lys

Cys

Ile

445

Ile

Lys

Thr

45

Leu

Thr

Lys

Ile

Phe

125

Asp

Ala

Asn

His

Val

205

Ala

Asn

Tyr

Ala

Phe

285

Leu

Arg

Gly

Gly

Glu

Phe

30

Lys

Thr

Ile

Ser

Glu

110

Phe

Ala

Arg

Ala

Ala

190

Asp

Tyr

Gly

Leu

Arg

270

Ala

Thr

Phe

Asn

His
350

Ile

15

Asp

Met

Ala

Gly

Val

Gly

Asn

Ile

Pro

Pro

175

Tyr

Gly

Arg

His

Ala

255

Leu

Asp

Asp

Gln

Met

335

Val

Tyr

Gly

Ala

Val

Arg

Lys

Val

Ser

Val

Thr

160

Ile

Asp

His

Ala

Ser

240

Phe

Leu

Val

Lys

Glu

320

Tyr

Asp
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64

-continued
Ser Ala Gln Leu Glu Gly Lys Arg Ile Gly Leu Phe Ser Tyr Gly Ser
355 360 365
Gly Leu Ala Ala Ser Phe Cys Ser Phe Arg Val Thr Gly Ser Thr Glu
370 375 380
Lys Leu Ala Lys Thr Leu Asn Leu Pro Ala Arg Leu Ala Ala Arg Arg
385 390 395 400
Ala Val Pro Pro Glu Ser Tyr Asp Ala Met Cys Asp Leu Arg Lys Gln
405 410 415
Ala His Leu Gln Lys Asn Tyr Thr Pro Lys Gly Glu Val Ser Thr Leu
420 425 430
Glu Pro Gly Thr Tyr Tyr Leu Glu Asn Val Asp Asp Met Phe Lys Arg
435 440 445
Thr Tyr Ser Ile Lys Ala
450
<210> SEQ ID NO 22
<211> LENGTH: 1498
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 22
agctcaaatt ctctteectt tgatctcaac taccattcect taagaagetyg tgcttegtac 60
cttcatttcg ccttactttt tttcectgctta ctactacaac tccatcacte tcectattettt 120
caatatgaag ttcaccggaa tcgctttege cggtettate ggttacgetyg ccgecctgece 180
ggccatggge geccagcaag actctgetcece caacggtgtt caggccaccg gagetcccte 240
cttecagggt getgeccect cecggceteccee tetteceett cectegggtyg ctectcaggg 300
ccagggcette ggaggecagg gettceggeaa ctectaacggt cagggccagyg ctceccaccgt 360
gagettggge gatgctccte agectectece cactggetcee getgecectyg ctecttetgg 420
agctectegt ggccacaaga ggcgtcaget cgagatcceeg gettecegtet ccaacgtcce 480
cgececgace ggcteegetyg ctgctggagg tgactteggt ggtgetcecett cgggtceccge 540
tcectetggt gecgeteect ctggegtege tggtggtgac ggeccctete cttetggtte 600
ttteggtgge cagggeggcece agtctggete ttteggegge aacggcegecyg ctceectetgg 660
cattgetgge ggcaatggcece cctctactte cggetcettte ggtggtgeeyg ctecteceggt 720
gttgctggta gcaatggcce ctctacctece ggctettttyg geggccagca gggtcageag 780
ggccagageyg gcetteggegg ccaggactcece cagtccecagg gecagtcecca ggactccaag 840
tctcagaget ctaagtccca gaactccagg tctgaggget ctcagtctca ggactcccag 900
tceccagggat ctgactctga gggatctcag ggetcettteg agcagggete ctectcetgag 960
cagggctectg getctagete ttteggtggt aacggtgcetg ctceccectceccgg tgttgetggt 1020
ggcaacggcce cctetectte cggetettte ggcggtgctyg cteccteegg tgttgetgge 1080
ggcaacggtc cctcectececte tggcectectte ggcggtaacyg gegcectgctece ctetggegte 1140
gctggtggaa acggcecccte tcecetteegge tectteggtyg gtaacggtge tgctecttet 1200
ggtgctgeceg gtggtgctcee cgetgecteg ggcgecccceceg ccegecgetee ctegggtget 1260
tcttactaag tccatgcgaa agtcttggac ttcgatcgac aataaacacc ttccatatca 1320
tctgacgetg atgcaatagt tccaccgagg acatcgacaa tgccattgtg teggegtgga 1380
ccagaacaac aacaactgga tgaaggtgtg atggattgga cgcttgtgta cattaatcac 1440
tcaataacca gtcattcctt tgaccagatc tggtagaaag aaaaaaaaaa aaaaaaaa 1498
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-continued

