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FIG. 9

GENE ID: 59956303 AOR_1 556094 | dolichyl-P-Man:Man(5)GlcNAc (2) -PP-dolichyl
mannosyltransferase [Aspergillus oryzae RIB40] (10 or fewer PubMed links)

Score = 137 bits (74), Expect = 2e-28
Identities = 400/553 (72%), Gaps = 40/553 (7%)
Strand=Plus/Plus

Query 801 CAGGTTTTACTCGCGATACCGTTCCTACAAAACAACCCGGCGGGGTATC-TCTCGCGGGC 859

FECLLE L TEEEE T T I LB LT

Sbjct 643 CAGGTTCTACTAGCGATTCCCTTCCTACAGGGTAACCCCATAGGATA-CGTCGCGCGGEGC 701

Query 860 GTTCGAGCTAACCAGACAGTTCATGTTTAAATGGACAGTCAATTGCGAGATTTGTTGGCGA 919

CEATE T L LR PR ey Feerp e e teeet 111

Sbject 702 CTTTGAGTTGACTAGACAGTTTATGTTCAAATGGACTGTCAATTGCGAGGTTTGTGGGTGA 761

Query 920 AGAAGTATTCTTAT-CTAAGAGCTTTTCCCTGGCATTGCT-GGCCGTCCACATTGTGCTG 977

N N A

Sbjet 762 AGACTTGTTCCTATCCARACAG-TTTTCTCTAGCCTTACTAGG-TTTGCATATTTTTCTG 819

Query 978 CTAGGCG-CT-TTTGCCATCACTGGTTGGCTGA-GATAC-TCCAGG-TCTAGCTTGCCTG 1032

IR LT et e ol

Sbhjct 820 CT-GG-GATTATTTGTTACCACAGGCTGG-TTACG-GCCGT-CAGGATCTAACGTCCCTG 874

Query 1033 -CGTTCATTCGGAATCTGCTAGC-GGGTCGACATCGCACAGT-GTCCCTCCCCAAACCCT 1089

R N A N A e

Sbjct 875 AC-TTCCTCCGGAGCCTACT - CCAAGGACGCCAACGCACCGTGGT-GCTTTCTAAGTCTT 931

Query 1090 ACATCATGAGCGTGATGCTCTCGTCTCTGACAG-TTCGCTTGTTGTGCGCAAGETCCCTT 1148

R e e A e R R n ANy

Sbjet 932 TCATAATGACCGTGATGTTGACATCGCTGGC - GATCGGEGTTGTTGTGCGCAAGGTCCCTT 990

Query 1149 CATTACCAATTCTTCGCCTACCTCTCCTGGGCGACACCCTT-CCTCCTCTGGCGCGCAGG 1207

CVUCPEE TR L TEEEE Ve v i i i e 1|

Sbjct 991 CATTACCAATTCTTTGCCTATCTCTCCTGGGCTACGCC-TTGCCTTCTCTGGCGGECTCG 1049

Query 1208 GTTTCATCCAATC-TTGCTGTAC-CTTATCTGGGCTA-TGCAAGAGTGGGCTTGGAACA- 1263

I e e RN e A ANy

Sbjct 1050 GCTCCATCCGATCCTTA-TATATGCG-ATCTGGGC-ACTACAGGAGTGGGCTTGGAATGT 1106

Query 1264 CATTCCCCAGCACCAAC-CTCAGTTCCATCATT-GTTGTCCTCTCACTTGCTACCCAGAG 1321

R s R R A R ARy A

Shjet 1107 C-TACCCAAGCACCAATGC-CAGTTCT-TCCGGTCCTTGTCTTCTCACTTGCTGTTCAG-G 1162

Query 1322 TTT-CGGCGTCCT 1333

Sbjct 1163 TTTTCGGTGTCCT 1175
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FIG. 10A

o the seaenens A A TS TR O T e N e
Agpergillus niger 1) MD-=-cmcccmmmnenm WM----- RLIRDLCFNPRHTKWMAPLLVLGDAFLCALIIWKV
Aspergillus nid. 1) MA-----c-c-—mcmem - L-~~-TDLVSGLCSNPKHTKWIAPILNIADGLLCAFIIWKVY
Fusarium oxy. 1) ------- MPESASGTLSQGVRFLRNVLNGRHAL- - - -SKLIPIALWLVDALGCGLIIWKI
Neurospora cra. 1) MAAPSS-RPESNPPLYKQALDFALDVANGRHAL----SKLIPPALFLVDALLCGLIIWKV
Saccharomyces cer. 1) MAGGKK-KSSTAPSRFQKTL-SSIWQDKHTVLFKPEYTLLVTAVLWFLEIAINIWVIQKV
Arabideopsis tha. 1) MA-GAS-SPASLRASRSRRL--GKETNRSDLFKKP--AVPFAFALILADATLVALIIAYV
Homo sap. 1) RKRGRSgSAAQAEGLCKQOWL-QRAWQERRLLLREPRYTLLVAACLCLAEVGITFWVIHRV

ER AL A A DL LI L AL AL A FR LA LS AL P T T LI ST AL T L L
Agpergillus niger  40) PYTEIDWATYMQOISLYLSGERDYTLIRGSTGPLVYPAAHVYSYTALYHLTDEGRDIFFG

Aserpgillus nid. 40) PYTEIDWTTYMQQVKLYLSGERDYTLIKGSTGPLVYPAAHVYSYSLFHHLTDEGRDIVFG
Fusarium oxy. 50) PYTEIDWVAYMQQOISQFVSGERDYTKMEGDTGPLVYPAAHVYTYTGLYYITDKGTNILLA
Neurospora cra. 56) PYTEIDWAAYMEQVSQILSGERDYTKVRGGTGPLVYPAAHVYIYTGLYHLTDEGRNILLA
Saccharomyces cer. 59) SYTEIDWKAYMDEVEGVINGTYDYTQLKGDTGPLVYPAGFVYIFTGLYYLTDHGHNIRLG
Arabidopsis tha. 55) PYTKIDWDAYMSQVSGFLGGERDYGNLKGDTGPLVYPAGFLYVYSAVQNLT--GGEVYPA
Homo sap. 60) AYTEIDWKAYMAEVEGVINGTYDYTQLQGDTGPLVYPAGFVYIFMGLYYATSRGTDIRMA

L S L R TR S L A L S I R e ol b f ol bl AP LU 3 N

Aspergillus niger 100) QILFAVLYLITLVVVLCCYRQSG-APPY-LLPLLVLSKRLHSVYVLRLFNDGLAALAMWV
Aspergillus nid. 100) QIIFAFLYLICLTVVMACYRRVG-APPY-LFPLLVLSKRLHSVYMLRLFNDGLAALAMWG
Fusarium oxy. 110) QQIFAVLYMATLAVVMLCYWKAK-VPPY-MFIFLIASKRLHSLFVLRCFNDCFAVFFLWL
Neurospora cra. 116) QQLFAGLYMVTLAVVMGCYWQAK-APPY-LFPLLTLSKRLHSIFVLRCFNDCFAVLFLWL
Saccharomyces cer. 119) QYVFAVSYLINLLLVMRIYHRTKKVPPYVFFFICCASYRIHSIFILRLFNDPVAMMLCFG
Arabidopsis tha. 112) QILFGVLYIVNLGIVLIIYVKTD-VPWW-ALSLLCLSKRIHSIFVLRLFNDCFAMTLLHA
Homo sap. 120) QONIFAVLYLATLLLVFLIYHQTCKVPPFVFFFMCCASYRVHSIFVLRLFNDPVAMVLLFL

R AT Nt P T A AL S I N N N R D +*4
Aspergillus nig. 158) AILLFMNRKWTAAVAVWSTGVAIKMTLLLLAPAIAVVTVLSLS-LGPSVGLGVLAVLVQV
Aspergillus nid. 158) SIWLFINRKWTPAVVLWSLGLGVKMTLILLVPAVMVVLALSLD-IGRCIRLAGLALGIQI
Fusarium oxy. 168) TIFLFQRROWTVGSLVYSWGLGIKMSLLLVLPAIGVILFLGRG-LWPSLRLAWLMAQIQF
Neurospora cra. 174) AIFFFQRRNWQAGALLYTLGLGVKMTLLLSLPAVGIVLFLGSGSFVTTLQLVATMGLVQI
Saccharomyces cer. 179) AINLFLDGRWTLGCALYSLAVSVKMNVLLFAPGLLFLLLCEFG-LWKTLPRLALCAVIQL
Arabidopsis tha. 171) SMALFLYRKWHLGMLVFSGAVSVKMNVLLYAPTLLLLLLKAMN-IIGVVSALAGAALVQTI
Homo sap. 180) SINLLLAQRWGWGCCFFSLAVSVKMNVLLFAPGLLFLLLTQFG-FRGALPKLGICAGLQV

FbphEh gk ke Rk hdb gk Rk ddkd gk gk kg ek kg gk
Aspergillus niger 217) LLAIPFLQNNPAGYLSRAFELTRQFMFKWTVNWRFVGEEVFLSKSFSLALLAVHIVLLGA
Aspergillus nid. 217) LLAIPFLKTNPSGYFERAFEFGRQFMFKWTVNWRFVGEDIFLSKGFWAGLIVLHLLILVV
Fusarium oxy. 227) AIGLPFITKNPRGYAARAFELSRQFQFKWTVNWRMLGEEVFLSKYFALSLLACHILVLLI
Neurospora cra. 234) LIGVPFLAHYPTEYLSRAFELSRQFFFRWTVNWRFVGEEIFLSKGFALTLLALHVLVLGI
Saccharomyces cer. 238) VLGLPFLLVNPVGYVSRAFDLGRQFLFKWTVNWRFLPEDVFLNRYFHLALLLAHITTLLL
Arabidopsis tha. 230) LVGLPFLITYPVSYIANAFDLGRVFIHFWSVNFKFVPERVFVSKEFAVCLLIAHLFLLVA

Homo sap. 239) VLGLPFLLENPSGYLSRSFDLGRQFLFHWTVNWRFLPEALFLHRAFHLALLTAHLTLLLL

o R e enee Fatottbtobbt,
Aspergillus niger 277) FAVTGWLRYSRSSLPAFIRNLL------ AGRHR----~-~--- TVSLPKPYIMSVMLSSLT
Aspergillus nid. 277) LGFTCFLNPSGTSLPDFAGRFL------ TGQHR--=======~ GIALHPSFIMSALLTSLS
Fusarium oxy. 287) FISKRWIQPTGRSLYDLIPSFLrlkSPFTMQEQ~-=~-~- LRISHYVTPEYAMTTMLTANL
Neurospora cra. 294) FITTRWIKPARKSLVQLISPVL---~~ LAGKPPLTVPEhRAAARDVTPRYIMTTILSANA
Saccharomyces cer. 298) FALKRW-KRSGSSIWTILKDPS--------- ER-----~ KETAHKVNADQMVLILFTSNF

Arabidopsis tha. 290) FANYKWCKHEG-GIIGFMRSRH---FFLTLPSSLSFSD-VSASRIITKEHVVTAMFVGNF
Homo sap. 299) FALCRW-HRTGESILSLLRDPS-------- KRKV--PP----- QPLTPNQIVSTLFTSNF
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FIG. 10B
AT P A SRR AL TR SRS AR AAL PR L R TR & LN L b s S A A A S
322) VGLLCARSLHYQFFAYLSWATPFLLWRAGFHPI- - -LLYLIWAMQEWAWNTFPSTNLSSI

322)
341)
349)
342)
345)
343)

379)
379)
398)
406)
402)
402)
403)

VGLLCARSLHYQFFAYLSWATPFLLWQAGYHPI - - - LVYALWLVQEWAWNVYPSTNLSSA
IGLLFARSLHYQFYAYLAWATPYLLWRATEDPV- - - IVAIIWARQEWAWNVYPSTDLSST
VGLLFARSLHYQFYAYVAWSTPFLLWRAGLHPV - - - LVYLLWAVHEWAWNVFPSTPASSA
IGMCFSRSLHYQFYVWYFHTLPYLLWSGGVKKLARLLRVLILGLIELSWNTYPSTNYSSL
IGIVFARSLHYQFYSWYFYSLPYLLWRTPF-PT- -WLRLIMFLGIELCWNVYPSTPSSSG
IGICFSRSLHYQFYVWYFHTLPYLLWAMPARWLTHLLRLLVLGLIELSWNTYPSTSCSSA

ete s L T ottt .-
IVVLSLATQSFGVLANSASA-FYTMRSNPSGKEHNQ- -
AVVLLLGAQVILGVLVNRDRA -FPSSPPTPKAKQHVQ- -
IAVNTMLATVVLVYLGTARR-AVPAPAAQVGNVDDKNK
VVVGVLGVTVAGVWFGAREEWEPGMKSSSKKEEAAMR -
SLHVCHLIILLCLWLNPNPA-SPSHRSENKAKSH-~--

 LLLCLHLITILVGLWLAPSVD-PYQLKEHPKSQIHKKA-~

ALHICHAVILLQLWLGPQPF - - PKSTQHSK-KAH----
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FIG. 11

Score = 279 bits (713), Expect = 2e-87, Method: Compositional matrix
adjust.
Identities = 159/405 (39%), Positives = 239/405 (59%), Gaps = 6/405 (1%)

Query 12 FNPRHTKWMAPLLVLGDAFLCALIIWKVPYTEIDWATYMQQISLYLSGERDYTLIRGSTG 71
FP+T + +L + + +I KV YTEIDW YM ++ ++G DYT ++G TG
Sbjet 31 FKPEYTLLVTAVLWFLEIAINIWVIQKVSYTEIDWKAYMDEVEGVINGTYDYTQLKGDTG 90

Query 72 PLVYPARHVYSYTALYHLTDEGRDIFFGQILFAVLYLITLVVVLCCY-RQSGAPPYLLPL 130
PLVYPA VY +T LY+LTD G +I GQ +FAV YLI L++V+ Y R PPY+
Sbjct 91 PLVYPAGFVYIFTGLYYLTDHGHNIRLGQYVFAVSYLINLLLVMRIYHRTKKVPPYVFFF 150

Query 131 LVL-SKRLHSVYVLRLFNDGLAALAMWVAILLFMNRKWTAAVAVWSTGVAIKMTLLLLAP 189
+ S R+HS+++LRLFND +A + + AI LF++ +WT A++S V++KM +LL AP
Sbhjct 151 ICCASYRIHSIFILRLFNDPVAMMLCFGAINLFLDGRWTLGCALYSLAVSVKMNVLLFAP 210

Query 190 AIAVVIVLSLSLGPSVGLGVLAVLVQVLLAIPFLONNPAGYLSRAFELTRQFMFKWTVNW 249
+ 4+ 4+ L ++ L ++Q++L +PFL NP GY+SRAF+L RQF+FKWTVNW
Sbject 211 GLLFLLLCEFGLWKTLPRLALCAVIQLVLGLPFLLVNPVGYVSRAFDLGRQFLFKWTVNW 270

Query 250 RFVGEEVFLSKSFSLALLAVEIVLLGAFAVTGWLRYSRSSLPAFIRNLLAGRHRTVSLPK 309
RF+ E+VFL++ F LALL HI L FA+ W R S S8+ +++ + +
Sbjct 271 RFLPEDVFLNRYFHLALLLAHITTLLLFALKRWKR-SGSSIWTILKDPSERKETAHKVNA 329

Query 310 PYIMSVMLSSLTVGLLCARSLHYQFFAYLSWATPFLLWRAGFHP---ILLYLIWAMQEWA 366
++ ++ +S +G+ +RSLHYQF+ + P+LLW G +L LI + E +
Sbhject 330 DOMVLILFTSNFIGMCFSRSLHYQFYVWYFHTLPYLLWSGGVKKLARLLRVLILGLIELS 389

Query 367 WNTFPSTNLSSIIVVLSLATQSFGVLANSASAFYTMRSNPSGKEH 411
WNT+PSTN SS+ + + + N A + RS K H
Sbjct 390 WNTYPSTNYSSLSLHVCHLIILLCLWLNPNPASPSHRSENKAKSH 434
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FIG. 12
A. nidulans
Query 1 MTSPAHNHYSYHSPTSSDRGRSRQNSDAMDIQSITEREPATR---~- -~ YAVAGGPAPWN 53
M SP N+YSY S D GRSRQNSDAMDI IT +EP Y GGPA +

sbjct 14 MASPNRNNYSYQGIESYDSGRSRONSDAMDIHVITAQEPPREPPDNNDPYDGHGGPAGTS 73
A. niger

Query 54 RNGSPSMSPINSERNQFHEENGRTYHGFRRGMYFLPCDEQEQDRLDIFHKLFTVARVSES 113
P R F+EENGRTYHG+RRG+Y LPCDEQEQDRLDIFHKLFTVAR+SES
Sbjct 74 HYSKPP------ NRWLFYEENGRTYHGYRRGVYPLPCDEQEQDRLDIFHKLFTVARMSES 127

Query 114 LIYAPHPTNGRFLDLGCGTGIWAIEVANKYPDAFVAGVDLAPIQPPNHPKNCEFYAPFDEF 173
LIYAPHP NGRFLDLGCGTGIWAI+VA+KYP+AFVAGVDLAPIQPPNHP NCEFYAPFDF
Sbjct 128 LIYAPHPPNGRFLDLGCGTGIWAIDVAHKYPNAFVAGVDLAPIQPPNHPDNCEFYAPFDF 187

Query 174 EAPWAMGEDSWDLIHLOMGCGSVMGWPNLYRRIFAHLRPGAWFEQVEIDFEPRCDDRSLD 233
EAPW +GE+SWDLIHLQMGCGSV+GW NLY+RI HL+PGAWFEQVEIDFEPRCDDRSL+
Sbjct 188 EAPWTLGENSWDLIHLQMGCGSVLGWQNLYKRILRHLQPGAWFEQVEIDFEPRCDDRSLN 247

Query 234 GTALRHWYDCLKQATAETMRPIAHSSRDTIKDLQODAGFTEIDHQIVGLPLNPWHQDEHER 293
G ALR WY LKQAT +TMRPIAHSSRDTI+ L++AGFT+IDHQ+VGLPLNPWH+DEHE+
Sbjct 248 GLALREWYQYLKQATQDTMRPIAHSSRDTIRHLEEAGFTQIDHQMVGLPLNPWHRDEHEQ 307

Query 294 KVARWYNLAVSESIENLSLAPFSRVYRWPLERIQQLAADVKSEAFNKEITHAYNILHIYQA 353
KVARWYNLA+SESIE LSLAPFSR++ W L+RI+Q+ A+VKS+AFNKEIHAYNILHIYQA
Sbjct 308 KVARWYNLAISESIETLSLAPFSRIFHWDLDRIRQITAEVKSQAFNKEIHAYNILHIYQA 367

Query 354 RKP 356
RKP
Sbjct 368 RKP 370
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~ pANS A. nidulans pPTR1
gpdASE LaeASF
gpdA3R LaeA3R indill
pGPDA LaeA pPTR1

pPTRpGPDALaeA
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Hindill (H3) H3/Xhol

A. niger PPTRpGPDALaeA PANS8 pPTR1 A. niger PRS426
PyrGUSF TrpSE | PTRSE PyrGDSF
PCR | pTRU3R Trp3R | PTR3R PTRD3R

pyrG upsteam PGPDALaeA TtrpC PTRA pyrG downstream PpRS426

Yeast gap repairing Pmel

Pmel

pyrG upsteam PGPDALaeA [TtrpC PTRA pyrG downstream

PRS426-LaeA

Pmel

pyrG upsteam pGPDLaeA | TtrpC PTRA pyrG downstream

Transgene fragment for transformation

FIG. 14
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FIG. 15A. Oligo primers:PTR5F/PTR3R

| .
sy
e O O 0O O
Ev v v

kusA-1
kusA-2
Plasmid DNA

FIG. 15B. Oligo primers:LaeASF/TRP3R

marker
SCI-3
kusA-1

SCI-1
SCIl-2
Plasmid DNA

kusA-2
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2.32

1.37:




US 9,023,637 B2

.

Sheet 18 of 18

May 5, 2015

U.S. Patent

(i

=4 Lo Lo
A € o

/B) pioe ou)o

FIG. 16



US 9,023,637 B2

1
ENHANCED CITRIC ACID PRODUCTION IN
ASPERGILLUS WITH INACTIVATED
ASPARAGINE-LINKED GLYCOSYLATION
PROTEIN 3 (ALG3), AND/OR INCREASED
LAEA EXPRESSION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Appli-
cation No. 61/565,018 filed Nov. 30, 2011, herein incorpo-
rated by reference.

FIELD

This application provides recombinant Aspergillus fungi
that are genetically inactivated for the dolichyl-P-Man:Man
(5)GIcNAc(2)-PP-dolichyl  mannosyltransterase  (Alg3)
gene, are genetically enhanced to increase the expression
levels of the loss of aflR expression A (LLaeA) gene, or both,
which results in substantial improvement of citric acid pro-
duction. Methods of using these fungi to produce citric acid
are also provided.

BACKGROUND

Filamentous fungi, such as Aspergillus niger, are well
known for their industrial applications in protein and chemi-
cal productions. They are used to produce a wide variety of
products ranging from human therapeutics, glycosyl hydro-
lases to specialty chemicals [Punt et al., Trends Biotechnol
20(5):200-206, 2002; Schuster et al., Appl Microbiol Biotech-
nol 59(4-5):426-435, 2002; Gerngross, Nat Biotechnol
22(11):1409-1414, 2004; Nevalainen et al., Trends Biotech-
nol 23(9):468-474, 2005; Sauver et al., Trends Biotechnol.
26(2):100-8, 2008; Magnuson and Lasure (2004). “Organic
acid production by filamentous fungi.” Advances in fungal
biotechnology for industry, agriculture, and medicine, pages
307-340]. Some of industrial 4. niger strains are capable of
growing on solutions of glucose or sucrose in excess of 20%
(w/v) and converting approximately 90% of the supplied
carbohydrate to citric acid. These remarkable properties are
the reason that 4. rniger has been used to produce citric acid
for more 80 years and is currently the primary source of
commercial citric acid production (Magnuson and Lasure
(2004). “Organic acid production by filamentous fungi.”
Advances in fungal biotechnology for industry, agriculture,
and medicine, pages 307-340).

The maximum product output in fermentation processes is
the result of optimal metabolic pathways and cellular forma-
tion, which are influenced by endogenous and exogenous
factors. Cellular metabolisms are tightly controlled and
highly interconnected, and are regulated spatially and tempo-
rally at different levels, such as transcription, post-transcrip-
tion, translation, and post-translation. Therefore, different
approaches have been explored to understand the regulatory
mechanisms of metabolic processes and cellular formation
for maximizing the product output in filamentous fungi. For
example, comparative genomics was used to examine citric-
acid-producing versus enzyme-producing A4. niger strains
(Andersen et al., Genome Res. 21(6): 885-97, 2011), pro-
teomics was used to examine filamentous fungi related to
enzymes or organic acid production (de Oliveira and de
Graaff, Appl. Microbiol. Biotechnol. 89(2): 225-37,2011), or
combination of both genomics and proteomics were used to
examine enzyme production (Jacobs et al., Fungal Genetics
and Biology 46(1, Supplement):S141-S152, 2009). Although
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these studies examined the potential involvement of selected
genes and proteins in optimizing production of organic acids
or proteins in filamentous fungi, methods for altering the
complex post-translation modifications (such as N-glycosy-
lation of cellular proteins) for signal transduction, cellular
formation and metabolism at different growth and develop-
ment stages, which may affect product output, have not been
examined.

Protein glycosylation is a ubiquitous and structurally
diverse form of post translation modification, which occurs at
all domains of life. More than two-thirds of eukaryotic pro-
teins are predicted to be glycosylated (Apweiler et al., Bio-
chim Biophys Acta 1473(1):4-8, 1999). N- and O-linked pro-
tein glycosylation are common types of protein
glycosylation, occurring mainly on the asparagine (N) and
serine/threonine (S/T) residues, respectively. N-linked glyco-
sylation has been implicated in many biochemical and cellu-
lar processes, including protein secretion, stability and trans-
location, maintenance of cell structure, receptor-ligand
interactions and cell signaling, cell-cell recognition, patho-
gen infection, and host defense in various organisms (Halti-
wanger and Lowe, Ann. Rev. Biochem. 73(1):491-537,2004;
Dellaporta et al., Plant Mol. Biol. Reporter 1(4):19-21, 1983;
Nam et al., Biotech. Bioengineer. 100(6):1178-1192, 2008;
Trombetta and Parodi, Ann. Rev. Cell Dev. Biol. 19(1):649-
676, 2003; Tsang et al., Fungal Genetics and Biology 46(1):
S153-8160, 2009; Pang et al., Science, 333(6050):1761-4,
2011).

N-glycosylation is highly complex and has been exten-
sively studied in mammalian systems (Yan and Lennarz, J.
Biol. Chem. 280(5):3121, 2005; Silberstein and Gilmore,
FASEB J. 10(8): 849, 1996; Kornfeld and Kornfeld, Annu.
Rev. Biochem. 54:631-664, 2005; Kim et al., PLoS ONE
4(10): 7317, 2009, 2009) and yeast (Kukuruzinska et al.,
Annu. Rev. Biochem. 56(1):915-944, 1987). The protein
N-glycosylation pathways in filamentous fungi have also
been identified (Deshpande et al., Glycobiology 18(8):626-
637,2008; Geysens et al., Fungal Genetics and Biology 46(1,
Supplement): S121-S140, 2009) on the basis of the known
genomic sequences. Several genes involved in N-glycosyla-
tion have been studied in filamentous fungi (Kotz et al., PLoS
ONE 5(12):e15729, 2010; Kainz et al., Appl Environ Micro-
biol 74(4):1076-86, 2008; Maras et al., J. Biotechnol. 77(2-
3):255-63,2000; Maddi and Free, Eukaryot Cel{ 9(11):1766-
75, 2010; Bowman et al., Eukaryotic Cell 5(3):587-600,
2006). In these studies, the effects of gene deletion on
N-linked glycan patterns formation, the cell wall formation,
overall protein secretion and/or the phenotypic changes were
demonstrated.

Alg3 islocalized in the ER and catalyzes the initial transfer
of'a mannose residue from dolichol pyrophosphate-mannose
to lipid-linked Man5GIlcNAc2-PP-Dol on the ER luminal
side. It is involved in the early N-glycan synthesis in eukary-
otes for the assembly of a Gle3Man9GIcNAc2 core oligosac-
charide that is linked to the lipid carrier dolichol pyrophos-
phate. The Alg3 gene and its functions have been identified
and studied in S. cerevisiae, P. pastories, 1. brucei, A.
thaliana, and human (Aebi et al., Glycobiol. 6(4):439-444,
1996; Korner et al., EMBO J. 18(23): 6816-6822, 1999,
Davidson et al., Glycobiology 14(5):399-407, 2004; Manthri
et al., Glycobiol. 18(5):367-83, 2008; Kajiura et al., Glyco-
biol. 20(6):736-51, 2010). In these studies, the Alg3 mutants
exhibited a unique structural profile in the glycoproteins, such
as  Man3GIcNAc2, Man4GlcNAc2, Man5GlecNAc2,
GlcMan5GIleNAc2, and Gle3Man5GleNAc2, which affected
the overall N-glycosylation by incomplete utilization of
N-linked glycosites in glycoproteins. No obvious growth
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phenotype was observed in those Alg3A mutants of S. cerevi-
siae, P. pastoris, T. brucei, and plant except that the Alg3
defect in human caused severe diseases such as profound
psychomotor delay, optic atrophy, acquired microcephaly,
iris olobomas and hypsarrhythmia (Stibler et al., Neuropedi-
atrics 26(5): 235-7, 1995; Sun et al., J. Clin. Endocrinol.
Metab. 90(7):4371-5, 2005; Schollen et al., Fur. J. Med.
Genet. 48(2):153-158, 2005, Kranz et al., Am. J. Med. Genet.
143A(13):1414-20,2007; Denecke et al., Pediatr. Res. 58(2):
248-53, 2005).

LaeA, a global regulator gene for the secondary metabo-
lism, was first identified in 4. nidulans through complement-
ing the aflR deficient mutants (Bok and Keller, Eukaryot Cell
3:527-535,2004). Deletion of LaeA gene inhibits the expres-
sion of secondary metabolic gene clusters, such as sterigma-
tocystin, penicillin, and lovastin, but has no effect on spore
production in A. nidulans. The LaeA that was confirmed as a
nuclear protein and a putative methyltransferase does not
involve in gene clusters for nutrient utilization (Bok et al.,
Mol Microbiol 61:1636-45, 2006). Furthermore, the role of
LaeA in secondary metabolism was confirmed in Aspergillus
Aavus and Aspergillus oryzae (Kale et al., Fungal Genet. Biol.
45:1422-9, 2008; Oda et al., Biosci Biotechnol Biochem
75:1832-4, 2011). Evidence indicates that LacA reverses
gene repression at the level of the heterochromatin state
(Reyes-Dominguez et al., Molecular Microbiology 76:1376-
86, 2010). LaeA is a component of the heterotrimeric VeA/
VelB/LaeA protein complex (Bayram et al., Science Signal-
ling320:1504, 2008), which involves in the acetylation signal
transduction for secondary metabolite production in A. nidu-
lans (Soukup et al., Mol. Microbiol., 86(2):314-30, 2012).
The veA/VelB/LaeA complex may coordinately respond to
environmental cues (Ramamoorthy et al., Mol. Microbiol.,
85(4):795-814, 2012) and has a role in fungal morphology
(Calvo, Fungal Genetics and Biology 45:1053-61, 2008).
LaeA may direct the formation of the VelB-VosA and VelB-
VelA-LaeA complexes, control veA modification and protein
levels, and be involved in light regulation of growth and
development (Bayram et al., PLoS genetics 6: ¢1001226,
2010).

SUMMARY

Although the current commercial conversion rate of car-
bohydrate to citric acid in 4. niger is more than eighty to
ninety percent, further improvement citric acid and other
metabolites is desirable. This disclosure describes the role of
the dolichyl-P-Man:Man(5)GlcNAc(2)-PP-dolichyl manno-
syltransferase gene (a-1,3-mannosyltransferase, Alg3) on the
spore germination, filamentous growth, sporulation, and pro-
duction of citric acid in Aspergillus niger. In addition, the role
of'the LaeA in citric acid production by its over-expression is
shown, for example in combination with an Alg3A mutant
background.

Based on these observations, provided herein are isolated
fungi (such as filamentous fungi) having a gene inactivation
(also referred to herein as a gene deletion) of a dolichyl-P-
Man:Man(5)GlcNAc(2)-PP-dolichyl mannosyltransferase
(Alg3) gene (referred to herein as Alg3A strains), a gene
enhancement (e.g., overexpression) of a LaeA gene (referred
to herein as upregulated LaeA strains), or both. Any strain of
fungi can be used, such as a filamentous fungi, for example
Aspergillus niger (A. niger) or particular strains thereof (for
example A. niger strain 11414 or 11414KusA). In particular
examples, an Alg3 A strain exhibits one or more of the follow-
ing characteristics: slower growth on citric acid production
(CAP) medium, complete medium (CM) or potato dextrose
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agar (PDA) medium; earlier spore germination and a higher
germination rate in CAP medium; delayed spore germination
in CM or PDA medium; reduced sporulation on complete
medium; or combinations thereof. In some examples, such
increases or decreases are relative to A. miger strain
11414KusA grown under the same conditions. The combina-
tion of Alg3A and over-expression of LaeA resulted in some
improvement of sporulation on CM.

In particular examples, such Alg3A strains, up-regulated
LaeA strains, or Alg3A-upregulated LaeA strains, produce
more citric acid when grown in CAP medium, such as at least
20%, at least 50%, or at least 70% more than A. riger strain
11414KusA under identical growing conditions after at least
4 days or at least 10 days. Thus, one strategy to increase citric
acid production is to reduce the carbohydrate consumption
for protein glycosylation and cellular formation, as altering
protein glycosylation can augment the carbohydrate flux into
citric acid production in 4. riger.

Also provided herein are compositions (such as fermenta-
tion broth) and kits that include a fungal Alg3A strain, up-
regulated LaeA strain, or Alg3A-upregulated LaeA strain.

Also provided herein are methods of making citric acid
using the disclosed fungal Alg3A strains, up-regulated LacA
strains, and Alg3A-upregulated LaeA strains. For example,
such a method can include culturing an isolated Alg3A fun-
gus, up-regulated LaeA fungus, or Alg3A-upregulated LaeA
fungus, under conditions that permit the fungus to make citric
acid, thereby making citric acid. For example, the Alg3A
fungus, up-regulated LaeA fungus, or Alg3A-upregulated
LaeA fungus, can be cultured in CAP medium. In some
examples, the method further includes isolating the citric acid
produced.

The foregoing and other objects and features of the disclo-
sure will become more apparent from the following detailed
description, which proceeds with reference to the accompa-
nying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic drawing showing a restriction map
of'the 10.9 kb fragment containing the 4. riger Alg3 gene.

FIG. 1B is a schematic drawing showing the introduction
of the hyg-selective marker, which was flanked by the
upstream and downstream DNA sequences of Alg3. Integra-
tion of the linear molecules by homologous recombination
replaces Alg3 with hph in the chromosome.

FIG. 1C is a digital image of a Southern blot showing the
genomic DNA hybridization of parent and Alg3A strains. One
parent and two selected Alg3A strains are shown, which have
the correct enzyme restriction pattern.

FIGS. 2A-1 are digital images showing the Alg3A and
parent 11414kusA strains grown on agar plates of complete
medium (CM), potato dextrose (PDA), and minimal medium
(MM) at 30° C. for 15 hrs or 48 hrs. (A) parent strain, (B)
Alg3A strain, and (C) both parent and Alg3A strains grown on
complete medium plate. (D) parent strain, (E) Alg3A strain,
and (F) both parent and Alg3A strains were grown on PDA
agar plates. (G) parent strain, (H) Alg3A strain, and (I) both
parent and Alg3A strains were grown on MM agar plates.

