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BLANES 1

7 DE-S- B L UG- 4-ERE A & T SR 4H)Y AR AChrysosporium)
CBH1E{nF ODNARESI £ L U FI/BE. 7 0E-9-BRF)(1-1779), 4—3%—4- Bl
(3427-4451) H L UA/MO/ELFI(2179-2256) 3 N FTRENTLNS,

aagqtatccgatttggggaacqtcgatgaaagtattgcaaaagtgacgagagttgcgcaa
ctaactcgctgccgaagaagctchgaaqaaagagaacaccgaaagtqqaataacgttac
ggatgtcctgacctcaaagttgaaaccaqcccttcctqctctatttggqaaagcggcttg
cccttgaatgcgctgcactgtggcacgactaccagtgatcgggaggagcaaactaccctg
gtccgttccttggtggqgcggcactaggcccaacttagggtgatcggaggtcgatgccgc
qqtcctcgttggtctgggctcttcLcatttcccggtttgcaccccccgttgcacctgctg
atcgcccgccaacgccgatgaggttgcgcccagaccgacaatcaccgcggctgcattccc
aagtatattgaagatggcaccaggtacccggttttgcgtcccagtcgtttggtgccaaat
ttqqgagtttttgagcctcaagatctggggaaatcgacctcaacttccatacaagttaaa
g:cqcacacacggcgagttccacgaagagacacatttttttctgaaggcctctctccccg

Cacatcagaaaccaccaaataccaagactgcagaagccggggtaagtggqccaccgggac

tacactaaaatgcggggagaagcgagatccgttgcgaaqqgaagggatggggtgtgctgc

'ggctttctccgctctcgtgcgcctt:tgcttgaa:ctagtgtacaccaqggtaggctceg

aaggaqtatctacggcagcgctqttcgtgctgcgttgagagtcagggcgqagacgagcag
gcgacaggagcctcgcaccgg:act:cggatcgcatttgcgcggagcgtcaaatacgctc
ttcchggtcatcagagagcatcgtgaaczaaggLtcLtccqcagggcggcctgggcttc
gcagagtcgcactngcggacgccttccgtgtcaCCCthataacctgqctgccgcgccc
agactcctccaatgaggtgtgtggt:chctcgccgacccttcagcaaccttaatcgctt
ccatcgcacggctccacgtc:tcgaacgatgccctcagtchtgccchCCgtggcaacc
ataacgtgacatcgccgcccagcctactagccgctatcgaccggttaggcttgtcaccgc
agcg:ccattctccatcgqqcctctathLgatccacctcacccaccgcaagcactagcq
ag:ctcaccagag:gcaagcgacacgacccqcttggcccttcgtccttqactatthcca
gac:tCttgccatc::gccgacgccgccc:cttttttttctcctccccctqccggcaggt
qutqgccccaqtcccgaqatggcattqctccgttqtccatgacgacccatcatthatg
gctgactggcacactcgtcttqtttgagcathacggCccgcggcccgtctcccacggta
cggaacctcgttgtacagtacctctcgtaatqa:acccaacaccgggqccqagCgctggg
aggg:ggcgttccggagaagﬁ:gggaaggcggctggccgg:tgaCctttgtgacttggcg

atqqatgcggcca:ggaqaatgtchtccgaagcgacgcgacaatragccEQQCtaccat
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cgatataaattgggtgattcccagctcttgatgggcgtgtcttctgcctggcaqccctcg

tcttcagatcaagcaactigigtgotgatectat tocgocATGTACGCCARAGTTCGCGACT
M Y A K F A T

CTCGCCGCCCTTGTGGCTGGCGCCGCTGCTCAGAACGCCTGCACTCTGACCGCTGAGAAC
L AAL VYV AGAU BB AOQUMNA ATCT L T A E N

CACCCCTCGCTGACGTGGTCCAAGTGCACGTCTGGCGGCAGCTGCACCAGCGTCCAGGGT
E P 858 1L T W 3 K CT S G &6 S C T § WV 0 G

TCCATCACCATCGACGLCAACTGGCGETGGACTCACCGGACCEATAGCGCCACCAACTEC
$ I T ¢ D ANWERUMWTITHIERTTDS5ATDN C

TACGAGGGCAACAAGTGGGATACTTCGTACTGCAGCGATGGTCCTTCTTGCGCCTCCRAG
Y E S N KW DT S Y C S D G P S C A 8 K

TGCTGCATCGACGGCGCTGACTACTCGAGCACCTATGGCATCACCACGAGCGGTAACTCC
¢ ¢ I DG A DY S5 5 T Y G I TT S G N S

CTGAACCTCAAGTTCGTCACCAAGGGCCAGTACTCGACCAACATCGGCTCGCGTACCTAC
L N L K F V T K G Q ¥ 5§ T N I G 8 =& T v

CTGATGGAGAGCGACACCAAGTACCAGAQtaaqttcctctcgcacccggccgccggqaga
L M E 5 DT K ¥ Qg M

tgatgchcccagcccgctgacgcgaatgacacaGTGTTCCAGCTCCTCGGCAACGAGTT
F @ L L G N E F

CACCTTCGATGTCGACGTCTCCAACCTCGGCTGCGGCCTCAATGGCGCCCTCTACTTCGT
r # b v DV SN L G CG L NG A L ¥ F V

CGATGGTGGCATGTCLAAGTACTCGGGCAACAAGGCAGGTGLCAAGTA

GTCCATGGATGC
L' A DG G M S K Y 85 G KN K A G A K Y

5 M

CGGTACCGGCTACTGTGATTCTCAGTGCCCCCGCGACCTCAAGTTCATCAACGGCGAGGC
& T &Yy ¢c D S$ ¢ C P RODTILEKTFTING E A

CAACGTAGAGAACTGGCAGAGCTCGACCAACGATGCCAACGCCGGCACGGGCAAGTACGG
N V 2 N W Q 8 5 T NUDAUNGBGGT G K Y G

CAGCTGUTGCTCCGAGATGGACGTCTGGEAGGCCARCAACATGECCGLCGCOTTCACTOC
fF ¢ C S8 E M DV W E AMNUNMMOAGBGGBATF T P

CCACCCTTGCACCGTGATCGGL CAGTCGCSCTECGAGGGCGACTCGTGCGECGCTACCTA
H'P C WV I G Qg SRCECEGTDSTGCGTG T ¥

CAGCACCGACCGCTATGCCGGCATCTGCGACCCCGACGGATGCGACTTCAACTCGTACCG
§$ T DR Y A G I CDPUDGCODTEFTUHNGS Y R

cC GGGCAACAAGACCTTCTACGGCAAGGGCATGACGGTCGACACGACCAAGAAGATCAC
Q 6 N ¥ T F Y & KEGMT UV DT T K K I 7T

GGTCGTCACCCAGTTCCTCAAGAACTCGGCCGGCGAGCTCTCCGAGATCAAGCGGTTCTA
vV v T 0 F IL K N § A G E L & E I X R I Y

CGTCCAGAACGGCAAGGTCATCCCCAACTCCGAGTCCACCATCCCGGGCGTCGAGGGCAA
vV Q@ N G XK V I P N 5 E S T I P G V E G N

CTCCATCACCCAGGACTGGTGCGACCGCCAGAAGGCCGCCTTCGGCGACGTGACCGACTT
5 I T ¢ DW CUDEROQEGAUD MATFGDUVT D ?
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NCAGGACAAGGGCGGCATGGTCCAGATGGGCAAGGCCCTCGCGGGGCCCATGGTCCTCGT
Q D K & 6 M V 0M G KAULRAZG P M V I v