66

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

<400>

PRT

SEQUENCE :

Met Lys Phe Thr

1

Ala

Gln

Pro

Gln

65

Leu

Pro

Ala

Gly

Pro

145

Gly

Pro

Gly

Pro

Ala

225

Arg

Thr

Ser

Val

Leu

305

Thr

Leu

Val

Arg

Leu

Ala

Leu

50

Gly

Gly

Ser

Ser

Asp

130

Ser

Gly

Ser

Gly

Ala

210

Ala

Ala

Pro

Arg

Thr

290

Pro

Val

Thr

Thr

Ala
370

Pro

Thr

35

Pro

Phe

Asp

Gly

Val

115

Phe

Gly

Gln

Gly

Ala

195

Leu

Arg

Leu

Ser

Ala

275

Val

Ala

Pro

Ser

Val

355

Pro

Ala

20

Gly

Leu

Gly

Ala

Ala

100

Ser

Gly

Val

Gly

Ile

180

Ala

Leu

Thr

Ser

Pro

260

Pro

Leu

Leu

Leu

Leu

340

Leu

Pro

SEQ ID NO 23
LENGTH:
TYPE :
ORGANISM: Aspergillus

404

23

Gly

Met

Ala

Pro

Asn

Pro

85

Pro

Asn

Gly

Ala

Gly

165

Ala

Pro

Ala

Pro

Pro

245

Arg

Pro

Leu

Ser

Pro

325

Val

Leu

Pro

Ile

Gly

Pro

Ser

Ser

70

Gln

Arg

Val

Ala

Gly

150

Gln

Gly

Pro

Ala

Ser

230

Arg

Asp

Leu

Pro

Ala

310

Leu

Glu

Leu

Pro

Ala

Ala

Ser

Gly

55

Asn

Pro

Gly

Pro

Pro

135

Gly

Ser

Gly

Val

Ser

215

Pro

Thr

Leu

Ser

Pro

295

Val

Ala

Thr

Leu

Leu
375

niger

Phe

Gln

Phe

40

Ala

Gly

Pro

His

Ala

120

Ser

Asp

Gly

Asn

Leu

200

Arg

Arg

Pro

Thr

Arg

280

Val

Leu

Pro

Ala

Val

360

Pro

Ala

Gln

25

Gln

Pro

Gln

Pro

Lys

105

Pro

Gly

Gly

Ser

Gly

185

Leu

Val

Ala

Gly

Leu

265

Ala

Leu

Leu

Ser

Pro

345

Leu

Arg

Gly

10

Asp

Gly

Gln

Gly

Thr

90

Arg

Thr

Pro

Pro

Phe

170

Pro

Val

Ser

Ser

Leu

250

Arg

Leu

Leu

Pro

Ala

330

Leu

Pro

Val

Leu

Ser

Ala

Gly

Gln

75

Gly

Arg

Gly

Ala

Ser

155

Gly

Ser

Ala

Arg

Pro

235

Arg

Asp

Ala

Val

Pro

315

Val

Leu

Val

Leu

Ile

Ala

Ala

Gln

60

Ala

Ser

Gln

Ser

Pro

140

Pro

Gly

Thr

Met

Ala

220

Arg

Ala

Leu

Leu

Ala

300

Val

Thr

Pro

Val

Leu
380

Gly

Pro

Pro

45

Gly

Pro

Ala

Leu

Ala

125

Ser

Ser

Asn

Ser

Ala

205

Arg

Thr

Leu

Arg

Ala

285

Thr

Leu

Ala

Ala

Leu

365

Thr

Tyr

Asn

30

Ser

Phe

Thr

Ala

Glu

110

Ala

Gly

Gly

Gly

Gly

190

Pro

Ala

Pro

Ser

Ala

270

Leu

Ala

Leu

Leu

Pro

350

Pro

Lys

Ala

15

Gly

Gly

Gly

Val

Pro

95

Ile

Ala

Ala

Ser

Ala

175

Ser

Leu

Ala

Ser

Leu

255

Leu

Ser