FIG. 3 A shows digital images showing the spore germina-
tion of parent 11414kusA and Alg3 A strains in liquid cultures
of complete medium (CM), potato dextrose medium (PDA),
and minimal medium (MM) at 30° C. for 7 hours. Panels A
and B are germinated spores in CM liquid culture. Panels C
and D are germinated spores in PDA liquid culture. Panels E
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and F are germinated spores in MM liquid culture. The left
panels for the parent 11414kusA strain and the right panels
for the Alg3A strain.

FIG. 3B provides graphs showing the time courses of the
percentage of spore germination of parent 11414kusA and
Alg3A strains grown in the liquid cultures of complete
medium (CM; top graph), potato dextrose medium (PDA;
middle graph), or minimal medium (MM; bottom graph). The
solid filled cycle is the parent 11414kusA strain and open
cycle is the Alg3A strain.

FIG. 4 provides digital images and stereo microscopy digi-
tal images of parent and Alg3A strains grown on agar plates of
complete medium (CM) and potato dextrose (PDA) at 30° C.
for 4 days.

FIG. 5 provides stereo microscopy digital images parent
11414kusA and Alg3A strains grown on citric acid produc-
tion (CAP) medium plates at different pH levels for 27 hrs.
The left panels for parent strain 11414kusA and right panels
for the Alg3A strain.

FIGS. 6 A-E show spore germination of parent 11414kusA
and Alg3A strains in citric acid production (CAP) liquid
medium. (A and B) Inverted microscopic images for parent
11414kusA strain. (C and D) Inverted microscopic images for
Alg3A strain. (A and C) Strains grown in CAP liquid culture
at 30° C. for 8 hrs. (B and D) Strains grown in CAP liquid
culture at 30° C. for 15 hrs. (E) Time course of the spore
germination rate (%) of parent and Alg3A strains grown in
CAP liquid culture. The solid cycle for parent 11414kusA
strain and open cycle for the Alg3A strain.

FIG. 7 is a graph showing the time course of citric acid
production by parent 11414kusA and Alg3A strains in the
liquid culture of citric acid production at 30° C. and 200 rmp.

FIGS. 8A and 8B show (A) a schematic diagram showing
the construction of the transgene used to complement the
Alg3A mutant, and (B) a is a graph showing the citric acid
production by parent strain 11414kusA (kusA), Alg3A
mutant (Alg3) and Alg3A mutant complemented with Alg3
gene (cAlg3) after growth at 30° C., 200 rpm for 12 days

FIG. 9 shows an alignment of Alg3 nucleic acid sequences
from A. niger (top strand, nucleotides 1986-2518 of SEQ ID
NO: 1) and 4. oryzae (bottom strand, nucleotides 643-1175 of
SEQ ID NO: 3).

FIGS. 10A and 10B show an alignment of Alg3 protein
sequences from 4. riger (SEQ ID NO: 2), A. nidulans (SEQ
1D NO: 31), Fusarium oxysporum (SEQ ID NO: 32), Neuro-
spora crassa (SEQ ID NO: 33), S. cerevisiae (SEQ ID NO:
34), Arabidopsis thaliana (SEQ ID NO: 35), and Homo sapi-
ens (SEQ ID NO: 36). The signs at the top of the alignment
show: ‘=’ the average weight of column pair exchanges is less
than weight matrix mean value; *.” is less than mean value plus
one SDj; “+’ is less than mean value plus two SD; and “*’ is
more than mean value plus two SD.

FIG. 11 shows an alignment of Alg3 protein sequences
from A. niger (top strand, amino acids 12-411 of SEQ ID NO:
2) and S. cerevisiae (bottom strand, amino acids 31-434 of
SEQ ID NO: 34).

FIG. 12 shows an alignment of LaeA protein sequences
from A. ridulans (top strand, amino acids 14-372 of SEQ ID
NO: 41) and 4. niger (bottom strand, amino acids 14-370 of
SEQ ID NO: 59).

FIG. 13 is aschematic diagram showing the construction of
pPTRpGPDALaceA plasmid vector. Both the glyceraldehyde
3-phosphate dehydrogenase (gpdA) promoter and LaeA (loss
of aflR expression A) gene coding sequence of genomic DNA
were isolated by overlap PCR from pAN7-1 plasmid vector
and A. nidulans with additions of HindIII restriction enzyme
sites at 5'-end of gpdA promoter and 3'-end of LacA gene,
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confirmed by DNA sequence, and ligated into pPTR1 plas-
mid vector at HindIII restriction enzyme site.

FIG. 14 is schematic illustrating a plasmid vector pRS426-
LaeA, which contains the upstream region of pyrG gene of 4.
niger, the coding region of LaeA gene under the control of
gpdA promoter and transcriptional terminator of trpC gene
from A. nidulans, the pyrithiamine resistance (ptrA) gene
from A. oryzae, and the downstream region of pyrG gene of 4.
niger. The unique restriction enzyme Pmel site was intro-
duced at the both end of transgene expression fragment.

FIGS. 15A and 15B show digital images of the results of
polymerase chain reaction (PCR) analysis of LacA gene
insertion in the transgenic A. niger genome of heterologous
expression of 4. nidulans LacA gene. (A) PCR products of 4.
oryzae ptrA gene detected in selected single spore colony
isolate (SCI) of LaeA gene transgenic mutants and parent
kusA and Alg3A are control strains. (B) PCR products of
transgene expression DNA fragment including the gpd A pro-
moter, LaeA coding region and trpC gene transcriptional
terminator. The SCI-1 to SCI-4 is the individual single spore
colony of LaeA gene transgenic mutants and parent kusA and
Alg3A are control strains. Lambda DNA marker is the restric-
tion fragment of BstEII restriction enzyme.

FIG. 16 is a bar graph showing the results of citric acid
production after 10 days in culture of parent strain (kusA),
alg3A mutant (Alg3), and over-expression of LaeA gene in
alg3A (LaeA-1 and LaeA-2) mutants. The data for each strain
is the average of three replicates.

SEQUENCE LISTING

The nucleic acid sequences listed in the accompanying
sequence listing are shown using standard letter abbreviations
for nucleotide bases, as defined in 37 C.F.R. 1.822. Only one
strand of each nucleic acid sequence is shown, but the
complementary strand is understood as included by any ref-
erence to the displayed strand. In the accompanying sequence
listing:

SEQ ID NOS: 1 and 2 are exemplary Alg3 nucleic acid and
protein sequences, respectively, from 4. niger.

SEQ ID NOS: 3 and 4 are exemplary Alg3 nucleic acid and
protein sequences, respectively, from 4. oryzae.

SEQ ID NOS: 5-30 show exemplary primer sequences.

SEQID NOS: 31-36 are exemplary Alg3 protein sequences
from A. midulans, Fusarium oxysporum, Arabidopsis
thaliana, Neurospora crassa, S. cerevisiae, and Homo sapi-
ens, respectively.

SEQ ID NO: 37 is an exemplary Aspergillus nidulans
glyceraldehyde 3-phosphate dehydrogenase (gpdA) pro-
moter sequence.

SEQ ID NOS: 38 and 39 are exemplary forward and
reverse primers, respectively, that can be used to isolate or
amplify an A. nidulans gpdA promoter.

SEQ ID NOS: 40 and 41 are exemplary Aspergillus nidu-
lans methyltransferase (LaeA) coding and protein sequences,
respectively.

SEQ ID NOS: 42 and 43 are exemplary forward and
reverse primers, respectively, that can be used to isolate or
amplify an A. nidulans LaeA sequence.

SEQ ID NO: 44 is the nucleic acid sequence of the pGPDA-
LaeA fragment described in FIG. 13 and Example 5.

SEQ ID NO: 45 is the upstream region of A. riger pyrG
gene.

SEQ ID NO: 46 is the trpC transcriptional terminator of A.
nidulans.

SEQ ID NO: 47 is the pyrithiamine resistance gene (ptrA)
of Aspergillus oryzae.
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SEQ ID NO: 48 is the downstream region of A. niger pyrG
gene.

SEQ ID NOS: 49 and 50 are exemplary forward and
reverse primers, respectively, that can be used to isolate or
amplify an upstream region of 4. niger pyrG.

SEQ ID NOS: 51 and 52 are exemplary forward and
reverse primers, respectively, that can be used to isolate or
amplify the trpC transcriptional terminator of A. nidulans.

SEQ ID NOS: 53 and 54 are exemplary forward and
reverse primers, respectively, that can be used to isolate or
amplify ptrA of Aspergillus oryzae.

SEQ ID NOS: 55 and 56 are exemplary forward and
reverse primers, respectively, that can be used to isolate or a
downstream region of 4. niger pyrG.

SEQ ID NO: 57 is the nucleic acid sequence of the trans-
gene fragment described in FIG. 13 and Example 6.

SEQ ID NOS: 58 and 59 are exemplary Aspergillus niger
LaeA coding and protein sequences, respectively.

SEQ ID NO: 60 is the nucleic acid sequence of the trans-
gene fragment used to complement the alg3A mutant with the
original alg3 gene at pyrG locus.

DETAILED DESCRIPTION

Unless otherwise explained, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. Definitions of common terms in molecu-
lar biology may be found in Benjamin Lewin, Genes V, pub-
lished by Oxford University Press, 1994 (ISBN 0-19-854287-
9); Kendrew et al. (eds.), The Encyclopedia of Molecular
Biology, published by Blackwell Science Ltd., 1994 (ISBN
0-632-02182-9); and Robert A. Meyers (ed.), Molecular Biol-
ogy and Biotechnology: a Comprehensive Desk Reference,
published by VCH Publishers, Inc., 1995 (ISBN 1-56081-
569-8).

The singular terms “a,” “an,” and “the” include plural ref-
erents unless context clearly indicates otherwise. Similarly,
the word “or” is intended to include “and” unless the context
clearly indicates otherwise. Hence “comprising A or B”
means including A, or B, or A and B. It is further to be
understood that all base sizes or amino acid sizes, and all
molecular weight or molecular mass values, given for nucleic
acids or polypeptides are approximate, and are provided for
description. Although methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present disclosure, suitable methods and
materials are described below. All references and Genbank
Accession numbers mentioned herein are incorporated by
reference (the sequence available on Nov. 30, 2011). The
materials, methods, and examples are illustrative only and not
intended to be limiting.

In order to facilitate review of the various embodiments of
the disclosure, the following explanations of specific terms
are provided:

Alg3  (dolichyl-P-Man:Man(5)GIcNAc(2)-PP-dolichyl
mannosyltransferase):

Also known as asparagine-linked glycosylation 3 and a.-1,
3-mannosyltransterase. Alg3 encodes an enzyme which cata-
lyzes the addition of the first dol-p-man derived mannose in
an o-1,3 linkage to Man5GIlecNAc2-PP-Dol. The term Alg3
(or Alg3) includes any Alg3 gene (such as a fungal Alg3
sequence), cDNA, mRNA, or protein, thatis an Alg3 involved
in catalyzing the addition of the first dol-p-man derived man-
nose inan a-1,3 linkage to Man5GIlcNAc2-PP-Dol, and when
genetically inactivated results in a fungus thathas an ability to
produce more citric acid than the parent strain (such as at least
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8
20%, at least 30%, at least 50%, at least 60%, or at least 70%
more than a parent strain under the same growing conditions).

Alg3 sequences are publicly available for many species of
Aspergillus. For example, GenBank Accession Nos:
XM__001823992.2 and XP__ 001824044 disclose Aspergillus
oryzae RIB40 Alg3 nucleic acid and protein sequences,
respectively; GenBank Accession Nos: XM_ 001398659.2
and XP_001398696.2 disclose Aspergillus niger CBS
513.88 Alg3 nucleic acid and protein sequences, respectively
(SEQ ID NOS: 1 and 2); and GenBank Accession Nos:
XM_748359.1 and XP_ 753452 disclose Aspergillus fumi-
gatus Af293 Alg3 nucleic acid and protein sequences, respec-
tively. Addition exemplary Alg3 sequences are provided in
SEQ ID NOS: 1-4 and 31-36. However, one skilled in the art
will appreciate that in some examples, an Alg3 sequence can
include variant sequences (such as allelic variants and
homologs) that retain Alg3 activity but when genetically inac-
tivated in Aspergillus results in a fungus that has an ability to
produce more citric acid than the parent strain (such as at least
20%, at least 30%, at least 50%, at least 60%, or at least 70%
more under the same growing conditions).

Detectable:

Capable of having an existence or presence ascertained.
For example, production of citric acid is detectable if the
signal generated is strong enough to be measurable.

Genetic Enhancement or Up-Regulation:

When used in reference to the expression of a nucleic acid
molecule, such as a gene, refers to any process which results
in an increase in production of a gene product. A gene product
can be RNA (such as mRNA, rRNA, tRNA, and structural
RNA) or protein. Examples of processes that increase tran-
scription include those that facilitate formation of a transcrip-
tion initiation complex, those that increase transcription ini-
tiation rate, those that increase transcription elongation rate,
those that increase processivity of transcription and those that
relieve transcriptional repression (for example by blocking
the binding of a transcriptional repressor). Gene up-regula-
tion can include inhibition of repression as well as stimulation
of expression above an existing level. Examples of processes
that increase translation include those that increase transla-
tional initiation, those that increase translational elongation
and those that increase mRNA stability. In one example,
additional copies of genes are introduced into a cell in order to
increase expression of that gene in the resulting transgenic
cell.

Gene up-regulation includes any detectable increase in the
production of a gene product. In certain examples, production
of'a gene product increases by at least 1.5-fold, atleast 2-fold,
or at least 5-fold), such as LaeA. For example, a genetic
enhancement of a LaeA gene in Aspergillus (e.g., A. niger)
results in an Aspergillus strain having increased levels of the
LaeA protein relative to the parent strain, which can increase
the ability of the fungus to produce more citric acid. Genetic
enhancement is also referred to herein as “enhancing or
increasing expression.”

Genetic Inactivation or Down-Regulation:

When used in reference to the expression of a nucleic acid
molecule, such as a gene, refers to any process which results
in a decrease in production of a gene product. A gene product
can be RNA (such as mRNA, rRNA, tRNA, and structural
RNA) or protein. Therefore, gene down-regulation or deacti-
vation includes processes that decrease transcription of a gene
or translation of mRNA.

For example, a mutation, such as a substitution, partial or
complete deletion, insertion, or other variation, can be made
to a gene sequence that significantly reduces (and in some
cases eliminates) production of the gene product or renders
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the gene product substantially or completely non-functional.
For example, a genetic inactivation of an Alg3 gene in
Aspergillus (e.g., A. niger) results in Aspergillus having a
non-functional or non-existent Alg3 protein, which results in
an ability of the fungus to produce more citric acid. Genetic
inactivation is also referred to herein as “functional deletion”.

Isolated:

To be significantly separated from other agents. An “iso-
lated” biological component (such as a nucleic acid molecule
or protein) has been substantially separated, produced apart
from, or purified away from other biological components in
the cell of the organism in which the component occurs, for
example, other chromosomal and extra-chromosomal DNA
and RNA, and proteins. Nucleic acid molecules and proteins
which have been “isolated” include nucleic acid molecules
and proteins purified by standard purification methods. The
term also embraces nucleic acid molecules and proteins pre-
pared by recombinant expression in a host cell as well as
chemically synthesized proteins and nucleic acids. Samples
of isolated biological components include samples of the
biological component wherein the biological component rep-
resents greater than 90% (for example, greater than 95%, such
as greater than 98%) of the sample.

An “isolated” microorganism (such as an Alg3A strain of
Aspergillus)has been substantially separated or purified away
from microorganisms of different types, strains, or species.
Microorganisms can be isolated by a variety of techniques,
including serial dilution and culturing and resistance to cer-
tain chemicals.

LaeA (Loss of aflR Expression A):

LaeA encodes a protein which regulates secondary
metabolite production in Aspergillus. The term LaeA (or
LaeA) includes any LaeA gene (such as a fungal LaeA
sequence), cDNA, mRNA, or protein, that is an LaeA
involved in secondary metabolite production, and when its
expression is increased, for example in combination with a
genetically inactivated Alg3 gene, results in a fungus that has
an ability to produce more citric acid than the parent strain
(such as at least 20%, at least 30%, at least 40%, 50%, at least
60%, or at least 70% more than a parent strain under the same
growing conditions).

LaeA sequences are publicly available for many species of
Aspergillus. For example, GenBank Accession Nos:
AB267276 and BAF74528.1 disclose Aspergillus oryzae
LaeA nucleic acid and protein sequences, respectively; Gen-
Bank Accession No. EHA27020.1 discloses an exemplary
Aspergillus niger ATCC1015 LaeA protein sequence, a par-
ent strain of 11414kus A (other exemplary sequences are pro-
vided in SEQ ID NOS: 58 and 59); GenBank Accession No:
CBF88745 discloses an Aspergillus nidulans LaeA protein
sequence; and GenBank Accession Nos: AY422723 and
AARO01218 disclose Aspergillus fumigatus LaeA nucleic acid
and protein sequences, respectively. Additional exemplary
LaeA sequences are provided in SEQ ID NOS: 40-41 and
58-59. However, one skilled in the art will appreciate that in
some examples, an LaeA sequence can include variant
sequences (such as allelic variants and homologs) that retain
LaeA activity and when genetically up-regulated in Aspergil-
lus (for example in combination with Alg3A) results in a
fungus that has an ability to produce more citric acid than the
parent strain (such as at least 20%, at least 30%, at least 40%,
at least 50%, at least 60%, or at least 70% more under the
same growing conditions).

Mutation:

A change in a nucleic acid sequence (such as a gene
sequence) or amino acid sequence, for example as compared
to a nucleic acid or amino acid sequence present in a wild-
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type or native organism. In particular examples, a mutation is
introduced into an Alg3 gene in Aspergillus. Mutations can
occur spontaneously, or can be introduced, for example using
molecular biology methods. In particular examples, a muta-
tion includes one or more nucleotide substitutions, deletions,
insertions, or combinations thereof. In particular examples,
the presence of one or more mutations in a gene can signifi-
cantly inactivate that gene.

Recombinant:

A recombinant nucleic acid molecule or protein is one that
has a sequence that is not naturally occurring or has a
sequence that is made by an artificial combination of two
otherwise separated segments of sequence. In particular
examples, this artificial combination is accomplished by
chemical synthesis or by the artificial manipulation of iso-
lated segments of nucleic acids, for example, by genetic engi-
neering techniques such as those described in Sambrook et al.
(ed.), Molecular Cloning: A Laboratory Manual, 3d ed., vol.
1-3, Cold Spring Harbor Laboratory Press, Cold Spring Har-
bor, N.Y., 2001. The term recombinant includes nucleic acid
molecules that have been altered solely by addition, substitu-
tion, or deletion of a portion of the nucleic acid molecule.

Sequence Identity/Similarity:

The identity/similarity between two or more nucleic acid
sequences, or two or more amino acid sequences, is expressed
in terms of the identity or similarity between the sequences.
Sequence identity can be measured in terms of percentage
identity; the higher the percentage, the more identical the
sequences are. Sequence similarity can be measured in terms
of percentage similarity (which takes into account conserva-
tive amino acid substitutions); the higher the percentage, the
more similar the sequences are.

Methods of alignment of sequences for comparison are
well known in the art. Various programs and alignment algo-
rithms are described in: Smith & Waterman, Adv. Appl. Math.
2:482, 1981; Needleman & Wunsch, J. Mol Biol. 48:443,
1970; Pearson & Lipman, Proc. Natl. Acad. Sci. USA
85:2444, 1988; Higgins & Sharp, Gene, 73:237-44, 1988,
Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet et al., Nuc.
Acids Res. 16:10881-90, 1988; Huang et al. Computer Appls.
in the Biosciences 8, 155-65, 1992; and Pearson et al., Meth.
Mol. Bio. 24:307-31, 1994. Altschul et al., J. Mol. Biol. 215:
403-10, 1990, presents a detailed consideration of sequence
alignment methods and homology calculations.

The NCBI Basic Local Alignment Search Tool (BLAST)
(Altschul et al., J. Mol. Biol. 215:403-10, 1990) is available
from several sources, including the National Center for Bio-
logical Information (NCBI, National Library of Medicine,
Building 38A, Room 8N805, Bethesda, Md. 20894) and on
the Internet, for use in connection with the sequence analysis
programs blastp, blastn, blastx, tblastn and tblastx. Additional
information can be found at the NCBI web site.

BLASTN is used to compare nucleic acid sequences, while
BLASTP is used to compare amino acid sequences. To com-
pare two nucleic acid sequences, the options can be set as
follows: -i is set to a file containing the first nucleic acid
sequence to be compared (e.g., C:\seql.txt); - is set to a file
containing the second nucleic acid sequence to be compared
(e.g., C:\seq2.txt); -p is set to blastn; -0 is set to any desired file
name (e.g., C:\output.txt); -q is set to -1; -r is set to 2; and all
other options are left at their default setting. For example, the
following command can be used to generate an output file
containing a comparison between two sequences: C:\Bl2seq
-1 c:\seql.txt -] c:\seq2.txt -p blastn -o c:\output.txt -q -1 -r 2.

To compare two amino acid sequences, the options of
Bl2seq can be set as follows: -i is set to a file containing the
first amino acid sequence to be compared (e.g., C:\seql.txt);
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-j is set to a file containing the second amino acid sequence to
be compared (e.g., C:\seq2.txt); -p is set to blastp; -0 is set to
any desired file name (e.g., C:\output.txt); and all other
options are left at their default setting. For example, the fol-
lowing command can be used to generate an output file con-
taining a comparison between two amino acid sequences:
C:\Bl2seq -1 c:\seql.txt -j c:\seq2.txt -p blastp -o c:\output.txt.
If the two compared sequences share homology, then the
designated output file will present those regions of homology
as aligned sequences. If the two compared sequences do not
share homology, then the designated output file will not
present aligned sequences.

Once aligned, the number of matches is determined by
counting the number of positions where an identical nucle-
otide or amino acid residue is presented in both sequences.
The percent sequence identity is determined by dividing the
number of matches either by the length of the sequence set
forth in the identified sequence, or by an articulated length
(e.g., 100 consecutive nucleotides or amino acid residues
from a sequence set forth in an identified sequence), followed
by multiplying the resulting value by 100. For example, a
nucleic acid sequence that has 1166 matches when aligned
with a test sequence having 1554 nucleotides is 75.0 percent
identical to the test sequence (i.e., 1166+1554*100=75.0).
The percent sequence identity value is rounded to the nearest
tenth. For example, 75.11, 75.12, 75.13, and 75.14 are
rounded down to 75.1, while 75.15, 75.16, 75.17, 75.18, and
75.19 are rounded up to 75.2. The length value will always be
an integer. In another example, a target sequence containing a
20-nucleotide region that aligns with 20 consecutive nucle-
otides from an identified sequence as follows contains a
region that shares 75 percent sequence identity to that iden-
tified sequence (i.e., 15+20%100=75).

For comparisons of amino acid sequences of greater than
about 30 amino acids, the Blast 2 sequences function is
employed using the default BLOSUMG62 matrix set to default
parameters, (gap existence cost of 11, and a per residue gap
cost of 1). Homologs are typically characterized by posses-
sion of at least 70% sequence identity counted over the full-
length alignment with an amino acid sequence using the
NCBI Basic Blast 2.0, gapped blastp with databases such as
the nr or swissprot database. Queries searched with the blastn
program are filtered with DUST (Hancock and Armstrong,
1994, Comput. Appl. Biosci. 10:67-70). Other programs use
SEG. In addition, a manual alignment can be performed.
Proteins with even greater similarity will show increasing
percentage identities when assessed by this method, such as at
least 75%, 80%, 85%, 90%, 95%, or 99% sequence identity.

Nucleic acid sequences that do not show a high degree of
identity may nevertheless encode identical or similar (con-
served) amino acid sequences, due to the degeneracy of the
genetic code. Changes in a nucleic acid sequence can be made
using this degeneracy to produce multiple nucleic acid mol-
ecules that all encode substantially the same protein. Such
homologous nucleic acid sequences can, for example, pos-
sess at least 60%, 70%, 80%, 90%, 95%, 98%, or 99%
sequence identity determined by this method.

One of skill in the art will appreciate that these sequence
identity ranges are provided for guidance only; it is possible
that strongly significant homologs could be obtained that fall
outside the ranges provided.

Transformed:

A cell, such as a fungal cell, into which a nucleic acid
molecule has been introduced, for example by molecular
biology methods known in the art. As used herein, the term
transformation encompasses all techniques by which a
nucleic acid molecule might be introduced into such a cell,
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including, but not limited to transfection with viral vectors,
conjugation, transformation with plasmid vectors, and intro-
duction of naked DNA by electroporation, lipofection, and
biolistic particle delivery.

Overview

This disclosure provides the first demonstration that
genetic inactivation of Alg3, a gene involved in protein
N-linked glycosylation, can result in substantial improve-
ment of citric acid production in 4. niger, while the total
biomass is similar to the parent strain. The core oligosaccha-
ride Glc3Man9GlcNAc?2 is synthesized by a series of mem-
brane-bound glycosyltransferases, which begins on the cyto-
plasmic side of the membrane of the endoplasmic reticulum
(ER) and flips into the lumenal side of the ER membrane to
complete its  synthesis. The lipid-linked core
Gle3Man9GleNAc? is subsequently transferred to a nascent
protein in the ER, where the glycoproteins are folded and then
shuttled to the Golgi for additional, but divergent processing.
The Alg3 gene encodes the enzyme a-1,3-mannosyltrans-
ferase  that  converts  Man5GIcNAc2-Dol-PP  to
Man6GleNAc2-Dol-PP on the ER membrane of the luminal
side. Provided herein is a homolog of Saccharomyces cerevi-
siae Alg3 identified from Aspergillus niger (e.g., see SEQ ID
NOS: 1 and 2).

It is shown herein that genetic inactivation of Alg3 in 4.
niger resulted in a significant reduction of growth on com-
plete medium (CM) and potato dextrose agar medium (PDA),
but no effect on minimal medium (MM). The Alg3 deletion
also caused the substantial reduction in spore production of 4.
niger on CM, but no significant change on the PDA. When the
spores were germinated in CM or PDA liquid culture
medium, the Alg3A strain showed pronounced delay in spore
germination. This growth phenotype is similar to the mutants
with defects in signal transduction pathways observed in A.
nidulans and A. niger (Fillinger et al., Mol. Microbiol. 44(4):
1001-16, 2002; Saudohar et al., Microbiol. 148(8):2635-45,
2002; Xue et al., Fukaryot Cell 3(2):557-60, 2004). Deletion
of pkaA, cycaA or schA/pkaA in A. ridulans substantially
reduces its growth on CM medium plates and spore germina-
tion rate in MM liquid culture medium (Fillinger et al., Mol.
Microbiol. 44(4):1001-1016, 2002) and similar growth phe-
notypes were observed in the strains with the deletion of
pkaR, pkaC or double deletion of pkaR/pkaC in A. niger
(Saudohar et al., Microbiol. 148(8):2635-2645, 2002). How-
ever, functional deletion of the MAP kinase SakA in A. fumi-
gatus delays the spore germination in liquid CM, but stimu-
lates spore germination in MM liquid medium (Xue et al.,
Eukaryot Cell 3(2): 557-560, 2004).

Furthermore, the Alg3 deletion reduced the overall growth
on citric acid production (CAP) medium plates at different
pHs. In contrast, the Alg3 deletion triggered early spore ger-
mination and substantially improved spore germination rate
in CAP liquid culture medium. Citric acid production in CAP
liquid culture medium was significantly improved in 4. niger.
When the alg3A mutant was complemented with the original
alg3 gene at pyrG locus (FIG. 8A; SEQ ID NO: 60), its
transcription levels was similar to parent strain with the cycle
threshold (Ct) values about 23, while the Ct value for alg3A
mutant was 30.8 in CAP liquid culture conditions, which was
determined by real-time reverse-transcription PCR. Conse-
quently, the citric acid production in the resulted comple-
mented mutant strains was similar to the parent strain as
shown in FIG. 8B. The results shown herein demonstrate the
involvement of Alg3 on the growth and development and
citric acid production in 4. riger.
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It is proposed that inactivation of Alg3 influences the
N-glycosylation of those proteins involving in signal trans-
duction pathways. The N-glycosylation consensus sequence
(N-glycosite) for N-glycosylation in those proteins from the
signal transduction pathways was observed. Most of those
proteins contained 1 to 7 N-glycosites, such as, 6 N-gly-
cosites found in sskB (map kinase kinase kinase), 7 in Stel 1/
SteC, 5 in acyA, 5 in rgsA, 6 in rgsC, 4 in gprA, 4 in pkaC2,
4 in flbA and 3 in Gp. Comparison of these results with
previous studies indicates that the effects of the Alg3 deletion
on spore germination and growth may be regulated by alter-
ing the N-glycosylation in those proteins involved in signal
transduction pathways in A. niger.

When the Alg3A strain was grown on CM medium, spore
production of Alg3A mutants was dramatically reduced as
compared to the parent strain, while maintaining a similar
level when grown on PDA medium. This phenotype of sporu-
lation production may be influenced by both endogenous and
exogenous factors. For example, protein glycosylation was
greatly influenced by culture conditions in filamentous fungi,
such as fully glycosylated Cel7A only isolated from MM
culture medium (Stals et al., Glycobiology 14(8):725-737,
2004). In addition, higher amounts of proteases were secreted
by the Alg3A strain than the parent in liquid MM culture
supplemented 1 g/l yeast extract, which further influenced
nutrient uptakes, cellular formation and overall N-glycosyla-
tion. This would alter the yield and N-glycosylation in G
protein system in A. niger, where G protein signaling is cru-
cial for detection of major environmental stimuli for food
acquisition, asexual sporulation, and spore germination
(Changet al., Genetics 167(3):305,2004; Liet al., Annu. Rev.
Microbiol. 61:423-452, 2007).

The spores of parent strain germinated more slowly and
had a lower germination rate than the Alg3A strain in CAP
liquid culture medium, which contains limited nitrogen
source (3.1 g/l of NH,NO,), similar to MM. A similar phe-
notype was observed when the stress activating kinase, a
MAP kinase, was deleted in 4. fumigatus (SakAA strain) and
grown in MM liquid culture medium (Xue et al., Eukaryot
Cell 3(2): 557-560, 2004). The spore germination of SakAA
strain was dramatically influenced by nitrogen sources. For
example, similar rates of spore germination between parent
and SakAA strains were observed on MM containing 10 mM
NH,CI or 10 mM Pro, while the spore germination rates of
SakAA strain was much higher than the parent strain in the
MM culture medium containing 10 mM NaNO;, NaNO,, or
Phe. In addition, the CAP medium contains high level of
glucose and low pH, which contributes additional stresses to
A. niger growth. Although the Alg3A strain had earlier and
higher germination in CAP medium, its biomass formation
was less than the parent strain at early stages. The dried
biomass yields for both parent and Alg3A strains were similar
after growth in CAP medium for four and half days. However,
more citric acid was produced by the Alg3A strain than the
parent strain. This indicates more glucose was directly con-
verted to citric acid by influence citric acid metabolism and
reduction of glucose consumption for complex N-glycan for-
mation and sequentially for other cellular metabolisms.

This disclosure also provides the first demonstration that
genetic inactivation of Alg3, in combination with an increase
in expression of the loss of aflR expression A (LacA) gene,
can result in substantial improvement of citric acid produc-
tion in 4. niger. It is proposed that increased expression of
LaeA can also improve citric acid production in 4. niger or
other filamentous fungi. To increase expression of LacA in
fungal cells, a transgene was generated and expressed in 4.
niger as follows. The LaeA gene of 4. nidulans was operably
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controlled by glyceraldehyde 3-phosphate dehydrogenase
(gpdA) promoter and trpC transcriptional terminator (T trpC)
of A. nidulans. This chimeric gene was flanked with the
upstream of 4. niger pyrG gene, the pyrithiamine resistance
(ptrA) gene of 4. oryzae and the downstream of 4. niger pyrG
gene. The transgene expression fragment containing the chi-
meric gene was used to transform the protoplasts of alg3A
mutants of 4. niger.

In summary, the deletion of Alg3, increasing expression of
LaeA, or both, can be used to increase citric acid production
in fungi (such as filamentous fungi, e.g., 4. niger). In addi-
tion, deletion of Alg3 alters the overall N-glycosylation and
further influences the spore germination, filamentous growth,
sporulation and other organic acid production in 4. niger.

Alg3A Fungi

The present disclosure provides isolated fungi having its
Alg3 gene inactivated, wherein such inactivation results in
increased citric acid production by the fungi. Such fungi are
referred to herein as Alg3A fungi. It is disclosed herein that
genetic inactivation of Alg3 results in Aspergillus fungi that
can increase citric acid production as compared to Aspergillus
having a native Alg3 sequence.

Contemplated herein are isolated fungi containing a
genetic inactivation of a dolichyl-P-Man:Man(5)GIlcNAc(2)-
PP-dolichyl mannosyltransferase gene (Alg3). Any fungus
can be used, such as any genus or variety of Aspergillus. In
particular examples, the disclosed Aspergillus fungus is A.
niger, such as Aspergillus niger strain 11414 (American Type
Culture Collection (ATCC) No. 11414; NRRL 2270); 1015
(ATCCNo. 1015;NRRL 328, CBS 113.46); NRRL 3 (ATCC
No. 9029, CBS 120.49, N400); NRRL 3122 (ATCC No.
22343); or 11414KusA-. In other specific examples, the
Aspergillus is A. aculeatus, A. awamori, A. carbonarius, A.
wentii, A. foetidus, A. oryzae, A. terreus, or A. fumigatus.

In addition, any method for genetic inactivation can be
used, as long as the expression of the gene is significantly
reduced or eliminated, or the function of the expressed pro-
tein is significantly reduced or eliminated. In particular
examples, the Alg3 gene is genetically inactivated by com-
plete or partial deletion mutation or by insertional mutation.
In some examples genetic inactivation need not be 100%
genetic inactivation. In some embodiments, genetic inactiva-
tion refers to at least 50%, at least 60%, at least 70%, at least
80%, at least 90%, or at least 95% gene or protein inactiva-
tion. The term “reduced” or “decreased” as used herein with
respect to a cell and a particular gene or protein activity refers
to a lower level of activity than that measured in a comparable
cell of the same species. For example, a particular fungi
lacking Alg3 activity has reduced Alg3 activity if a compa-
rable fungi nothaving an Alg3 genetic inactivation has detect-
able Alg3 activity.