CATGTCCATCTGGGACGACCACGCCGTCARCATGCTCT TGGCTCGACTCCACCTGGCCCAT
M 5 I W D D H AV NM I W L D S T W P I

CGACGGCGCCGGCAAGCCGGGCGCCGAGCGCGGTGCCTGCCCCACCACCTCGGGCGTCCC
b ¢ &2 G K P GA ERGACEPTT S G V P

CGCTGAGGTCGAGGCCGAGGLCCCCAACTCCARLGT CATCTTCTCCAACATCCGCTTCGG
A BE VvV E A E A P N S N V I F 5 K I R F G

CCCCATCGGCTCCACCGTCTCCGGCCTGCCCGACGGCGGCAGCGGCAACCCCAACCCGCC
P I G 5 TV S 6L P DG G S G N P N P P

CGTCAGCTCGTCCACCCCGGTCCCCTCCTCGTCCACCACATCCTCCGGTTCCTCCGGCCC
vs s 5 T PV P 35 5 3 T T S S G S 5 G P

GACTGGCGuCACGGGTGTCuCTAAGCACTR1GAGCAATGCGGAGGAATCGGGTTCACTGG
r ¢ ¢ TG VvV A K HE Y BE QCG G I & F T G

CCCTACCCAGTGCGAGAGCCCCTACACTTGCACCAAGCTGAATGACTGGTACTCGCAGTG
P T ¢ CE S P Y T CTEKULUNTDUWY 5 ¢ C

CCTGT%Aacgaacctctctgaaggaggttctgaqacacgcgcgattcttctgtatatagt
ttiatttttcactctggagtgcttcgctccaccagtacataaaccttttttttcacgtaa
Caaaatggcttcttttcagaccatgtgaaccatcttgatgccttgacctcttcagttctc
actttaacgtagttcgcgttagtctgtatgtcccagttgcatgtagttqagataaatacc
cctggaaqtgggtCtgggcctttgtgggacggagccctctttctgtggtctggaqagccc
gctctctaccgcctaccttcttaccaCagtacactactcaCacattgctgaactgaccca
tcataccgtactttatcctgttaatthtggtgctgtcgactattctatttgctcaaatg
gagagcacattcatcggcgcagggatacacqgtttatggaccccaaqagtgtaagqacta
ttattaqtaatattatatgcctCtaggcqccttaacttcaacaggcgagcactactaatc
aactt:tggtagacccaattacaaacgaccatacgtgccggaaattttgggattccgtcc
qctctccccaaccaagctagaagaggcaacgaacagccaatcccggtgctaattaaatta
tatggttcatt:tttttaaaaaaattttttcttcccattttcctctcgcttttctttttc
gcatcgtagttgatcaaagtccaagtcaagcgagctatttgtgctatagctcggtggcta
taatcagtacagcttagagaggctgtaaaggtatgataccacagcagtattcgcgctata
agcggcactcctagactaattgt:acggtctacagaagtaggtaataaaagcgttaattq
ttctaaatac:agaggcacttagagaagctatctaaatatatattgaccctagcttatta
:ccctattagtaagt:agttagctctaacctatdgatagccaaatgctataataggtacc

agggttcaaaa 4451
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REIE: Z=PR

SERADTYAR Y L(Chrysosporium)CBHI4uN Y DT /BE. HEE LT AT FE

(35)

JP 2004-504012 A 2004.2.12

Q=103 99 EFIERTRENTEY. A0~ S A (496 526) I3 T 52| L -

BAAREFARTTRESA TN,

MYAKFATLAA LVAGAAAQNA CTLTAENHPS LTWSKCOTSGS SCTEVQGSIT S0
IDANWRWTHR TDSATNCYEG NEWDTSYZSD GPSCASKCCI DGADYSSTYG 100
ITTSGNSLNL KFVTKGQYST NIGSRTYLME SDTKYQMFQL LGNEFTFDVD 150
VSNLGCGLNG ALYFVSMDAD GGMSKYSGNK AGAKYGTGYC DSQCPRDLKF 200
INGEANVENW QSSTNDANAG TGKYGSCCOSE MDVWERNNMA AAFTPHPC?V 250
IGQSRCEGDS CGGTYSTDRY AGICDPDGCD FNSYRQGNKT FYGKGMTVDT 300
TEKITVVTQF LKNSAGELSE IKRFYVONGK VIPNSESTIP GVEGNSITQD 350
WCDROKAAFG OVTD?QDKGG MVQMGKALRG PMVLVMS LWD DHAVNMLWLD 400
STWPIDGAGK PGAERGACPT TSGYPREVEA EAPNSNVIFS NIRFGPIGST 450
VSGLPDGGSG NPNPPVSSST PVPSSSTTSS G3SGPTGGTG VAKHYEQCGG 500

IGFTGPTQCE SPYTCTKLND WYSQCL * 526

BoFl&S3

I ES-B R U313 4-BIE AR T HRELIYAK I L(Chrysosporium)Xyl 1
EGTODNAR R B LU TI/EE, 7' 0F— 5B 51(1-969), 4—34—4—Fa 5 (24283030
(3028DE LU OLBEFI(1043-1116,1181-1332(1331),1596(1595)-1674(1672)|%

IPRFTRENRTLS.

tcatcaacttggcgtttgqatgtactaatattacacqthtttgcnnachgagtctgtg
tcatctccgtggggthggtgctccagacgacgcttcgggccgatcctgaattcgggaag
gaaacggttcggctaatcaggtcctctaaaatataacgaagcactacagaqggagttcct
cagaggacatcgtatcaaccgaagaacgaagcgccgaaaggactgatcaaaacaggagta
ggtagggatgtgtgagtacctaaactttccatacctgacataaaatcatcatggtgcttc
agacctgtttgatqaggcgagggcggaggc:gcattgtattttcgttccttccttctttt
tg:tagtatatctnagggttccatcgtaaaatgqaatcttccaqctctactagtaattag
aacaatagLtctgatgtcgtgcgccaagctttttcagatqactgccaaaaacccatcatg
gqtatgqacaaaaqcagtaatcggagtcacaacgccgcattttccttcatgatttccgtc
aaccggagaggtcggaggaggaCtccggCCacatgtgatchaagaaqtacatggcgcca
tggttctaacCtCttatagtCtgaaaatgcgcggaggccagcqaagccaagcccgggaac
Cgttcttgtcatggtttcagtattthtcgcraaacattctatccgattcgcgataggtg

cggctgc:a::gaagqttgta:ccttaaagctttggtaagtacggaqtacggaaatggaa
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acjcgoogeagtectggticcateggtatectcegeatgoctacgeccaaaaaaagaaaace
cgggtatgtttacaaaggatataqgagacaagatgcaccacccgcccccttcccatctgc
cggttgcccacgtcgccgtcgactgcttgtccgcttcctacctqcagcctctttcagaga