Pro

Ala

Leu

335

Ser

Leu

Ser

Ala

Val

Ser

Gly

Ser

80

Ala

Pro

Gly

Ala

Phe

160

Ala

Phe

Pro

Ser

Leu

240

Arg

Ser

Val

Leu

Ala

320

Pro

Val

Pro

Met
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-continued

68

Arg Lys Ser Trp Thr Ser Ile Asp Asn Lys His Leu Pro Tyr His Leu
390

385

Thr Leu Met

Gln

<210> SEQ ID NO 24
<211> LENGTH: 763

<212> TYPE:

DNA

395

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE: 24

acacaaagca

tttccaatat

agcctgagtyg

tttgcctatyg

ctctacattg

ctgeecteca

gcaggatcte

caggctaaag

tataacaacg

gtctacaaac

gtggtgaaag

gggttgttgg

ataatagtca

cattccttac

tcacgatgca

CthCtgggg

gacagaactc

cccaagatce

tcactgatga

tctatatceg

gggtgaatgg

atacccagcet

tggtgtgggt

cgtecegagga

ggtggtgctc

ctegtttata

<210> SEQ ID NO 25
<211> LENGTH: 184

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 25

Met Gln Trp
1

Leu Ser Ala
Ala Thr Leu
35

Tyr Gly Leu
50

Thr Ala Ala
65

Asp Glu Cys

Gly Ser Leu

Pro Phe Ala

115

Leu Phe Ala
130

Gln Phe Trp
145

Trp Val Glu

attcacattc

gtggacgaac

cacccacgte

ttcegettac

ggagaacacc

gtgctggatt

accggatage

cgtggtcacy

ggaagcacag

ggaggactct

ctcgacctga

cgagcatgat

tttgacaaaa

Aspergillus nige

Thr Asn Phe Leu Cys

5

Ala Trp Gly Thr His

Phe Ala Tyr Gly Gln

40

Ser Asp Gly Leu Leu

55

Asp Leu Thr Pro Met

70

Trp Ile Val Asn Gly

Tyr Ile Arg Pro Asp

100

Gln Ala Lys Gly Val

120

Ser Gln Leu Val Tyr

135

Ala Ser Lys Thr Asp
150

Asp Ser Ser Gln Ile

gtttettett
tttetgtgee
aagagaggat
cccattgett
geggeggace
gtcaacggca
aacaactgtc
ggctttggee
ttctgggegt
tcgcaaattyg
aaagaacagc
gttgtteatt

aaaaaaaaaa

T

Pro Leu Ile
10

Val Lys Arg

Asn Ser Ser

Tyr Ile Ala

Ser Trp Asp
75

Thr Phe Met
90

Ser Asn Asn
105

Asn Gly Val

Asn Asn Asp

Thr Glu Asp

155

Ala Ser Glu

cactccttta

ctctgattge

cggagaccaa

atgggctcag

tgacacccat

cgtttatgaa

ttggcegtget

tctttgeate

cgaagacaga

cgagcgaaag

gatccaggga

gecattgegt

aaa

Ala

Gly

Ala

Gln

60

Leu

Asn

Cys

Val

Thr

140

Val

Ser

Met

Ser

Tyr

45

Asp

Pro

Gly

Leu

Thr

125

Gln

Tyr

Phe

Gln

Glu

30

Pro

Pro

Ser

Thr

Gly

110

Gly

Leu

Lys

Pro

400

cttecectate
catgcagget
tgccacccety
tgacggtett
gtcetgggat
tggcactegt
gecttttgee
gecagctggte
cactgaagat
ctttececegte
ggtgtgactt