Alg3 sequences are disclosed herein and others are pub-
licly available, for example from GenBank or EMBL. In
some examples, the Alg3 gene functionally deleted encodes a
protein having at least 80%, at least 90%, at least 95%, at least
97%, or at least 98% sequence identity to SEQ ID NO: 2, 4,
31, 32, 33, 34, 35, or 36. In some examples, the Alg3 gene
functionally deleted comprises at least 80%, at least 90%, at
least 95%, at least 97%, or at least 98% sequence identity to
SEQ ID NO: 1 or 3 or nucleotides 1186-2582 of SEQ ID NO:
1.

The inactivation of Alg3 results in many phenotypes in the
fungi. For example, Alg3A mutants can have one or more of
the following phenotypes: slower growth on citric acid pro-
duction (CAP) medium, earlier spore germination in CAP



US 9,023,637 B2

15

medium (for example germination in at least 3 hours, at least
4 hours, or at least 5 hours after inoculation, such as within 3
hours of inoculation), increased spore germination rate in
CAP medium, increased citric acid production in CAP
medium, slower growth on complete medium (CM) or potato
dextrose (PDA) medium, delay initiation of spore germina-
tion in CM or PDA medium, reduced sporulation on CM, or
combinations thereof.

Such changes (such as increases or decreases) can be rela-
tiveto a fungi having a wild-type Alg3 gene, such as a parental
strain (e.g., 4. riger strain 11414KusA), grown under the
same conditions as the Alg3A mutant. In some examples, an
increased germination rate is germination of at least 20%, at
least 25%, or at least 30% of'the spores from an Alg3A fungus
have germinated 8 hours after inoculation in CAP medium
(such as 20% to 35%, such as 32%), as compared to no more
than 20%, no more than 15%, or no more than 10% (such as
5 to 15%, or 10%) for A. niger strain 11414KusA. In some
examples, an increased germination rate is germination of at
least 80%, at least 85%, or at least 90% of the spores from an
Alg3A fungus have germinated 15 hours after inoculation in
CAP medium (such as 80% to 95%, such as 90%), as com-
pared to no more than 60%, no more than 65%, or no more
than 75% (such as 55 to 65%, or 60%) for A. niger strain
11414KusA. In some examples, increased citric acid produc-
tion in CAP medium is an increase of at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at
least 65%, or at least 70%, by an Alg3A fungus as compared
to A. niger strain 11414KusA. In some examples, reduced
sporulation on complete medium is a reduction of sporulation
by at least 20%, at least 30%, at least 40%, at least 50%, or at
least 60%, (such as a 40% to 60% reduction) by an Alg3A
fungus as compared to 4. niger strain 11414KusA.

One skilled in the art will appreciate that additional genes
can also be inactivated, wherein the additional genes may or
may not provide additional enhancement of citric acid pro-
duction to the fungus. In one example KusA (e.g., GenBank
Accession No. EF061656) is also genetically inactivated.

Also provided by the present disclosure are compositions
that include isolated Alg3A fungi, such as a growth medium.
Also provided by the present disclosure are kits that include
isolated Alg3A fungi, such as a kit that includes a medium for
culturing, storing, or growing the fungus. Exemplary medi-
ums include solid medium (such as those containing agar, for
example CM, PDA or MM) and liquid media (such as a
fermentation broth, such as CM, MM, or CAP medium).

A. Methods of Functionally Deleting Genes

As used herein, an “inactivated” or “functionally deleted”
gene means that the gene has been mutated, for example by
insertion, deletion, or substitution (or combinations thereof)
of one or more nucleotides such that the mutation substan-
tially reduces (and in some cases abolishes) expression or
biological activity of the encoded gene product. The mutation
can act through affecting transcription or translation of the
gene or its mRNA, or the mutation can affect the polypeptide
product itself in such a way as to render it substantially
inactive.

Genetic inactivation of one or more genes (which in some
examples is also referred to as functional deletion) can be
performed using any conventional method known in the art.
In one example, a strain of Aspergillus is transformed with a
vector which has the effect of down-regulating or otherwise
inactivating an Alg3 gene. This can be done by mutating
control elements such as promoters and the like which control
gene expression, by mutating the coding region of the gene so
that any protein expressed is substantially inactive, or by
deleting the Alg3 gene entirely. For example, an Alg3 gene
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can be functionally deleted by complete or partial deletion
mutation (for example by deleting a portion of the coding
region of the gene) or by insertional mutation (for example by
inserting a sequence of nucleotides into the coding region of
the gene, such as a sequence of about 1-5000 nucleotides).
Thus, the disclosure in some examples provides transformed
fungi that include at least one exogenous nucleic acid mol-
ecule which genetically inactivates an Alg3 gene (such as a
nucleic acid sequence encoding SEQ ID NO: 2 or 4). In one
example, such a transformed cell produces more citric acid,
for example relative to a comparable fungus with a native
Alg3 sequence.

In particular examples, an insertional mutation includes
introduction of a sequence that is in multiples of three bases
(e.g., asequence of 3, 9, 12, or 15 nucleotides) to reduce the
possibility that the insertion will be polar on downstream
genes. For example, insertion or deletion of even a single
nucleotide that causes a frame shift in the open reading frame,
which in turn can cause premature termination of the encoded
Alg3 polypeptide or expression of a substantially inactive
polypeptide. Mutations can also be generated through inser-
tion of foreign gene sequences, for example the insertion of a
gene encoding antibiotic resistance (such as hygromycin or
bleomycin).

In one example, genetic inactivation is achieved by dele-
tion of a portion of the coding region of the Alg3 gene. For
example, some, most (such as at least 50%) or virtually the
entire coding region can be deleted. In particular examples,
about 5% to about 100% of the gene is deleted, such as at least
20% of the gene, at least 40% of the gene, at least 75% of'the
gene, or at least 90% of the Alg3 gene.

Deletion mutants can be constructed using any of a number
of techniques known in the art. In one example, allelic
exchange is employed to genetically inactivate one or more
genes in Aspergillus. A specific example of such a method is
described in Example 2 below.

In one example, a strategy using counterselectable markers
can be employed which has been utilized to delete genes. For
a review, see Reyrat et al. (Infec. Immun. 66:4011-4017,
1998). In this technique, a double selection strategy is
employed wherein a plasmid is constructed encoding both a
selectable and counterselectable marker, with flanking DNA
sequences derived from both sides of the desired deletion.
The selectable marker is used to select for fungi in which the
plasmid has integrated into the genome in the appropriate
location and manner. The counterselecteable marker is used
to select for the very small percentage of fungi that have
spontaneously eliminated the integrated plasmid. A fraction
of'these fungi will then contain only the desired deletion with
no other foreign DNA present.

In another technique, the cre-lox system is used for site
specific recombination of DNA (for example see Steiger et
al., Appl. Environ. Microbiol. 77(1):114, 2011). The system
includes 34 base pair lox sequences that are recognized by the
bacterial cre recombinase gene. If the lox sites are present in
the DNA in an appropriate orientation, DNA flanked by the
lox sites will be excised by the cre recombinase, resulting in
the deletion of all sequences except for one remaining copy of
the lox sequence. Using standard recombination techniques,
the targeted gene of interest (e.g., Alg3) can be deleted in the
Aspergillus genome and to replace it with a selectable marker
(for example a gene coding for kanamycin resistance) that is
flanked by the lox sites. Transient expression (by electropo-
ration of a suicide plasmid containing the cre gene under
control of a promoter that functions in Aspergillus) of the cre
recombinase should result in efficient elimination of the lox
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flanked marker. This process will produce a mutant contain-
ing the desired deletion mutation and one copy of the lox
sequence.

In another method, an Alg3 gene sequence in the Aspergil-
lus genome is replaced with a marker gene, such as green
fluorescent protein, p-galactosidase, or luciferase. In this
technique, DNA segments flanking a desired deletion are
prepared by PCR and cloned into a suicide (non-replicating)
vector for Aspergillus. An expression cassette, containing a
promoter active in Aspergillus and the appropriate marker
gene, is cloned between the flanking sequences. The plasmid
is introduced into wild-type Aspergillus. Fungi that incorpo-
rate and express the marker gene are isolated and examined
for the appropriate recombination event (replacement of the
wild type Alg3 gene with the marker gene).

Thus, for example, a fungal cell can be engineered to have
a disrupted Alg3 gene using common mutagenesis or knock-
out technology. (Methods in Yeast Genetics (1997 edition),
Adams, Gottschling, Kaiser, and Sterns, Cold Spring Harbor
Press, 1998; Datsenko and Wanner, Proc. Natl. Acad. Sci.
US4 97: 6640-5, 2000; and Dai et al., Appl. Environ. Micro-
biol. 70(4):2474-85, 2004). Alternatively, antisense technol-
ogy can be used to reduce or eliminate the activity of Alg3.
For example, a fungal cell can be engineered to contain a
c¢DNA that encodes an antisense molecule that prevents Alg3
from being translated. The term “antisense molecule” encom-
passes any nucleic acid molecule or nucleic acid analog (e.g.,
peptide nucleic acids) that contains a sequence that corre-
sponds to the coding strand of an endogenous Alg3 gene. An
antisense molecule also can have flanking sequences (e.g.,
regulatory sequences). Thus, antisense molecules can be
ribozymes or antisense oligonucleotides. A ribozyme can
have any general structure including, without limitation, hair-
pin, hammerhead, or axehead structures, provided the mol-
ecule cleaves RNA. Further, gene silencing can be used to
reduce the activity of Alg3.

B. Measuring Gene Inactivation

A fungus having an inactivated Alg3 gene can be identified
using any method known in the art. For example, PCR and
nucleic acid hybridization techniques, such as Northern and
Southern analysis, can be used to confirm that a fungus has an
inactivated Alg3 gene. Alternatively, real-time reverse tran-
scription PCR (qRT-PCR) can be used for detection and quan-
tification of targeted messenger RNA, such as mRNA of Alg3
gene in the parent and mutant strains as grown at the same
culture conditions. Immunohisto-chemical and biochemical
techniques can also be used to determine if a cell expresses
Alg3 by detecting the expression of the Alg3 peptide encoded
by Alg3. For example, an antibody having specificity for Alg3
can be used to determine whether or not a particular fungus
contains a functional nucleic acid encoding Alg3 protein.
Further, biochemical techniques can be used to determine if a
cell contains a particular gene inactivation by detecting a
product produced as a result of the expression of the peptide.
For example, structural determination of N-glycans excised
from glycoproteins can indicate that a fungal cell contains an
inactivated Alg3 gene. In addition, measurements of sporula-
tion, germination, secondary metabolite production, and cit-
ric acid production can be measured using the methods
described herein.

C. Measuring Citric Acid Production

Methods of determining whether a genetic inactivation of
Alg3 in Aspergillus increases citric acid production, for
example relative to the same strain with a native Alg3
sequence (such as a parental strain), are routine in the art.
Although particular examples are disclosed herein, the meth-
ods are not limiting.
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For example, production of citric acid by Aspergillus (such
as an Alg3A strain) can be measured using a spectrophoto-
metric assay. In one example citric acid production can be
determined with an endpoint spectrophotometric enzyme
assay (for example see, Bergmeyer, H. U. 1985. Metabolites
2: tri- and dicarboxylic acids, purines, pyrimidines and
derivatives, coenzymes, inorganic compounds, p. 5-10. In
Citric acids. VCH Publishers, Weinheim, Germany). Citric
acid can also be measured by liquid chromatography (LC) or
high-performance liquid chromatography (HPLC) methods.

D. Alg3 Sequences

Alg3 protein and nucleic acid sequences are publicly avail-
able and specific examples are provided herein. In addition,
Alg3 sequences can be identified using routine molecular
biology methods.

Examples of Alg3 nucleic acid sequences shown in SEQ ID
NOS: 1 and 3. However, the disclosure also encompasses
variants of SEQ ID NOS: 1 and 3 which retain the ability to
encode an Alg3 protein. One skilled in the art will understand
that variant Alg3 nucleic acid sequences can be inactivated.
Variant sequences may contain a single insertion, a single
deletion, a single substitution, multiple insertions, multiple
deletions, multiple substitutions, or any combination thereof
(e.g., single deletion together with multiple insertions). In
addition, the degeneracy of the code permits multiple nucleic
acid sequences to encode the same protein. For example, FIG.
9 shows an alignment of Alg3 nucleic acid sequences from 4.
niger (nucleotides 1986-2518 of SEQ ID NO: 1) and 4.
oryzae (nucleotides 643-1175 of SEQ ID NO: 3), which
permits one to identify nucleotides that can tolerate substitu-
tion (e.g., those that are not conserved between species) and
those that may not (e.g., those that are conserved between
species). Such nucleic acid molecules can share at least 80%,
at least 85%, at least 90%, at least 95%, at least 97%, at least
98%, or at least 99% sequence identity to any known Alg3
nucleic acid sequence, such as SEQ ID NO: 1 or 3 or nucle-
otides 1186-1306, 1393-1916 and 1989-2582 of SEQ ID NO:
1.

Examples of Alg3 protein sequences shown in SEQ ID
NOS: 2,4,31,32,33, 34,35, and 36. However, the disclosure
also encompasses variants SEQ ID NOS: 2, 4,31, 32, 33,34,
35, and 36 which retain Alg3 activity. One skilled in the art
will understand that variant Alg3 enzyme sequences can be
inactivated. Variant sequences may contain a single insertion,
a single deletion, a single substitution, multiple insertions,
multiple deletions, multiple substitutions, or any combination
thereof (e.g., single deletion together with multiple inser-
tions). Such polypeptides share at least 80%, at least 85%, at
least 90%, at least 95%, at least 97%, at least 98%, or at least
99% sequence identity to an Alg3 sequence, such as SEQ ID
NO: 2, 4, 31, 32, 33, 34, 35, or 36.

Variant sequences can be identified, for example by align-
ing known Alg3 sequences. For example, FIGS. 10A and 10B
show the alignment of seven different Alg3 sequences from
different organisms. In addition, FIG. 11 shows a detailed
alignment of Alg3 protein sequences from A. niger (amino
acids 12-411 of SEQ ID NO: 2) and S. cerevisiae, indicating
amino acids that are identical, conserved (+) or not conserved
(space). Based on these alignments, variants of Alg3
sequences can be identified. For example, amino acid resi-
dues that are conserved between organisms are ones that
should not be substituted (such as amino acids M50, T70,
Y81, Q100 and D150 based on the numbering for 4. niger),
while amino acid residues that are not conserved between
organisms are ones likely to tolerate substitution (such as
amino acids R8, 1.160, S395 and N405 based on the number-
ing for A. niger). Similarly, amino acid positions in FIGS.
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10A and 10B indicated with different amino acids at the same
position are ones likely to tolerate substitution, while posi-
tions with the same amino acid (*) are not.

In some examples, an Alg3 sequence that is to be geneti-
cally inactivated encodes or includes one or more conserva-
tive amino acid substitutions. A conservative amino acid sub-
stitution is a substitution of one amino acid (such as one found
in a native sequence) for another amino acid having similar
biochemical properties. Typically, conservative substitutions
have little to no impact on the activity of a resulting peptide.
In one example, an Alg3 sequence (such as any of SEQ ID
NOS: 2, 4, 31, 32, 33, 34, 35, or 36) includes one or more
amino acid substitutions (for example at 1, 2, 5 or 10 resi-
dues). Examples of amino acids which may be substituted for
an original amino acid in a protein and which are regarded as
conservative substitutions include: Ser for Ala; Lys for Arg;
Gln or His for Asn; Glu for Asp; Ser for Cys; Asn for Gln; Asp
for Glu; Pro for Gly; Asn or Gln for His; Leu or Val for Ile; Ile
or Val for Leu; Arg or Gln for Lys; Leu or Ile for Met; Met, Leu
or Tyr for Phe; Thr for Ser; Ser for Thr; Tyr for Trp; Trp or Phe
for Tyr; and Ile or Leu for Val. Further information about
conservative substitutions can be found in, among other loca-
tions in, Ben-Bassat et al., (J. Bacteriol. 169:751-7, 1987),
O’Regan et al., (Gene 77:237-51, 1989), Sahin-Toth et al.,
(Protein Sci. 3:240-7,1994), Hochuli et al., (Bio/Technology
6:1321-5, 1988), WO 00/67796 (Curd et al.) and in standard
textbooks of genetics and molecular biology.

The Alg3 gene inactivated in a fungus, in particular
examples, includes a sequence that encodes an Alg3 protein
having at least at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 98%, or at least 99% sequence
identity to an Alg3 sequence, such as SEQ ID NO: 2,4, 31,32,
33,34,35, or 36, wherein the protein can catalyze the addition
of'the first dol-p-man derived mannose in an c-1,3 linkage to
Man5GleNAc2-PP-Dol. In a specific example, the Alg3 gene
inactivated in a fungus encodes an Alg3 protein shown in SEQ
IDNO: 2, 4,31, 32, 33, 34, 35, or 36.

The Alg3 gene that is to be inactivated in a fungus, in
particular examples, includes a sequence having at least at
least 80%, at least 85%, at least 90%, at least 95%, at least
97%, at least 98%, or at least 99% sequence identity to an
Alg3 nucleic acid sequence, such as SEQ ID NO: 1 or 3 or
nucleotides 1186-1306, 1393-1916 and 1989-2582 of SEQ
ID NO: 1, and encode an Alg3 protein that can catalyze the
addition of the first dol-p-man derived mannose in an a-1,3
linkage to Man5GlcNAc2-PP-Dol. In a specific example, the
Alg3 gene inactivated in a fungus is shown in SEQ ID NO: 2
or 4.

One skilled in the art will appreciate that additional Alg3
sequences can be identified using any method such as those
described herein. For example, Alg3 nucleic acid molecules
that encode an Alg3 protein can be identified and obtained
using common molecular cloning or chemical nucleic acid
synthesis procedures and techniques, including PCR. In addi-
tion, standard nucleic acid sequencing techniques and soft-
ware programs that translate nucleic acid sequences into
amino acid sequences based on the genetic code can be used
to determine whether or not a particular nucleic acid has any
sequence homology with known Alg3 sequences. Sequence
alignment software such as MEGALIGN (DNASTAR, Madi-
son, Wis., 1997) can be used to compare various sequences.

In addition, nucleic acid hybridization techniques can be
used to identify and obtain a nucleic acid molecule that
encodes an Alg3 protein. Briefly, any known Alg3 nucleic
acid molecule, or fragment thereof, can be used as a probe to
identify similar nucleic acid molecules by hybridization
under conditions of moderate to high stringency. Such similar
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nucleic acid molecules then can be isolated, sequenced, and
analyzed to determine whether the encoded protein is an Alg3
protein.

Any method can be used to introduce an exogenous nucleic
acid molecule into a fungal cell, for example to genetically
inactivate Alg3. For example, chemical mediated-protoplast
transformation, electroporation, Agrobacterium-mediated
transformation, fusion of protoplasts, and biolistic delivery
are common methods for introducing nucleic acid into fungal
cells. (See, e.g., Ito et al., J. Bacterol. 153:163-8, 1983; Dur-
rens et al., Curr. Genet. 18:7-12, 1990, Sambrook et al.,
Molecular cloning: A laboratory manual, Cold Spring Har-
bour Laboratory Press, New York, USA, third edition, 2001;
and Becker and Guarente, Methods in Enzymology 194:182-
7, 1991. An exogenous nucleic acid molecule contained
within a particular cell of the disclosure can be maintained
within that cell in any form. For example, exogenous nucleic
acid molecules can be integrated into the genome of the cell or
maintained in an episomal state. That is, a cell can be a stable
or transient transformant.

Fungi with Increased LaeA Expression or Increased
LaeA Expression and Alg3 Deletion

The present disclosure provides isolated fungi having
increased LaeA expression, wherein such increased expres-
sion or activity (for example in combination with an Alg3
functional inactivation, Alg3A) results in increased citric acid
production by the fungi. Such fungi are referred to herein as
increased LaeA fungal strains. It is disclosed herein that
increased expression of LaeA (for example in combination
with genetic inactivation of Alg3, Alg3A) results in Aspergil-
lus fungi that can increase citric acid production as compared
to Aspergillus having native LaeA levels of expression.

Contemplated herein are isolated fungi having increased
LaeA activity/expression, for example in combination with a
genetic inactivation of Alg3. Any fungus can be used, such as
any genus or variety of Aspergillus. In particular examples,
the Aspergillus fungus is A. niger, such as Aspergillus niger
strain 11414 (American Type Culture Collection (ATCC) No.
11414; NRRL 2270); 1015 (ATCC No. 1015; NRRL 328,
CBS 113.46); NRRL 3 (ATCC No. 9029, CBS 120.49,
N400); NRRL 3122 (ATCC No. 22343); or 11414KusA-. In
other specific examples, the Aspergillus is A. aculeatus, A.
awamori, A. carbonarius, A. wentii, A. foetidus, A. fumigatus,
A. oryzae, or A. terreus.

Any method for genetic enhancement or up-regulation can
be used, as long as the expression of the gene and/or gene
product is significantly increased, or the function of the
expressed protein is significantly increased. In particular
examples, LaeA gene expression is up-regulated by transfor-
mation of the fungi with one or more copies of a LaeA coding
or genomic sequence (which can be a native or non-native
LaeA sequence). In some embodiments, up-regulation refers
to an increase in gene or protein expression of at least 20%, at
least 40%, at least 50%, at least 100%, at least 150%, at least
200%, at least 300%, or at least 500%, for example relative to
the parental fungal strain without the additional copies of an
LaeA gene. The term “increased” or “up-regulated” as used
herein with respect to a cell and a particular gene or protein
activity refers to a higher level of activity than that measured
in a comparable cell of the same species. For example, a
particular fungi having increased or up-regulated LacA activ-
ity has increased LaeA activity if a comparable fungi having
native LaeA activity has less detectable LaeA activity (for
example as measured by gene or protein expression).
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LaeA sequences are disclosed herein and others are pub-
licly available, for example from GenBank or EMBL. In
some examples, the LaeA gene upregulated encodes a protein
having at least 80%, at least 90%, at least 95%, at least 97%,
or at least 98% sequence identity to SEQ ID NO: 41 or 59. In
some examples, the LaeA gene upregulated comprises at least
80%, at least 90%, at least 95%, at least 97%, or at least 98%
sequence identity to SEQ ID NO: 40 (e.g., nt 1-236 and
367-1252 of SEQ ID NO: 41) or 58 (e.g., nt 1-230 and
373-1267 of SEQ ID NO: 58).

Increasing Lae A activity (for example in combination with
genetic inactivation of Alg3) results in many phenotypes in
the fungi. For example, such recombinant fungi exhibit
increased citric acid production in CAP medium. Such
increases can be relative to a fungi having a native or wild-
typelevel of LaeA (or LaeA and Alg3) gene or protein expres-
sion, such as a parental strain (e.g., 4. niger strain
11414KusA), grown under the same conditions as the fungi
with increased LaeA activity (or increased LaeA activity and
decreased Alg3 activity). In some examples, increased citric
acid production in CAP medium is an increase of at least
20%, at least 30%, at least 50%, at least 60%, at least 65%, or
at least 70%, by such a recombinant fungus as compared to 4.
niger strain 11414KusA. In some examples, recombinant
fungi with increased LaeA activity (for example in combina-
tion with genetic inactivation of Alg3) have increased sporu-
lation relative to 4. niger Alg3A on MM, accumulate red color
pigments to A. niger strain 11414KusA on complete medium,
or both.

One skilled in the art will appreciate that additional genes
can also be inactivated or upregulated, wherein the additional
genes may or may not provide additional enhancement of
citric acid production to the fungus. In one example KusA
(e.g., GenBank Accession No. EF061656) is also genetically
inactivated.

Also provided by the present disclosure are compositions
that include isolated LaeA up-regulated fungi, such as a
growth medium. Also provided by the present disclosure are
kits that include isolated LacA up-regulated fungi, such as a
kit that includes a medium for culturing, storing, or growing
the fungus. Exemplary mediums include solid medium (such
as those containing agar, for example CM, PDA or MM) and
liquid media (such as a fermentation broth, such as CM, MM,
or CAP medium).

A.Methods of Up-Regulating Gene and/or Protein Expres-
sion

As used herein, an “activated” or “up-regulated” gene
means that expression of the gene or gene product (e.g.,
protein) has been up-regulated, for example by introduction
of additional copies of the appropriate gene or coding
sequence into the fungus (or other common molecular biol-
ogy methods), such that the introduce nucleic acid sequence
is expressed, resulting in increased expression or biological
activity of the encoded gene product.

Increasing expression of one or more genes (which in some
examples is also referred to as up-regulation) can be per-
formed using any conventional method known in the art. In
one example, a strain of Aspergillus is transformed with a
vector which has the effect of up-regulating or otherwise
activating a LaeA gene (such as a native or non-native LaeA
gene). This can be done by introducing one or more LaeA
coding sequences (such as a gene sequence), whose expres-
sion is controlled by elements such as promoters and the like
which control gene expression, by introducing a nucleic acid
sequence which itself (or its encoded protein) can increase
LaeA protein activity in the fungus, or by introducing another
molecule (such as a protein or antibody) increases LacA
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protein activity in the fungus. For example, a LacA gene can
be up-regulated by introduction of a vector that includes one
or more LaeA sequences (suchas 1,2,3,4,5,6,7,8,9or 10
LaeA sequences or copies of such sequences) into the desired
fungus. In some examples, such LaeA sequences are from
different fungal species, can be multiple copies from a single
species, or combinations thereof, such as LacA sequences
fromatleast2,3,4,5,6,7,8,9, or 10 different fungal species.
In some examples, the LaeA sequence(s) introduced into the
fungus is optimized for codon usage. Thus, the disclosure in
some examples provides transformed fungi that include at
least one exogenous nucleic acid molecule which includes a
LaeA gene or coding sequence (such as a nucleic acid
sequence encoding SEQ ID NO: 41 or 59), for example in
combination with Alg3A. In one example, such transformed
cells produce more citric acid, for example relative to a com-
parable fungus with a native LaeA sequence (or anative LacA
sequence combined with a native Alg3 sequence).

In another technique, the cre-lox system is used for site
specific recombination of DNA (for example see Steiger et
al., Appl. Environ. Microbiol. 77(1):114, 2011). The system
includes 34 base pair lox sequences that are recognized by the
bacterial cre recombinase gene. If the lox sites are present in
the DNA in an appropriate orientation, DNA flanked by the
lox sites will be excised by the cre recombinase, resulting in
the deletion of all sequences except for one remaining copy of
the lox sequence. Using standard recombination techniques,
the targeted gene of interest (e.g., LacA) can be deleted in the
Aspergillus genome and replaced with one or more copies of
anon-native LaeA sequence (for example in 4. niger, replac-
ing one or both 4. niger .aeA sequences with one or more, or
combination of, LaeA sequences from A. nidulans, A. flavus,
Sfusarium oxysperorum, penicillium chrysogenum, which
have high secondary metabolite production) flanked by the
lox sites. Transient expression (by electroporation of a suicide
plasmid containing the cre gene under control of a promoter
that functions in Aspergillus) of the cre recombinase should
result in efficient elimination of the lox flanked marker. This
process will produce a fungus containing the desired insertion
mutation and one copy of the lox sequence.

In one example, one or more LaeA genes are introduced
into fugal cells by chemical mediated proteoplast transforma-
tion in combination of yeast-gap repairing method for trans-
gene expression construction.

In one example, a transgene is generated and expressed in
the desired fungal cell, such as an Alg3A cell, to increase
LaeA expression. For example, such a transgene can include
a LaeA genomic or cDNA sequence (such as one having at
least 80%, at least 85%, at least 90%, at least 95%, at least
97%, at least 98%, or at least 99% sequence identity to any
known LaeA sequence, such as SEQ ID NO: 40 or 58), for
example operably linked to a promoter, such as a glyceralde-
hyde 3-phosphate dehydrogenase (gpdA) promoter or other
promoter, such as one that has high activity in CAP culture
medium, for example a polyubiquitin promoter, Arsa-7, and
A-37 from A. niger. In one example, the promoter has at least
80%, at least 85%, at least 90%, at least 95%, at least 97%, at
least 98%, or at least 99% sequence identity to SEQ ID NO:
37. In one example, the promoter comprises or consists of the
sequence shown in SEQ ID NO: 37. In some examples, the
transgene further includes pyrG upstream and downstream
sequences (for example that are at the 5'- and 3'-end, respec-
tively, of the transgene). The pyrG gene in 4. riger is mutated
and has lost its original functions. Thus, other non-essential
gene loci can be used as long as it is not influenced by the
native neighbor genes. In one example, the pyrG upstream
and downstream sequences have at least 80%, at least 85%, at
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least 90%, at least 95%, at least 97%, at least 98%, or at least
99% sequence identity to SEQ ID NO: 45 and 48, respec-
tively. In one example, the pyrG upstream and downstream
sequences comprise or consist of the sequence shown in SEQ
1D NO: 45 or 48, respectively. In some examples, the trans-
gene further includes a trpC transcriptional terminator
sequence of A. nidulans, for example downstream of the
LaeA sequence. As an alternative to trpC, other transcrip-
tional terminators can be used, such as promoters which
include a transcriptional terminators (e.g., ArsA7, Arsa-37,
polyubiquitin (ubi4)). In one example, the trpC transcrip-
tional terminator has at least 80%, at least 85%, at least 90%,
at least 95%, at least 97%, at least 98%, or at least 99%
sequence identity to SEQ ID NO: 46. In one example, the trpC
transcriptional terminator comprises or consists of the
sequence shown in SEQ ID NO: 46. In some examples, the
transgene further includes a ptrA sequence, for example
downstream of the trpC transcriptional terminator sequence.
As an alternative to ptrA, the bleomycin gene or bar gene can
be used. In one example, the ptrA sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 97%, at least
98%, or at least 99% sequence identity to SEQ ID NO: 47. In
one example, the ptrA sequence comprises or consists of the
sequence shown in SEQ ID NO: 47. In one example, the
transgene comprises a sequence having at least 80%, at least
85%, at least 90%, at least 95%, at least 97%, at least 98%, or
atleast 99% sequence identity to SEQID NO: 44 or 57. Inone
example, the transgene comprises or consists of the sequence
shown in SEQ ID NO: 44 or 57.

Thus, for example, a fungal cell can be engineered to have
increased copies of LaeA using common recombinant tech-
nology methods.

B. Measuring Gene Activation or Up-Regulation

A fungus having an activated or up-regulated LaecA gene
can be identified using any method known in the art. For
example, PCR and nucleic acid hybridization techniques,
such as Northern, RT-PCR, and Southern analysis, can be
used to confirm that a fungus has an up-regulated LacA gene,
such as an increase in the LaeA copy number. Immunohisto-
chemical and biochemical techniques can also be used to
determine if a cell expresses LaeA by detecting the expres-
sion of the LaeA peptide encoded by LaeA. For example, an
antibody having specificity for LacA can be used to determine
whether or not a particular fungus has increased LaeA protein
expression. Further, biochemical techniques can be used to
determine if a cell has increased LaeA expression by detect-
ing a product produced as a result of the expression of the
peptide. For example, measurement of secondary metabolites
can indicate that a fungal cell contains an up-regulated LaecA
gene. In addition, measurements of citric acid production can
be measured using the methods described herein.

C. Measuring Citric Acid Production

Methods of determining whether a genetic up-regulation of
LaeA (alone or in combination with inactivation of Alg3) in
Aspergillus increases citric acid production, for example rela-
tive to the same strain with a native LaeA sequence, Alg3
sequence, or both (such as a parental strain), are routine in the
art. Although particular examples are disclosed herein (see
above and in the examples below), the methods are not lim-
iting.

D. LaeA Sequences

LaeA protein and nucleic acid sequences are publicly
available and specific examples are provided herein. In addi-
tion, LaeA sequences can be identified using routine molecu-
lar biology methods.

Examples of LaeA nucleic acid sequences shown in SEQ
ID NOS: 40 and 58. However, the disclosure also encom-
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passes variants of SEQ ID NOS: 40 and 58 (such as the coding
regions nt 1-236 and 367-1252 of SEQ ID NO: 41 and nt
1-230 and 373-1267 of SEQ ID NO: 58) which retain the
ability to encode a LaeA protein. One skilled in the art will
understand that variant LaeA nucleic acid sequences can be
used to increase expression of LaeA. Variant sequences may
contain a single insertion, a single deletion, a single substitu-
tion, multiple insertions, multiple deletions, multiple substi-
tutions, or any combination thereof (e.g., single deletion
together with multiple insertions). In addition, the degen-
eracy of the code permits multiple nucleic acid sequences to
encode the same protein. Thus, in one example, a LaecA
sequence having at least 80%, at least 85%, at least 90%, at
least 95%, at least 97%, at least 98%, or at least 99% sequence
identity to any known LaeA sequence, such as SEQ ID NO:
40 or 58 (such as the coding regions nt 1-236 and 367-1252 of
SEQ ID NO: 41 and nt 1-230 and 373-1267 of SEQ ID NO:
58) can be expressed in a fungal cell to increase LaeA expres-
sion in the fungal cell.

For example, FIG. 12 shows an alignment of L.aeA protein
sequences from A. ridulans (aa 14-372 of SEQ ID NO: 41)
and A. niger (aa 14-370 of SEQ ID NO: 59), which permits
one to identify amino acids that can tolerate substitution (e.g.,
those that are not conserved between species) and those that
may not (e.g., those that are conserved between species).
Based on these alignments, variants of LaeA sequences can
be identified. For example, amino acid residues that are con-
served between organisms are ones that should not be substi-
tuted (such as amino acids S16, M42, and P52 based on the
numbering for A. nidulans), while amino acid residues that
are not conserved between organisms are ones likely to tol-
erate substitution (such as amino acids T15, S44, and N325
based on the numbering for 4. ridulans). Similarly, amino
acid positions in FIG. 12 indicated with a space are ones likely
to tolerate substitution, while positions with the same amino
acid are not.