CcCcatcaaacATGCGTACTCTTACGTTCGT GCTGGCAGCCGLCCCGGTGECTGTECTTGE
M R T L T F V L A A A ?» V A V L A

CAATCTCCTCTGTGGGGCCAGthatgLaattgccttactcggaaaatagtcaccactag
¢ 5 P L W G Q C

agggacttaagctcactacttectgtttcacaatagGCGGCGETCARAGECTGGACAGGTE
G 6 Q G W T @G

CCACGACCTGCGTTTCtGGCGCAGTATGCCAATTCGTCAAgtcagtaactgcttttatt
P T T C Vv S G A V C Qg F VvV N

tcttttctctctgggattacgatttcgttttgcacttaqcttggttctqcatttcattgt
tgtattgttctctttttgtgtgtgagaggttttattaccacctaaaggccatttgctaac

aaatctocccayg TGACTGGTACTCCCAATGCGTGCCCGGATCGASCAACCCTCCTACGES
b w ¥ $ ¢ ¢ v P G 8 85 N P P T G

CACCACCAGCAGCACCACTGGRAGCACCUCGGCTCLTACTGECGGCGGCGGCAGCGGARD
T T8 5 T TG S TP AP T G G G G S G T

CGGCCTCCACGACAAATTCARGGCCAAGGGCARGCTCTACTTOGGAACCGAGATCSATCE
¢ L H D K F K A& K 6 KL ¥ F G T E I D H

CTACCATCTCARCAACAATGCCTTGACCAARCATTGTCARGAAAGACTTTGGTCAAGTCAC
Y H L K ¥ N AL T N I V K KD F G Q V T

TCACGAGAACAGCTTGAAGTGGGATGCTACTGAGCQtgagtgacctctcctccttctccc
H E N 3 L K W D A T E F

gacaataatagataattacgagccggttcgaggctgacattgcgcgattctagCGAGCC
5 R

GCAATCAATTCARCTTTGCCARCGUCGACGCGGTTSTCAACT T TG CCAGGCCARCGGCA
N O F N F AN ADAVY V N F A O B N G K

GCTCATCCGCGGCCACACCCTCCTC TGGCACTCTCAGCTGCCGCACT GGG TGCAGANCA
L T R 6 H T L L W H S Q0 L P QO WV O N I

TCARCGACCGCRACARCCTTGACCCAGGTCATCGAGARCCACGT CACCACCCTTGTCACTC
N bR N T L T ¢ V¥V I ENH V T T L V T R

GCTACARGGECAAGATCCTCCACTGGGACGTCGTTARCGAGATC TTTCOCGAGGACGGET
Y K G K I L H W DV V N E I F A E D G 3

CCGCGACAGCETCTTCAGCCECGTCC TS GGCGAGGACTTTGTCGGCATCGCCTTES
L R DSV F S RV L & ED Y VYV G I A F R

GCGCCGCCCGCGCCGCCGATCCCAACGCCAAGCTCTACATCAACGACTACAACCTCGACA
A A R A A D P N AKX L Y I N D Y N T DI

TTGCCAACTACGCCAAGGTGACCCGGGGCATGGTCGAGAAGGTCAACAAGTGGATCGCCC
AN Y A K V T R G M V E K V N K W I A 9]
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(
AGGGCATCCCEATCGACGGTCATCGGCACCCAGTGCCACCTGGCCGGGLCOGGOGEETGRA 216D
[ ¢ I P I DG I G T QCHTILABATGTEPTGG W N
[ ACATGGCCGCCOGUGTCCCCGACGCCCTCARAGGCCCTCGCCGOGGCCAMCGTCARGGAGA 2220
[ T A A GV P DAL K AL A A ANV K E I
[ TCGCCATCACCGAGCTCGACATCGCCGGUGCCTCCGCCARCGACTACCTCACCGTCATGA 2280
[ A I T E L D I A G A 8 A N D Y L T V M N
[ ACGCCTGCCTCCAGGTCTCCARGTGCGTCGGCATCACLGTCTGGGGCGTCTCTGACARGS 2340
A& C L ¢ ¥ § K CV G I TV W 6 VY 5 D K D
(
ACAGCTGGAGGTCGAGCAGCARCCCGCTCCTCTTCGACAGCAACTACCAGCCARAGGCGG 2400
[ & w R 8 8§ 5 N P L L F D S N Y Q P K A A
[ CATACAATGCTCTGATTAATGCCTTGTAAgaggaggtatattatttttagaggecaatgaa 2460
[ Y ¥ A L I N A I =
[ gctaggaggaaagaggggaadgtygaggtaattagcetaggacaggcaaatctageagcaatt 2520
[ ataagtcaacactatataaaatattcctataatggettgtgcttcggtgrgcaaaaaaaa 2580
l 4addadasaaaaaazaaaaaaacaa’radaaaactcaaaaacaaaaatgatccaacatgatt 2640
[ Ccgaaatggegaccttgraaatgracacctcagataataccactatacaatacaccttaaa 2700
(
tggcacctaaatccatitguotgcggicatagacggggctitaagaagoctgggatgcagg 2760
(
[ tgtcgatgoaagggttacgtcagtgratgatatgagtatgaaccatgetgtetgggtaat 2820
[ tetecactttocctaececttacgactottegggigegoctetctagaaagtcgactccty 2880
[ gcgcetcagategooctttggetotgtteggtacaatgacgtecogetggtttettacaaa 2940
[ gaccaggtattictcooccgtygcaacaaagaataccaaatacctatatcgaaccgtagtet 3000
L tctgataattagatgtctotcaaggegegy 3030
l
(
[ BN ES4
[ SER1LYYJ AL L(Chrysosporium)Xyl | Bun VB O T/BEERF. 7 TA 7 51
[ -203A3Y9 B FETRINTEY. AD-Z5E N M A(22-53)F FHRESN -
RXEFARTRSIh TS
[ I MRTLTFVLAA APVAVLAQSF LUWGQCGGQGW TGPTTCVSGA VCQFVNDWYS
[ 51 QCVPGSSKPP TGTTSSTTGS TPAPTGGGGS GTGLRDKFKA KGKLYFGTED
(
1C1  DHYHLNNNAL THIVKEDPGQ VTENSLKWDA TEPSRNQFNF ANADAVVNFA
l
[ 157 QOANGKLIRGH TLLWHSQLPY WVENINDRNT LTQVIENHVT TLVTRYKGKI
[ 221 LHWDVVNEIF AEDGSLRDSV FSRVLGEDNFY GIAFRAARAA DPNAKLYIND
[ 251 YWLDIANYAK VTRGMVEKVYE KWIAQGIPID GIGTQUHLAG PGGWNTAAGY
[ 301 PPALKALAAR NVKEIAITEL CIAGASANDY LTYMNACLOV SKCVGITVWG
[ 350 VSDKDSWRSS SNPLLFDSNY (QPKAAYNALI NAL*
(
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RCHESS