ggtaatatat

Ala Ser

15

Thr Asn

Ile Ala

Glu Asn

Ile Thr

80

Arg Ala

Val Leu

Phe Gly

Glu Ala

Leu Val

160

Val Val

60

120

180

240

300

360

420

480

540

600

660

720

763
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-continued
165 170 175

Val Lys Ala Ser Glu Asp Ser Thr

180
<210> SEQ ID NO 26
<211> LENGTH: 641
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 26
actccacctt ttctcatectg tectctgtac ctagattect tettatatet tatcegtggt 60
tcettetttt ctggecaaga tcttagecat ctatcaacac gagagaaaac ttattcccat 120
cctatcacat cacaatgtct getgetgete ctectgetece ceeggttaac ggtgaccgge 180
ccgagacggg tcactcacat ggaaagagtt cectgtccag caagtceggac ccgaaccagg 240
cgttgagagg tgaagaggct gtgtacageg ttggatcgag tggattctet ctacgctcaa 300
tgcagcatcg cgaccgtggg ggcaaaatca tcactgaacce cgacttgtece aaccctacce 360
gttaccgatt cgagcggcceg ctggacacca ttcgategtt tgaggcagec atcgagcegec 420
gtegtegtga ggecatgtaa gatgagactt ggcgtgtgaa tatactgcga atgatgtteg 480
atttcttgtg attatgtttyg ggttcggege tggacgacgt atggatatgg acatggacat 540
ggatatgagt ttgatttgat tgagcgtgta cattacttca ctgggtatgc ttctggaatg 600
ttaccttgtc gatctcttat ttcaaaaaaa aaaaaaaaaa a 641
<210> SEQ ID NO 27
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 27
Met Ser Ala Ala Ala Pro Pro Ala Pro Pro Val Asn Gly Asp Arg Pro
1 5 10 15
Glu Thr Gly His Ser His Gly Lys Ser Ser Leu Ser Ser Lys Ser Asp

20 25 30
Pro Asn Gln Ala Leu Arg Gly Glu Glu Ala Val Tyr Ser Val Gly Ser

35 40 45
Ser Gly Phe Ser Leu Arg Ser Met Gln His Arg Asp Arg Gly Gly Lys
50 55 60
Ile Ile Thr Glu Pro Asp Leu Ser Asn Pro Thr Arg Tyr Arg Phe Glu
65 70 75 80
Arg Pro Leu Asp Thr Ile Arg Ser Phe Glu Ala Ala Ile Glu Arg Arg
85 90 95

Arg Arg Glu Ala Met

100
<210> SEQ ID NO 28
<211> LENGTH: 1343
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 28
cgactggagce acgagggaca ctgacatgga ctgaaggagt agaaaagatc ttcctctcece 60
accteccccag cctttectte tttgcacctyg tgecgtgcac ggtcgageca ttecttceatt 120
ctttgaacat attgectgge tccgagtagt ctagcatcca ctecttgcaa gagcactttg 180
agagaaccgg tcttctcata ctcaaaagtt atacatacac atcacttcte tccgaacaaa 240
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accgaacaga