Such protein molecules can share at least 80%, at least
85%, at least 90%, at least 95%, at least 97%, at least 98%, or
at least 99% sequence identity to any known LaeA nucleic
acid sequence, such as SEQ ID NOS: 41 and 59, and such
variants can be used to increase LaeA activity in a fungal cell.
One skilled in the art will understand that variant LacA
enzyme sequences can be used to increase LaeA activity in a
fungal cell. Variant sequences may contain a single insertion,
a single deletion, a single substitution, multiple insertions,
multiple deletions, multiple substitutions, or any combination
thereof (e.g., single deletion together with multiple inser-
tions).

In some examples, a LaeA sequence whose expression is to
beup-regulated encodes or includes one or more conservative
amino acid substitutions. A conservative amino acid substi-
tution is a substitution of one amino acid (such as one found
in a native sequence) for another amino acid having similar
biochemical properties. Typically, conservative substitutions
have little to no impact on the activity of a resulting peptide.
In one example, a LaeA sequence (such as any of SEQ ID
NOS: 41 and 59) includes one or more amino acid substitu-
tions (for example at 1, 2, 5 or 10 residues). Examples of
amino acids which may be substituted for an original amino
acid in a protein and which are regarded as conservative
substitutions include those discussed above for Alg3.

The LacA gene up-regulated in a fungus, in particular
examples, includes a sequence that encodes a LaeA protein
having at least at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 98%, or at least 99% sequence
identity to an LaeA sequence, such as SEQ ID NO: 41 or 59,
wherein the protein can regulate secondary metabolite pro-
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duction in Aspergillus. In a specific example, the LacA gene
up-regulated in a fungus encodes a LacA protein shown in
SEQ ID NO: 41 or 59.

The LaeA gene up-regulated in a fungus, in particular
examples, includes a sequence having at least at least 80%, at
least 85%, at least 90%, at least 95%, at least 97%, at least
98%, or at least 99% sequence identity to a LaeA nucleic acid
sequence, such as SEQ ID NO: 40 or 58 (or to the coding
regions nt 1-236 and 367-1252 of SEQ ID NO: 41 or nt 1-230
and 373-1267 of SEQ ID NO: 58), and encodes a LaecA
protein which can regulate secondary metabolite production
in Aspergillus. In a specific example, the LaeA gene upregu-
lated in a fungus is shown in SEQ ID NO: 40 or 58 (or
includes the coding regions nt 1-236 and 367-1252 of SEQ ID
NO: 41 or nt 1-230 and 373-1267 of SEQ ID NO: 58).

One skilled in the art will appreciate that additional LaeA
sequences can be identified and obtained using any method
such as those described herein. For example, LacA nucleic
acid molecules that encode a LaeA protein can be identified
and obtained using common molecular cloning or chemical
nucleic acid synthesis procedures and techniques, including
PCR. In addition, standard nucleic acid sequencing tech-
niques and software programs that translate nucleic acid
sequences into amino acid sequences based on the genetic
code can be used to determine whether or not a particular
nucleic acid has any sequence homology with known LacA
sequences. Sequence alignment software such as MEGA-
LIGN (DNASTAR, Madison, Wis., 1997) can be used to
compare various sequences.

In addition, nucleic acid hybridization techniques can be
used to identify and obtain a nucleic acid molecule that
encodes a LaeA protein. Briefly, any known LaeA nucleic
acid molecule, or fragment thereof, can be used as a probe to
identify similar nucleic acid molecules by hybridization
under conditions of moderate to high stringency. Such similar
nucleic acid molecules then can be isolated, sequenced, and
analyzed to determine whether the encoded protein is a LacA
protein. The gene specific oligonucleotide pair can also be
designed, synthesized and used for real-time RT-PCR to
quantify the LaeA gene transcription level.

Any method can be used to introduce an exogenous nucleic
acid molecule into a fungal cell, for example to genetically
enhance LaeA expression. For example, chemical mediated-
protoplast transformation, electroporation, Agrobacterium-
mediated transformation, fusion of protoplasts, and biolistic
delivery are common methods for introducing nucleic acid
into fungal cells. (See, e.g., [to et al., J. Bacterol. 153:163-8,
1983; Durrens et al., Curr. Genet. 18:7-12,1990; Sambrook et
al., Molecular cloning: A laboratory manual, Cold Spring
Harbour Laboratory Press, New York, USA, second edition,
1989; and Becker and Guarente, Methods in Enzymology
194:182-7, 1991). An exogenous nucleic acid molecule con-
tained within a particular cell of the disclosure can be main-
tained within that cell in any form. For example, exogenous
nucleic acid molecules can be integrated into the genome of
the cell or maintained in an episomal state. That is, a cell can
be a stable or transient transformant.

Production of Citric Acid Using Alg3A Mutants,
Fungi with Increased LaeA Expression, or Both

The fungi provided herein, namely Alg3A fungi, up-regu-
lated LaeA fungi, and fungi with both Alg3A and up-regu-
lated LaeA, can be used to produce citric acid, as well as
derivatives thereof such as hydroxycitric acid (for example
for medical applications). Such fungi can be from any spe-
cies, such as Aspergillus or Rhizopus cells. For example, the
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disclosure provides methods of making citric acid, which can
include culturing Alg3A fungi, up-regulated LaeA fungi, or
fungi with both Alg3A and up-regulated LaeA, under condi-
tions that permit the fungus to make citric acid, for example in
CAP medium.

Citric acid (2-hydroxy-propane-1,2,3-tricarboxylic acid)
combines a pleasant taste with low toxicity and palatability
and is a ubiquitous food additive. It is also able to complex
heavy metal ions, like iron and copper, and is therefore
applied in the stabilization of oils and fats or ascorbinic acid
during metal ion-catalyzed oxidation reactions. Conse-
quently, it is today one of the bulk products produced by
fermentation, most of which occurs with the fungus Aspergil-
lus niger, although a small portion is also produced by fer-
mentation with yeast, such as Candida oleophila and Can-
dida lipolytica.

Citric acid production generally requires a unique combi-
nation of several unusual nutrient conditions (e.g., excessive
concentrations of carbon source, and dissolved oxygen, or
suboptimal concentrations of certain trace metals and phos-
phate), which synergistically influence the yield of citric acid.
Table 1 below shows the environmental parameters that influ-
ence citric acid accumulation.

TABLE 1

Parameters that influence citric acid accumulation by 4. niger

Parameter Requirement for citric acid accumulation

Carbon source
concentration
Carbon source type
Nitrogen source

Higher than 50 g/l

Enable rapid catabolism
Consumption leads to some decrease in pH

Phosphate concentration Suboptimal
Aeration In excess
Trace metal ions Limiting, especially Mn2+
pH Below pH 3
Methods of making citric acid, which can include culturing
Alg3A fungi, up-regulated LaeA fungi, or fungi with both

Alg3A and up-regulated LaeA, under conditions that permit
the fungus to make citric acid, are provided. In general, the
culture media and/or culture conditions can be such that the
fungi grow to an adequate density and produce citric acid
efficiently. In one example the Alg3A fungi, up-regulated
LaeA fungi, or fungi with both Alg3A and up-regulated LacA,
are cultured or grown in a liquid medium that includes
sucrose and/or glucose as the carbon source, for example at a
concentration of at least 50 g/liter, such as at least 100 g/1, or
atleast 140 g/1. Thus, a fungus within the scope of the disclo-
sure in some examples can utilize a variety of carbon sources.
In one example the Alg3 A fungi, up-regulated LaeA fungi, or
fungi with both Alg3A and up-regulated LaeA, are cultured or
grown in a liquid medium that includes a very small amount
of manganese, such as less than 100 parts per billion (ppb),
less than 50 ppb, less than 20 ppb, less than 15 ppb, for
example 5 ppb to 15 ppb or 10 ppbto 15 ppb, suchas 5, 10, 13,
15 or 20 ppb. In one example the Alg3A fungi, up-regulated
LaeA fungi, or fungi with both Alg3A and up-regulated LacA,
are cultured or grown in a liquid medium having an initial pH
ofless than 3, such as less than 2.5, for example about pH 1.8
103,1.8102.5,1.8102.2,1.910 2.1, for example pH 1.8, 1.9,
2,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8 or 2.9. In some examples
the Alg3A fungi, up-regulated LaeA fungi, or fungi with both
Alg3A and up-regulated LaeA, are cultured or grown in a
liquid medium at about 25 to 35° C. with rotation (such as 28
t0 32° C.,, or 30° C.).
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In a specific example, the Alg3A fungi, up-regulated LacA
fungi, or fungi with both Alg3A and up-regulated LaeA, are
grown in citric acid production (CAP) medium. In a specific
example, the CAP medium includes 140 g of glucose/liter, 3.1
g of NH,NO/liter, 0.15 g of KH,PO /liter, 0.15 g of NaCl/
liter, 2.2 gof MgSO,, 7H,O/liter, 6.6 mg of ZnSO,, 7H,O/liter,
and 0.1 mg of FeCl,/liter adjusted to about pH 2 with 4 M
H,SO,. Cations can be removed from the glucose solution by
ion exchange on Dowex 50W-X8, 100/200-mesh, H cation
exchange resin (Fisher Scientific, Pittsburgh, Pa.) prior to
adding the other nutrient components. The manganese con-
centration in the medium can be adjusted by the addition of
appropriate volumes of a stock solution of MnCl, 4H,0 (10
mM). In one example, the manganese concentration is less
than 50 ppb, such as less than 20 ppb, for example 5 to 15 ppb,
such as 10 ppb.

Methods of culturing Aspergilius to enable citric acid pro-
duction are well known in the art. In one example, the fungi
are grown in culture containers (such as baffled flasks, and in
some examples are silanized (5% solution of dichlorodimeth-
ylsilane in heptane (Sigma, St. Louis, Mo.)). The Alg3A
fungi, up-regulated LaeA fungi, or fungi with both Alg3A and
up-regulated LaeA, provided herein can be grown in CAP
media containing low amounts of Mn2+ (e.g., 10 ppb) at 30°
C. with rotation (e.g., 200 to 250 rpm) for at least 3 days (e.g.,
3 to 7 days). Each culture container is inoculated with spores
(such as at least 10° spores/ml) and incubated for at least 12 or
at least 15 hours at 30° C. and 200 to 250 rpm to obtain
properly pelleted morphology.

In one example, the Alg3A fungi, up-regulated LaeA fungi,
or fungi with both Alg3A and up-regulated LaeA, produce
more citric acid than a corresponding fungus with wild-type
Alg3. In specific examples, the Alg3A fungi, up-regulated
LaeA fungi, or fungi with both Alg3A and up-regulated LacA,
produce at least 25 g/l of citric acid (for example at least 30
g/1, at least 32 g/1, at least 35 g/1, at least 40 g/, at least 42 g/1,
at least 45 g/1, at least 50 g/, at least 52 g/l or at least 55 g/1),
for example after at least 4 days (such as at least 5 days, at
least 6 days, at least 7 days, at least 8 days, or at least 10 days,
such as after 4 to 6 days, 8 to 10 days, or 4 to 5 days) when
grown in CAP medium at 30° C. with 200 rpm shaking.

In some examples, the method further includes isolating
the citric acid made by the Alg3A fungi, up-regulated LacA
fungi, or fungi with both Alg3A and up-regulated LaeA. Once
produced, any method can be used to isolate the citric acid.
For example, common separation techniques can be used to
remove the fungal biomass from the culture medium, and
common isolation procedures (e.g., filtration, distillation,
precipitation, electrodialysis, and ion-exchange procedures)
can be used to obtain the citric acid from the broth (such as a
fungi-free broth). In addition, the citric acid can be isolated
from the culture medium after the citric acid production phase
has been terminated.

Example 1

Materials and Methods

This example describes methods used in the experiments
described in Examples 2-5 below.

Strains and Media.

The Escherichia coli strains Top 10 and Saccharomyces
cerevisiae strain Y VH10 were used as hosts for routine clon-
ing and gap repair experiments. 4. niger strain ATCC 11414
(American Type Culture Collection, Rockville, Md.), was
grown on potato dextrose agar plates (PDA) and complete
medium (CM) agar plates at 30° C. for culture maintenance
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and spore preparation, respectively. The mutant strain
Aspergillus niger 11414KusA was generated by the deletion
of kusA in A. niger strain 11414 by the replacement with 4.
fumigatus pyrG gene, which encodes the ortholog of the ku70
protein that involves in the non-homologous end joining path-
way of DNA repair for the integration of a DNA fragment into
the genome in other eukaryotes, and was confirmed by South-
ern blotting analysis. The 11414kusA strain with high rate of
homologous replacement was mainly used as a parent strain.
The cultures on PDA or complete medium (CM) agar plates
were incubated for four days at 30° C. and the spores were
harvested by washing with sterile 0.8% Tween 80 (polyoxy-
ethylenesorbitan monooleate). The CM medium contains 20
g of D-glucose/liter, 5 g yeast extract/liter, 2 g trypticase
peptone/liter, 1 g casamino acids/liter, 6 g NaNOy/liter, 0.52
g KCl/liter, 0.52 g MgSO,.7H,O/liter, 1.52 g KH,PO /liter,
36.7 mg ZnSO,.7H,O/liter, 18.3 mg H3BOy/liter, 8.3 mg
MnCl,.4H,0/liter, 8.3 mg FeSO,7H,0, 2.8 mg CoCl,.6H,0/
liter, 2.7 mg CuSO,.5H,O/liter, 2.5 mg Na,MoO,.2H,0/
liter, 83.3 mg Na, EDTA/liter, 1 mg biotin/liter, 1 mg pyri-
doxin/liter, 1 mg thiamine/liter, 1 mg riboflavin/liter, 1 mg
p-aminobenzoic acid/liter and 1 mg nicotinic acid/liter. The
PDA medium contains 4 g/liter potato starch and 20 g/liter
dextrose. Conidia were enumerated with a hemacytometer.
Aliquots of the resulting spore suspension (1x10° spores/ml)
were used to inoculate baffled-flask liquid cultures. The citric
acid production (CAP) medium contained 140 g/1 of glucose,
3.1 g/l NH,NO,, 0.15 g/l KH,PO,, 0.15 g/l NaCl, 2.2 g/
MgS0,.7H,0, 6.6 mg/l1 ZnSO,.7H,0, and 0.1 mg/1 FeCl,
adjusted to pH 2.1 with 4 M H,S0,,.. Cations were removed
from the glucose solution by ion-exchange on Dowex SOW-
X8, 100-200 mesh, H cation exchange resin (Fisher Scien-
tific, Pittsburgh, Pa.) prior to adding the other nutrient com-
ponents.

Culture Methods.

Glass baffled-flasks 0 250 m1 or 1000 ml were silanized by
rinsing in a 5% solution of dichlorodimethylsilane in heptane
(Sigma, St. Louis, Mo.) to minimize leaching of metals. For
citric acid production tests, 1x10® spores/ml of parent or
mutant strains were grown in 80 ml CAP media containing 10
ppb Mn?* in 250 ml baffled flasks or 220 ml CAP media in
1000 ml baffled flasks at 30° C. and 200 rpm. Samples for
citric acid analysis were taken at intervals. The biomass of
transgenic clones and parent stain were prepared from 2 ml
CM station cultures with proper antibiotics and grown in
16x125 mm glass culture-tubes at 30° C. without shaking.
The biomass formed on the surface of the culture medium was
collected, frozen immediately in liquid nitrogen and dried in
the lyophilizer.

Dried Biomass Measurement:

After proper cultivation, the cell mass from citric acid
production culture was collected by centrifugation at room
temperature and 4500xg for 5 min in Sorvall floor centrifuge
with swinging-bucket rotor. The cell mass was then trans-
ferred onto the Whatman Grade No 1 filter paper or left in
centrifuge tubes for freeze-drying. The biomass was then
dried in high temperature oven at 80° C. or freeze-dried in the
lyophilizer. Prior to being used, the centrifuge tube or What-
man filter paper was weighted and re-weighted after the bio-
mass was completely dried.

Total Genomic DNA Isolation for PCR and Southern Blot-
ting Analysis.

Total genomic DNA was isolated from 4. riger according
to the SDS extraction method described previously by Del-
laporta et al. (Plant Molecular Biology Reporter 1(4):19-21,
1983) with some modifications. Briefly, fungal biomass from
2 ml station cultures was looped and transferred into a 1.5 ml
microcentrifuge tube. A needle size hole on the cap was
punched with 18 gauge needle. The tube was immediately
frozen in liquid N, for 5 minutes and biomass in the tube was
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dried in a VirTis benchtop manifold freeze dryer (SP Scien-
tific, Gardiner, N.Y.) overnight. The dried biomass and two
3.5 mm diameter glass beads were transferred into the 2 ml
polypropylene microvial, where biomass was pulverized into
fine power with Mini-Beadbeater-8 (Bio Spec Products Inc.,
Bartlesville, Okla.) for one minute. Then, 500 pl of 60° C.
extraction buffer and 80 pl of 15% SDS were added into the
microcentrifuge tube and incubated at 65° C. for at least 30
minutes with occasionally swirling to mix. Two-hundred
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probe membrane (BioRad) with alkaline capillary transfer
method. A 3.8 kb genomic DNA fragment containing the
Alg3 sequence was used for preparation of the biotin-labeled
probe. The genomic DNA in Zeta-probe membrane was
hybridized with the biotin-labeled probe overnight in 60° C.
hybridization oven. The genomic DNA on hybridized mem-
brane was visualized with North2South chemiluminescent
detection kit (Pierce Protein Research Products, Rockford,
).

microliters of SM potassium acetate was added, mixed and 10  Spore Production and Germination.
incubated on ice for 30 minutes. The supernatant was col- The spore production on the PDA or CM agar plates
lected by centrifugation at 12,000 g for 10 minutes at 4° C. described above was excised with plastic closures of culture
and transferred into the new microcentrifuge tube. The total tubes in 27 mm diameter and transferred into the 50 ml
nucleic acids were precipitated with 780 pl of 2-propanol for centrifuge tubes containing 25 ml 0.8% tween 80. The spores
30 minutes at —=20° C. and centrifuged at 12,000 g for 10 15 were released from the agar surface by scraping with plastic
minutes. The nucleic acids were re-suspended in 200 ul S0TE loops and vortexed with vortex mixer at top speed. The spores
buffer containing 2 RNase (10 stock solution) and incubated were diluted properly and enumerated with a hemacytometer.
in Eppendorf thermomixer at 50° C. and 500 rpm for 30 The spore production in a unit area (cm?>) was determined. For
minutes. The proteins and cell debris was removed by being spore germination, 1x10° spores per well were added into
added and well mixed 20 pl 3M sodium acetate and equal 20 each well of 24 well Schwarz sensoplate and incubated in the
volume of phenol:chloroform and centrifuged at 15,000 g for microscopic incubator with temperature control at 30° C. The
5 minutes. The supernatant was transferred to new DNase- spore germination was automatically imaged hourly for 24
free microcentrifuge tube containing 220 pl of 2-propanol, hrs through the Olympus inverted system microscope (Olym-
mixed well and incubated at room temperature for 5 minutes. pus America Inc., Center Valley, Pa., USA). The spore ger-
The genomic DNA was pelleted by centrifugationat 15,000 g 25 mination was visualized with Adobe Photoshop CSS (San
for 10 minutes and washed with 500 pl of 70% ethanol. The Jose, Calif.) and counted manually.
genomic DNA was re-suspended in 80 ul 10 mM TrisHCl Citric Acid Measurements.
(pH8.0) buffer and determined with Qubit fluorometer (Invit- Citric acid concentrations were determined with an end-
rogen, Carisbad, Calif.). One microgram of total genomic point spectrophotometric enzyme assay as described in the
DNA was digested with restriction endonuclease BamH and 30 instruction from the manufacturer (R-Biopharm AG/Roche,
Sacll. The genomic DNA fragments were separated in 1% Darmstadt, Germany) with a proper dilution.
agarose gel electrophoretically and transterred onto the zeta- Table 2 shows oligonucleotides used in the methods.
TABLE 2
Oligonucleotides used
Product
slze
Name Sequence (kb)

Alg3A construction

Alg3-ForScr CGGTTTCCCTTCAGTTTCCAGT (SEQ ID NO: 5)

Alg3-1 GTAACGCCAGGGTTTTCCCAGTCACGACGTCATAACTTCTCTCCCCTCC 1.06
(SEQ ID NO: 6)

Alg3-2 ATCCACTTAACGTTACTGAAATCTCCAACTTCATGGACACACACAGACC
(SEQ ID NO: 7)

Hph-F GGTCTGTGTGTGTCCATGAAGT TGGAGATTTCAGTAACGTTAAGTGGAT 1.49
(SEQ ID NO: 8)

Hph-R GCTACTACTGATCCCTCTGCGTCGGAGACAGAAGATGATATTGAAGGAG 1.03
(SEQ ID NO: 9)

Alg3-3 CTCCTTCAATATCATCTTCTGTCTCCGACGCAGAGGGATCAGTAGTAGC
(SEQ ID NO: 10)

Alg3-4 GCGGATAACAATTTCACACAGGAAACAGCCGTGAGAGGTTTGTAGTACG
(SEQ ID NO: 11)

Alg3-RevScr AAGCTGAGAGCGACATCTTCA (SEQ ID NO: 12)

hyg-RevScr GTACTTCTACACAGCCATCGGTCCA (SEQ ID NO: 13)

hyg-ForScr GTACTTCTACACAGCCATCGGTCCA (SEQ ID NO: 14)
Alg3A + Alg3 construction

pryGScr TCTGCTGTCTTGCATGAGGTCCTT (SEQ ID NO: 15)

pyrGScr Agcgtaggacaaggtcegtcectetgt (SEQ ID NO: 16)
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TABLE 2-continued

Oligonucleotides usged

32

Product
size
Name Sequence (kb)
5-pyrG5F GTAACGCCAGGGTTTTCCCAGTCACGACGtttaaacATGCATCATTCTC 2.34
CCGCTTTGT (SEQ ID NO: 17)
5-pyrG3R agaaagagtcaccggtcacGacatcgccaatcacctcaatcac
(SEQ ID NO: 18)
ble5F gtgattgaggtgattggcgatgtCgtgaceggtgactectttet 1.69
(SEQ ID NO: 19)
Ble3R TCCAACCTTGTAGCAACCAAAGCTTCGAGCGTCCCAAAACCT 1.47
(SEQ ID NO: 20)
Alg3-5F1 AGGTTTTGGGACGCTCGAAGCTTTGGTTGCTACAAGGTTGGA 1.47
(SEQ ID NO: 21)
Alg3-3R1 TCAAGTAGAGCACAGCAAATAGTATCTGA (SEQ ID NO: 22) 1.23
Alg3-5F2 TCAGATACTATTTGCTGTGCTCTACTTGA (SEQ ID NO: 23)
Alg3-3R2 ttgatccttgtgccacaccaTCCTACGTGGTCATCGATACCA
(SEQ ID NO: 24)
3-pyrG5F TGGTATCGATGACCACGTAGGAtggtgtggcacaaggatcaa
(SEQ ID NO: 25)
3-pyrG3R GCGGATAACAATTTCACACAGGAAACAGCgtttaaactgtgccagtcaa
ttgtccgaagt (SEQ ID NO: 26)
Alg3seq-1 TACAGACGCGTGTACGCATGT (SEQ ID NO: 27)
Alg3seq-2 TGCTATTGTCCACAGATACCGAGA (SEQ ID NO: 28)
Alg3seq-3 GAGCTAACCAGACAGTTCATGT (SEQ ID NO: 29)
Alg3seq-4 Tcgtecgtaccgcattgatcect (SEQ ID NO: 30)

Example 2
Genetic Inactivation of Alg3 in 4. niger

This example describes methods used to genetically clone
and then inactivate Alg3 in 4. niger strain 11414KusA. Based
on these teachings, one skilled in the art will appreciate that
Alg3 can be similarly inactivated in other strains of Aspergil-
lus.

Alg3 has been identified and characterized in Arabidopsis
thaliana, Homo sapiens, Pichia pastoris, Trypanosoma bru-
cei and Saccharomyces cerevisiae (see for example Korner et
al.,, EMBO J. 18(23): 6816-6822, 1999; Davidson et al., Gly-
cobiology 14(5):399-407, 2004; Manthri et al., Glycobiology
18(5): 367-383, 2008; Kajiura et al., Glycobiology 20(6):736-
751, 2010). A database search based on the amino acid
sequence of S. cerevisiae Alg3 identified a putative a-1,3-
mannosyltransferase gene in JGI (DOE Joint Genome Insti-
tute)-A. niger genome database (jgilAspni5|42720). The A.
niger Alg3 gene contains two introns and its 1400 bp open
reading frame (nt 1186-1306, 1393-1916 and 1989-2582 of
SEQ ID NO: 1) encodes a protein consisting of 413 amino
acids (SEQ ID NO: 2), which contains one potential N-gly-
cosite at the amino acid position 374. The predicted Alg3
amino acid sequence has 39% sequence identity to the S.
cerevisiae Alg3.

Alg3 was functionally inactivated in A. niger using a gene
deletion vector constructed by yeast gap repairing approach.
The 5'- and 3'-end of the hygromycin marker (hph) gene was
flanked with about 1 kb upstream and downstream fragments
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of Alg3 coding region that were isolated by PCR from 4.
niger genomic DNA. The DNA sequence of the upstream and
downstream fragments was confirmed by DNA sequencing
analysis. The Alg3 in A. niger was deleted by homologous
replacement with hygromycin marker (hph) gene in the kusA
deletion background of A. niger, where the kus A gene, encod-
ing the ortholog of the Ku70 protein in other eukaryotes, was
deleted for dramatically improved homologous integration
efficiency. FIGS. 1A and 1B show the predicted restriction
enzyme digestion patterns of genomic DNA of'the parent and
mutant strains with BamHI and Sacll. FIG. 1C shows the
Southern blotting analysis of the digested genomic DNA of
parent and mutant strains. The results confirm that the Alg3
coding region in 4. riger was replaced by the hygromycin
selection marker gene (hph) in the Alg3A strains.

Example 3

Effects of Alg3 Deletion on A. niger Growth and
Development

This example describes methods used to determine the
effect genetically inactivating Alg3 in 4. niger.

It was previously demonstrated that the deletion of Alg3 in
different organisms causes underglycosylation, but no obvi-
ous phenotype changes were observed at the selected culture
condition in those studies (Aebi et al., Glycobiology 6(4):
439-444, 1996; Korner et al., EMBO J. 18(23): 6816-6822,
1999; Davidson et al., Glycobiology 14(5):399-407, 2004;
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Manthri et al., Glycobiology 18(5): 367-383, 2008; Kajiura et
al., Glycobiology 20(6):736-751, 2010).

The effects of the Alg3 deletion were examined on CM,
PDA and MM plates. As exhibited in FIGS. 2A-], the Alg3A
strain grew much slower than the parent strain when grown on
either CM or PDA medium plate, but there was no significant
difference between the Alg3A mutants and parent strain when
grown on the MM medium plate. When both Alg3A strain and
parent strain were grown in the liquid culture of CM and PDA,
the initiation of spore germination of Alg3A strain was pro-
nouncedly delayed (FIG. 3A), but the spore germination rate
was not affected by the Alg3 deletion (FIG. 3B). These results
demonstrate that deletion of Alg3 has significant effects on 4.
niger growth on nutrient rich media.

The effects of Alg3 deletion on spore production on both
CM and PDA plates were also examined. The Alg3 deletion
had a substantial reduction of sporulation on CM medium
plate, while no obvious difference was exhibited on PDA
plate (FIG. 4). The spore production at given area was enu-
merated with hemocytometer (Table 3). The average spore
production of Alg3A was 2.64x107 spores/cm?, about 40% of
parent strain (6.44x107 spores/cm?®) on CM medium plates,
while average spore production per a square millimeter was
similar between Alg3A mutant (7.72x107 spores/cm?) and
parent strains (7.89x107 spores/cm?) on PDA medium plates.

TABLE 3

Average spore production in PDA and CM media plates (x107 sp/cmAZ).

This was averaged from four cuts and 3 replicate counting.
Strain CM pates PDA
11414-kusA 6.44 = 1.24 772 £1.78
Alg3A 2.64 £0.49 7.89 £1.18

Example 4

Effects of Alg3 Deletion on Spore Germination,
Growth and Citric Acid Production

This example describes methods used to measure spore
germination, growth, and citric acid production in the Alg3A
A. niger strain generated in Example 1. Based on these teach-
ings, one skilled in the art will appreciate that spore germi-
nation, growth, and citric acid production can be similarly
measured in other Alg3A strains of Aspergillus.

A. niger strain ATCC11414 is a strain developed for indus-
trial production of citric acid. 4. riger morphology plays a
role in citric acid production. The fungal morphology affect
overall molecular regulation in response to the endogenous
and exogenous factors, which include the regulations of tran-
scription, post-transcription, translation and post-translation.
Therefore, the effects of Alg3 deletion on 4. riger growth on
CAP agar plates at different pHs or in CAP liquid culture
conditions was determined.

FIG. 5 shows the effects of Alg3 deletion in fungi grown on
CAP medium plates at different pH conditions after 28 hrs in
culture. When the Alg3A strain was grown on the CAP
medium plates at pH 1.8, its growth was relatively slower than
the parent strain, where its colonies were much smaller than
the parent strain. At pH 2.1, the Alg3A strain formed a less
tight pellet than that of parent strain. Growth of the Alg3A
strain on the CAP medium at pH 4.5 and pH 7.0 was affected
more profoundly than that of parent strain, where the Alg3A
strain formed thinner layer of biomass on the agar plates than
that of parent strain. These results show that the Alg3 deletion
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reduces the normal growth of A. niger at different levels on
CAP culture medium plates at different pHs.

The spore germination of the Alg3A and parent strains in
CAP liquid culture medium was also examined by using
automated microscopic imaging, enumerating the germina-
tion manually in a same visual unit area, and expressing spore
germination as a percentage of total spores at the same visual
unit area. FIG. 6 shows the different dynamics of spore ger-
mination between the Alg3A and parent strains. The spore
germination of Alg3 A strain began as early as 3 hrs after spore
inoculation, while the parent strain was not initiated until 6
hrs after spore inoculation. After 8 hrs inoculation, more than
32% spores of Alg3A mutant germinated, while only 10% of
parent strain spores did (FIGS. 6A, 6C, 6E). After 15 hrs
growth in CAP liquid medium, more than 90% spores of
Alg3A strain germinated, while only 50% spores of parent
strain did (FIGS. 6B, 6D and 6E). After 24 hrs of growth in the
liquid culture, about 75% spores of parent strain germinated,
while the Alg3A strain achieved 94% of germination rate
(FIG. 6E). The Alg3 deletion leads to earlier germination and
a higher germination rate than parent strain.

The effect of Alg3 deletion on citric acid production was
determined in CAP flask cultures. FIG. 7 shows the time
course of citric acid production in CAP liquid medium. The
yield of citric acid production was similar between the Alg3A
mutant and parent strain in 2 days culture. After 3 days cul-
ture, the average citric acid production by Alg3A mutants was
8.8 g/l citric acid, while the parent strain only produced 5.8
g/l. After 4.5 days of culture, the parent strain accumulated
18.8 g/l citric acid and the Alg3A mutant produced 33.3 g/l
citric acid (more than 70% higher than the parent strain).
Thus, the Alg3 deletion substantially improves the citric acid
production in 4. niger.

The effect of Alg3 deletion on citric acid production was
also examined by complementation of its original gene into
the alg3A mutant. FIG. 8B shows the citric acid production in
CAP liquid medium after 10 days of culture. The yield of
citric acid production was similar between the alg3A comple-
mented (cAlg3A) mutant and parent strain, but much lower
than the alg3A mutant in 10 days culture. After 10 days
culture, the average citric acid production by Alg3A mutants
was 46.1 g/l citric acid, while the parent and calg3A strain
only produced 34.8 and 29.4 g/, respectively.

Example 5

pPTRpGPDALaeA Plasmid Vector Construction

This example describes methods used to generate the
pPTRpGPDALaeA plasmid vector (FIG. 13). One skilled in
the art will appreciate that although gpdA and LacA
sequences were used from Aspergillus nidulans, one skilled
in the art will appreciate that variants of these sequences can
be used in the fungi and methods provided herein, such as
gpdA and LaeA sequences from other Aspergillus species. In
one example, a gpdA sequence having at least 80%, at least
90%, at least 95%, or at least 98% sequence identity to SEQ
ID NO: 37 is used in the fungi and methods provided herein.

The Aspergillus nidulans glyceraldehyde 3-phosphate
dehydrogenase (gpdA) promoter (SEQ ID NO: 37) was iso-
lated from the pANS8-1 plasmid DNA using the primer set
gpdASF/gpdA3R (gpdASF: CGCAGATCTC AAGCTG-
TAAG GATTTCGGCA SEQ ID NO: 38; gpdA3R: CAC-
CGGGCCC ATCTCAAACA TTGTGATGTC TGCT-
CAAGCG SEQID NO: 39) and the LaeA coding sequence of
genomic DNA from A. ridulans (SEQ ID NO: 40) obtained
by PCR using LaeASF/LaeA3R (LacASF: CGCTTGAGCA
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GACATCACAA TGTTTGAGAT GGGCCCGGTG; SEQ
ID NO: 42; LaeA3R: CGCAGATCTG AGGATTATGA
GAAGGGAGC; SEQ ID NO: 43).

The DNA fragment of pGPDA and LaeA was filled
together by overlap PCR and a HindIII restriction enzyme site
was introduced at both 5'- and 3'-end of the DNA fragment.
The DNA fragment (SEQ ID NO: 44) and pPTR1 plasmid
DNA were cut with Hind 1T and ligated together by a quick
DNA ligation kit at 25° C. for 30 min. The ligated plasmid
DNA was transferred into the Top 10 E. coli competent cells
by lithium acetate mediated transformation. The transformed
bacterial colonies were screened for the DNA fragment inser-
tion by PCR with the primers gpd ASF (SEQ ID NO: 38) and
LaeA3R (SEQID NO: 43). The plasmid DNA for the selected
transformed colonies was prepared for restriction enzyme
confirmation and further expression vector construction.

Example 6
pRS426-LaecA Vector Construction

This example describes methods used to generate a trans-
gene containing A. niger LaeA (FIG. 14).