7 0E-5-BHEET HEH 7)) AL Y MChrysosporium)GPD & £ F ODNATR S,

7 0E-5-BEHI(1-1555)8 L UM /R AR M (1682-1 7B DI/ I KFETREA TN,
BIZFOIFEWIRELTIND,

tgagcagcaatgageageaatgagecattiectgggecaccgagtotgagtgecagtacygga
gtatcgtacttcgtaccggggtttgatttggtgacggtgotittcacctotogatgccey
aaatcgggtotaagetgagtttgatcaaatatgtgactocaacatocygaccoecttogygcaa
afccegtegacacgtgtgtcatecttccattgecaagegatcactegcagggegtyacgat
gaacgagatitttgcccggaccgaticgeggatatagoggeagocgaccagecctaceac
actgatggccgrgtcactagrgtatgcteccagaacogeaageatacactgggeaatget
tggtatgcagttgaggcagcotitatgtitccatacccttccactieggcteggggactey
gcggggtcegeggaagtttgacggoageegiogggecttaggecgagattaccgtggttgt
ggcccagtittagecgticcecgtecgtttoctaceggaccatgattttegtgaacecattg
caatcccgaagegeatttoogacgttaaggagttacctecgctgeccagaatteatgate
gtggccggcotcaaggcagogtggocggggeatococgtgteaagetocecaggaggaggtgoege

gatttcaaatccgggcraaaacaggocaagactggctyggccaaaaaaaggagegtagacyg

“gccogggacatoggacgtcagotogcagccacccaaaaccocggtcogatctactegettac

tgtggtagttcaggtactttrgagtagtaaaaacgctacggcagggocggggygtreoce
¢gtgacggaggtygcctetgeggryggcgaacatceccacgecactetogagetacggtgacac
ctegtgreoctgttggtocttgecaatgetggggcggeaggaaatgocgtcgogotoctoccygg
Ccaagdacctaaaacagacagegocgcaaagtegetcactageaccgegaaacgaagatge
ctcaccloaacgcaatctgtgatgcaageaattgggaaggcteacaccacctcagegagy
ggctcaaccatttttattatcagctcatgeccaccacaacatgactgttttetttecttge
tcatccracatttgacaaaaatcgtcocgattaatetectttecatacaggecgtoegogote
tgataaccacataaaagtctcttcaqtcaacagctcaaagctccctcatccctccaqqta
agcagccaaagagetcooccocacggacecegeactgectcatcecgectgtateggaccty
tgcgacccagceagagaatcccaaacctitgotgettgotgooceggttcoggactgagetyg
caacccaageciitaaaaagettrtoccttiorccecacggtgtcaactetgtectateect
Ccgacatcogrtgagotcaacaactcccocgaaccititaceoagogecgagcetacecoete

CatcaaaccaccetgacagetegetcactcacctecoccacatcacagaasatcaaaATGAC
M7

TATCAAGGTCGGLATCARCGG TTTUGGCCETATGGLCGTATCGTC T TCCGCARCTCCAT
I ¥ v &6 I N G F 6 82 I G R I ¥ F R N §5 I

CGAGCACTCGGATGTCGAGATCGTTGCCGTCAACGACCLCTTCATTGAGCCCAAGTACGE
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E H -0 ¥V E I VvV A V N D P F I E P K ¥ A -
Tgtaagtagtttttttttteettoctogogttetttectgttccatogacagtacgagat 1740

GatctigcaggeggatcggagotaaccgegattgtegtacagGAGTACATGCTCAAGTAT 1800
E ¥ M L K Y -

GACTCGACCCACGGTATCTTCRACGGCACCATCGCCGTCGAGGGCARCGACCTCATTGTE 1860
t s T H G I F B 6 T I AR V E G N D L I V -

ARCGGCAAGAGGGTCARGTTCTACACTGAGCGGGMCCCCGCCAACATTCCCTGGARGGAS 1920
N G K R ¥V K F Y T E R ? P A N I P W ? E -

ACTGGTGCCGAGTACATMRTCGAGTCGACCGGTGTGTTCACCAMCACCSAGAAGGCTAGC 1980
T 6 A E Y I 2 E 3 T 6 V F T 2?2 T 7% K A § -

GCCCACCTCAAGGGCGGCGUCAAGCGCGTCATCATCTCTGCTCCETCGGCOGATGCCCCC 2040
A H L K G ¢ A K R V I I 5 A P 5 A D A P -

ATGTACGTCATGEGCGTCAACGAGAAGACCTACGACGGCAAGGCCCAGGTCATCTCTARG 2100
MYy vMvM G V N E K T Y DD G K A ¢ Vv 1 8 N -

GCCTCGTGCACCACCAACTGUCTGGUTCCCCTCGCCAAGGTCATCCACGACAASTTCGGE 2160
A 3 ¢ T TNCULAUPLAIEKV I HD K F G -

CTCGTTGAGGGTCTCATGACCACCGTCCACTCCTACACTGCCACCCAGAAGACCGTCGAT 2220
L v E GG L MM T T VY B 3 Y T AT K T V D -

GGTCCCTCTGCCAAGGACTGGCGTGGTGGCCGTGGTGCTGCTCAGAREATCATCCCCAGE 2280
G P 8§ A K D W R G G R 6 A8 A Q N I I P 5 -

AGCACTGGCGCCGCCAAGGCCGTCGGCARGGTCATCCCTGAGCTCAACGGCARGCTCACS 2340
s T G A A K A V G K V I P E L N G K L T -

GGCATGTCCOTCCGTGTCCCCACCICCARCGTTTCCGTTGTCGACCTCACCTGCCGCCTC 2400
G M $ L R ¥V P T P N V S ¥V V B L T C R L -

GAGARGGAGGCTACCTACGACGACATCAAGGCCGCCATCARGGAGGCCGCCGLOGGCCCC 2460
E ¥ E A T Y D D I K A A I K E A A A G P -
CTCAAGGgtgagitatctggttactttttetrtttttggagaacgacacatgetgataaa 2520

L K G

acccagGCATCUTCGACTACACTGAGSG 2547
I L D ¥ T E

ELHESE

BR53 9 AR Y A(Chrysosporium)GPDIRun Y& O 7 /il
(CRIGIZEF ZHBIEI T AEICRELTINS. ),

MTIKVGINGF GRIGRIVFFRN SIEHSOVEIV AVNDPFIEPK YRAEYMLKYDS
THGIFNGTIR VEGNDLIVNG KRVKFYTER? PANIPW?ETG AEYI?ESTGV
FT2?T?KASAH LKGGAKRVII SAPSADAPMY VMGVNEKTYD GKADQVISHAS
CTTNCLAPLA KVIHDKFGLV EGLMTTVH3Y TATQXTVDGP SAKDWRGGRG
AAONIIPSST GRAKAVGKVI PELNGKLTGM SLRVPTPNVS VVDLTCRLEK

EATYDDIKAL IKEAAAGPLK GILDYTE
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NOVEL EXPRESSION-REGULATING SEQUENCES AND EXPRESSION PRODUCTS IN THE
FIELD OF FILAMENTOUS FUNGL

Field of the invention

‘The subject invention relates o novel enzymes derfved from filamenious fungi, cspecially
from steains of the genus Chrvsasparium, and to coding scquences and expression-regulating
segucness for these enzymes. The present invention s an extension on the invention disclosed in
WO 00420555 {PCT/XLEO0618), filed Detaber 6, 1999, not published prior to the present priority

date. The katter disclosure is herein incorporated by reference.