accaccctygg

aagcaccgtt

tacaactctg

tcctgggect

gtgcccatge

ctggacageg

tcgatgactg

aaggctaage

tggatgaagt

tggtacggca

gacgacaacg

geeggeggcey

agccagagtyg

ggggaggagt

gattccatta

tttattctat

cccattttac

aaatccaaaa

<210>
<211>
<212>
<213>
<220>
<221>
<223>

attcgaagaa
ccaccgeagt
ccacccatgt
ctteccagegt
acgactggaa
tgtggggcag
gtagcaatta
cttecgagge
tegtcacccee
ccttectgte
ccteggecga
gattggacga
atgagagttc
gegtgggacyg
tgagctecgag
gatctgettt
tccattctac
ccacccactt

aaaaaaaaaa

SEQ ID NO 29
LENGTH: 283
TYPE :
ORGANISM: Aspergillus niger
FEATURE:
NAME/KEY: MISC_FEATURE
OTHER INFORMATION: X = gap

PRT

<400> SEQUENCE: 29

cacatacaca

tctggecate

cgcctecaag

tcacacgetyg

catgtacgecc

caagatgttt

catcatggga

cgccagetec

ggcegtgace

cgaatgcage

tgagttcaag

gacctgggtg

agceggeggac

gtatgegtat

tggaaaggtc

accttggact

catccatctce

tactttccaa

aaa

Met Val Ser Phe Lys Ser Leu Leu

1

Val

Arg

Ala

Ser

Asp

Ser

Ser

Gln

Ile
145

Leu

Ser

Ala

50

Gly

Gly

Lys

Gly

Ala

130

Thr

Ala

Thr

35

Tyr

Asn

Thr

Met

Ser

115

Ser

Pro

Ile Pro His Ser Gly

20

His Val Ala Ser Lys

40

Asn Ser Ala Ser Ser

55

Gly Thr Val Ser Trp

70

Leu Pro Ser Asn Val

85

Phe Gly Gly Trp Leu

100

Asn Tyr Ile Met Gly

120

Met Thr Ala Ser Glu

135

Tyr Ser Gly Lys Ala
150

atggtctect

cctcatagtyg

cggacctett

acctcegget

gacggcacce

ggaggetggt

ttcaacgage

tacaagaatt

agtagcacca

gagtgtgaca

tcecttegtge

acagaattcg

ttcecttgacy

tacatgtgtg

tacgttgcat

tttatccegt

tcacctaaga

tatattacaa

tcaagtctet tctgaccgec

gecacggeca

cctecaageyg

cctecggeaa

tccecagtaa

tgaccgccat

ctgactecte

acatcactcce

cggaaggcga

tgtcggtget

aggaggccat

ccctcaccag

aagttttgee

cagatgggta

agaacaacca

gatacctttt

gggaaagaga

ttccaatttg

in homologous sequence

Thr Ala Thr

His Gly His
25

Arg Thr Ser

Val His Thr

Ala Tyr Asp

Glu Tyr Val

90

Thr Ala Ile
105

Phe Asn Glu

Ala Ala Ser

Lys Leu Val
155

Thr

Gly

Ser

Leu

60

Trp

Pro

Glu

Pro

Ser

140

Thr

Leu

Ser

Ser

45

Thr

Asn

Met

Thr

Asp

125

Tyr

Pro

Ala

His

30

Lys

Ser

Met

Leu

Ala

110

Ser

Lys

Ala

tggcagccac
tggecgetgee
cggtaccgte
cgtcgaatac
cgagactgee
ctceccaagec
ttactctgge
gggtctcage
ggcagtccac
gcaggtggeg
cgacgagtet
gtggttggac
tctgctcage
actacctttyg
tgtgetgttt
gacggacaac

aatcaaattc

Thr Ala

15

Lys His

Arg Gly

Gly Ser

Tyr Ala

Trp Gly

95

Leu Asp

Ser Ser

Asn Tyr

Val Thr
160

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1343
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Ser Ser Thr Thr Glu Gly Glu
165