PCR was performed to isolate DNA fragments of A. niger
pyrG upstream region (SEQ ID NO: 45), trpC transcriptional
terminator of A. nidulans (SEQ ID NO: 46), pyrithiamine
resistance gene (ptrA) of Aspergillus oryzae (SEQ ID NO:
47), and A. niger pyrG downstream region (SEQ ID NO: 48),
using primers pyrGUSF/PTRU3R (pyrGUSF: GTAACGC-
CAG GGTTTTCCCA GTCACGACGT TTAAACATGC
ATCATTCTCC CGCTTTGT, SEQ ID NO: 49; pyrGU3R:
TGCCGAAATC CTTACAGCTT GAAGCTTCAT CGC-
CAATCAC CTCAATCAC, SEQ ID NO: 50), TrpSF/Trp3R
(Trp5F: AGCTCCCTTC TCATAATCCT CAAGCTTGGA
CCGATGGCTG TGTAGAAGT, SEQ ID NO: 51; Trp3R:
CGTAATCAAT TGCCCGTCTG TCAGAGAGCG GATTC-
CTCAG TCTCGT; SEQ ID NO: 52), PTRSF/PTR3R
(PTRSF: ACGAGACTGA GGAATCCGCT CTCTGA-
CAGA CGGGCAATTGATTACG, SEQIDNO: 53; PTR3R:
ACAGCAGTGC TTATCTGCGA TGACGAGCCG CTCT-
TGCATC TTTGT, SEQ ID NO: 54) and PyrGDSF/PTRD3R
(pyrGD5F:  ACAAAGATGC AAGAGCGGCT CGT-
CATCGCA GATAAGCACT GCTGT; SEQ ID NO: 55,
pyrGD3R: TGAGACGCTG TTTCACCGAG
TACATCGCCA ATCACCTCAA TCAC, SEQ ID NO: 56),
respectively.

As shown in FIG. 14, the DNA fragment of pGDPALacA
(SEQ ID NO: 44) was isolated from pPTRpGDPALaeA
(FIG.13) by HindIII digestion. The yeast gap repairing vector
pRS426 was double digested with restriction enzyme HindIII
and Xhol. Hundred nanograms of each DNA fragment gen-
erated from PCR (i.e., SEQ ID NOS: 45-56) or restriction
enzyme digestions were used for S. cerevisiae transforma-
tion. The gap repairing plasmid DNA in the total S. cerevisiae
genomic DNA was isolated by transferred into the Top 10 E.
coli cells.

The transformed plasmid DNA was confirmed by PCR and
digested with Pmel. The Pmel DNA fragment (SEQ ID NO:
57) was used for 4. niger transformation.

One skilled in the art will appreciate that although the pyrG
upstream and downstream sequences, trpC transcriptional
terminator sequence, and ptrA sequence used were from par-
ticular organisms, one skilled in the art will appreciate that
variants of these sequences can be used in the fungi and
methods provided herein, such as those from other Aspergil-
lus species. In one example, pyrG upstream and downstream
sequences having at least 80%, at least 90%, at least 95%, or
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at least 98% sequence identity to SEQ ID NO: 45 and 48 are
used in the fungi and methods provided herein. In one
example, atrpC transcriptional terminator sequence having at
least 80%, at least 90%, at least 95%, or at least 98% sequence
identity to SEQ ID NO: 46 is used in the fungi and methods
provided herein. In one example, a ptrA sequence having at
least 80%, at least 90%, at least 95%, or at least 98% sequence
identity to SEQ ID NO: 47 is used in the fungi and methods
provided herein.

Example 7

Expression of pGDPALaeA-Containing Transgene in
A. niger

This example describes methods used to introduce pGP-
DALaeA (SEQ ID NO: 57) into A. niger.

The originally transformed 4. niger colonies were picked
from the minimal medium plates with 0.1 pg/ml pyrithiamine
hydrobromide selection on minimal medium agar plates
without thiamine supplementation. The single spore colonies
were picked for spore production after the initial transformant
spores were grown on the same selection medium plates. The
biomass was harvested from the single spore colony isolates
grown in minimal medium with pyrithiamine selection and
dried in the VirTis bench top freeze dryer. The genomic DNA
was prepared for PCR confirmation of pGDPALaeA insertion
in transgenic 4. niger. As shown in FIG. 15A, the primer set
of PTRSF (SEQ ID NO: 53) and PTR3R (SEQ ID NO: 54)
was used to confirm the presence of A. oryzae pyrithiamine
resistance gene (ptrA) in transgenic A. niger with the
expected size of 2 kb PCR DNA fragment. As shown in FIG.
15B, the primer set LaeASF (SEQ ID NO: 42) and TRP3R
(SEQ ID NO: 52) was used to demonstrate that the transgene
A. nidulans LaeA was under the control of gdpA promoter
and trpC transcriptional terminator of A. nidulans with the
expected 3.4 kb PCR fragment size. The genomic DNA of
parent strain and the plasmid DNA of transgene vector car-
rying the pGDPALaeA fragment were used for negative and
positive references.

Example 8

Increased Production of Citric Acid

This example describes methods used to demonstrate that
citric acid production was increased in the presence of
increased expression of LaecA, alone or in combination with
deletion of Alg3.

Citric acid was produced as described in Example 1.

As shown in FIG. 16, of citric acid production was
increased in the Alg3A mutant (Alg3), and in the mutants
over-expressing LaeA in Alg3A (LaeA-1 and LaeA-2), as
compared to the parent strain (kusA).

In view of the many possible embodiments to which the
principles of the disclosed invention may be applied, it should
be recognized that the illustrated embodiments are only
examples of the disclosure and should not be taken as limiting
the scope of the invention. Rather, the scope of the invention
is defined by the following claims. We therefore claim as our
invention all that comes within the scope and spirit of these
claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 60
<210> SEQ ID NO 1

<211> LENGTH: 3888

<212> TYPE: DNA

<213> ORGANISM: Aspergillus niger
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1186)..(1306)
<220> FEATURE:

<221> NAME/KEY: Intron

<222> LOCATION: (1307)..(1392)
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1393)..(191s6)
<220> FEATURE:

<221> NAME/KEY: Intron

<222> LOCATION: (1917)..(1988
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1989)..(2582)

<400> SEQUENCE: 1

tctgacattg aactacagtce ataacttcte

tatcgeegec

tgcctgteat

cattgttett

cegteacect

geegecgeat

ggcttectty

attcgecgat

acgacgtegyg

gectgecagee

ggccaaggca

gggttttacyg

agagggtcgg

ttgagcatgt

cgtgttgget

atggcagcaa

gattatgcat

tggtaacgaa

cgctaatcee

ctacagctgt

cge
Arg

get
Ala

tgg
Trp

cta
Leu

ccg
Pro

aaa
Lys

att
Ile

cte
Leu

gtg
Val

cccecegeta tecattggtyg

taagtttttg tgctttggtt

ttacaccgaa actaacgcat

ccgetecgea taaatcttet

ctacatccce ggtcacggte

gtegtegteg gectaccaca

tctgagatga taatgtegge

aaagacgaag aactccttgg

gatgaagagg tgtctacgtt

ggccacgagt gtcctgttee

agtagtggag gtatttcgac

taaccgacaa ttggaaagca

acagcgtgaa ggaactgtgg

tcgacggagyg ttggettegyg

tatacccatce tttgtatcga

atgcgattaa atacaactct

cccacctgtt ctgcagacat

aaacgggaca gctctcattg

agaagaaagt agctggttca

cge gat
Arg Asp

ctg gtc
Leu Val
25

cce t gtaaggctac agetaagetce

Pro
40

ttg tgt ttc
Leu Cys Phe
10

ctg ggt gac
Leu Gly Asp

tccectecee
aggccatget
gctacaaggt
gecegeggece
ccttaattge
aacgtectee
tgtetttece
agatgggcaa
ccaggatgge
cctacaattg
caagcctega
atcaacgacg
aggaggactc
attatatcac
aaattttecgg
tagtgtactt
caattgatge
geggeegege
getetecgge

acaaccgcat

aat ccc cga
Asn Pro Arg
15

gct tte cte
Ala Phe Leu
30

ggcttececeg gtegtectte
atgattgggyg cgtcctacct
tggactattc ctttettttg
tagtgaacgc atcgtcgtta
tcacatccac atttcaacat
ctettegeeyg ggacgetect
tgteccegece cgcegtegcac
cctatccaga gaatccgcag
aatccgeteyg gccagacgca
gaagaagaag cacagagatt
gggattctgg gegaattget
acacaggcac aacaggttgg
aatcaaggct aaaataggct
gaaataagcc atgaggcagt
cegggeacca aatccgacce
acaaaaactyg tctactatat
acaattcgece tcaacttcta
ggtctgtgtyg tgtccatgaa
acgaagaggc cacccgacat
gcaag atg gac tgg atg
Met Asp Trp Met
1
cac aca aaa tgg atg
His Thr Lys Trp Met
20
tge gcg ctg atc atc

Cys Ala Leu Ile Ile
35

cgttecacace cttttgegac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

1245

1293

1346
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40

aagtgaagca atgccactaa cctagcceeg ttgetattgt

att
Ile

gaa
Glu
60

ceg
Pro

gag
Glu

ttg
Leu

ceg
Pro

gtt
Val
140

tgg
Trp

gca
Ala

gece
Ala

agc
Ser

gac
Asp
45

cge
Arg

gece
Ala

999
Gly

ate
Ile

ccg
Pro
125

tat
Tyr

gtt
Val

gtg
Val

ccg
Pro

gtg
Val
205

tgg
Trp

gat
Asp

gece
Ala

cge
Arg

acg
Thr
110

tac
Tyr

gte
Val

gece
Ala

tgg
Trp

get
Ala
190

999
Gly

gcc acg
Ala Thr

tat act
Tyr Thr

cat gta
His Val

gat att
Asp Ile
95

ctg gtg
Leu Val

ttg ctt
Leu Leu

ctg cgt
Leu Arg

att ctg
Ile Leu
160

tct act
Ser Thr
175

att get

Ile Ala

ctg ggg
Leu Gly

tac
Tyr

cte
Leu
65

tac
Tyr

tte
Phe

gtt
Val

ceg
Pro

ctyg
Leu
145

tta

Leu

ggt
Gly

gtg
Val

gtt
Val

atg
Met
50

ate
Ile

agt
Ser

tte
Phe

gtg
Val

ctyg
Leu
130

tte
Phe

tte
Phe

gtt
Val

gte
Val

ctyg
Leu
210

caa
Gln

aga
Arg

tat
Tyr

ggt
Gly

ctyg
Leu
115

ctyg
Leu

aat
Asn

atg
Met

gecg
Ala

acg
Thr
195

gecg
Ala

caa
Gln

gga
Gly

acg
Thr

cag
Gln
100

tgce
Cys

gte
Val

gat
Asp

aat
Asn

att
Ile
180

gtg
Val

gtg
Val

ata
Ile

tca
Ser

gece
Ala

ata
Ile

tgt
Cys

ctt
Leu

gge
Gly

cgg
Arg
165

aag

Lys

ctt
Leu

ctt
Leu

tcg
Ser

ace
Thr
70

cte
Leu

cta
Leu

tat
Tyr

tce
Ser

ttyg
Leu
150

aag

Lys

atg
Met

agt
Ser

gte
Val

atgaggctgt agggttggece aaaggcaatt tgtgtgaaga

ccacag at acc gag
Tyr Thr Glu

ctt tat ttg tca gga
Leu Tyr Leu Ser Gly
55

ggt ccec ctt gte tac
Gly Pro Leu Val Tyr
75

tac cat ctc acc gat
Tyr His Leu Thr Asp
90

ttt gct gtg cte tac
Phe Ala Val Leu Tyr
105

aga cag tcg ggt get
Arg Gln Ser Gly Ala
120

aag aga ctt cac agc
Lys Arg Leu His Ser
135

gcg geg ctg geg atg
Ala Ala Leu Ala Met
155

tgg acg gct gcg gte
Trp Thr Ala Ala Val
170

aca ctg ttg ctg ctg
Thr Leu Leu Leu Leu
185

ctg tceg ctt ggt cct
Leu Ser Leu Gly Pro
200

cag gtaggttcee
Gln
215

cttgtctgac attgaactac

ag gtt tta ctc geg ata ccg tte cta caa aac aac ccg geg ggg tat
Val Leu Leu Ala Ile Pro Phe Leu Gln Asn Asn Pro Ala Gly Tyr

cte
Leu

gte
Val

tecc
Ser

gte
Val

cgg
Arg
295

tac

Tyr

gca
Ala

tcg
Ser

aat
Asn

ctyg
Leu

act
Thr
280

aat

Asn

ate
Ile

agg
Arg

cgg
Arg

tgg
Trp

gca
Ala
265

ggt
Gly

ctyg
Leu

atg
Met

tce
Ser

gcg tte
Ala Phe
235

aga ttt
Arg Phe
250

ttg ctg
Leu Leu

tgg ctg
Trp Leu

cta gcg
Leu Ala

agc gtg
Ser Val
315

ctt cat
Leu His

220

gag
Glu

gtt
Val

gece
Ala

aga
Arg

ggt
Gly
300

atg

Met

tac
Tyr

cta
Leu

gge
Gly

gte
Val

tac
Tyr
285

cga

Arg

cte
Leu

caa
Gln

ace
Thr

gaa
Glu

cac
His
270
tece

Ser

cat
His

tcg
Ser

ttc
Phe

aga
Arg

gaa
Glu
255

att

Ile

agg
Arg

cge
Arg

tct
Ser

ttc
Phe

cag
Gln
240

gta
Val

gtg
Val

tct
Ser

aca
Thr

ctyg
Leu
320

gece
Ala

225

tte
Phe

tte
Phe

ctg
Leu

agc
Ser

gtg
Val
305

aca

Thr

tac
Tyr

230

atg ttt aaa tgg aca
Met Phe Lys Trp Thr
245

tta tct aag agc ttt
Leu Ser Lys Ser Phe
260

cta ggc get ttt gee
Leu Gly Ala Phe Ala
275

ttg cct gcg ttc att
Leu Pro Ala Phe Ile
290

tece cte cec aaa ccc
Ser Leu Pro Lys Pro
310

gtt gge ttg ttg tge
Val Gly Leu Leu Cys
325

cte tee tgg gog aca
Leu Ser Trp Ala Thr

1400

1448

1496

1544

1592

1640

1688

1736

1784

1832

1880

1926

1986

2033

2081

2129

2177

2225

2273

2321

2369
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42

-continued
330 335 340
cce tte cte cte tgg cge gca ggg ttt cat cca atc ttg ctg tac ctt 2417
Pro Phe Leu Leu Trp Arg Ala Gly Phe His Pro Ile Leu Leu Tyr Leu
345 350 355
atc tgg gct atg caa gag tgg gct tgg aac aca ttc ccc agc acc aac 2465
Ile Trp Ala Met Gln Glu Trp Ala Trp Asn Thr Phe Pro Ser Thr Asn
360 365 370

ctc agt tcc atc att gtt gtc ctc tca ctt get acce cag agt ttce ggce 2513
Leu Ser Ser Ile Ile Val Val Leu Ser Leu Ala Thr Gln Ser Phe Gly

375 380 385 390

gtc ctt gecg aat agt gcc age gec ttt tat acc atg cgt tcg aac cct 2561
Val Leu Ala Asn Ser Ala Ser Ala Phe Tyr Thr Met Arg Ser Asn Pro

395 400 405
agc ggt aaa gag cat aac caa tagaagtgac acccggccag tatcgagatc 2612
Ser Gly Lys Glu His Asn Gln
410

gggctgtgac aggtgcatcg ataatcgcaa tcagtcttgt acccatgaga atccctgaaa 2672
aagtaagact gctctgtcag gtagtccatt gcccatgcega taggttcgga cgcctaaagg 2732
atcaatcaag atgccaatca agcatccgac tcatcggaag aaggcatctt gccgacattg 2792
gactcatcct cttegteccga gtegtcggeg acaacagcag cttgcttagce gaactccettt 2852
ggectgcaga gggatcagta gtagccccag gcaccgegat tgagggatcc actcaccaaa 2912
acggggcttt gecgccacgcet ttectcatcac gaacgatgtt gactatttcet ceccttgaget 2972
tgttgtegeg gecctcaaga gcattggtat cgatgaccac gtaggaaccce cgcttgatcce 3032
agatggtcga tcggaagcegg gcagggaget ccaccaaaac cgactcectte gagggaagtt 3092
ccaccgagta gatgttgttt ccggtcegect tgatagecccg ggcaattaga tggccctgag 3152
acagctcatc cggcgggaac atggtctctt ccgecgtage gagaaccttg cgcctagggg 3212
gacccattte taacgtatac gcaagtggtt cagcgggaag tagtgtcgat ctaaattggg 3272
atgaacacca aagagactga agaaagagtg agcaaaatgc gagaaaccgt cgactgcgga 3332
gagttttact cgaatgaaga aattcgggcg gcagaaaatc cccggtgggg agtgtgggtce 3392
ccecatecge ttetttgeca atctcegetcet ctetettete tecatctceccge catctacgga 3452
gtagagctcc agtactacta tctacttacg geccgtgctca tatccattgg ttgtgaggaa 3512
tgtggcatct tagttggcta cacagtgcac tacacaatcc atcgaatcaa ggtcttectg 3572
gcgagtcagt tccectgcac aatgtttgge ctaaggcgga catctagacc acttgacctce 3632
gtgtttttgg gceccttetge cggcatttgg agtggatgta tcatatcgtg aaacttgcat 3692
gtgtctgatt ggcttcecgge ttttatctet ttgaactteg ctcactggtg gggttcecgegyg 3752
agtgatattc cgctcaagct aattcacctc catggatatt aataatgacc ccgacacgtt 3812
ggggatccec aaacctccgt aaaagaatcg tttatcctgg ggtctceggac agatttegta 3872
ctacaaacct ctcacg 3888

<210> SEQ ID NO 2
<211> LENGTH: 413
<212> TYPE:
<213> ORGANISM: Aspergillus niger

PRT

<400> SEQUENCE: 2

Met Asp Trp Met Arg Leu Ile Arg Asp Leu Cys Phe Asn Pro Arg His

1

5

10

15

Thr Lys Trp Met Ala Pro Leu Leu Val Leu Gly Asp Ala Phe Leu Cys

20

25

30
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-continued

44

Ala

Tyr

Leu

65

Tyr

Phe

Val

Pro

Leu

145

Leu

Gly

Val

Val

Asn

225

Phe

Phe

Leu

Ser

Val

305

Thr

Tyr

Pro

Thr

Ala
385

Thr

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

Leu

Met

50

Ile

Ser

Phe

Val

Leu

130

Phe

Phe

Val

Val

Leu

210

Asn

Met

Leu

Leu

Leu

290

Ser

Val

Leu

Ile

Phe
370

Thr

Met

Ile

Gln

Arg

Tyr

Gly

Leu

115

Leu

Asn

Met

Ala

Thr

195

Ala

Pro

Phe

Ser

Gly

275

Pro

Leu

Gly

Ser

Leu

355

Pro

Gln

Arg

Ile

Gln

Gly

Thr

Gln

100

Cys

Val

Asp

Asn

Ile

180

Val

Val

Ala

Lys

Lys

260

Ala

Ala

Pro

Leu

Trp

340

Leu

Ser

Ser

Ser

Trp

Ile

Ser

Ala

85

Ile

Cys

Leu

Gly

Arg

165

Lys

Leu

Leu

Gly

Trp

245

Ser

Phe

Phe

Lys

Leu

325

Ala

Tyr

Thr

Phe

Asn
405

SEQ ID NO 3
LENGTH:
TYPE: DNA
ORGANISM: Aspergillus
FEATURE:

1923

Lys

Ser

Thr

70

Leu

Leu

Tyr

Ser

Leu

150

Lys

Met

Ser

Val

Tyr

230

Thr

Phe

Ala

Ile

Pro

310

Cys

Thr

Leu

Asn

Gly
390

Pro

Val

Leu

55

Gly

Tyr

Phe

Arg

Lys

135

Ala

Trp

Thr

Leu

Gln

215

Leu

Val

Ser

Val

Arg

295

Tyr

Ala

Pro

Ile

Leu
375

Val

Ser

Pro

40

Tyr

Pro

His

Ala

Gln

120

Arg

Ala

Thr

Leu

Ser

200

Val

Ser

Asn

Leu

Thr

280

Asn

Ile

Arg

Phe

Trp

360

Ser

Leu

Gly

Tyr

Leu

Leu

Leu

Val

105

Ser

Leu

Leu

Ala

Leu

185

Leu

Leu

Arg

Trp

Ala

265

Gly

Leu

Met

Ser

Leu

345

Ala

Ser

Ala

Lys

oryzae

Thr

Ser

Val

Thr

90

Leu

Gly

His

Ala

Ala

170

Leu

Gly

Leu

Ala

Arg

250

Leu

Trp

Leu

Ser

Leu

330

Leu

Met

Ile

Asn

Glu
410

Glu

Gly

Tyr

75

Asp

Tyr

Ala

Ser

Met

155

Val

Leu

Pro

Ala

Phe

235

Phe

Leu

Leu

Ala

Val

315

His

Trp

Gln

Ile

Ser
395

His

Ile

Glu

60

Pro

Glu

Leu

Pro

Val

140

Trp

Ala

Ala

Ser

Ile

220

Glu

Val

Ala

Arg

Gly

300

Met

Tyr

Arg

Glu

Val
380

Ala

Asn

Asp

45

Arg

Ala

Gly

Ile

Pro

125

Tyr

Val

Val

Pro

Val

205

Pro

Leu

Gly

Val

Tyr

285

Arg

Leu

Gln

Ala

Trp

365

Val

Ser

Gln

Trp

Asp

Ala

Arg

Thr

110

Tyr

Val

Ala

Trp

Ala

190

Gly

Phe

Thr

Glu

His

270

Ser

His

Ser

Phe

Gly

350

Ala

Leu

Ala

Ala

Tyr

His

Asp

95

Leu

Leu

Leu

Ile

Ser

175

Ile

Leu

Leu

Arg

Glu

255

Ile

Arg

Arg

Ser

Phe

335

Phe

Trp

Ser

Phe

Thr

Thr

Val

80

Ile

Val

Leu

Arg

Leu

160

Thr

Ala

Gly

Gln

Gln

240

Val

Val

Ser

Thr

Leu

320

Ala

His

Asn

Leu

Tyr
400
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46

<221> NAME/KEY :
<222> LOCATION:

<400> SEQUENCE:

atg
Met
1

aca
Thr

get
Ala

tac
Tyr

ctyg
Leu
65

tat
Tyr

ctt
Leu

gtt
Val

cct
Pro

ctt
Leu
145

cte
Leu

999
Gly

gtg
Val

att
Ile

ggt
Gly
225

ttt

Phe

tte
Phe

ctyg
Leu

aac
Asn

gag
Glu

aaa
Lys

ctt
Leu

atg
Met
50

ate
Ile

agc
Ser

ttc
Phe

gtg
Val

ctt
Leu
130

ttc
Phe

ttc
Phe

gtt
Val

gta
Val

cta
Leu
210

aac

Asn

atg
Met

cta
Leu

ctyg
Leu

gte
Val

ttg
Leu

tgg
Trp

ate
Ile
35

cag
Gln

aag
Lys

tac
Tyr

999
Gly

atg
Met
115

ctt
Leu

aat
Asn

cag
Gln

gge
Gly

act
Thr
195

gca
Ala

cce
Pro

ttc
Phe

tce
Ser

gga
Gly
275

cct
Pro

aag
Lys

att
Ile
20

ate
Ile

cag
Gln

999
Gly

atg
Met

cag
Gln
100

gtt
Val

gte
Val

gat
Asp

aat
Asn

att
Ile
180

gtg
Val

ttg
Leu

ata
Ile

aaa
Lys

aaa
Lys
260

tta

Leu

gac
Asp

cDs
(1)

3

cac
His

gca
Ala

tgg
Trp

ata
Ile

tecc
Ser

gca
Ala
85

ata
Ile

tgc
Cys

ctt
Leu

gge
Gly

aag
Lys
165

aag
Lys

cte
Leu

cte
Leu

gga
Gly

tgg
Trp
245

cag
Gln

ttt
Phe

tte
Phe

.. (1242)

tte
Phe

ceg
Pro

aag
Lys

gecg
Ala

act
Thr
70

cte
Leu

tta
Leu

tac
Tyr

tecc
Ser

cte
Leu
150

aaa
Lys

atg
Met

agc
Ser

att
Ile

tac
Tyr
230

act

Thr

ttt
Phe

gtt
Val

cte
Leu

ate
Ile

ctt
Leu

ate
Ile

ctt
Leu
55

gga
Gly

tat
Tyr

ttt
Phe

agg
Arg

aag
Lys
135

gecg
Ala

tgg
Trp

acg
Thr

ctt
Leu

cag
Gln
215

gte
Val

gte
Val

tct
Ser

acce
Thr

cgg
Arg

cac
His

ctt
Leu

cca
Pro
40

tac
Tyr

cce
Pro

cac
His

get
Ala

cag
Gln
120

cgg
Arg

gte
Val

acg
Thr

tta
Leu

tce
Ser
200

gtt
Val

gecg
Ala

aat
Asn

cta
Leu

aca
Thr
280

agc
Ser

gaa
Glu

gte
Val
25

tat
Tyr

ate
Ile

ctt
Leu

cta
Leu

gte
Val
105

tca
Ser

cte
Leu

tgt
Cys

get
Ala

ctyg
Leu
185

cte
Leu

cta
Leu

cgg
Arg

tgg
Trp

gece
Ala
265

gge
Gly

cta
Leu

cte
Leu
10

ata
Ile

act
Thr

tct
Ser

gta
Val

aca
Thr
90

ctt
Leu

ggt
Gly

cac
His

gece
Ala

ggt
Gly
170

cte
Leu

gtg
Val

cta
Leu

gece
Ala

agg
Arg
250

tta

Leu

tgg
Trp

cte
Leu

tge
Cys

gge
Gly

gag
Glu

gge
Gly

tac
Tyr
75

gat
Asp

tac
Tyr

gee
Ala

agt
Ser

atg
Met
155

gtt
Val

ctt
Leu

cct
Pro

geg
Ala

ttt
Phe
235

ttt

Phe

cta
Leu

tta
Leu

caa
Gln

cta
Leu

gat
Asp

ate
Ile

gaa
Glu
60

ceg
Pro

gaa
Glu

ctt
Leu

cct
Pro

gte
Val
140

tgg
Trp

acg
Thr

gecg
Ala

agt
Ser

att
Ile
220

gag
Glu

gtg
Val

ggt
Gly

cgg
Arg

gga
Gly

aac
Asn

gece
Ala

gac
Asp
45

cgt
Arg

gece
Ala

gge
Gly

gte
Val

ceg
Pro
125

ttt
Phe

ata
Ile

gece
Ala

cca
Pro

att
Ile
205

cece
Pro

ttg
Leu

ggt
Gly

ttg
Leu

ceg
Pro
285

cge
Arg

cce
Pro

ttc
Phe
30

tgg
Trp

gac
Asp

gece
Ala

cga
Arg

acg
Thr
110

tac
Tyr

gtt
Val

gecg
Ala

tgg
Trp

gece
Ala
190

cga
Arg

ttc
Phe

act
Thr

gaa
Glu

cat
His
270
tca

Ser

caa
Gln

aga
Arg
15

cta
Leu

acg
Thr

tat
Tyr

cac
His

gat
Asp
95

cta
Leu

ctyg
Leu

ttg
Leu

att
Ile

act
Thr
175

att
Ile

ctt
Leu

cta
Leu

aga
Arg

gac
Asp
255

att

Ile

gga
Gly

cge
Arg

cat
His

tgt
Cys

acg
Thr

ace
Thr

gta
Val
80

att
Ile

gca
Ala

ttt
Phe

cge
Arg

ctyg
Leu
160

gtt
Val

gecg
Ala

gga
Gly

cag
Gln

cag
Gln
240

ttg

Leu

ttt
Phe

tct
Ser

ace
Thr

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912
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48

-continued
290 295 300
gtg gtg ctt tct aag tect tte ata atg acc gtg atg ttg aca tcg ctg 960
Val Val Leu Ser Lys Ser Phe Ile Met Thr Val Met Leu Thr Ser Leu
305 310 315 320
gcg atc ggg ttg ttg tgc gca agg tce ctt cat tac caa ttc ttt gece 1008
Ala Ile Gly Leu Leu Cys Ala Arg Ser Leu His Tyr Gln Phe Phe Ala
325 330 335
tat ctc tcc tgg gct acg cct tgce ctt cte tgg c¢gg gct cgg cte cat 1056
Tyr Leu Ser Trp Ala Thr Pro Cys Leu Leu Trp Arg Ala Arg Leu His
340 345 350
ccg ate ctt ata tat gcg atc tgg gca cta cag gag tgg gct tgg aat 1104
Pro Ile Leu Ile Tyr Ala Ile Trp Ala Leu Gln Glu Trp Ala Trp Asn
355 360 365
gtc tac cca agc acc aat gcc agt tect teg gte gtt gte tte tca ctt 1152
Val Tyr Pro Ser Thr Asn Ala Ser Ser Ser Val Val Val Phe Ser Leu
370 375 380
gct gtt cag gtt ttc ggt gtc cte cte aat age aga aac gca ctg agce 1200
Ala Val Gln Val Phe Gly Val Leu Leu Asn Ser Arg Asn Ala Leu Ser
385 390 395 400
gat gcg cct ccg aga c¢gc aaa gga aag gag cac atc cag tga 1242
Asp Ala Pro Pro Arg Arg Lys Gly Lys Glu His Ile Gln
405 410
taatgagcca ctcataggct ccaaatttat cgttcccttce attgttttca tcacttggte 1302
ctcgtggttce acattaaatg tagacgcacg tgcattggat acagcgatca ccatacgtcg 1362
attagttcaa gcatcagagt cgtccgaggg aggcatcttg cccacatttg actcttecte 1422
atcctctgaa tccgaagcaa caaccgtaga ttgcttgacg aattcctteg gectaatgga 1482
gccttgegee aaactttcte atcccgaacg atattaatga tttceccccage aagecttattg 1542
tceeggtect caagagcgtt ggtatcgace acgacgtagg agttgegttt catccagatt 1602
cttgaacgga agcgggaagg tagttcgacc aaaaccgtgt cttttgatgg cagttcgacc 1662
acatataaat tgttcccegt tgeccttgatg actegcgega tttgctgtee ctgttgaagce 1722
tcatctggag gggtcatagt ttcttceecgcet gttgcgagta ccttgecgcecceg tggtggtgece 1782
atgatggtat attgcaattg ggatctcttt tcttggaacc taaattgtcg caatctctta 1842
gatgctgtet tgtatgaagc aattgctgat cagataagcet gtggtgaggg gtagtcttat 1902
tgtgtttgat agcggagggg t 1923
<210> SEQ ID NO 4
<211> LENGTH: 413
<212> TYPE: PRT
<213> ORGANISM: Aspergillus oryzae
<400> SEQUENCE: 4
Met Glu Leu Lys His Phe Ile His Glu Leu Cys Leu Asn Pro Arg His
1 5 10 15
Thr Lys Trp Ile Ala Pro Leu Leu Val Ile Gly Asp Ala Phe Leu Cys
20 25 30
Ala Leu Ile Ile Trp Lys Ile Pro Tyr Thr Glu Ile Asp Trp Thr Thr
35 40 45
Tyr Met Gln Gln Ile Ala Leu Tyr Ile Ser Gly Glu Arg Asp Tyr Thr
50 55 60
Leu Ile Lys Gly Ser Thr Gly Pro Leu Val Tyr Pro Ala Ala His Val
65 70 75 80
Tyr Ser Tyr Met Ala Leu Tyr His Leu Thr Asp Glu Gly Arg Asp Ile
85 90 95
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50

Leu

Val

Pro

Leu

145

Leu

Gly

Val

Ile

Gly

225

Phe

Phe

Leu

Asn

Val

305

Ala

Tyr

Pro

Val

Ala

385

Asp

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

Phe

Val

Leu

130

Phe

Phe

Val

Val

Leu

210

Asn

Met

Leu

Leu

Val

290

Val

Ile

Leu

Ile

Tyr

370

Val

Ala

Gly

Met

115

Leu

Asn

Gln

Gly

Thr

195

Ala

Pro

Phe

Ser

Gly

275

Pro

Leu

Gly

Ser

Leu

355

Pro

Gln

Pro

Gln

100

Val

Val

Asp

Asn

Ile

180

Val

Leu

Ile

Lys

Lys

260

Leu

Asp

Ser

Leu

Trp

340

Ile

Ser

Val

Pro

<400> SEQUENCE:

22

Ile

Cys

Leu

Gly

Lys

165

Lys

Leu

Leu

Gly

Trp

245

Gln

Phe

Phe

Lys

Leu

325

Ala

Tyr

Thr

Phe

Arg
405

SEQ ID NO 5
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Alg3-ForScr primer