Buckgraund to the inveniian,

A number of hosts for gene expression and methads of transformation have been disclased in
the prior art. Bacteria are often mentioned c.p. Escherickia coli. £ coli is however o micro-
organism incapable ol seeration of a number of proteins or polypeptides and as such is undesirable
as host cell for production of prolein or polypeplide at the industrial level. An additionsl
disadvaage for E. coli, which is valid also for bacleria in peneral, 55 that prokaryotes canpot
provide additional medificatlions required for aumerous eukaryotic proteins or polypeptides o be
produced in an active form. Gilycosylation of protwins and proper folding of proteins are examples
of processing required Lo ensure ap active protein or palypeptide ts produced. o ensure such
processing ane can sanietimes use mammalian cells; however, the disadvantage of such cells is that
they are often difficult to matnizin and reguire expensive media. Such transformation aystems are
therefare nat practical for production of proweins or polypeptides at the industrial level. They may
be cost elficient for Toghly priced pharmaccutical compounds requiring relatively Jow amounts, but
certainly ot for industrial cnzymes.

A number of fungal exprossion sysems have been developed e Aspersifius miger,
Aspergiliuy awamori, Aspergilius nidulans. Trichuderma reesel. A number of others have been
suggested but for various reasons have not found wide-spread acceptance or use. In general leoms
the ideal host must fulfii a large number of criteria:

- The ideal kost must be readily fermented using inexpensive medium.

- The ideal tost shovld use the medium efficienty,

- The ideal host must produce the polypeptide or protein in high yield, Le. must exhibit high
protein to biomass ratia.

- The ideal host should be capable of effiziznt secretion of the pratein or polypeptide.

- The ideal host must enable case of isolattan and purification of the desired protein or poly-
peplide.

- ‘The idzal liost must process the desired protein or polypeptide such that it is proguced in an

JP 2004-504012 A 2004.2.12
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active form not requiring additienal activation ar medification steps.

- The ideal host should he readily transformed.

- The idezl host should allow a wide range of exp TEg Y 1o be used thus
ensuring ease ol applicatian and versatility.

- The ideal host should allow use of casily selectable markers that are cheap to wse.

- The ideal host should produce stable ransformants.

- The ideal hast should aliow cultivation under conditions nut detrimental to the protein or
polypeptide product, e.g. Jow viscosity, low shear.

WO $6/02563 and US patents 5,602,004, 5,604,129 and 5,695,985 to Nove Wordisk describe
the drawhacks of Aspergilfus and Trickoderma systems and suggest that sultivation conditions for
other fungi may be more suited 1o large scale proiein production. The only examples provided for
any wanstormed eultures are thuse of Mycwliophthora thermophila, Acremontum alubamense,
Thielavia terresivis and Sporotrichum cellufopkifum strains. The Sporotrickum strain iz reported to
lyse and praduce green pigment under fermentation conditions not feading to such resuits for the
other strains. A ner-sporulating mutant of Thielaviu terresiris is described as being the organism ol
choice by virtue of its morphology. llowever it is glso stated that the protoplasting efficiency of
Thielavia and Acremonium (whereby the Acremonium strain used was the imperfcet state of the
Thielavia sirain used) is low and that hygromycin was not useful as a selection marker. A large
oumber af others are suggested as being pofentially useful by virue of their morphelogy but no
transformation thereof is described, The sugpested strains ave Corprascus, Thermoascus,
Chagtomiym, Crenoniyees, Seytaficium end Talurvmyees. The transformed hosts are mentioned as
orly producing low Jevels of the introduced Humicala xylanass with Thiclavia producing the
Jowest amount; however, the information is ambiguous and could actually infer Thielovie was the
best embodiment. The nomenclature of this reference is hased on the ATCC names of Industrial
Fuugi f 1994. Thus it is apparent that ne high degres of hetervlogous expression was achieved and
in fect no positive correlation could be derived hetween the postulated morpholegy and the degree
of expressian, If any correlation could be made, it was mrore likely 10 be negative. According 1o the
1996 ATCC fungal classification Sporotrichum thermophiium ATCC 20493 is a Myceliophthore
thermaphile strain. Currently the strain is still identitied as Muceliophdora thermophile. “The
ustpredictability of the art 15 apparent from these recent disclosures.

WO 97426330 of Novo Nordisk suggests a method uf abtaining mutants of filamentons
fungal parent cells having an improved property tor production of heteralogous polypeptide. The
method compriscs fiest finding a specific altered morphology followed by assessing whether &
transformant praduces more heterologouy polypeptide than the parent. The method s illustrated
only for sirains of Fusarium A3/5 and Aspergiftus oryzae. The method is suggesied 0 be applicable

for Aspergiflus. Trichoderma, Thiclavia. Fusarium, Newrospora, Acremonivm, Tolypiocadium,
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Humicola, Seyiedidizm, Myceliophthora or Mucor. As stated above, the unpredictability in the art
and alse the unpredictability of the method of the cited appiication do not provide a generally
applicable teaching with a reasonable expectatiun of success.

In WQ 00/20555, we have described an altemative fungal expression sysrem with the
simplicity of use of the above-mentioned Aspergifli and Trichoderma fulfilling the above
requirsments. The now system peovides the additional advantages that sransformalion rates are
higher than those for the frequently used Trickodermu ressei system. Tn addition he culture

cunditions offer the additional bonus of being advaniageous for the polypeptide product.

Detailed description of the invention.

We now deseribe a number of industrially interesting enzymes derived from Chrysosporium
strains, logether with full sequence information. We also describe novel promater systems derived
from Chrpsesporivm strains and useful for cxpressing homologoas and heterologous genes.

The present invention is in particular copeerned with glycosyl bydrolases of the families 7
(e.g. eellobichydrolases) and 14 {e.g. xylanases). and glyceraldehyde phosphate debydrogenases, as
identificd by their amino acid sequence, as well as peptides derived from these enzymatic proteins,
and with nucleic acid sequences enooding these peptides and proteins, as well as, in particular, with
regulating sequences related to these penes.

In particular, the present invention perwins 1o isclaled or recombinant enzymic proteins or
active parts thereof of the three classes referred to abeve, including mutants thereof having at least
acenain degree of sequence identity as specified i the further disclosure and in the claims, as well
as nucleic acid sequences encoding thuse proteins or parts thereof, and/or nucieic acid sequences
regulating their expression. These enzymes are cspecially: {13 a glycosyl hydrolase of family 7
{celiobichydrolase, CHH1) having at least 75%, preferably at least 80% or even at least $5% amma
acid identity with the sequence of SEQ 11 Ma 2; {2) a glycosy! hydrolase of family [0 (endo-
xvlanase XYL1) having at Jeast 709, prelerably at least 75% or even at least 80% amino acid
identity with the sequence of SEQ [12 No 3; and {3} a glyeeraldehyde phosphate dehydropenase
{GPD1} having at [east 86%, preferably at least 90% or even at least[ 33% amino acid identity with
the sequence of SEQ [N No 6. Polypeptides and nucleic acid sequences encoding these poly-
pepiides, having at least 20, preferabiy ar least 30 contiguous aming acids of SEQ 1D No's 2, 4 and
6 are alsa a preferred part of the invention. The corvesponding nucleotide sequences are depicted in
SEQ 1D Ne's | (ebhl), 3 (xyllhand 5 (gpd 1) respectively,

The resombirant enzymes may camprise cssentially (he complete profein, er & truncated
protein having at least part of the enzymalic activity. Such truncated part wmay be the catalytic
demain. or at Isast about 75% of the umina acids thereof. By way of example. the cazatytic domain

af the CBHI according o the invention comprises the amino acids 20-495 of the aminoacid

JP 2004-504012 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(45)

WO 0179507 - PCT/NLOL/00301

sequence of SEQ ID No. 2, and the caalytic damain of the XY[.) according to the invention
comprises the aminoacids 34-384 of ibe amincacid sequence of SFQ ID Ne. 4. The catalytic
domain may or may not be combined with & signal sequence originating from another protein
andfor with a carbolhyidrate-binding domain from angther engymic protein. Altematively, the
cellulose-binding domain of the enzymes of the invention (CBHL and XYLL) may be fused 10
catalytic damains of other enzymic proteins.