Ser Glu Cys Ser Glu Cys Asp
180

Gly Thr Ser Ala Asp Glu Phe
195

Val Ala Asp Asp Asn Gly Leu
210 215

Leu Thr Ser Asp Glu Ser Ala
225 230

Phe Leu Asp Glu Val Leu Pro
245

Arg Tyr Ala Tyr Tyr Met Cys
260

Glu Leu Ser Ser Ser Gly Lys
275

<210> SEQ ID NO 30

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 30

Lys Arg Arg Lys Asp Glu Leu
1 5

Gln Asn Gln Thr Glu Thr
20

<210> SEQ ID NO 31

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 31

Leu Gly Asp Val Met Ser Ile
1 5

<210> SEQ ID NO 32

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 32

Ser Cys Arg Leu Phe Asp Ile
1 5

Gln Ser Asp Gln Ile Leu Cys
20

<210> SEQ ID NO 33

<211> LENGTH: 1221

<212> TYPE: DNA

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 33

taccactcac ctttegegea tegecatctg

catacaccat taactgeget tctacaacat

gacaatcacc ctcgaggteg agtccagega

ggataaggag ggcatcccte ccgaccagca

Gly

Met

Lys

200

Asp

Gly

Trp

Ala

Val
280

Leu Ser Trp
170

Ser Val Leu
185

Ser Phe Val

Glu Thr Trp

Gly Asp Glu

235

Leu Asp Ser
250

Asp Gly Tyr
265

Tyr Val Ala

niger

Met Lys Ser Phe Leu
175

Ala Val His Trp Tyr
190

Gln Glu Ala Met Gln
205

Val Thr Glu Phe Ala
220

Ser Ser Ala Ala Asp
240

Gln Ser Gly Val Gly
255

Leu Leu Ser Gly Glu
270

Ala Asp Thr Thr Leu Arg Gln Val Ala

10

niger

15

Ser Ile Asn Pro Thr Asn Gln Asn Val

10

niger

15

Arg Ala Asp Arg Glu Leu Asn Thr Tyr

10

15

Gly Ile Thr Ser Val Ala

25

niger

cgatcctece

gcagatctte

taccatcgac

gegtetgate

cacaacactc cacctagata

gttaagacce tcaccggcaa

aacgtcaaga ccaagatcca

ttcgecggaa agcagetgga

60

120

180

240
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ggatggcege acgcecttagtg actacaacat ccagaaggag tctactctec atcttgtect 300
cegectgegt ggtggtatge agattttegt caagaccctyg accggaaaga ccatcaccct 360
tgaggtggag tcttctgaca ccatcgacaa tgtgaagacc aagattcagyg acaaggaggg 420
cattecccceg gaccagcage gtctgatcett cgetggaaag cagcetggagyg atggecgtac 480
cctgtetgac tacaacattc aaaaggaatc cacccttcac ctegtectte gtcetgegtgg 540
tggtatgcag atcttegtca agactctcac gggaaagacyg atcacattgg aagttgaatce 600
ttccgacaca attgataacg ttaagaccaa gattcaagac aaggaaggca tccccccgga 660
ccagcagegt ttgatcttceg ctggtaagca gttggaggat ggccgtacct tgtccgacta 720
caacatccag aaagaatcca ctcttcacct tgtecttegt cteegtggtyg gtatgcagat 780
cttegtgaag actcttaccg gcaagacgat tacgctggag gtggagaget cggataccat 840
tgataacgtc aagactaaga ttcaagataa ggagggcatt cccccggacce agcagegtcet 900
catctteget ggtaagcagt tggaagatgg acgtacgcte tcecgattaca acatccagaa 960
ggagagcact ctgcacctgg tgctccgtet cecgtggcgga aactaatgcec ttattttgat 1020
ctttcttett tagcacggct catctacggt tgagtggect gecatggcegtt gggacggttg 1080
ttttcatcgg tttttatgat acggataaat tgggcatacc ttagggtcac catcttccat 1140
ggtgccttge gtcattcecttt tacctaggaa tcaattcaat aatcatattc cacctgatat 1200
ctaaaaaaaa aaaaaaaacc t 1221
<210> SEQ ID NO 34
<211> LENGTH: 236
<212> TYPE: PRT
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 34
Val Leu Arg Leu Arg Gly Gly Met Gln Ile Phe Val Lys Thr Leu Thr
1 5 10 15
Gly Lys Thr Ile Thr Leu Glu Val Glu Ser Ser Asp Thr Ile Asp Asn