5

Leu

Tyr

Ser

Leu

150

Lys

Met

Ser

Ile

Tyr

230

Thr

Phe

Val

Leu

Ser

310

Cys

Thr

Ala

Asn

Gly

390

Arg

Phe

Arg

Lys

135

Ala

Trp

Thr

Leu

Gln

215

Val

Val

Ser

Thr

Arg

295

Phe

Ala

Pro

Ile

Ala

375

Val

Lys

cggttteect tcagttteca gt

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

49

SEQ ID NO 6
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

Ala

Gln

120

Arg

Val

Thr

Leu

Ser

200

Val

Ala

Asn

Leu

Thr

280

Ser

Ile

Arg

Cys

Trp

360

Ser

Leu

Gly

Val

105

Ser

Leu

Cys

Ala

Leu

185

Leu

Leu

Arg

Trp

Ala

265

Gly

Leu

Met

Ser

Leu

345

Ala

Ser

Leu

Lys

Leu

Gly

His

Ala

Gly

170

Leu

Val

Leu

Ala

Arg

250

Leu

Trp

Leu

Thr

Leu

330

Leu

Leu

Ser

Asn

Glu
410

Tyr

Ala

Ser

Met

155

Val

Leu

Pro

Ala

Phe

235

Phe

Leu

Leu

Gln

Val

315

His

Trp

Gln

Val

Ser

395

His

Leu Val Thr

Pro

Val

140

Trp

Thr

Ala

Ser

Ile

220

Glu

Val

Gly

Arg

Gly

300

Met

Tyr

Arg

Glu

Val

380

Arg

Ile

Pro

125

Phe

Ile

Ala

Pro

Ile

205

Pro

Leu

Gly

Leu

Pro

285

Arg

Leu

Gln

Ala

Trp

365

Val

Asn

Gln

110

Tyr

Val

Ala

Trp

Ala

190

Arg

Phe

Thr

Glu

His

270

Ser

Gln

Thr

Phe

Arg

350

Ala

Phe

Ala

Leu

Leu

Leu

Ile

Thr

175

Ile

Leu

Leu

Arg

Asp

255

Ile

Gly

Arg

Ser

Phe

335

Leu

Trp

Ser

Leu

Ala

Phe

Arg

Leu

160

Val

Ala

Gly

Gln

Gln

240

Leu

Phe

Ser

Thr

Leu

320

Ala

His

Asn

Leu

Ser
400
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-continued

52

<223> OTHER INFORMATION: Alg3-1 primer
<400> SEQUENCE: 6

gtaacgccag ggttttcecca gtcacgacgt cataacttet cteccctee

<210> SEQ ID NO 7

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Alg3-2 primer

<400> SEQUENCE: 7

atccacttaa cgttactgaa atctccaact tcatggacac acacagacce

<210> SEQ ID NO 8

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Hph-F primer

<400> SEQUENCE: 8

ggtctgtgty tgtccatgaa gttggagatt tcagtaacgt taagtggat

<210> SEQ ID NO 9

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Hph-R primer

<400> SEQUENCE: 9

getactactyg atccctetge gtcggagaca gaagatgata ttgaaggag

<210> SEQ ID NO 10

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Alg3-3 primer

<400> SEQUENCE: 10

ctcecttcaat atcatcttet gtetecgacyg cagagggatce agtagtage

<210> SEQ ID NO 11

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Alg3-4 primer

<400> SEQUENCE: 11

gecggataaca atttcacaca ggaaacagcce gtgagaggtt tgtagtacg

<210> SEQ ID NO 12

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Alg3-RevScr primer

<400> SEQUENCE: 12

aagctgagag cgacatctte a

49

49

49

49

49

49

21
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54

<210> SEQ ID NO 13

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hyg-RevScr primer

<400> SEQUENCE: 13

gtacttctac acagccatcg gtcca

<210> SEQ ID NO 14

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hyg-ForScr primer

<400> SEQUENCE: 14

gtacttctac acagccatcg gtcca

<210> SEQ ID NO 15

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: pryGScr primer

<400> SEQUENCE: 15

tctgetgtet tgcatgaggt cctt

<210> SEQ ID NO 16

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 16

agcgtaggac aaggtegtet ctgt

<210> SEQ ID NO 17

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 5-pyrG5F primer

<400> SEQUENCE: 17

gtaacgccag ggttttccca gtcacgacgt ttaaacatge atcattctece cgetttgt

<210> SEQ ID NO 18

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 5-pyrG3R primer

<400> SEQUENCE: 18

agaaagagtc accggtcacg acatcgccaa tcacctcaat cac

<210> SEQ ID NO 19

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: bleS5F primer

25

25

24

24

58

43
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-continued

56

<400> SEQUENCE: 19

gtgattgagg tgattggcga tgtcgtgacce ggtgactett tet

<210> SEQ ID NO 20

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Ble3R primer

<400> SEQUENCE: 20

tccaaccttyg tagcaaccaa agettcgage gtcccaaaac ct

<210> SEQ ID NO 21

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Alg3-5F1 primer

<400> SEQUENCE: 21

aggttttggg acgctecgaag ctttggttge tacaaggttyg ga

<210> SEQ ID NO 22

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Alg3-3R1 primer

<400> SEQUENCE: 22

tcaagtagag cacagcaaat agtatctga

<210> SEQ ID NO 23

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Alg3-5F2 primer

<400> SEQUENCE: 23

tcagatacta tttgctgtge tctacttga

<210> SEQ ID NO 24

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Alg3-3R2 primer

<400> SEQUENCE: 24

ttgatccttyg tgccacacca tcctacgtgg tcatcgatac ca
<210> SEQ ID NO 25

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 3-pyrG5F primer

<400> SEQUENCE: 25

tggtatcgat gaccacgtag gatggtgtgg cacaaggatc aa

<210> SEQ ID NO 26
<211> LENGTH: 60

43

42

42

29

29

42

42
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58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 3=pyrG3R primer

<400> SEQUENCE: 26

gecggataaca atttcacaca ggaaacagcyg tttaaactgt gccagtcaat tgtccgaagt

<210> SEQ ID NO 27

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Alg3seq-1 primer

<400> SEQUENCE: 27

tacagacgcg tgtacgcatg t

<210> SEQ ID NO 28

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Alg3seq-2 primer

<400> SEQUENCE: 28

tgctattgte cacagatacc gaga

<210> SEQ ID NO 29

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Alg3seq-3 primer

<400> SEQUENCE: 29

gagctaacca gacagttcat gt

<210> SEQ ID NO 30

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Alg3seq-4 primer

<400> SEQUENCE: 30

tegtegtace gcattgatce t

<210> SEQ ID NO 31

<211> LENGTH: 413

<212> TYPE: PRT

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 31

Met Ala Leu Thr Asp Leu Val Ser Gly Leu Cys Ser Asn Pro Lys His
1 5 10 15

Thr Lys Trp Ile Ala Pro Ile Leu Asn Ile Ala Asp Gly Leu Leu Cys
20 25 30

Ala Phe Ile Ile Trp Lys Val Pro Tyr Thr Glu Ile Asp Trp Thr Thr
35 40 45

Tyr Met Gln Gln Val Lys Leu Tyr Leu Ser Gly Glu Arg Asp Tyr Thr
50 55 60

Leu Ile Lys Gly Ser Thr Gly Pro Leu Val Tyr Pro Ala Ala His Val
65 70 75 80

60

21

24

22

21
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60

Tyr

Val

Val

Pro

Leu

145

Leu

Gly

Val

Gly

Thr

225

Phe

Phe

Ile

Ser

Ile

305

Ser

Tyr

Pro

Val

Gly

385

Ser

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

<400>

Ser

Phe

Val

Leu

130

Phe

Phe

Leu

Val

Leu

210

Asn

Met

Leu

Leu

Leu

290

Ala

Val

Leu

Ile

Tyr

370

Ala

Ser

Tyr

Gly

Met

115

Leu

Asn

Ile

Gly

Leu

195

Ala

Pro

Phe

Ser

Val

275

Pro

Leu

Gly

Ser

Leu

355

Pro

Gln

Pro

Ser

Gln

100

Ala

Val

Asp

Asn

Val

180

Ala

Leu

Ser

Lys

Lys

260

Val

Asp

His

Leu

Trp

340

Val

Ser

Val

Pro

PRT

SEQUENCE :

Leu

85

Ile

Cys

Leu

Gly

Arg

165

Lys

Leu

Gly

Gly

Trp

245

Gly

Leu

Phe

Pro

Leu

325

Ala

Tyr

Thr

Leu

Thr
405

SEQ ID NO 32
LENGTH:
TYPE :
ORGANISM: Fusarium oxysporum

434

32

Phe

Ile

Tyr

Ser

Leu

150

Lys

Met

Ser

Ile

Tyr

230

Thr

Phe

Gly

Ala

Ser

310

Cys

Thr

Ala

Asn

Gly

390

Pro

His

Phe

Arg

Lys

135

Ala

Trp

Thr

Leu

Gln

215

Phe

Val

Trp

Phe

Gly

295

Phe

Ala

Pro

Leu

Leu

375

Val

Lys

His

Ala

Arg

120

Arg

Ala

Thr

Leu

Asp

200

Ile

Glu

Asn

Ala

Thr

280

Arg

Ile

Arg

Phe

Trp

360

Ser

Leu

Ala

Leu

Phe

105

Val

Leu

Leu

Pro

Ile

185

Ile

Leu

Arg

Trp

Gly

265

Cys

Phe

Met

Ser

Leu

345

Leu

Ser

Val

Lys

Met Pro Glu Ser Ala Ser Gly Thr Leu

1

5

Arg Asn Val Leu Asn Gly Arg His Ala

20

25

Ala Leu Trp Leu Val Asp Ala Leu Gly

Thr

90

Leu

Gly

His

Ala

Ala

170

Leu

Gly

Leu

Ala

Arg

250

Leu

Phe

Leu

Ser

Leu

330

Leu

Val

Ala

Asn

Gln
410

Asp

Tyr

Ala

Ser

Met

155

Val

Leu

Arg

Ala

Phe

235

Phe

Ile

Leu

Thr

Ala

315

His

Trp

Gln

Ala

Arg

395

His

Glu Gly Arg Asp Ile
95

Leu Ile Cys Leu Thr
110

Pro Pro Tyr Leu Phe
125

Val Tyr Met Leu Arg
140

Trp Gly Ser Ile Trp
160

Val Leu Trp Ser Leu
175

Val Pro Ala Val Met
190

Cys Ile Arg Leu Ala
205

Ile Pro Phe Leu Lys
220

Glu Phe Gly Arg Gln
240

Val Gly Glu Asp Ile
255

Val Leu His Leu Leu
270

Asn Pro Ser Gly Thr
285

Gly Gln His Arg Gly
300

Leu Leu Thr Ser Leu
320

Tyr Gln Phe Phe Ala
335

Gln Ala Gly Tyr His
350

Glu Trp Ala Trp Asn
365

Val Val Leu Leu Leu
380

Asp Arg Ala Phe Pro
400

Val Gln

Ser Gln Gly Val Arg Phe Leu

10

15

Leu Ser Lys Leu Ile Pro Ile

30

Cys Gly Leu Ile Ile Trp Lys
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Ile

Gln

65

Gly

Tyr

Phe

Trp

Lys

145

Ala

Trp

Ser

Arg

Gln

225

Ala

Val

Ala

Ser

Pro

305

Arg

Thr

Phe

Thr

Ala
385

Pro

50

Phe

Pro

Tyr

Ala

Lys

130

Arg

Val

Thr

Leu

Gly

210

Phe

Ala

Asn

Leu

Lys

290

Ser

Ile

Ala

Tyr

Glu

370

Trp

Thr

Ala

Lys

35

Tyr

Val

Leu

Ile

Val

115

Ala

Leu

Phe

Val

Leu

195

Leu

Ala

Arg

Trp

Ser

275

Arg

Phe

Ser

Asn

Ala

355

Asp

Asn

Met

Val

Thr

Ser

Val

Thr

100

Leu

Lys

His

Phe

Gly

180

Leu

Trp

Ile

Ala

Arg

260

Leu

Trp

Leu

His

Leu

340

Tyr

Pro

Val

Leu

Pro
420

Glu

Gly

Tyr

85

Asp

Tyr

Val

Ser

Leu

165

Ser

Val

Pro

Gly

Phe

245

Met

Leu

Ile

Arg

Tyr

325

Ile

Leu

Val

Tyr

Ala
405

Ala

<210> SEQ ID NO 33

<211> LENGTH:

502

Ile

Glu

70

Pro

Lys

Met

Pro

Leu

150

Trp

Leu

Leu

Ser

Leu

230

Glu

Leu

Ala

Gln

Leu

310

Val

Gly

Ala

Ile

Pro
390

Thr

Pro

Asp

55

Arg

Ala

Gly

Ala

Pro

135

Phe

Leu

Val

Pro

Leu

215

Pro

Leu

Gly

Cys

Pro

295

Lys

Thr

Leu

Trp

Val

375

Ser

Val

Ala

40

Trp

Asp

Ala

Thr

Thr

120

Tyr

Val

Thr

Tyr

Ala

200

Arg

Phe

Ser

Glu

His

280

Thr

Ser

Pro

Leu

Ala

360

Ala

Thr

Val

Ala

Val

Tyr

His

Asn

105

Leu

Met

Leu

Ile

Ser

185

Ile

Leu

Ile

Arg

Glu

265

Ile

Gly

Pro

Glu

Phe

345

Thr

Ile

Asp

Leu

Gln
425

Ala

Thr

Val

90

Ile

Ala

Phe

Arg

Phe

170

Trp

Gly

Ala

Thr

Gln

250

Val

Leu

Arg

Phe

Tyr

330

Ala

Pro

Ile

Leu

Val
410

Val

Tyr

Lys

75

Tyr

Leu

Val

Ile

Cys

155

Leu

Gly

Val

Trp

Lys

235

Phe

Phe

Val

Ser

Thr

315

Ala

Arg

Tyr

Trp

Ser
395

Tyr

Gly

Met

60

Met

Thr

Leu

Val

Phe

140

Phe

Phe

Leu

Ile

Leu

220

Asn

Gln

Leu

Leu

Leu

300

Met

Met

Ser

Leu

Ala

380

Ser

Leu

Asn

45

Gln

Glu

Tyr

Ala

Met

125

Leu

Asn

Gln

Gly

Leu

205

Met

Pro

Phe

Ser

Leu

285

Tyr

Gln

Thr

Leu

Leu

365

Ala

Thr

Gly

Val

Gln

Gly

Thr

Gln

110

Leu

Ile

Asp

Arg

Ile

190

Phe

Ala

Arg

Lys

Lys

270

Ile

Asp

Glu

Thr

His

350

Trp

Gln

Ile

Thr

Asp
430

Ile

Asp

Gly

95

Gln

Cys

Ala

Cys

Arg

175

Lys

Leu

Gln

Gly

Trp

255

Tyr

Phe

Leu

Gln

Met

335

Tyr

Arg

Glu

Ala

Ala
415

Asp

Ser

Thr

80

Leu

Ile

Tyr

Ser

Phe

160

Gln

Met

Gly

Ile

Tyr

240

Thr

Phe

Ile

Ile

Leu

320

Leu

Gln

Ala

Trp

Val
400

Arg

Lys
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<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Ala Pro

1

Gln

Ser

Gly

Tyr

65

Lys

Tyr

Leu

Val

Pro

145

Cys

Phe

Gly

Ile

Val

225

Thr

Gln

Val

Leu

Thr

305

Lys

Lys

Ile

Gln

Pro
385

Ala

Lys

Leu

50

Met

Val

Ile

Leu

Val

130

Leu

Phe

Phe

Leu

Val

210

Ala

Lys

Phe

Phe

Val

290

Glu

Trp

Gly

Phe

Leu
370

Glu

Leu

Leu

35

Ile

Glu

Arg

Tyr

Ala

115

Met

Leu

Asn

Gln

Gly

195

Leu

Thr

Asn

Gln

Leu

275

Leu

Tyr

Thr

Phe

Ile
355

Ile

His

Asp

20

Ile

Ile

Gln

Gly

Thr

100

Gln

Gly

Thr

Asp

Arg

180

Val

Phe

Met

Pro

Phe

260

Ser

Leu

Leu

Val

Ala
340
Thr

Ser

Arg

Neuro spora crassa

33

Ser

Phe

Pro

Trp

Val

Gly

85

Gly

Gln

Cys

Leu

Cys

165

Arg

Lys

Leu

Gly

Arg

245

Lys

Lys

Ile

Ser

Asn

325

Leu

Thr

Pro

Ala

Ser

Ala

Pro

Lys

Ser

70

Thr

Leu

Leu

Tyr

Ser

150

Phe

Asn

Met

Gly

Leu

230

Gly

Trp

Tyr

Leu

Arg

310

Trp

Thr

Arg

Val

Ala
390

Arg

Leu

Ala

Val

55

Gln

Gly

Tyr

Phe

Trp

135

Lys

Ala

Trp

Thr

Ser

215

Val

Tyr

Thr

Phe

Ile

295

Ala

Arg

Leu

Trp

Leu
375

Ala

Pro

Asp

Leu

40

Pro

Ile

Pro

His

Ala

120

Gln

Arg

Val

Gln

Leu

200

Gly

Gln

Ala

Val

Ala

280

Gly

Phe

Phe

Leu

Ile
360

Leu

Arg

Glu

Val

25

Phe

Tyr

Leu

Leu

Leu

105

Gly

Ala

Leu

Leu

Ala

185

Leu

Ser

Ile

Ala

Asn

265

Leu

Val

Glu

Val

Ala
345
Lys

Ala

Asp

Ser

10

Ala

Leu

Thr

Ser

Val

90

Thr

Leu

Lys

His

Phe

170

Gly

Leu

Phe

Ala

Arg

250

Trp

Ser

Pro

Leu

Gly

330

Leu

Pro

Gly

Val

Asn

Asn

Val

Glu

Gly

75

Tyr

Asp

Tyr

Ala

Ser

155

Leu

Ala

Ser

Val

Ile

235

Ala

Arg

Leu

Phe

Ser

315

Glu

His

Ala

Lys

Thr
395

Pro

Gly

Asp

Ile

60

Glu

Pro

Glu

Met

Pro

140

Ile

Trp

Leu

Leu

Thr

220

Gly

Phe

Met

Leu

Leu

300

Arg

Glu

Val

Arg

Pro
380

Pro

Pro

Arg

Ala

45

Asp

Arg

Ala

Gly

Val

125

Pro

Phe

Leu

Leu

Pro

205

Thr

Leu

Glu

Leu

Ala

285

Ala

Gln

Ile

Leu

Lys
365

Pro

Arg

Leu

His

30

Leu

Trp

Asp

Ala

Arg

110

Thr

Tyr

Val

Ala

Tyr

190

Ala

Leu

Pro

Leu

Gly

270

Cys

His

Phe

Phe

Val
350
Ser

Leu

Tyr

Tyr

15

Ala

Leu

Ala

Tyr

His

95

Asn

Leu

Leu

Leu

Ile

175

Thr

Val

Gln

Phe

Ser

255

Glu

His

Tyr

Phe

Leu

335

Leu

Leu

Thr

Ile

Lys

Leu

Cys

Ala

Thr

80

Val

Ile

Ala

Phe

Arg

160

Phe

Leu

Gly

Leu

Ile

240

Arg

Glu

Ile

Pro

Phe

320

Ser

Gly

Val

Val

Met
400
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Thr

Leu

Leu

Val

Ala

465

Gly

Glu

Thr Ile Leu Ser Ala Asn Ala Val Gly Leu
405 410

His Tyr Gln Phe Tyr Ala Tyr Val Ala Trp
420 425

Trp Arg Ala Gly Leu His Pro Val Leu Val
435 440

His Glu Trp Ala Trp Asn Val Phe Pro Ser
450 455

Val Val Val Gly Val Leu Gly Val Thr Val
470 475

Ala Arg Glu Glu Trp Glu Pro Gly Met Lys
485 490

Glu Ala Ala Met Arg
500

<210> SEQ ID NO 34

<211> LENGTH: 434

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 34

Met
1
Lys
Pro
Ala
Trp
65

Asp

Gly

Asn

Pro

145

Ile

Phe

Ala

Ala

Thr

225

Leu

Asp

Ala Gly Gly Lys Lys Lys Ser Ser Thr Ala
Thr Leu Ser Ser Ile Trp Gln Asp Lys His
20 25

Glu Tyr Thr Leu Leu Val Thr Ala Val Leu
35 40

Ile Asn Ile Trp Val Ile Gln Lys Val Ser
50 55

Lys Ala Tyr Met Asp Glu Val Glu Gly Val
70 75

Tyr Thr Gln Leu Lys Gly Asp Thr Gly Pro
85 90

Phe Val Tyr Ile Phe Thr Gly Leu Tyr Tyr
100 105

Asn Ile Arg Leu Gly Gln Tyr Val Phe Ala
115 120

Leu Leu Leu Val Met Arg Ile Tyr His Arg
130 135

Tyr Val Phe Phe Phe Ile Cys Cys Ala Ser
150 155

Phe Ile Leu Arg Leu Phe Asn Asp Pro Val
165 170

Gly Ala Ile Asn Leu Phe Leu Asp Gly Arg
180 185

Leu Tyr Ser Leu Ala Val Ser Val Lys Met
195 200

Pro Gly Leu Leu Phe Leu Leu Leu Cys Glu
210 215

Leu Pro Arg Leu Ala Leu Cys Ala Val Ile
230 235

Pro Phe Leu Ile Thr Tyr Pro Val Ser Tyr
245 250

Leu Gly Arg Val Phe Ile His Phe Trp Ser

Leu

Ser

Tyr

Thr

460

Ala

Ser

Pro

Thr

Trp

Tyr

60

Ile

Leu

Leu

Val

Thr

140

Tyr

Ala

Trp

Asn

Phe

220

Gln

Ile

Val

Phe

Thr

Leu

445

Pro

Gly

Ser

Ser

Val

Phe

45

Thr

Asn

Val

Thr

Ser

125

Lys

Arg

Met

Thr

Val

205

Gly

Leu

Ala

Asn

Ala

Pro

430

Leu

Ala

Val

Ser

Arg

Leu

30

Leu

Glu

Gly

Tyr

Asp

110

Tyr

Lys

Ile

Met

Leu

190

Leu

Leu

Leu

Asn

Phe

Arg

415

Phe

Trp

Ser

Trp

Lys
495

Phe

15

Phe

Glu

Ile

Thr

Pro

95

His

Leu

Val

His

Leu

175

Gly

Leu

Trp

Val

Ala
255

Lys

Ser

Leu

Ala

Ser

Phe

480

Lys

Gln

Lys

Ile

Asp

Tyr

80

Ala

Gly

Ile

Pro

Ser

160

Cys

Cys

Phe

Lys

Gly

240

Phe

Phe
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-continued

68

Val

Ile

Arg

305

Lys

Phe

Gln

Gly

Leu

385

Leu

Asn

Ser

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

<400>

Pro

Ala

290

Ser

Glu

Thr

Phe

Gly

370

Ile

Ser

Pro

His

Glu

275

His

Gly

Thr

Ser

Tyr

355

Val

Glu

Leu

Asn

260

Arg

Leu

Ser

Ala

Asn

340

Val

Lys

Leu

His

Pro
420

PRT

SEQUENCE :

Met Ala Gly Ala

1

Arg

Val

Leu

Met

65

Leu

Val

Gln

Ile

Cys

145

Asp

Tyr

Val

Leu

Pro

Ile

50

Ser

Lys

Tyr

Ile

Ile

130

Leu

Cys

Arg

Lys

Gly

Phe

35

Ile

Gln

Gly

Ser

Leu

115

Tyr

Ser

Phe

Lys

Met

Lys

20

Ala

Ala

Val

Asp

Ala

100

Phe

Val

Lys

Ala

Trp
180

Asn

Val

Phe

Ser

His

325

Phe

Trp

Lys

Ser

Val

405

Ala

SEQ ID NO 35
LENGTH:
TYPE :
ORGANISM: Arabidopsis

437

35

Ser

Glu

Phe

Tyr

Ser

Thr

85

Val

Gly

Lys

Arg

Met

165

His

Val

Phe

Leu

Ile

310

Lys

Ile

Tyr

Leu

Trp

390

Cys

Ser

Ser

Thr

Ala

Val

Gly

70

Gly

Gln

Val

Thr

Ile

150

Thr

Leu

Leu

Val

Leu

295

Trp

Val

Gly

Phe

Ala

375

Asn

His

Pro

Pro

Asn

Leu

Pro

55

Phe

Pro

Asn

Leu

Asp

135

His

Leu

Gly

Leu

Ser

280

Val

Thr

Asn

Met

His

360

Arg

Thr

Leu

Ser

thaliana

Ala

Arg

Ile

Tyr

Leu

Leu

Leu

Tyr

120

Val

Ser

Leu

Met

Tyr

265

Lys

Ala

Ile

Ala

Cys

345

Thr

Leu

Tyr

Ile

His
425

Ser

Ser

25

Leu

Thr

Gly

Val

Thr

105

Ile

Pro

Ile

His

Leu
185

Ala

Glu

Phe

Leu

Asp

330

Phe

Leu

Leu

Pro

Ile

410

Arg

Leu

10

Asp

Ala

Lys

Gly

Tyr

90

Gly

Val

Trp

Phe

Ala
170

Val

Pro

Phe

Ala

Lys

315

Gln

Ser

Pro

Arg

Ser

395

Leu

Ser

Arg

Leu

Asp

Ile

Glu

75

Pro

Gly

Asn

Trp

Val
155
Ser

Phe

Thr

Ala

Leu

300

Asp

Met

Arg

Tyr

Val

380

Thr

Leu

Glu

Ala

Phe

Ala

Asp

60

Arg

Ala

Glu

Leu

Ala

140

Leu

Met

Ser

Leu

Val

285

Lys

Pro

Val

Ser

Leu

365

Leu

Asn

Cys

Asn

Ser

Lys

Ile

Trp

Asp

Gly

Val

Gly

125

Leu

Arg

Ala

Gly

Leu

270

Cys

Arg

Ser

Leu

Leu

350

Leu

Ile

Tyr

Leu

Lys
430

Arg

Lys

30

Leu

Asp

Tyr

Phe

Tyr

110

Ile

Ser

Leu

Leu

Ala
190

Leu

Leu

Trp

Glu

Ile

335

His

Trp

Leu

Ser

Trp

415

Ala

Ser

15

Pro

Val

Ala

Gly

Leu

95

Pro

Val

Leu

Phe

Phe
175

Val

Leu

Leu

Lys

Arg

320

Leu

Tyr

Ser

Gly

Ser

400

Leu

Lys

Arg

Ala

Ala

Tyr

Asn

80

Tyr

Ala

Leu

Leu

Asn

160

Leu

Ser

Leu
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70

Leu

Ala

225

Val

Phe

Lys

Ala

Phe

305

Phe

Thr

Leu

Leu

Gly

385

Gly

Ala

Ile

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

<400>

Lys

210

Leu

Ser

Trp

Glu

Phe

290

Met

Ser

Ala

His

Trp

370

Ile

Leu

Pro

His

195

Ala

Val

Tyr

Ser

Phe

275

Ala

Arg

Asp

Met

Tyr

355

Arg

Glu

Leu

Ser

Lys
435

Met

Gln

Ile

Val

260

Ala

Asn

Ser

Val

Phe

340

Gln

Thr

Leu

Leu

Val

420

Lys

PRT

SEQUENCE :

Arg Lys Arg Gly

1

Lys

Glu

Val

Asp
65
Tyr

Ala

Gly

Gln

Pro

Gly

50

Trp

Asp

Gly

Thr

Trp

Arg

35

Ile

Lys

Tyr

Phe

Asp
115

Leu

20

Tyr

Thr

Ala

Thr

Val
100

Ile

200

Asn Ile Ile Gly
215

Ile Leu Val Gly
230

Ala Asn Ala Phe
245

Asn Phe Lys Phe
Val Cys Leu Leu
280

Tyr Lys Trp Cys
295

Arg His Phe Phe
310

Ser Ala Ser Arg
325

Val Gly Asn Phe
Phe Tyr Ser Trp
360

Pro Phe Pro Thr
375

Cys Trp Asn Val
390

Cys Leu His Leu
405

Asp Pro Tyr Gln

Ala

SEQ ID NO 36
LENGTH:
TYPE :
ORGANISM:

433

Homo sapiens
36

Arg Ser Gly Ser

Gln Arg Ala Trp

Thr Leu Leu Val
40

Phe Trp Val Ile
55

Tyr Met Ala Glu
70

Gln Leu Gln Gly
85

Tyr Ile Phe Met

Arg Met Ala Gln
120

Val

Leu

Asp

Val

265

Ile

Lys

Leu

Ile

Ile

345

Tyr

Trp

Tyr

Ile

Leu
425

Ala

Gln

25

Ala

His

Val

Asp

Gly

105

Asn

Val

Pro

Leu

250

Pro

Ala

His

Thr

Ile

330

Gly

Phe

Leu

Pro

Ile

410

Lys

Ala

10

Glu

Ala

Arg

Glu

Thr

90

Leu

Ile

Ser

Phe

235

Gly

Glu

His

Glu

Leu

315

Thr

Ile

Tyr

Arg

Ser

395

Leu

Glu

Gln

Arg

Cys

Val

Gly

75

Gly

Tyr

Phe

Ala

220

Leu

Arg

Arg

Leu

Gly

300

Pro

Lys

Val

Ser

Leu

380

Thr

Val

His

Ala

Arg

Leu

Ala

60

Val

Pro

Tyr

Ala

205

Leu

Ile

Val

Val

Phe

285

Gly

Ser

Glu

Phe

Leu

365

Ile

Pro

Gly

Pro

Glu

Leu

Cys

45

Tyr

Ile

Leu

Ala

Val
125

Ala

Thr

Phe

Phe

270

Leu

Ile

Ser

His

Ala

350

Pro

Met

Ser

Leu

Lys
430

Gly
Leu
30

Leu

Thr

Asn

Val

Thr

110

Leu

Gly

Tyr

Ile

255

Val

Leu

Ile

Leu

Val

335

Arg

Tyr

Phe

Ser

Trp

415

Ser

Leu
15

Leu

Ala

Glu

Gly

Tyr

Ser

Tyr

Ala

Pro

240

His

Ser

Val

Gly

Ser

320

Val

Ser

Leu

Leu

Ser

400

Leu

Gln

Cys

Arg

Glu

Ile

Thr

80

Pro

Arg

Leu
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72

Ala

Pro

145

Ser

Leu

Cys

Phe

Gly

225

Gly

Phe

Phe

Leu

His

305

Arg

Leu

Tyr

Ala

Gly

385

Ser

Leu

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

<400>

Thr

130

Pro

Ile

Phe

Cys

Ala

210

Ala

Leu

Asp

Leu

Thr

290

Arg

Lys

Phe

Gln

Met

370

Leu

Ala

Gly

Leu

Phe

Phe

Leu

Phe

195

Pro

Leu

Pro

Leu

Pro

275

Ala

Thr

Val

Thr

Phe

355

Pro

Ile

Ala

Pro

Leu Leu Val Phe Leu

135

Val Phe Phe Phe Met
150

Val Leu Arg Leu Phe

165

Ser Ile Asn Leu Leu

180

Phe Ser Leu Ala Val

200

Gly Leu Leu Phe Leu

215

Pro Lys Leu Gly Ile
230

Phe Leu Leu Glu Asn

245

Gly Arg Gln Phe Leu

260

Glu Ala Leu Phe Leu

280

His Leu Thr Leu Leu

295

Gly Glu Ser Ile Leu
310

Pro Pro Gln Pro Leu

325

Ser Asn Phe Ile Gly

340

Tyr Val Trp Tyr Phe

360

Ala Arg Trp Leu Thr

375

Glu Leu Ser Trp Asn
390

Leu His Ile Cys His

405

Gln Pro Phe Pro Lys

420

SEQ ID NO 37
LENGTH: 1291
TYPE: DNA

ORGANISM: Aspergillus nidulans

SEQUENCE: 37

aagcttcaag ctgtaaggat

ggactcgagt

cgaccatcaa

tctectggat

agctcccaaa

cttattegtt

accatttaat

agtcgtatag

aaactttaag

tctgtecaga

gacctagetyg

ttcggcacygyg

tctatttgty

ctaccagtga

cctaaactat

tcatggttga

attctggagt

Ile Tyr His
Cys Cys Ala
155

Asn Asp Pro
170

Leu Ala Gln
185

Ser Val Lys

Leu Leu Thr

Cys Ala Gly

235

Pro Ser Gly
250

Phe His Trp
265

His Arg Ala

Leu Leu Phe

Ser Leu Leu

315

Thr Pro Asn
330

Ile Cys Phe
345

His Thr Leu

His Leu Leu

Thr Tyr Pro
395

Ala Val Ile
410

Ser Thr Gln
425

ctacggaaga
tttgatcgag
ggaagtggac
acagaataag
ceggtgectyg

gacccagagg

Gln

140

Ser

Val

Arg

Met

Gln

220

Leu

Tyr

Thr

Phe

Ala

300

Arg

Gln

Ser

Pro

Arg

380

Ser

Leu

His

Thr

Tyr

Ala

Trp

Asn

205

Phe

Gln

Leu

Val

His

285

Leu

Asp

Ile

Arg

Tyr

365

Leu

Thr

Leu

Ser

Cys

Arg

Met

Gly

190

Val

Gly

Val

Ser

Asn

270

Leu

Cys

Pro

Val

Ser

350

Leu

Leu

Ser

Gln

Lys
430

cggagaagcc

acctaataca

tcaaatcgac

atggtggaga

gatcttccta

gtcatgactt

Lys Val

Val His
160

Val Leu
175

Trp Gly

Leu Leu

Phe Arg

Val Leu
240

Arg Ser
255

Trp Arg

Ala Leu

Arg Trp

Ser Lys
320

Ser Thr
335

Leu His

Leu Trp

Val Leu

Cys Ser
400

Leu Trp
415

Lys Ala

caccttcagt
gecectacaa
ttcagcaaca
gcettataceg
tagaatcatc

gagcctaaaa

60

120

180

240

300

360



73

US 9,023,637 B2

-continued

74

tcegeegect ccaccatttg tagaaaaatg tgacgaacte

ggtgactett tctggcatge ggagagacgyg acggacgcag

gegecactge gecagacage tetggegget ctgaggtgea

gaccggeege ccctecgece cgaagtggaa aggctggtgt

ctattgcatc atcggagaat atggagette atcgaatcac

tgtgaagcca ggggtgtata geecgteggeg aaatageatg

gtccaattge ttccgatctg gtaaaagatt cacgagatag

gagcgagtac ccggegegta agetccctaa ttggeccate

aatatcgtge ctetectget ttgeceggtyg tatgaaaceg

gecageggeg cagaccggga acacaagctyg gcagtcgace

acctgctgag gtccctcagt cectggtagg cagetttgece

tcggeggggt tgacaaggte gttgegteag tccaacattt

tccccaccag ctgetetttt cttttetett tettttecca

ccatccaaga acctttattt cccctaagta agtactttge

cccatcectt attectttga acctttecagt tegagettte

taacagctac ccegettgag cagacatcac a

<210> SEQ ID NO 38

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: gpdASF primer

<400> SEQUENCE: 38

cgcagatcte aagctgtaag gattteggea

<210> SEQ ID NO 39

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: gpdA3R primer

<400> SEQUENCE: 39

caccgggecce atctcaaaca ttgtgatgte tgetcaageg

<210> SEQ ID NO 40

<211> LENGTH: 1255

<212> TYPE: DNA

<213> ORGANISM: Aspergillus nidulans
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(236)
<220> FEATURE:

<221> NAME/KEY: Intron

<222> LOCATION: (237)..(366)
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (367)..(1252)

<400> SEQUENCE: 40

atg
Met
1

cca
Pro

ttt gag atg ggc ccg gtg gga act cgt cte
Phe Glu Met Gly Pro Val Gly Thr Arg Leu

gcg cac aac cac tac age tac cac tct cece
Ala His Asn His Tyr Ser Tyr His Ser Pro

gtgagectetyg tacagtgacce
agagaagggc tgagtaataa
gtggatgatt attaatccgg
gecectegtt gaccaagaat
cggcagtaag cgaaggagaa
ccattaacct aggtacagaa
taccttctcee gaagtaggta
cggcatctgt agggcgtceca
gaaaggcege tcaggagetg
catccggtge tctgcacteg
cegtetgtee geceggtgty
gttgccatat tttcctgete
tcttcagtat attcatcttce
tacatccata ctccatccett

ccacttcate gcagettgac

ccec gcoe atg acc tct
Pro Ala Met Thr Ser
15

acc tcc age gac aga
Thr Ser Ser Asp Arg

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1291

30

40

48

96
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-continued
20 25 30
gge cgg tca agg cag aac teg gat gec atg gac atce cag tcc atc act 144
Gly Arg Ser Arg Gln Asn Ser Asp Ala Met Asp Ile Gln Ser Ile Thr
35 40 45
gaa cga gag ccg gcg acc aga tac geg gtt geg gge gge cct geg cce 192
Glu Arg Glu Pro Ala Thr Arg Tyr Ala Val Ala Gly Gly Pro Ala Pro
50 55 60
tgg aat cgc aac ggg tct ccg agc atg agc cct atg tat agc aa 236
Trp Asn Arg Asn Gly Ser Pro Ser Met Ser Pro Met Tyr Ser Asn
65 70 75
gtacatctect cttacceccte cgtttettte tgcttttcta ccaccccatce cctettteca 296
gtctgagtec aggcttgtte cgettgaagt ggctaatgtg atcctcegtcet tcectetcttte 356
tgtgttttag ¢ aat tcc gag cga aac cag ttt cat gaa gag aac gga cgc 406
Asn Ser Glu Arg Asn Gln Phe His Glu Glu Asn Gly Arg
80 85 90
acc tac cat ggc ttt cgc agg gga atg tat ttt ctt ccg tgc gat gag 454
Thr Tyr His Gly Phe Arg Arg Gly Met Tyr Phe Leu Pro Cys Asp Glu
95 100 105
caa gaa cag gat cgc ctc gac atc tte cat aag cta ttc acg gta gcg 502
Gln Glu Gln Asp Arg Leu Asp Ile Phe His Lys Leu Phe Thr Val Ala
110 115 120
cgg gta tcg gag agt ctg atc tac geg ccc cat cca acc aac ggc cgg 550
Arg Val Ser Glu Ser Leu Ile Tyr Ala Pro His Pro Thr Asn Gly Arg
125 130 135 140
ttt ctg gac cta gga tgt gga act ggt atc tgg gcg atc gag gta gcg 598
Phe Leu Asp Leu Gly Cys Gly Thr Gly Ile Trp Ala Ile Glu Val Ala
145 150 155
aac aag tac cct gat gcg ttt gtc gct ggt gtg gat ttg gct cct att 646
Asn Lys Tyr Pro Asp Ala Phe Val Ala Gly Val Asp Leu Ala Pro Ile
160 165 170
cag cct ccg aac cac ccg aag aac tge gag tte tac geg cce tte gac 694
Gln Pro Pro Asn His Pro Lys Asn Cys Glu Phe Tyr Ala Pro Phe Asp
175 180 185
ttc gaa gcg cca tgg gcc atg ggg gag gat tcce tgg gat cta atc cat 742
Phe Glu Ala Pro Trp Ala Met Gly Glu Asp Ser Trp Asp Leu Ile His
190 195 200
ctg cag atg ggt tgc ggt agt gtc atg ggc tgg cca aac ttg tat cga 790
Leu Gln Met Gly Cys Gly Ser Val Met Gly Trp Pro Asn Leu Tyr Arg
205 210 215 220
agg ata ttc gca cat ctc cgt ccc ggt gece tgg ttt gag cag gtt gag 838
Arg Ile Phe Ala His Leu Arg Pro Gly Ala Trp Phe Glu Gln Val Glu
225 230 235
atc gat ttc gag cct cga tgt gat gat cgg tca cta gat gga acg gca 886
Ile Asp Phe Glu Pro Arg Cys Asp Asp Arg Ser Leu Asp Gly Thr Ala
240 245 250
ttg cgg cat tgg tac gat tgt ctt aaa cag gcg aca gca gag acc atg 934
Leu Arg His Trp Tyr Asp Cys Leu Lys Gln Ala Thr Ala Glu Thr Met
255 260 265
cgg cca atc gee cat age tce cge gat aca ata aaa gac ctg cag gac 982
Arg Pro Ile Ala His Ser Ser Arg Asp Thr Ile Lys Asp Leu Gln Asp
270 275 280
gct ggg ttc acg gag atc gac cat caa ata gtg gga ctc ccg ctce aac 1030
Ala Gly Phe Thr Glu Ile Asp His Gln Ile Val Gly Leu Pro Leu Asn
285 290 295 300
ccg tgg cat cag gac gaa cac gag cgg aag gtg gca cgt tgg tat aac 1078
Pro Trp His Gln Asp Glu His Glu Arg Lys Val Ala Arg Trp Tyr Asn
305 310 315

ctg gce gtce tca gag agce atc gaa aac ctc agt ctg gect ccc tte agt 1126
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78

Leu

cgt
Arg

gtg
Val

cac
His
365

Ala

gte
Val

aag
Lys
350

ata
Ile

Val

tat
Tyr
335

tce

Ser

tac
Tyr

Ser
320

cge

Arg

gaa
Glu

cag
Gln

Glu Ser Ile

tgg ccc ctyg
Trp Pro Leu

gca ttc aac
Ala Phe Asn
355

gct agg aaa
Ala Arg Lys
370

<210> SEQ ID NO 41

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Phe Glu Met

1

Pro

Gly

Glu

Trp

Ser

Phe

Arg

Ser

Gly

145

Asp

Trp

Cys

His

225

Pro

Tyr

Glu

Ala

Arg

Arg

50

Asn

Glu

Arg

Leu

Leu

130

Cys

Ala

Pro

Ala

Gly

210

Leu

Arg

Asp

Ser

Ile
290

His

Ser

35

Glu

Arg

Arg

Arg

Asp

115

Ile

Gly

Phe

Lys

Met

195

Ser

Arg

Cys

Cys

Ser
275

Asp

Asn

20

Arg

Pro

Asn

Asn

Gly

100

Ile

Tyr

Thr

Val

Asn

180

Gly

Val

Pro

Asp

Leu
260

Arg

His

374

Aspergillus
41

Gly Pro Val

His Tyr Ser

Gln Asn Ser

Ala Thr Arg
55

Gly Ser Pro

Gln Phe His
85

Met Tyr Phe

Phe His Lys

Ala Pro His
135

Gly Ile Trp
150

Ala Gly Val
165

Cys Glu Phe

Glu Asp Ser

Met Gly Trp
215

Gly Ala Trp
230

Asp Arg Ser
245

Lys Gln Ala

Asp Thr Ile

Gln Ile Val
295

Glu Asn Leu
325

gag aga atc
Glu Arg Ile
340

aaa gag atc

Lys Glu Ile

cca tta aga
Pro Leu Arg

nidulans

Gly Thr Arg
Tyr His Ser
25

Asp Ala Met
40

Tyr Ala Val

Ser Met Ser

Glu Glu Asn

90

Leu Pro Cys
105

Leu Phe Thr
120

Pro Thr Asn

Ala Ile Glu

Asp Leu Ala
170

Tyr Ala Pro
185

Trp Asp Leu
200

Pro Asn Leu

Phe Glu Gln

Leu Asp Gly

250

Thr Ala Glu
265

Lys Asp Leu
280

Gly Leu Pro

Ser

cag
Gln

cat
His

taa

Leu

Pro

Asp

Ala

Pro

75

Gly

Asp

Val

Gly

Val

155

Pro

Phe

Ile

Tyr

Val

235

Thr

Thr

Gln

Leu

Leu

caa
Gln

gece
Ala
360

Pro

Thr

Ile

Gly

60

Met

Arg

Glu

Ala

Arg

140

Ala

Ile

Asp

His

Arg

220

Glu

Ala

Met

Asp

Asn
300

Ala

cte
Leu
345

tac
Tyr

Ala

Ser

Gln

45

Gly

Tyr

Thr

Gln

Arg

125

Phe

Asn

Gln

Phe

Leu

205

Arg

Ile

Leu

Arg

Ala
285

Pro

Pro
330

gce

Ala

aat
Asn

Met

Ser

30

Ser

Pro

Ser

Tyr

Glu

110

Val

Leu

Lys

Pro

Glu

190

Gln

Ile

Asp

Arg

Pro
270

Gly

Trp

Phe

gca
Ala

ata
Ile

Thr

15

Asp

Ile

Ala

Asn

His

95

Gln

Ser

Asp

Tyr

Pro

175

Ala

Met

Phe

Phe

His

255

Ile

Phe

His

Ser

gat
Asp

ctyg
Leu

Ser

Arg

Thr

Pro

Asn

80

Gly

Asp

Glu

Leu

Pro

160

Asn

Pro

Gly

Ala

Glu

240

Trp

Ala

Thr

Gln

1174

1222

1255
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Asp

305

Glu

Trp

Ala

Ala

Glu His Glu Arg Lys Val Ala Arg Trp Tyr
310 315

Ser Ile Glu Asn Leu Ser Leu Ala Pro Phe
325 330

Pro Leu Glu Arg Ile Gln Gln Leu Ala Ala
340 345

Phe Asn Lys Glu Ile His Ala Tyr Asn Ile
355 360

Arg Lys Pro Leu Arg
370

<210> SEQ ID NO 42

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: LaeASF primer

<400> SEQUENCE: 42

cgcttgageca gacatcacaa tgtttgagat gggeccggtg

<210> SEQ ID NO 43

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: LaeA3R primer

<400> SEQUENCE: 43

cgcagatctyg aggattatga gaagggagce

<210> SEQ ID NO 44

<211> LENGTH: 2866

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

<400> SEQUENCE: 44

aagcttcaag ctgtaaggat tteggcacgg ctacggaaga

ggactcgagt accatttaat tctatttgtg tttgatcgag

cgaccatcaa agtcgtatag ctaccagtga ggaagtggac

tctectggat aaactttaag cctaaactat acagaataag

agctcccaaa tctgteccaga tcatggttga ceggtgectg

cttattegtt gacctagetg attctggagt gacccagagg

tcegeegect ccaccatttg tagaaaaatg tgacgaacte

ggtgactett tctggcatge ggagagacgyg acggacgcag

gegecactge gecagacage tetggegget ctgaggtgea

gaccggeege ccctecgece cgaagtggaa aggctggtgt

ctattgcatc atcggagaat atggagette atcgaatcac

tgtgaagcca ggggtgtata geecgteggeg aaatageatg

gtccaattge ttccgatctg gtaaaagatt cacgagatag

gagcgagtac ccggegegta agetccctaa ttggeccate

aatatcgtge ctetectget ttgeceggtyg tatgaaaceg

Asn Leu Ala

Ser Arg Val

Asp Val Lys
350

Leu His Ile
365

OTHER INFORMATION: pGPDA promoter LeaA fragment

cggagaagcc

acctaataca

tcaaatcgac

atggtggaga

gatcttccta

gtcatgactt

gtgagctetg

agagaagggc

gtggatgatt

gecectegtt

cggcagtaag

ccattaacct

taccttctcece

cggcatctgt

gaaaggccge

Val Ser
320

Tyr Arg
335

Ser Glu

Tyr Gln

caccttcagt
gecectacaa
ttcagcaaca
gcettataceg
tagaatcatc
gagcctaaaa
tacagtgacc
tgagtaataa
attaatccgyg
gaccaagaat
cgaaggagaa
aggtacagaa
gaagtaggta
agggcgteca

tcaggagcetyg

40

29

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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gecageggeg
acctgetgag
teggegggge
tccecaccag
ccatccaaga
cccatcecett
taacagctac
tcteccegee
cgacagaggc
agagceggeg
tcecgageatg
ttttctacca
taatgtgatc
atgaagagaa
atgagcaaga
cggagagtct
gaactggtat
tggatttgge
tcgacttega
tgggttgcgg
gtceeggtge
cactagatgg
ccatgeggec
tcacggagat
acgagcggaa
gtctggetee
cagatgtgaa
accaggctag
gaaaaggagg
aaatctcaac
cacacaccct
cgtegtatat

atgcagacaa

cagaccggga

gtcectcagt

tgacaaggtc

ctgctetttt

acctttattt

attcctttga

ccegettgag

atgacctcte

cggtcaagge

accagatacg

agccctatgt

ccccatceect

ctegtettet

cggacgcace

acaggatcge

gatctacgceyg

ctgggegatce

tcctatteag

agcgccatgg

tagtgtcatg

ctggtttgag

aacggcattg

aatcgeccat

cgaccatcaa

ggtggcacgt

cttcagtegt

gtcegaagca

gaaaccatta

aaaactgcta

agcgaaagtt

teggttecte

actggcgaag

aattggccga

<210> SEQ ID NO 45
<211> LENGTH: 1279

<212> TYPE:
<213> ORGANISM: Aspergillus niger

DNA

<400> SEQUENCE: 45

acacaagctyg
ccctggtagy
gttgcgtcag
cttttctett
cccctaagta
acctttcagt
cagacatcac
cagcgcacaa
agaactcgga
cggttgcggg
atagcaagta
cttteccagte
ctetttetgt
taccatggcet
ctcgacatct
ccccatccaa
gaggtagcga
cctecgaace
gccatggggy
ggctggccaa
caggttgaga
cggcattggt
agctceegeg
atagtgggac
tggtataacc
gtctatcget
ttcaacaaag
agataagagc
gegcaagttt
atgaaccgca
tcgcaggece
tatcctcectet

getecettet

gcagtcegace

cagctttgee

tccaacattt

tcttttecca

agtactttge

tcgagettte

aatgtttgag

ccactacage

tgccatggac

cggeectgeg

catctctcett

tgagtccagyg

gttttagcaa

ttcgcagggg

tccataaget

ccaacggecyg

acaagtaccc

acccgaagaa

aggattcctg

acttgtatcg

tcgatttega

acgattgtct

atacaataaa

tccegetcaa

tggccgtete

ggcccctgga

agatccatge

aaaaggcgac

atgtcacget

tcaaccgagt

agcatggege

atctactctg

cataatcctce

catccggtge tctgcacteg

cegtetgtee geceggtgty

gttgccatat tttcctgete

tcttcagtat attcatcttce

tacatccata ctccatcctt

ccacttcate gcagettgac

atgggccegg tgggaactceg

taccactcte ccacctecag

atccagtcca tcactgaacyg

ccctggaate gcaacgggte

accecteegt ttetttetge

cttgttcege ttgaagtgge

ttcecgagega aaccagttte

aatgtatttt cttcecgtgeg

attcacggta gcgcgggtat

gtttctggac ctaggatgtg

tgatgegttt gtegetggty

ctgcgagtte tacgegeect

ggatctaatc catctgcaga

aaggatattc gcacatctce

gectegatgt gatgateggt

taaacaggcyg acagcagaga

agacctgcag gacgctgggt

ccegtggeat caggacgaac

agagagcatc gaaaacctca

gagaatccag caactcgcceg

ctacaatata ctgcacatat

cacatccagg aacgcaaaac

ggcacacgce cagccatcag

atgaacgaca attcgtccat

cctatcaacce tgctttacga

gegetetaga taccgtgaag

aagett

atgcatcatt ctccegettt gtttttggge ccaaactaac cgagtaggtyg tggcatttge

gggcatgatg tttcaactac cgctgatcat tatcaccgec ccattagaga agatccaaga

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2866

60

120
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cectactggy aaggtgatag
gectttggga getttgetgt
aatgtgaatyg taaaagcacg
caacttcage cattttttga
getectcaca atggaatcett
tettttegeg tttgactaat
tcagggatce gccaaggatg
geccgactat aaatcgaact
tagcagattc aagctgagaa
tcecctgaaaa ctacgggtat
ccatgaagtce tgatgctaac
ccecegtecty agettegtec
ccectacect cactgetatg
cacaaacagyg attcctecgag
ttcaactgeyg ctcagegege
ttcctectgyg tagetggact
gtceteggte getcactgtt
ggtegtttgt acggcagett
tttggagttyg cgagggagtt
ttgaggtgat tggcgatgt
<210> SEQ ID NO 46

<211> LENGTH: 472
<212> TYPE: DNA

gcaattccat

acttctttge

cacgtgteeg

aaagcaaagc

ttagatgttt

tctecggatyg

ctctggatee

actttecggea

caccacaagt

gtgccaatte

tatcctgeag

atggcgeegt

cgaccgtaga

ctaacataca

tcatgccaac

gaagtaccce

cctttacgga

ctacttgett

gatttcctac

tttetgggtt

ctggcaageyg

ctgtttgtca

aaccgaagta

ctgttccatt

ttgaatggca

gecatceggece

tcttectagac

aaatatcacc

tacaattcct

ctetgteatt

cgtgtetegt

gcagtgcaag

ttcecgaaccy

ttccttgaga

cagttggcga

tatgtgtact

gcacagggag

ttctaagttt

<213> ORGANISM: Aspergillus nidulans

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (361).

. (361)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 46

ggaccgatgg ctgtgtagaa
cgagggcaaa ggaatagagt
tcaaacagct tgacgaatct
agacaaatgyg tgttcaggat
ccttetagtyg atttaatage
cttccagata cagctcatct
ncaggctceeg gcgaagagaa

atcaagcaga tcaacggtcg

<210> SEQ ID NO 47

<211> LENGTH: 2005
<212> TYPE: DNA

gtactcgecyg

agatgccgac

ggatataaga

ctcgataaga

tccatgtcaa

gcaatgcatt

gaatagctta

tcaagagacc

atagtggaaa

cgcegggatee

tegttggtgt

tacgttcatt

caagaataaa

aatgcattga

gcagagctat

tacgagactg

<213> ORGANISM: Aspergillus oryzae

<400> SEQUENCE: 47

agtttttgte ttgtcggeca

aagtatggca gtgtgagcecg

tagatgtaaa taaatgccaa

aacgatcctyg taccatcage

catcttgett actgcaatgt

acgctgtegyg cgtegggtet

getettgege cccatcaate

ttcctaatac cgectagtca

catcatgett accctgaccyg

tgcagacaat gccattctece

geegtegete tgggtgecat

ctcegcaagg aagctgattg

accaacgtaa gccaacctca

tgcagcccaa ggccgagcag

actccagcca aactatgetce

ctggectegyg aagcatctygyg

ceggcaagee geggggtege

ctctetgggyg cttgacgtet

ggactgaatc cgtggtgtga

ccgacgecce agcactegte

acttaacgtt actgaaatca

cgatgtcage tccggagttyg

tgtccaagca gcaaagagtyg

acgcgtttte gggtttacct

ctgcaaccta gtaacgectt

tttcatttte gggagacgag

aggaatcecge te

tctgacagac gggcaattga ttacgggate ccattggtaa cgaaatgtaa aagctaggag

atcgtecgee gatgtcagga tgatttcact tgtttettgt ceggetcace ggtcaaaget

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1279

60

120

180

240

300

360

420

472

60

120
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aaagaggagc aaaaggaacg gatagaatcg
ttatcacgtt gactcaacce atgctattta
ttcttecttt tectetecate ccacacaatt
tcggacgaaa ctgaacaagt cttectecct
accatcttect atagttccca aaccaaccga
tagagggcat acgatggaag tcatggaata
tatcttaggt aacgtetttg gegtgggeeg
atgccctece taagetggge cctagactcet
atggactggyg ttegttectga gattatacgg
aagggtcatg cctteteteg ttettectgt
gcaacttgaa acatgtctec tccagetgec
ctcaagggta aggtegtggt ttetgagacce
ctgttggace attteggtgg caagtgggac
caggtctete gtgccatgac cagacgttac
gacgttgtca ttgttggtgce tggttectge
getegteegyg acctgaagat tgctategte
atgatggatt gccttgeact cagettteeg
gttgggtgge caactctttt ctgctatggt
cgagcetgggt gttecttacg aagaggacge
ctcectgttt acctegacac tcatgtegaa
caatgctace gctgttgagg acttgatcac
tgctggtgtt gtegtcaact ggacgetggt
ggaccccaac actatcaacg ctcctgteat
cggegectte tgtgegaage gettggtgte
gegtggtete gacatgaact cggcecgagga
taagggcttyg ataatecggeg gtatggaget
ccctacctte ggtgecatgg ttetcagtgg
gttcgacgag cgtcagegeg agtgtgctga
tgcatgaacc ggatttgtet tacggtettt
ttctgagatt tgaatgaact cgttageteg
ccegtatgta acggtgggge attctagaat
acaaacaaag atgcaagagc ggctc
<210> SEQ ID NO 48

<211> LENGTH: 1052

<212> TYPE: DNA

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE: 48

ggtgcegetyg atctatacgg tatagtgece

actcaacccce

ctctatctca

tcgataaacc

caatgtaaat

cttttggety

gtgttegtte

aggatcctag

ctaaaacttg

tgatggaatg

atctacgaac

gtcecegtty

gagttcaagt

tttgaggacc

ggtctgagcea

gaggccagceyg

gaactaacgt

catgcgeegt

aaaccccaac

ggttctctee

cegtecgace

caccctteac

catcagtacc

catgggcage

tgccatcgte

gtctgaaatt

tgtcaaggcet

gtaaatgact

gacgataggg

taatccacat

aattatgtgt

tccttetgaa

gatttgaatt

tttggtgatt

acactccteg

gactctcaca

ccagtcateg

tctagaagga

atctggataa

gctaacagat

ccactgtgge

agggagctte

tcgecectat

tggacaagta

ctgegtacgt

tctetectygy

gcaataggtyg

ccegeggaag

tacgttgteg

ttccccaatyg

gagaacggca

cacgatgatc

actggtcacyg

gtcgacaage

aagaacaccc

gatggcttta

gccgaggagg

cactacccga

gaatgatgat

gcatatgtaa

aacaagaaag

ccccaccate

ccaaaagtcc

ggaataactg

attagcccte

atgatcaagg

atgcattcac

catggcatcg

taccagcgaa

gatagtcatt

cgctaccgge

tcagaccaag

ccgegaaage

cgctgaaagt

cttggccaag

tcagtagtcc

geggtgecetg

tcttectgaa

tcaagcacge

tcaagctett

acccccagat

actcctgeat

atgggccatt

taggtggcat

gegaggttac

accgcatggyg

cattgaaggt

atgggttcag

tatgtgatag

atggctgtgt

acagtataat

gtcatcgcag ataagcactg ctgtcttgea tccaagtcag cgtcagcaga aatacgggac

ttccgaaagt atatggcaaa attaaagaac ttgactctec agcaatgttt tgccctgace

gtcgctaaaa cgttactacc cctatacceg tetgtttgte ccageccgag geattaggte

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

1980

2005

60

120

180
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tgactgacag cacggcgeca tgegggettyg ggacgecatg tecgtegegt gataagggtt
gatccatgca gctactatcce ttccatcegtt ccattcccat ccttgtecta tctecatcet
tgaaacttta ctagtttagt tggatgcteg agettgetet cggetactcee gtccaatgga
taagaccceg atgceggtece tcattggtet ccagetggta tegecccaac cttegtgtga
tcgectetet gettececte atcatcatta ctaactagta catccaaaag ccatcccagt
gettececte acccttgece aagacattcce aagtgggect teggetggaa aacatggacce
cattggttce atcgataage tagctecteg tcegttacce cagattgata ccagataaca
ttgaccageg gcttatcace gaggtetgeg ggtgagacce cecctgegac aagttagata
aaagaaactc gcctcattgt getteegatg gggteggatg acgagectte ggaaagagcet
ggcgectett taaaggggac agctgtcegec aagttgtgaa attctccgat aactactaac
aatctetece ttectteceg ctactgtggt caccaaatca actetetttt cteggccaag
atctaacatg gcggatgaga agactgaaaa gtcteccccca cegatgacgg tggatgagga
gactggcaca acagaggaaa ttgacccgac aatggcaaag catacgaagyg atgcagacga
ggcactggeg gtcttcgaag acctccatgg tgaagtcate acacttgatg aggagacaaa
caaaaggata cttcggacaa ttgactggca ca

<210> SEQ ID NO 49

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pyrGUSF primer

<400> SEQUENCE: 49

gtaacgccag ggttttccca gtcacgacgt ttaaacatge atcattctece cgetttgt
<210> SEQ ID NO 50

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pyrGU3R primer

<400> SEQUENCE: 50

tgccgaaate cttacagett gaagettecat cgecaatcac ctcaatcac

<210> SEQ ID NO 51

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Trp5F primer

<400> SEQUENCE: 51

agctcectte tcataatcct caagettgga ccgatggetg tgtagaagt

<210> SEQ ID NO 52

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Trp3R primer

<400> SEQUENCE: 52

cgtaatcaat tgccegtetg tcagagageg gattectcag tetegt

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1052

58

49

49

46
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<210> SEQ ID NO 53
<211> LENGTH: 46
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PTRS5F primer

<400> SEQUENCE: 53

acgagactga ggaatccget ctetgacaga cgggcaattg attacg

<210> SEQ ID NO 54
<211> LENGTH: 45
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PTR3R primer

<400> SEQUENCE: 54

acagcagtge ttatctgega tgacgagecg ctettgeate tttgt

<210> SEQ ID NO 55
<211> LENGTH: 45
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PyrGD5F primer

<400> SEQUENCE: 55

acaaagatgc aagagcggct cgtcatcgea gataagcact getgt

<210> SEQ ID NO 56
<211> LENGTH: 44
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PyrGD3R primer

<400> SEQUENCE: 56

tgagacgctyg tttcaccgag tacatcgeca atcacctcaa tcac

<210> SEQ ID NO 57
<211> LENGTH: 7689
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (4513)..(4513)
<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 57

gtttaaacat gcatcattct

gecatttgegg gcatgatgtt

atccaagacce ctactgggaa

gteggecage ctttgggage

gtgagccgaa tgtgaatgta

aatgccaaca acttcagcca

ccatcagege tcctcacaat

tgcaatgtte ttttegegtt

tcgggtette agggatccge

ccegetttgt

tcaactaccyg

ggtgataggc

tttgctgtac

aaagcacgca

ttttttgaaa

ggaatctttt

tgactaattc

caaggatgct

transgene

ttttgggece

ctgatcatta

aattccattt

ttetttgect

cgtgtecget

agcaaagcaa

agatgtttet

tccggatgtt

ctggatcege

aaactaaccyg

tcaccgeeee

tctgggttag

ggcaagcgaa

gtttgtcata

ccgaagtaaa

gttccattca

gaatggcaac

atcecggecge

agtaggtgtg

attagagaag

tttttgtcett

gtatggcagt

gatgtaaata

cgatcctgta

tcttgettac

gCtgthgCg

tcttgegece

46

45

45

44

60

120

180

240

300

360

420

480

540
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catcaatcge ccgactataa atcgaactac tttcggcate ttctagactt cctaataccg 600
cctagtcata gcagattcaa gctgagaaca ccacaagtaa atatcaccca tcatgcettac 660
cctgaccgte cctgaaaact acgggtatgt gecaattcta caattccttyg cagacaatge 720
cattctccee atgaagtcetg atgctaacta tectgcaget ctgtcattge cgtegetetg 780
ggtgccatee cegtectgag cttegtecat ggegeegteg tgtctegtet cegcaaggaa 840
gectgattgee cctaccctca ctgctatgeg accgtagage agtgcaagac caacgtaagce 900
caacctcaca caaacaggat tcctcgaget aacatacatt ccgaaccgtyg cagcccaagg 960
ccgagcagtt caactgcgcet cagcgcgctce atgccaactt ccttgagaac tccagccaaa 1020
ctatgctett cctectggta getggactga agtaccccca gttggcgact ggcctceggaa 1080
gcatctgggt ccteggtcecge tcactgttece tttacggata tgtgtactcce ggcaagecgce 1140
ggggtcgegyg tegtttgtac ggcagcttcet acttgettge acagggagcet ctetgggget 1200
tgacgtettt tggagttgcg agggagttga tttecctactt ctaagtttgg actgaatccg 1260
tggtgtgatt gaggtgattg gcgatgaagc ttcaagctgt aaggatttcg gcacggctac 1320
ggaagacgga gaagcccacce ttcagtggac tcgagtacca tttaattcta tttgtgtttg 1380
atcgagacct aatacagccc ctacaacgac catcaaagtc gtatagctac cagtgaggaa 1440
gtggactcaa atcgacttca gcaacatctc ctggataaac tttaagccta aactatacag 1500
aataagatgg tggagagctt ataccgagct cccaaatctg tccagatcat ggttgaccgg 1560
tgcctggate ttcecctataga atcatcctta ttegttgacce tagctgatte tggagtgacce 1620
cagagggtca tgacttgagc ctaaaatccg ccgcecctceccac catttgtaga aaaatgtgac 1680
gaactcgtga gctectgtaca gtgaccggtg actctttcetg gecatgcecggag agacggacgg 1740
acgcagagag aagggctgag taataagcge cactgcgeca gacagctcetyg geggetctga 1800
ggtgcagtgg atgattatta atccgggacc ggccgccccet ccgecccgaa gtggaaaggce 1860
tggtgtgcce ctcecgttgacce aagaatctat tgcatcatcg gagaatatgg agcttcatcg 1920
aatcaccggce agtaagcgaa ggagaatgtg aagccagggyg tgtatagecyg tcggcgaaat 1980
agcatgccat taacctaggt acagaagtcc aattgcttcecce gatctggtaa aagattcacg 2040
agatagtacc ttctccgaag taggtagagce gagtacccgg cgcgtaaget ccctaattgg 2100
ccecatcegge atctgtaggg cgtccaaata tcgtgcectet cectgetttge ceggtgtatg 2160
aaaccggaaa ggccgcetcag gagctggeca geggegcaga ccegggaacac aagctggcag 2220
tcgacccate cggtgctetg cactcgacct gctgaggtecce ctcagtcceccet ggtaggcagce 2280
tttgcceegt ctgteccgece ggtgtgtcegg cggggttgac aaggtcegttg cgtcagtcca 2340
acatttgttg ccatattttc ctgctctcce caccagetge tecttttcettt tetetttett 2400
ttcccatett cagtatattc atcttcecccat ccaagaacct ttatttccecce taagtaagta 2460
ctttgctaca tccatactcc atccttecca tcecttatte ctttgaacct ttcagttega 2520
gcttteccac ttcatcgcag cttgactaac agctaccceg cttgagcaga catcacaatg 2580
tttgagatgg gcccecggtggg aactcegtcte ccegccatga cctctceccage gcacaaccac 2640
tacagctace actctecccac ctccagegac agaggccggt caaggcagaa ctcggatgece 2700
atggacatcce agtccatcac tgaacgagag ccggcgacca gatacgceggt tgcgggegge 2760
cctgecgecct ggaatcgcaa cgggtctceccg agcatgagece ctatgtatag caagtacatce 2820
tctecttacce ctecegtttet ttetgetttt ctaccaccce atccectcettt ccagtcetgag 2880
tccaggettg ttceccecgecttga agtggctaat gtgatccteg tettectcectet ttetgtgttt 2940