The nucleic acid sequences according to the invention may be complete protein-cncoding
regions of oligonucientides or, preferentially, expression-regulating sequences. Oligonucleotides
may be used also as probes for identifying genes correspanding 1o, but not identical to the genes of
SEQID No.'s 1, 3 and 3; these genes, when fullilling the percentage identity criteria detined herein,
as well as catoding and non-cncoding pants theroof und their expression products are elso pan of
the invention. Oligenucletoides are preferably 15-73. most preforably 20-54 pucleotides in length.

The invention also pertains to expression systems (cassettes) comprising cither an
expression-regulating region (including 8 prometer) of any of the three protein classes fused to 2
genc coceding another protein of interest, or ao encoding, region of any of these proteins fused to
another expression regulating region, or both the expression-regulating region and the protein-
encoding region of these novel proteins. The expression-ragulating region comprises ar least 60%,
preferably ar least 70%, more preferably at lcast 75% or even 80% of the 5"-non-coding region of
SEQ [ Np.'s 1,3 and 5, and/or at least 20, especially at least 40 contiguaus nucleolides from these
5° non-coding regions. Terminating sequences similarly derived (rom the 3' non-coding regions of
the genes of the invention are also wseful in cxprossing cassettes, whether combined with
homalogous or heteralogous geres.

The polynuclestifes and oligonuclectides of the invention can have the minimum sequnece
identity with the correspording sequonces of SEQ TR NO's 1, 3 or 5, or, altematively hybridise
under stringent conditions with these given sequences. Stringent hybridisatian conditions are those
as understood in the art, e.p. hybridisation in 6 x SSC {20xSSC per 10 ml : 175.3 g NaCl, 107.1
e sodium citrate.5Hz0, pll 7.0}, 0.1% SDS, 0.05% sodium pyrophosphate, 5 * Lenhardt’s
selution and 20 Kg/ml deratured herring sperm DNA at 56°C for 13-24 hrs loflewed by two 30
min. washes tin 3 x S5C, 0.1 % SDS at 56°C and two 30 min. washes in 2 x 35C. 0.1% 88C al
36°C.

These expression svstems may be contamed in a Chrysesperiwn host. such as a
Chrysosporinm lucknowense host, or in anether nen-fungal or, preferably, fungal host. Examples of
other fungal hosts are other Chrysosporiten specics or strains, Fusgrium species, Aspergifins
species etc. Such hnst may be advantageousiy a hast that does nor itself. intrinsically or as a result
of the culure conditions, produce a protein cerrespanding to the protein of interest, 5o as to

simplify the recovery of the protein of interest.
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Wheré reference is made in this apecificarion and in the appending claims to "polypeptides”
or "peptides” or "polypeptides of interest” or “peptides ol interest” as the products of Lhe expression
systens of the inveation, this term also comprise proteins, ie. pelypeptides having a partivuiar
function and/or secondary andfor tertiary struciure. Where referonce is made 1o 2 percentage aming
acid identity, such idemity relates to @ complete protein or to & specific part defined by initial and
final amine acid number, as determined by the conventionaily used BLAST algorithm.

In the fungal expression system described fn WO 00730535, the pH of the culture medium
cen be neutral or alkaline thus no Jonger subjecting the produced protein or polypeptide fo
aggressive and potentiatly inactivating acid pH. It is also possible to culture at acid pH such as pH
4 for cases where the protein or polypeptide is better suited io an acidic environment. Scvitably
culwre can oocur at o pH berween 4.0-10.0. A preference however exists for nzutral to alkaline pH
as the host strain exhibits bemer growth at such pld, ¢.g. between & and 9, Growth at alkaline pH
which can be from pH 8 up and can even be as high as 10 js alsu a good afternative for some cases.
Also the cultivation temperature of such host straing i§ advantageous 10 the stabiiity of some (ypes
of praduced polypeptide. The cullivation temperature is suitably at a temperature of 23-43°C.
Clearly such conditions are of panicular interest for production of mammalian polypeptides. The
selected temporatore will depend on cost effectivencss of the cultivation and sensitivity of the
polypeptide or cultivation strain.

Tt hag =iso been ascertained that the biomass to viscosity relation and the amount of pratein
produced is exceedingly tavourable for the Chrysosporiem host. Comparisons have been carried
out with Trichoderma longibrachiotun (formerly also knowir as Trickaderma reesed) and with
Aspergilius piger. Trichodermua longibraciatum gave 2.3-3 g/l biomass, Aspergiflus miger gave 5-
10 g/ biomass and the Chryrasporizm host gave 0.3-1 g/l biomass under their respective optimised
conditions. This thus ofters 5-10 fold improvement over the commercially used strains. The subject
invention is directed at expression systems comprising a nucleic acid sequence encoding n
heterologous prolein or polypeptide, said sucleic acid sequence being operably linked to an
expression regulating region described below and opitonally a secretion sipnal encoding sequence
andfor e carrier protein encoding sequence. Preferably a recombinant strain according to the
invention will secrete the palypeptide of interest. This will aveid the nocessity of disrupting the cell
in arder 1o isolme the polypeptide of interest and alsa minimise the risk of degradaiion of the
expressed product by other components of the host <l

Chrysosporium can be defined by morphology consistent with that disclosed in Bamett and
Hunter 1972, [Mustrated Genera of Imperivet Fungi, 3rd Edition of Burgess Publishing Company.
Other sources providing details concerning, classification of fungr of the genus Chrisosporiva are
known e.g. Sunon Classifieation (Van Qorschot, CAN. (19807 "A revision of Chrysesporium and
alligd genera™ in Studies in Mycology No. 26 of the CBS in Baam, The Netherlands p1-36). CBS s

JP 2004-504012 A 2004.2.12
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ane of the depository institutes of the Budspest Treory. According o these teachings the genus
Chrysosporium fzlls within the family Moniliaceas which belongs to the onder Hyphomycelales.
The foliowing strains are defined as Chrysosporium but the definition of Chrysasporiun is not
limited to these strains: . bodyoides, C. carmichuelli, C. crassitunicatum, C. ewropoe, C.
evolceannui. C. farinicola, . fustidium, C. filiforme, O georgiae, C. glebiferwm, C. globiferum
var. articalatum, €. globiferum ver, piveum, C. birundo, C. hispanicum, C. folmii, C. indicum, €

inaps, C. kerutinaphitum, C. kreiselii. O kuzurovianum, C. lignoram, C. lobatum, C. tucknowense,

C lucknowense Garg 27K, C. mediam, C. mediue var, spissescens, C. mephiticum, C. merdarium,
C. merdarium var. roseun, C mingr, C. pannicola, C. parvum, € parvam var. crescens, C.
pilosum, {0 pyewdomerdarivm, C. geriforais, C. queenstandicum, C. sigleri, C. suifureum, €.
sypnchromon, C. rapicum, C undulutum, C valfenarense, C. vespertilium, C. zonatun.