20 25 30
Val Lys Thr Lys Ile Gln Asp Lys Glu Gly Ile Pro Pro Asp Gln Gln

35 40 45
Arg Leu Ile Phe Ala Gly Lys Gln Leu Glu Asp Gly Arg Thr Leu Ser
50 55 60
Asp Tyr Asn Ile Gln Lys Glu Ser Thr Leu His Leu Val Leu Arg Leu
65 70 75 80
Arg Gly Gly Met Gln Ile Phe Val Lys Thr Leu Thr Gly Lys Thr Ile
85 90 95

Thr Leu Glu Val Glu Ser Ser Asp Thr Ile Asp Asn Val Lys Thr Lys

100 105 110
Ile Gln Asp Lys Glu Gly Ile Pro Pro Asp Gln Gln Arg Leu Ile Phe

115 120 125
Ala Gly Lys Gln Leu Glu Asp Gly Arg Thr Leu Ser Asp Tyr Asn Ile
130 135 140
Gln Lys Glu Ser Thr Leu His Leu Val Leu Arg Leu Arg Gly Gly Met
145 150 155 160
Gln Ile Phe Val Lys Thr Leu Thr Gly Lys Thr Ile Thr Leu Glu Val
165 170 175

Glu Ser Ser Asp Thr Ile Asp Asn Val Lys Thr Lys Ile Gln Asp Lys

180 185 190
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Glu

Leu

Thr
225

Gly

Glu
210

Leu

Ile
195

Asp

His

Pro Pro

Gly Arg

Leu Val

<210> SEQ ID NO 35
<211> LENGTH: 235
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 35

Val Leu Arg His Ala

1

Lys

Lys

Leu

Tyr

65

Gly

Leu

Gln

Gly

Lys

145

Ile

Ser

Gly

Glu

Leu
225

Thr

Thr

Ile

Asn

Gly

Glu

Asp

Lys

130

Glu

Phe

Ser

Ile

Asp

210

His

Ile

Lys

35

Phe

Ile

Met

Val

Lys

115

Gln

Ser

Val

Asp

Pro

195

Gly

Leu

Thr Leu
20

Ile Gln

Ala Gly

Gln Lys

Gln Ile

85

Glu Ser
100

Glu Gly

Leu Glu

Thr Leu

Lys Thr

165
Thr Ile
180
Pro Asp

Arg Thr

Val Leu

<210> SEQ ID NO 36
<211> LENGTH: 404
<212> TYPE: DNA
<213> ORGANISM: Aspergillus nige