93

US 9,023,637 B2

-continued
tagcaattcc gagcgaaacc agtttcatga agagaacgga cgcacctacc atggctttceg 3000
caggggaatg tattttcttc cgtgcgatga gcaagaacag gatcgcctcg acatcttcecca 3060
taagctattc acggtagcgc gggtatcgga gagtctgatc tacgcgcccce atccaaccaa 3120
cggccggttt ctggacctag gatgtggaac tggtatctgg gecgatcgagg tagcgaacaa 3180
gtaccctgat gegtttgtcecg ctggtgtgga tttggctceet attcagectce cgaaccaccce 3240
gaagaactgc gagttctacg cgcccttega cttcgaageg ccatgggceca tgggggagga 3300
ttecctgggat ctaatccatce tgcagatggg ttgcggtagt gtcatggget ggccaaactt 3360
gtatcgaagg atattcgcac atctccgtcecce cggtgectgg tttgagcagg ttgagatcga 3420
tttcgagect cgatgtgatg atcggtcact agatggaacg gcattgcggce attggtacga 3480
ttgtcttaaa caggcgacag cagagaccat gcggccaatc gcccataget cccgcgatac 3540
aataaaagac ctgcaggacg ctgggttcac ggagatcgac catcaaatag tgggactccc 3600
gctcaacceyg tggcatcagg acgaacacga gcggaaggtg gcacgttggt ataacctgge 3660
cgtctcagag agcatcgaaa acctcagtct ggctccctte agtcecgtgtet atcgetggece 3720
cctggagaga atccagcaac tcgccgcaga tgtgaagtece gaagcattca acaaagagat 3780
ccatgcctac aatatactgc acatatacca ggctaggaaa ccattaagat aagagcaaaa 3840
ggcgaccaca tccaggaacg caaaacgaaa aggaggaaaa ctgctagegce aagtttatgt 3900
cacgctggca cacgceccage catcagaaat ctcaacageg aaagttatga accgcatcaa 3960
ccgagtatga acgacaattc gtccatcaca cacccttegg ttectectcecge aggcccagca 4020
tggcgcececta tcaacctgcet ttacgacgtce gtatatactg gcgaagtatce ctcetctatcet 4080
actctggecge tctagatacce gtgaagatgc agacaaaatt ggccgagctce ccttctcata 4140
atcctcaage ttggaccgat ggctgtgtag aagtactcege cgatagtgga aaccgacgcce 4200
ccagcacteg tccgagggca aaggaataga gtagatgeeg accgegggat ccacttaacg 4260
ttactgaaat catcaaacag cttgacgaat ctggatataa gatcgttggt gtcgatgtca 4320
gctececggagt tgagacaaat ggtgttcagg atctcgataa gatacgttca tttgtccaag 4380
cagcaaagag tgccttctag tgatttaata gctccatgtc aacaagaata aaacgcgttt 4440
tcgggtttac ctcttccaga tacagctcat ctgcaatgca ttaatgcatt gactgcaacc 4500
tagtaacgcce ttncaggctc cggcgaagag aagaatagct tagcagagct attttcattt 4560
tcgggagacyg agatcaagca gatcaacggt cgtcaagaga cctacgagac tgaggaatce 4620
gctectectgac agacgggcaa ttgattacgg gatcccattg gtaacgaaat gtaaaagcta 4680
ggagatcgtce cgccgatgte aggatgattt cacttgtttce ttgtccegget caccggtcaa 4740
agctaaagag gagcaaaagg aacggataga atcgggtgcc gctgatctat acggtatagt 4800
gcccttatca cgttgactca acccatgcta tttaactcaa cccctecttce tgaacccecac 4860
catcttette cttttcecctet catcccacac aattctctat ctcagatttg aattccaaaa 4920
gtcectecggac gaaactgaac aagtcttect cecttcgata aacctttggt gattggaata 4980
actgaccatc ttctatagtt cccaaaccaa ccgacaatgt aaatacactc ctcgattagce 5040
cctctagagg gcatacgatg gaagtcatgg aatacttttg gectggactcect cacaatgatce 5100
aaggtatctt aggtaacgtc tttggcgtgg gcecggtgttce gttcccagte atcgatgcecat 5160
tcacatgcce teccctaaget gggccctaga ctctaggatce ctagtctaga aggacatggce 5220
atcgatggac tgggttcgtt ctgagattat acggctaaaa cttgatctgg ataataccag 5280
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cgaaaagggt

cattgcaact

cggectcaag

caagctgttyg

aagccaggte

aagtgacgtt

caaggctegt

gtccatgatg

CCtggttggg

tgaacgagct

acgecteect

tcttcaatge

agattgctgg

gecatggacce

cattecggege

gcatgegtgg

ttactaaggg

tgggcectac

aggtgttcga

tcagtgcatg

atagttctga

gtgtccegta

taatacaaac

ccaagtcage

tgactcteca

ctgtttgtee

gacgccatgt

cattcccatce

gettgetete

cagctggtat

taactagtac

agtgggectt

cegttaccee

gtgagaccce

ggtcggatga

agttgtgaaa

accaaatcaa

tctececcecac

atggcaaagc

gaagtcatca

catgecettet

tgaaacatgt

ggtaaggtcg

gaccattteg

tctegtgeca

gtcattgttg

ccggacctga

gattgectty

tggccaacte

gggtgttect

gtttaccteg

taccgetgtt

tgttgtegte

caacactatc

cttetgtgeg

tctegacatg

cttgataatc

ctteggtgec

cgagcgtceag

aaccggattt

gatttgaatg

tgtaacggtyg

aaagatgcaa

gtcagcagaa

gcaatgtttt

cagcccgagyg

cegtegegty

cttgtectat

ggctacteeyg

cgccccaacce

atccaaaagc

cggctggaaa

agattgatac

ccctgegaca

cgagectteg

ttctecegata

ctctetttte

cgatgacggt

atacgaagga

cacttgatga

ctegttette

ctcctecage

tggtttctga

gtggcaagtg

tgaccagacg

gtgetggtte

agattgctat

cactcagett

ttttetgeta

tacgaagagg

acactcatgt

gaggacttga

aactggacgc

aacgctecetyg

aagcgettygyg

aactcggeceyg

ggcggtatgg

atggttctca

cgcgagtgtg

gtcttacggt

aactcgttag

gggcattcta

gagcggcteg

atacgggact

geectgaccey

cattaggtct

ataagggttyg

ctccatcectt

tccaatggat

ttegtgtgat

catcccagtyg

acatggaccc

cagataacat

agttagataa

gaaagagctyg

actactaaca

tcggccaaga

ggatgaggag

tgcagacgag

ggagacaaac

ctgttgatgg

tgccatctac

gaccgtccce

ggacgagtte

ttactttgag

ctgeggtetyg

cgtegaggec

tccggaacta

tggtcatgeg

acgcaaaccc

cgaaggttet

tcaccegtee

tggtcaccct

tcatcatcag

tgtccatggy

aggatgccat

agctgtctga

gtggtgtcaa

ctgagtaaat

ctttgacgat

ctcgtaatce

gaataattat

tcatcgcaga

tccgaaagta

tcgctaaaac

gactgacagce

atccatgcag

gaaactttac

aagaccccga

cgectetetyg

cttccectea

attggttcca

tgaccagegyg

aagaaactcg

gegectettt

atctctecect

tctaacatgg

actggcacaa

gcactggcgg

aaaaggatac

aatggctaac agatgatagt

gaacccactg tggccgctac

gttgagggag cttctcagac

aagttcgece ctatccgega

gacctggaca agtacgctga

agcactgegt acgtcttgge

agcgtcetete ctggtcagta

acgtgcaata ggtggcggtyg

cegtecegeyg gaagtettee

caactacgtt gtcgtcaage

ctcettecce aatgtcaage

gaccgagaac ggcaaccccce

tcaccacgat gatcactcct

taccactggt cacgatgggce

cagcgtcgac aagctaggtyg

cgtcaagaac acccgegagyg

aattgatggce tttaaccgca

ggctgecgag gaggcattga

gactcactac ccgaatgggt

aggggaatga tgattatgtg

acatgcatat gtaaatggct

gtgtaacaag aaagacagta

taagcactgce tgtcttgcat

tatggcaaaa ttaaagaact

gttactacce ctatacccgt

acggcgccat gegggettgg

ctactatcct tccatcgtte

tagtttagtt ggatgctcga

tgceggtect cattggtete

cttccecteca tcatcattac

cccttgecca agacattceca

tcgataaget agctcctegt

cttatcaccyg aggtctgegyg

cctecattgtyg cttecgatgyg

aaaggggaca gctgtegeca

tcecttecege tactgtggte

cggatgagaa gactgaaaag

cagaggaaat tgacccgaca

tcttcegaaga cctecatggt

ttcggacaat tgactggcac

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680
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agtttaaac

<210> SEQ ID NO
<211> LENGTH: 1270
<212> TYPE: DNA
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

<400> SEQUENCE:

atg
Met
1

ceg
Pro

gge
Gly

gece
Ala

gge
Gly
65

ttt gaa atc
Phe Glu Ile

aat cgc aat
Asn Arg Asn
20

cgt tec agyg
Arg Ser Arg
35

caa gaa cct
Gln Glu Pro
50

cat ggg ggt
His Gly Gly

58

Aspergillus niger

cDs
(1) .. (230)

Intron
(231) ..(372)

CDsS
(373) ..(1267)

58

agc cga ctt ttg cat cag cca att act atg get teg
Ser Arg Leu Leu His Gln Pro Ile Thr Met Ala Ser

aac tac agc tac caa ggg ata gaa tcc tat gat tcc
Asn Tyr Ser Tyr Gln Gly Ile Glu Ser Tyr Asp Ser
25 30

caa aac tcg gat gct atg gac att cac gtc att acg
Gln Asn Ser Asp Ala Met Asp Ile His Val Ile Thr
40 45

cct cga gaa ccc ccg gac aac aac gat cct tat gat
Pro Arg Glu Pro Pro Asp Asn Asn Asp Pro Tyr Asp
55 60

cca get ggg act agce cat tat agec aa gtacttctcece
Pro Ala Gly Thr Ser His Tyr Ser Lys
70 75

cttectecatac tcectgeaccee acgtacceeg caaaatcccet ttttcetcatg ccgtgcaaat

atcacactta tttctacaac taccgggega ctaattcagg gaactttett tteegttgtt

cgtttaatct ag g cct cca aac aga tgg ctc tte tat gaa gaa aat ggg

cga
90
gaa

Glu

gca
Ala

cga
Arg

gece
Ala

ata
Ile
170

gac
Asp

cat
His

aca tat cat
Thr Tyr His

cag gaa cag
Gln Glu Gln

cgg atg tec
Arg Met Ser
125

tte cta gat
Phe Leu Asp
140

cac aag tat
His Lys Tyr
155

cag cct ccc
Gln Pro Pro

ttt gag gcg
Phe Glu Ala

cta cag atg
Leu Gln Met
205

Pro Pro Asn Arg Trp Leu Phe Tyr Glu Glu Asn Gly
80 85

gga tat cgc aga gga gtt tac ccg ctg cca tgce gat
Gly Tyr Arg Arg Gly Val Tyr Pro Leu Pro Cys Asp
95 100 105

gac cgt ctc gat atc ttc cat aaa ctg ttc aca gta
Asp Arg Leu Asp Ile Phe His Lys Leu Phe Thr Val
110 115 120

gag agc tta atc tac gca cct cac ccc cca aat ggt
Glu Ser Leu Ile Tyr Ala Pro His Pro Pro Asn Gly
130 135

ctg ggg tgc gge act ggg atc tgg gec att gat gta
Leu Gly Cys Gly Thr Gly Ile Trp Ala Ile Asp Val
145 150

cce aat get tte gtt get gga gta gat cta gea cct
Pro Asn Ala Phe Val Ala Gly Val Asp Leu Ala Pro
160 165

aac cac ccc gat aac tgc gag ttc tat gca cct ttt
Asn His Pro Asp Asn Cys Glu Phe Tyr Ala Pro Phe
175 180 185

cca tgg acg ctt ggg gaa aat tct tgg gat ctc att
Pro Trp Thr Leu Gly Glu Asn Ser Trp Asp Leu Ile
190 195 200

ggt tgc ggc agt gtt ctg gge tgg cag aat cte tac
Gly Cys Gly Ser Val Leu Gly Trp Gln Asn Leu Tyr
210 215

7689

48

96

144

192

240

300

360

409

457

505

553

601

649

697

745

793
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100

aag
Lys

gaa
Glu

gca
Ala
250

atg
Met

gag
Glu

aac
Asn

aac
Asn

agt
Ser
330

gag
Glu

tta
Leu

cga
Arg

ata
Ile
235

cte
Leu

cga
Arg

gca
Ala

cct
Pro

cte
Leu
315

cge

Arg

gte
Val

cat
His

ate
Ile
220

gat
Asp

cgg
Arg

cce
Pro

gge
Gly

tgg
Trp
300

gca

Ala

ate
Ile

aag
Lys

ata
Ile

tta
Leu

ttc
Phe

gag
Glu

ata
Ile

ttt
Phe
285

cac
His

ate
Ile

ttt
Phe

tca
Ser

tac
Tyr
365

agg
Arg

gaa
Glu

tgg
Trp

gecg
Ala
270

acce
Thr

cgt
Arg

tct
Ser

cac
His

caa
Gln
350

cag
Gln

<210> SEQ ID NO 59

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Phe Glu Ile

1

Pro

Gly

Ala

Gly

65

Arg

Arg

Asp

Ile

Gly
145

Asn

Arg

Gln

50

His

Trp

Gly

Ile

Tyr
130

Thr

Arg

Ser

35

Glu

Gly

Leu

Val

Phe

115

Ala

Gly

Asn

20

Arg

Pro

Gly

Phe

Tyr
100
His

Pro

Ile

375

cat
His

cece
Pro

tac
Tyr
255

cac
His

cag
Gln

gat
Asp

gag
Glu

tgg
Trp
335

gee

Ala

gca
Ala

ctt
Leu

cge
Arg
240

cag
Gln

agc
Ser

ate
Ile

gaa
Glu

agt
Ser
320

gat

Asp

tte
Phe

cgg
Arg

Aspergillus

59

Ser

Asn

Gln

Pro

Pro

Tyr

85

Pro

Lys

His

Trp

Arg

Tyr

Asn

Arg

Ala

70

Glu

Leu

Leu

Pro

Ala
150

Leu

Ser

Ser

Glu

55

Gly

Glu

Pro

Phe

Pro

135

Ile

cag
Gln
225

tgce
Cys

tac
Tyr

tcg
Ser

gac
Asp

cat
His
305
atc

Ile

ctyg
Leu

aac
Asn

aag
Lys

cct
Pro

gat
Asp

ctyg
Leu

cgg
Arg

cat
His
290

gag
Glu

gag
Glu

gat
Asp

aag
Lys

ccg
Pro
370

niger

Leu

Tyr

Asp

40

Pro

Thr

Asn

Cys

Thr

120

Asn

Asp

His

Gln

25

Ala

Pro

Ser

Gly

Asp

105

Val

Gly

Val

999
Gly

gat
Asp

aag
Lys

gat
Asp
275

cag
Gln

cag
Gln

acg
Thr

agg
Arg

gaa
Glu
355

gge
Gly

Gln

10

Gly

Met

Asp

His

Arg

90

Glu

Ala

Arg

Ala

gca
Ala

cge
Arg

cag
Gln
260

acc

Thr

atg
Met

aag
Lys

cte
Leu

ate
Ile
340

atc

Ile

gge
Gly

Pro

Ile

Asp

Asn

Tyr

75

Thr

Gln

Arg

Phe

His
155

tgg
Trp

tecc
Ser
245

gecg
Ala

ate
Ile

gtg
Val

gta
Val

agc
Ser
325

aga

Arg

cac
His

cca
Pro

Ile

Glu

Ile

Asn

60

Ser

Tyr

Glu

Met

Leu
140

Lys

ttt
Phe
230

ctyg
Leu

aca
Thr

aga
Arg

999
Gly

gece
Ala
310

cte

Leu

cag
Gln

get
Ala

tca
Ser

Thr

Ser

His

45

Asp

Lys

His

Gln

Ser
125

Asp

Tyr

gaa
Glu

aat
Asn

caa
Gln

cac
His

ctyg
Leu
295

cgt

Arg

gece
Ala

ate
Ile

tac
Tyr

ctt
Leu
375

Met

Tyr

30

Val

Pro

Pro

Gly

Asp

110

Glu

Leu

Pro

cag
Gln

gga
Gly

gat
Asp

ctt
Leu
280

cct
Pro

tgg
Trp

cct
Pro

aca
Thr

aat
Asn
360

tga

Ala

15

Asp

Ile

Tyr

Pro

Tyr

95

Arg

Ser

Gly

Asn

gtg
Val

ctyg
Leu

aca
Thr
265

gag
Glu

cte
Leu

tat
Tyr

ttc
Phe

gecg
Ala
345

ate
Ile

Ser

Ser

Thr

Asp

Asn

80

Arg

Leu

Leu

Cys

Ala
160

841

889

937

985

1033

1081

1129

1177

1225

1270
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Phe

Asp

Leu

Ser

Gln

225

Cys

Tyr

Ser

Asp

His

305

Ile

Leu

Asn

Lys

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

Val

Asn

Gly

Val

210

Pro

Asp

Leu

Arg

His

290

Glu

Glu

Asp

Lys

Pro
370

Ala

Cys

Glu

195

Leu

Gly

Asp

Lys

Asp

275

Gln

Gln

Thr

Arg

Glu

355

Gly

Gly Val Asp Leu Ala

165

Glu Phe Tyr Ala Pro

180

Asn Ser Trp Asp Leu

200

Gly Trp Gln Asn Leu

215

Ala Trp Phe Glu Gln
230

Arg Ser Leu Asn Gly

245

Gln Ala Thr Gln Asp

260

Thr Ile Arg His Leu

280

Met Val Gly Leu Pro

295

Lys Val Ala Arg Trp
310

Leu Ser Leu Ala Pro

325

Ile Arg Gln Ile Thr

340

Ile His Ala Tyr Asn

360

Gly Pro Ser Leu

SEQ ID NO 60
LENGTH: 6411
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

<400> SEQUENCE: 60

gtttaaacat gcatcattct

gecatttgegyg

atccaagacc

gtcggecage

gtgagccgaa

aatgccaaca

ccatcagege

tgcaatgtte

tegggtette

catcaatcge

cctagtcata

cctgacegte

cattctcecce

ggtgccatce

gecatgatgtt

ctactgggaa

ctttgggage

tgtgaatgta

acttcagcca

tcctcacaat

ttttegegtt

agggatcege

ccgactataa

gcagattcaa

cctgaaaact

atgaagtctg

cegtectgag

375

ccegetttgt

tcaactaccyg

ggtgataggc

tttgctgtac

aaagcacgca

ttttttgaaa

ggaatctttt

tgactaattc

caaggatgct

atcgaactac

gctgagaaca

acgggtatgt

atgctaacta

cttegtecat

Pro Ile Gln
170

Phe Asp Phe
185

Ile His Leu

Tyr Lys Arg

Val Glu Ile

235

Leu Ala Leu
250

Thr Met Arg
265

Glu Glu Ala

Leu Asn Pro

Tyr Asn Leu

315

Phe Ser Arg
330

Ala Glu Val
345

Ile Leu His

ttttgggece
ctgatcatta
aattccattt
ttectttgect
cgtgtecget
agcaaagcaa
agatgtttet
tccggatgtt
ctggatcege
ttteggecate
ccacaagtaa
gccaattceta

tcctgeaget

ggCgCCgth

Pro

Glu

Gln

Ile

220

Asp

Arg

Pro

Gly

Trp

300

Ala

Ile

Lys

Ile

Pro

Ala

Met

205

Leu

Phe

Glu

Ile

Phe

285

His

Ile

Phe

Ser

Tyr
365

Asn

Pro

190

Gly

Arg

Glu

Trp

Ala

270

Thr

Arg

Ser

His

Gln

350

Gln

aaactaaccyg

tcaccgeeee

tctgggttag

ggcaagcgaa

gtttgtcata

ccgaagtaaa

gttccattca

gaatggcaac

atcecggecge

ttctagactt

atatcaccca

caattcctty

ctgtcattge

tgtctegtet

His Pro
175

Trp Thr

Cys Gly

His Leu

Pro Arg
240

Tyr Gln
255

His Ser

Gln Ile

Asp Glu

Glu Ser

320

Trp Asp
335

Ala Phe

Ala Arg

transgene to complement alg3delta mutant

agtaggtgtg

attagagaag

tttttgtcett

gtatggcagt

gatgtaaata

cgatcctgta

tcttgettac

gCtgthgCg

tcttgegece

cctaataccy

tcatgcettac

cagacaatgce

cgtegetetyg

ccgcaaggaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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gctgattgee cctaccctca ctgctatgeg accgtagagce agtgcaagac caacgtaagce 900
caacctcaca caaacaggat tcctcgagct aacatacatt ccgaaccgtyg cagcccaagg 960

ccgagcagtt caactgcgcet cagcgcgctce atgccaactt ccttgagaac tccagccaaa 1020
ctatgctett cctectggta getggactga agtaccccca gttggcgact ggcctceggaa 1080
gcatctgggt ccteggtcecge tcactgttece tttacggata tgtgtactcce ggcaagecgce 1140
ggggtcgegyg tegtttgtac ggcagcttcet acttgettge acagggagcet ctetgggget 1200
tgacgtettt tggagttgcg agggagttga tttecctactt ctaagtttgg actgaatccg 1260
tggtgtgatt gaggtgattg gcgatgtcgt gaccggtgac tectttectgge atgcggagag 1320
acggacggac gcagagagaa gggctgagta ataagccact ggccagacag ctctggegge 1380
tctgaggtge agtggatgat tattaatccg ggaccggcecg cccctecgece ccgaagtgga 1440
aaggctggtg tgccecctegt tgaccaagaa tctattgcat catcggagaa tatggagcett 1500
catcgaatca ccggcagtaa gcgaaggaga atgtgaagec aggggtgtat agccegtegge 1560
gaaatagcat gccattaacc taggtacaga agtccaattg cttccgatct ggtaaaagat 1620
tcacgagata gtaccttcte cgaagtaggt agagcgagta cccggcgcgt aagctceccta 1680
attggcccat ccggcatctg tagggcgtce aaatatcgtg cctctectge tttgccecggt 1740
gtatgaaacc ggaaaggccg ctcaggagct ggccagegge gcagaccggg aacacaaget 1800
ggcagtcgac ccatccggtg ctcetgcactce gacctgctga ggtccectcag tceectggtag 1860
gcagctttge ccecgtetgte cgececggtgt gtcggegggg ttgacaaggt cgttgcgtcea 1920
gtccaacatt tgttgccata ttttcecctget ctcecccacca getgetettt tettttetet 1980
ttecttttece atcttcagta tattcatctt cccatccaag aacctttatt tcecccctaagt 2040
aagtactttg ctacatccat actccatcct tcccatcect tattcecctttg aacctttcag 2100
ttcgagettt cccacttcat cgcagcttga ctaacagcta ccccgcecttga gcagacatca 2160
ccatggccaa gttgaccagt geegtteegg tgetcacege gegegacgte gcecggagcegyg 2220
tcgagttetg gaccgaccgg ctegggttcet cccgggactt cgtggaggac gacttcegecg 2280
gtgtggtceg ggacgacgtg accctgttca tcagecgeggt ccaggaccag gtggtgecgg 2340
acaacaccct ggcectgggtg tgggtgcegeg gcecctggacga gcetgtacgee gagtggtegg 2400
aggtegtgte cacgaacttc cgggacgect cegggcecgge catgaccgag atcggegage 2460
agcegtgggg gcegggagttce geectgegeg accceggecegyg caactgegtyg cacttegtgg 2520
ccgaggagca ggactgaccg acgccgacca acaccgcecgyg tecgacggeyg gceccacgggt 2580
cccaggaget tgagatccag gagcaggact gaccgacgec gaccaacacce gccggtcecga 2640
cgecggcececga cgggtccgag gectcecggaga tcegtceccece ttttectttg tegatatcat 2700
gtaattagtt atgtcacgct tacattcacg ccctcececccec acatccgetce taaccgaaaa 2760
ggaaggagtt agacaacctg aagtctaggt ccctatttat ttttttatag ttatgttagt 2820
attaagaacg ttatttatat ttcaaatttt tctttttttt ctgtacagac gcgtgtacgc 2880
atgtaacatt atactgaaaa ccttgcttga gaaggttttg ggacgctcga agccgatgaa 2940
gaggtgtcta cgttcctaca attggaagaa gaagcacaga gattggccaa ggcaggccac 3000
gagtgtccetg ttecccaagce tcgagggatt ctgggcgaat tgctgggttt tacgagtagt 3060
ggaggtattt cgacatcaac gacgacacag gcacaacagg ttggagaggg tcggtaaccyg 3120

acaattggaa agcaaggagg actcaatcaa ggctaaaata ggctttgagc atgtacagcg 3180
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tgaaggaact

gaggttggcet

catctttgta

ttaaatacaa

tgttctgeag

gacagctete

aagtagctgg

gtttcaatce

tectgegeget

cttttgegac

cgagattgac

ttatactctce

ttatacggec

atttgetgty

tgctecegecyg

cctgegtetyg

catgaatcgg

gacactgttyg

tcctagegtyg

agggttggcc

cgcgataceg

cagacagttc

atctaagagc

cgtcactggt

agcgggtcga

gtctctgaca

cteetgggeyg

tatctggget

cattgttgte

cttttatacc

ggccagtatce

atgagaatcc

ttceggacgee

catcttgecg

cttagegatg

ctgcgaagta

taagcttaat

aaatacggga

ttgccctgac

ggcattaggt

gtggattata

tcggaaattt

tcgatagtgt

ctctcaattyg

acatgeggec

attggetete

ttcaacaacc

ccgacacaca

gatcatctgg

aagtgaagca

tgggccacgt

atcagaggat

ctctaccatc

ctctacttga

tacttgette

ttcaatgatg

aagtggacgg

ctgetggece

gggctggggy

aaaggcaatt

ttcctacaaa

atgtttaaat

tttteectgy

tggctgagat

catcgcacag

gttggettgt

acacccttec

atgcaagagt

ctcteacttyg

atgcgttega

gagatcgggc

ctgaaaaagt

taaaggatca

acattggact

gtgtggcaca

gtaactcttyg

tgtcatcgea

cttecgaaag

cgtegetaaa

ctgactgaca

tcacgaaata

thgCnggC

acttacaaaa

atgcacaatt

gegeggtetg

cggcacgaag

gcatgcaaga

aaatggatgg

aaagtgcect

atgccactaa

acatgcaaca

caaccggtec

tcaccgatga

tcacgetggt

cgectgetggt

gCttggngC

ctgeggtege

cggctattge

ttctggeggt

tgtgtgaaga

acaacccgge

ggacagtcaa

cattgetgge

actccaggte

tgtccctece

tgtgcgcaag

tcctetggeyg

gggcttggaa

ctacccagag

accctagegyg

tgtgacaggt

aagactgctce

atcaagatgc

catcctette

aggatcaatg

cgtagagaaa

gataagcact

tatatggcaa

acgttactac

gecacggegece

agccatgagg

accaaatceg

actgtctact

cgecteaact

tgtgtgtcca

aggccacceg

tggactggat

ctcegetect

gtaaggctac

cctageceeg

aatatcgett

ccttgtetac

ggggcgcgat

ggttgtgctg

cctttecaag

gctggcgatg

agtgtggtct

tgtggtcacy

gettgtecag

cttgtectgac

ggggtatcte

ttggagattt

cgtccacatt

tagcttgect

caaaccctac

gtcectteat

cgcagggttt

cacattccce

ttteggegte

taaagagcat

gcatcgataa

tgtcaggtag

caatcaagca

gtcegagteg

cggtacgacyg

atggcgacgg

getgtettge

aattaaagaa

ccctatacce

atgcgggett

cagtcgtgtt ggcttegacy

acccatggca gcaatatacc

atatgattat gcatatgcga

tctatggtaa cgaacccace

tgaacgctaa tcccaaacgg

acatctacag ctgtagaaga

gegectaatt cgegatttgt

ggtectgggt gacgetttece

agctaagcte cgttcacace

ttgctattgt ccacagatac

tatttgtcag gagaacgcga

ceggecgece atgtatacag

attttectteyg gtcagatact

tgctgttata gacagtcggyg

agacttcaca gcgtttatgt

tgggttgcca ttetgttatt

actggtgttyg cgattaagat

gtgcttagte tgtcgettgg

gtaggttecce atgaggetgt

attgaactac aggttttact

tcgegggegt tegagcetaac

gttggcgaag aagtattcett

gtgctgetag gegettttge

gegtteatte ggaatctget

atcatgagcg tgatgctcte

taccaattct tcgectacct

catccaatct tgctgtacct

agcaccaacc tcagttccat

cttgcgaata gtgccagege

aaccaataga agtgacaccc

tcgcaatcag tettgtacce

tccattgece atgcgatagyg

tccgactcat cggaagaagg

tcggcegacaa cagcagettyg

atttgatgca gataagcagg

gtggctgata agggcggtga

atccaagtca gcgtcagcag

cttgactcte cagcaatgtt

gtetgtttgt cccageccga

gggacgccat gtcegtegeg

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580
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tgataagggt tgatccatgc agctactatc cttceccategt tccattccca tecttgtect 5640
atctccatce ttgaaacttt actagtttag ttggatgctc gagcttgcte teggctactce 5700
cgtccaatgg ataagacccc gatgccggte ctcattggte tccagetggt atcgecccaa 5760
ccttegtgtg atcgectete tgcttceccct catcatcatt actaactagt acatccaaaa 5820
gccatcccag tgcttecceccect cacccttgece caagacattce caagtgggcec ttceggctgga 5880
aaacatggac ccattggttc catcgataag ctagctcctc gtccgttacce ccagattgat 5940
accagataac attgaccagc ggcttatcac cgaggtctgce gggtgagacc ccccctgega 6000
caagttagat aaaagaaact cgcctcattg tgcttccgat ggggtcggat gacgagcectt 6060
cggaaagagc tggcgcctcet ttaaagggga cagctgtege caagttgtga aattctceccga 6120
taactactaa caatctctecc cttecttcecce gctactgtgg tcaccaaatc aactctettt 6180
tcteggecaa gatctaacat ggcggatgag aagactgaaa agtctcccce accgatgacg 6240
gtggatgagyg agactggcac aacagaggaa attgacccga caatggcaaa gcatacgaag 6300
gatgcagacg aggcactggc ggtcttcgaa gacctccatg gtgaagtcat cacacttgat 6360
gaggagacaa acaaaaggat acttcggaca attgactggc acagtttaaa ¢ 6411
We claim: produces at least 20% more citric acid when grown in citric

1. An isolated fungus comprising a genetic inactivation of
an endogenous dolichyl-P-Man:Man(5)GlcNAc(2)-PP-doli-
chyl mannosyltransferase (Alg3) gene, wherein the fungus is
an Aspergillus species and the Alg3 gene is genetically inac-
tivated by complete or partial deletion mutation or by inser-
tional mutation, wherein the endogenous Alg3 gene prior to
the genetic inactivation encodes a protein having at least 80%
sequence identity to the polypeptide of SEQ ID NO: 2 or 4.

2. The isolated fungus of claim 1, wherein said fungus has
been transformed with at least one Aspergillus LaeA (loss of
aflR expression A) gene, wherein said LacA gene encodes a
protein having at least 80% sequence identity to the polypep-
tide of SEQ ID NO: 41 or 59.

3. The isolated fungus of claim 1, wherein the Aspergillus
species is Aspergillus niger (4. niger).

4. The isolated fungus of claim 3, wherein the 4. niger is A.
niger strain American Type Culture Collection (ATCC)
11414 or A. niger strain 11414KusA.

5. An isolated fungus comprising a genetic inactivation of
an endogenous dolichyl-P-Man:Man(5)GlcNAc(2)-PP-doli-
chyl mannosyltransferase (Alg3) gene, wherein the fungus is
an Aspergillus species and the Alg3 gene is genetically inac-
tivated by complete or partial deletion mutation or by inser-
tional mutation, wherein the endogenous Alg3 gene prior to
the genetic inactivation has at least 80% sequence identity to
the polynucleotide of SEQ ID NO: 1 or 3.

6. The isolated fungus of claim 1, wherein said fungus has
been transformed with at least one Aspergillus LaeA (loss of
aflR expression A) gene, wherein said LaeA gene has at least
80% sequence identity to (a) nucleotides 1-236 and 367-1252
of SEQ ID NO: 40, or (b) nucleotides 1-230 and 373-1267 of
SEQ ID NO: 58.

7. The isolated fungus of claim 1, wherein compared to the
parental Aspergillus strain having a wild-type Alg3 gene and
cultured under the same conditions, the fungus:

grows slower on citric acid production medium;

has earlier spore germination in citric acid production

medium;

30
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acid production medium;

grows slower on complete medium or potato dextrose
medium,;

has reduced sporulation on complete medium; and/or

accumulates red color pigments on complete medium.

8. The isolated fungus claim 1, wherein:

8 hours after inoculation in citric acid production medium,
at least 30% of spores from the fungus have germinated
compared to about 10% of spores from the parental
Aspergillus strain having a wild type Alg3 gene when
grown in the same citric acid production medium under
the same conditions;

15 hours after inoculation in citric acid production
medium, at least 90% of spores from the fungus have
germinated compared to about 50% of spores from the
parental Aspergillus strain having a wild type Alg3 gene
when grown in the same citric acid production medium
under the same conditions; and/or

initiation of spore germination by the fungus is delayed
relative to the parental Aspergillus strain having a wild-
type Alg3 gene in complete medium or potato dextrose
medium, wherein the fungus and the parental strain are
cultured under the same conditions.

9. The isolated fungus of claim 7, wherein the citric acid
production medium comprises 140 g/l of glucose, 3.1 g/l
NH,NO,, 0.15 g1 KH,PO,, 0.15 g/l NaCl, 2.2 gl
MgS0,.7H,0, 6.6 mg/1 ZnSO,.7H,0, 0.1 mg/1 FeCl,,and 10
ppb Mn**, wherein the pH of the citric acid production
medium is adjusted to pH 2 with 4 M H,SO,,.

10. A composition comprising the isolated fungus of claim
1.

11. A kit, comprising:

the fungus of claim 1; and

a medium for culturing the fungus.

12. A fermentation broth comprising the fungus claim 1.

13. A method of making citric acid, comprising:

culturing the isolated fungus of claim 1 under conditions
that permit the fungus to make citric acid; thereby mak-
ing citric acid.
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14. The method of claim 13, wherein the fungus is cultured
in media comprising at least 50 g/l sugar and 8 to 15 ppb
manganese.

15. The method of claim 13, further comprising isolating
the citric acid made by culturing the fungus.

16. The isolated fungus of claim 1, wherein prior to genetic
inactivation, the Alg3 gene encodes the protein of SEQ ID
NO: 2 or SEQ ID NO: 4.

17. The isolated fungus of claim 2, wherein the Aspergillus
LaeA gene encodes a protein comprising SEQ ID NO: 41 or
SEQ ID NO: 59.

18. The isolated fungus of claim 2, wherein the Aspergillus
LaeA gene comprises (a) nucleotides 1-236 and 367-1252 of
SEQ ID NO: 40, or (b) nucleotides 1-230 and 373-1267 of
SEQ ID NO: 58.

19. An isolated fungus, comprising a genetic inactivation
of an endogenous dolichyl-P-Man:Man(5)GlcNAc(2)-PP-
dolichyl mannosyltransferase (Alg3) gene, wherein the Alg3
gene is genetically inactivated by complete or partial deletion
mutation or by insertional mutation, and wherein prior to
genetic inactivation, the Alg3 gene encodes the protein of
SEQ ID NO: 2 or SEQ ID NO: 4.

20. The isolated fungus of claim 19, wherein the fungus is
transformed with a nucleic acid molecule encoding the pro-
tein of SEQ ID NO: 41 or SEQ ID NO: 59.

#* #* #* #* #*
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