£ lucknowense forms one of the species of Chrysosporiem that have raised particular
interest as it has pravided a natural high producer of cellulase proteins (WO 9815623 and related
US 5,811,381}, The characteristics of this Chrysosporium luckirowense are:

Calenies attain 55 mm diameler on Sabouraud glucoss agar in 14 days, are aream-coloored,
felty and fluffy; dense and 3-5 mm high; margins are defincd, regular, and Oimbriate; reverse pale
yellow {o crcum-coloured. Hyphae are hyaline, emooth- and thin-walled, litthe branched. Aeria!
hyphae are mestly fertite and closely septate. about 1-3.5 yum wide. Submerged hyphae are infertile,
about 1-4.5 pm wide, with the thinaer hyphac ofien being conterted. Conidia are termingl and
laterat, mostly sessile or on short. frequently conical protrusions or short side branches, Conidia are
solitary but in close proximity 10 ane anolher. |-4 conidia developing en one hyphal cell,
subhyaline, fairly thin- and smooth-walled. mostly subglobose, alse clavate oroboveid, 1-celled,
2.5-11 % 1.5-6 um, with broad basat scars {1-2 pm). fatercalary conidia are absent. Chlamydespores
are absent. ATCC 44006, CBS 251.72, CBS 14377 and CBS 272.77 are examples of Chryso-
sparium lucknowense sirains znd other examples are provided in WO 98/15633 (US 5,.81(,381).

A further strain was isolated from this specics with an even higher production capacity for
cefiulases. This straiv is called C1 by its internal notation and was deposited with the International
Depositary of the All Russian Colleciion of micro-organisms of the Russian Academy of Sciences
Bakrushina Street 8, Mascow, Russia 113184 on August 29, 1946, as a deposit according ta the
Budapest Treaty and was assigned Accession Number VKM F-33500D. 1 is called Chryvosprrium
tuckninwense Garg 27K, The characteristics of the C1 strain ave as follows:

Celonies grow to zbout 55-66 mm diamcter in size on patato-dextrose agar in about 7 days;
are white-cream-coloured, felly, 2-3 ym high at the centre: margins are defined, regular, Nimbriate;
reverse pale, cream-coloured. Hyphac are hyaline. smicath- and thin-walled, little branched. Acrial
hyphae are fertile, seprate, 2-3 mm wide. Submerged hyvphae are infertile, Conidia are terminal and

latgral. sessile or ou short side branches; abgent, solitary, but in close proximity to one another,

JP 2004-504012 A 2004.2.12
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hygling, thiii- and smeoth-walled, subglobose, clavite or aboveid, 1-celled, 4-10 pm. Chlamydo-
spores are ahsent. [nterczlary conidia are sbsent

The method of isalation of the C1 strain is described in WO 98/15611, US 5,811,381, and
US 6,015,707, Also included within the dofinition of Chrysesparium are strams derived from
Chrysosporium predecessors including those thal have mutated somewhat cither naturally or by
induced mutagenesis. Mutants of Chrysesperium cant be obtained by induced mutagenesis,
especially by a combination of iradiation and chemical mulagenesis.

For example swain C1 was mutagenised by subjecting it to ultraviolet light to generate strain
UV13-6. This strain was subsequently further mutated with N-methyl-N-nivo-N-nitrosoguznidine
to generate strain NG7C-19. The latter strain in turn was subjected to matation by ultravioler light
resulting in strain UV18-235. During this mutation process the morphoiogical characteristics have
varied somewhat in cullure in liquid or on plates as well as under the microscope. With each
successive mutagenesis the cultures showed less of the fluffy and felty appearance on plates that
are described a5 being characteristic of Chrpsosparivn, until the colonies anained a flat and matted
appearance. A brown pigment observed with the wild type strain in some media was also less
prevalent in mutant strams. In {iquid culture the mulant LIV 18-235 was noticeably less viscous than
the wild type strain C and the mutanis 1V 13-6 and NG7C-19. While all strains mainiained the
gross microscopic characteristics of Chrysesporium, the mycelia became narower with each
successive mutatian and with JV18-25 distinet fragmentation of the mycelia could be observed.
This mycclial fragmentation is likely to be the cause of the lower viscosity associaled with culiures
of UV18-25. The ahility of the strains 10 sporulate decreased with ¢ach mutagenic step. The above
illustrates that for a swain to belong to the genus Chrpsosporium there 35 some leeway from the
above morphalogical definition. At each mutation step production of cellulase and extracellular
proteins has in addition also increased, while scverai mutations resufled in decrease of protease
expression. Crileriz with which funga) taxenoniy can be determined are available from CI35,
VEMF and ATCC for example. The strains intcrnally designated as Chrysosporium strain CI,
swrain UV i3-6. strain NG7C-19 and strain UV18-25, have been depasited in accordance with the
Budapest Treary with the All Russian Collaction (VM) depositary institule in Moscow, Wild type
€1 sirain was deposited with number VKM F-3500 1, deposit date 29-08-1996, C1 UV 13-6 nutant
was deposited as VKM F-3632 D (82091998} C1 NG7e-19 mutant was deposited as VKM F-
3633 D (02-09-1998) and C1 UV 18-25 mutant was deposited as VKM F-3631 D (02-09-1598).

Tt is preferable o use non-toxic Chrsosparizm straing of which & number are known in the
art as this will reduce risks to the environment upen large sczle production and simplity production
procedures with the concomitant reductiots in casts.

An expression-regulating region is @ IINA sequence recogmised by the host Chrsosporium

strain for expression. It comprises o prometer sequence operably linked 1o a nucleic acid sequence
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sneoding 1he polypeptide to be sxpressed. The promater is linked such thal the positioning vis-3-vis
the initiation codon of the sequence o be expressed allows expression. The promoter sequence can
be constitutive or indurible, Any expression regulating sequence or combination thereof capable of
permitting cxpression of & polypeptide from a Chrysesporium stain is envisaged. The expression
regulating sequence is suitabiy 2 fungal expression-repulating region e.z. an ascomycele regulating
region. Suitzbly the fungal expression regulating region is a regulating region from any of the
following genera of Fungi: Aspergilius, Trichoderma, Chrysasporium, Hanseaulu, Mucor, Pickia,
Neurvspora, Tolypocladiim, Rhizomucor, Fusurium, Penicillium, Succharomyces, Talaromyces ot
alternative sexual forms thereof like Emericeila, Hypoerea e.g. the cellobiabydrolase promoter
from Irichoderma, glucoamylasc promoter from Adspergiffus, giyceraldehyde phosphate
dehydrogenase promoter from Aspergiflus, eleohol dehydrogenase A and aloohol dehydragenase R

promoter of Aspergilius, TAKA amylase promoter from Aspargifius, phosphogiyeerale and crass-

pathway control promoters of Neurospora, aspartic protei promater of Rk or wmichel,
lipnse promoter of Rhizemucor miekei and beta-galactosidase promoter of Penicillium canescens.
An expression regulating sequence from the same genus as the host strzin is extremely suitable, as
it is most likely to be specifically adapted to the specific host. Thus preferably the expression
segulating sequence is one from & Chrysosporivm strain.