<400> SEQUENCE: 36

Asp Gln Gln
200

Thr Leu Ser
215

Leu Arg Leu
230

Aspergillus nige

Asn Asn Leu

Glu Val Glu

Asp Lys Glu

40

Lys Gln Leu
55

Glu Ser Thr
70

Phe Val Lys

Ser Asp Thr

Ile Pro Pro

120

Asp Gly Arg
135

His Leu Val
150

Leu Thr Gly

Asp Asn Val

Gln Gln Arg
200

Leu Ser Asp
215

Arg Leu Arg
230

tcgageggee geogggeagg taccteectt

tactatgege

tgcaacacca

cceggtaace

tgctttggeyg

aagttcccaa cteggtctac

ctctteccag cttetegett

tgatcaattt ctccaaggtt

gcattcaatc caacggaaac

Arg

Asp

Arg

T

Ala

Ser

25

Gly

Glu

Leu

Thr

Ile

105

Asp

Thr

Leu

Lys

Lys

185

Leu

Tyr

Gly

T

Leu

Tyr

Gly

Val

10

Ser

Ile

Asp

His

Leu

90

Asp

Gln

Leu

Arg

Thr

170

Thr

Ile

Asn

Gly

Ile

Gly
235

Val

Asp

Pro

Gly

Leu

75

Thr

Asn

Gln

Ser

Leu

155

Ile

Lys

Phe

Ile

Asn
235

atgctgetgg

gtgagcagtg

gtceteggeyg

ggcaccaaca

acctegetge

Phe Ala Gly Lys Gln

Ile
220

Asn

Lys

Thr

Pro

Arg

Val

Gly

Val

Arg

Asp

140

Arg

Thr

Ile

Ala

Gln
220

205

Gln Lys Glu Ser

Thr

Ile

Asp

45

Thr

Leu

Lys

Lys

Leu

125

Tyr

Gly

Leu

Gln

Gly

205

Lys

Leu

Asp

30

Gln

Leu

Arg

Thr

Ser

110

Ile

Asn

Gly

Glu

Asp

190

Lys

Glu

atgaagacgt

ccggtggtta

agtcgagect

ccaccaccgg

agattctggyg

Thr Gly
15

Asn Val

Gln Arg

Ser Asp

Leu Arg
80

Ile Thr
95

Lys Ile

Phe Ala

Ile Gln

Met Gln

160

Val Glu
175

Lys Glu

Gln Leu

Ser Thr

ggttactgce
catctaccce
ggccacgate
acaggcecttyg

cgatatttte

60

120

180

240

300
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ctgaaggect ttttegttgt cttcgacatg cgeggccect cgettggtgt tgcectcetece 360
aagaactagt ttccttttec tgtacctcgg ccgcgaccac gcta 404

<210> SEQ ID NO 37

<211> LENGTH: 334

<212> TYPE: DNA

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE: 37

acaaagaatt ctccaggact cttgtctgac gtaaaatagg aagaaaagga aaactgaggt 60
gatatcgect gtgtagtgeg gegattgacyg tecttectee gettgeccayg cggtggtggyg 120
tcgagetgag gtgteegttt atacgtgatg gtagtggteca cgatatggeg cacacaaaag 180
gtgtttccat tctcactgac gggtgattcg aagaagcget gtecceggte tgatggagta 240

aaaggggaac ggagggggtg cgcactcege ggggacgcag acactggggt aatagaggta 300

tggtgcagga aggcgcatgc gctgggcatg aata 334
The invention claimed is: 5 2. A method of enhancing a bioprocess utilizing a fungus,
1. A method of promoting a morphology in a fungus com- comprising;

prising:

producing a transformed fungus by transforming Aspergii-

lus niger with a recombinant polynucleotide molecule
comprising a polynucleotide sequence complementary

30 to the entirety of SEQ ID NO.: 4, linked operably to a

providing a recombinant polynucleotide comprising an
antisense orientated sequence that is complementary to a
gene coding region that is differentially expressed in a
native fungus exhibiting a pellet morphology relative to

said native fungus exhibiting a filament morphology promoter, the polynucleotide sequence being in anti-
wherein the complementary sequence is complementary sense orientation;
to an entirety of SEQ ID NO.:4; transcribing the polynucleotide sequence to produce poly-

transforming Aspergillus niger;

transcribing the antisense oriented sequence to produce a
transcription product of sufficient length to hybridize to
a gene coding sequence transcription product to block
translation; and

suppressing expression of the gene coding region utilizing
transcription products produced by expression of the THed A
recombinant polynucleotide, the suppression promoting citric acid.
a pellet morphology capable of being assumed by the
fungi in its native form. L

35 nucleotide transcripts; and

hybridizing the transcripts to mRNA to suppress gene
expression and promote pellet morphology, the pellet
morphology enhancing a bioprocess relative to the bio-

process utilizing a filamentous morphology of the trans-

40 formed fungus; the bioprocess comprising production of
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