Preferably an expression-regulating region enabling high expressian in the selected host is
appiied. This is preferably an expression-regulating region derived from Chrysosporium according
1o the invention. It can alse be a high expression-regulating region derived from a heterologous
fiosl, such as are well known in the art. Specific examples of protgins known to be exprassed in
large quantiiies and thus providing suitable expression regulating sequences for the invention are
without being limited thereto hydrophobin, protease, amylase, xylanase, peciinase, esterase, bea-
galactosidase, cellulase (c.g. endo-giucanase, cellobichydrolase) and polygalacturenase. The high
production has been ascertained in both solid state and submerged lermentation conditions. Assays
for assessing the presence or production of such proteins are well knewn in the art. The catalogues
of Sigmu and Megazyme for example provide numerous cxamples. Megazyme is located at Bray
Busincss Park, Bray, County Wicklow in Ireland. Sigma Aldrich has many alfiliates world wide
¢.g. USA P.O. Box [4508 St. Louts Missouri. For cellutase we refer to commercially available
assays such as CMCase assays, endaviscomeiric assays, Avicelase assays, beta-glucanase asszys.
RBBCM{ase assays. Cellazyme C assays. Xylanase assays are alse commercially available (e.y.
DNS and Megazyme). Altematives zre well known (6 a person skilled i the art and can be found
from peneral literature concerning the subject and such information is considered incorporated
herein by reference. By way of example we refer to "Methods in Enzymelogy” Volume 1, 1955
right through ta volumes 237-299 of 1998, Suitably a Chrysosporium promoter sequence 35 applied

to cnsure pood recognition thereef by the host.
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We hiave found that hewcrologous expression-regulating sequences work as efficiently in
Chrysosporium as native Chrysosporium sequences. This allews well known constructs and vecrors
to be used in translormation of Chrwosporium as well as afferiog tumerous other passibilities for
constructing vectors enabling good rates of expression in this novel expression and secrelion host.
For example standard Aspergiiies transformation techniques can be used as deseribed for example
by Christianser et ai in BiofTechnol. 6:1419-1422 (1988). Other documents providing details of
Aspergilfus wransformation vectors, e.g. US patents 4,816,403, 5,198,345, 5,503,951, 5,364,774 and
5.578,4¢3, EP-B-215.594 (also for Trichodernid) and their contenls are incorporated by reference.
As extremely high expression rates for celluluse have been ascentained for Chrysasporium strains,
the expression regulating regions of such proteins are particularly preferred. We refer for specific
examples to the previously mentioned deposited Chrpsasporium strains.

A nucleic acid construct comprising a nucleic acid expression regulatory region from
Chrysosporium, preferably from Chrvsasporium {uckwwensz or a derivauive thereof forms a
preferred embodiment of the invention, as does the mutint Clrysosporium strain comprising such
aperably finked to a gene encoding a polypeptide to be expressed. Such a nucleic acid construct
will be an capression regulatory region from Chrysosporium associated with ceilulase or xylanase
cxpressian, preferably ccllobiohydrolase cxpression, or glyceraldehyde phosphate dehydrogenasc
expression, as detailed below. The nucleic acid sequence acvording 1o the invention can suitably be
ablained from a Chrysospariue strain, such sirain being defined elsewhere in the description. The
manner in which promoter sequences can be determined are numerous and well known in the art.
Nuclease deletion experiments of the region upstream of the ATG codon a1 the beginning of the
relevant gene will previde such sequence. Alse for example analysis of consenses sequences can
iead to finding a genc of intcrest. Using hybridisation and amplification fechniques one skilled in
the art can readily amrive at the correspending promoter sequences.

The promoter sequences of C | endogiucanases were identified m this manner, by cloning the
commesponding genes. Preferred promoters according to the invention are the 55 kDa cellobio-
hydrolase (CBH1) promoter, the 30 kDa xylanase {Xyl} promoters, and the glyceraldehyde
phosphate dehydropenase pramarer, as the cnzymes are cxpressed at high level by their own
promoters. Thie comesponding promaoter sequences are identified in a straightforward manner by
clening as descrtbed in WO 00720555, uzing the sequence information given in SEQ 1D Ne, T {for
CBEIH) and SEQ ID No. 3 (for X¥11), respectively. The promoters of the carbohydrate-degrading
cnzymes of Chrysosporiym, especially Cl promoters, can advantupeously be used for expressing
desired polypeptides in a host organism, espeeially a fungal or other microbial host erganism.
Promoter seguences having at least 5%, preferably at least 70%. most preferably at [east 75%
nucleotide scquence identity with the sequence given in SEQ IR No's 1. 3 and 35, or with the

sequences found for other Chrysosporiun genes, are part of the present invention.
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For particular embodiments of the recombinant strzin and the nuclelc acid sequence
according ta the invention we also refer to the examples. We also rofer for the recombinant strains
10 prior art describing high expression promoter seguences in particular these providing high
expression in fungi e.g. such as are disclosed for dspergilus and Trichoderma. The prior art
pravides a mumber of expression regularing regions for use in Aspergiiius e.g US 5,252,726 of
MNova and US 5,705,358 of tinitever. The contents of such prior art are hereby incarporated by
reference.

The hydrophobin gene is a fungal gene that is highly oxpressed. It is thus suggesied that the
promater sequence of a hydrophobin gene, preferably from Clrpsosporium, may be suitably
applisd as expresston regulating sequence i & suitable embodiment of the invention. Yrichoderma
reesel and frichoderma harzignum genc sequences for hydrophobin have been disclosed for
example inr the prior art as well as a gene sequence for Aspergitiue fumigatus aud Aspergillus
nidulane zod the relevant sequence infermation is kereby incorporated by reference (Munoz et al.
Crirr. Genet 1997, 32{3%:225-230, Nakari-Setata T. ot al. Ewr. . Biochem. 1996 15:235 (1-2)24%-
255, M. Parta et al, [nfect Immtor. 1994 62 (10} 4389-4385 and Swinger MA. o al. Mol
Microbiol. 1995 16{1):33-44). Using this sequence information a persen skilied in the art can
oblzin the expression repulating sequences of Chrpsesporium hydvophobin genes without undue
cxperimentation following standard techmiques as supgested already above. A recombinent
Chrysosporium strain according Lo the invenbion ¢an coimprise a hydrophobin-regulating region
aperably linked to the sequence encoding the polypeptide of interest,

An expression regulating scquence can afso additionally comprise an enhancer or silencer,
These are also well known in the prior art and are usually located some distence away Irom the
promoter. The expression regulating sequences can also comprise promoters with activator binding
siles and repressor binding sites. n some cases such sites may also be modified to elhminate this
type of regulation. Filamentous fungal promoters in which ereA sites arce present have been
described. Such creA sites can be mutated to ensure the plucese repression normaliy resulring from
the presence of the non-mutated sites is climinated. Ciist-Brocadss’ WO 94/13820 illustrates thix
principle. Use of such a promoter enables production of the polypeptide encaded by the nucleic
acid sequence repulated by the promoter in the presence of glucose. The same principle ix also
apparent from WO 97/09438. These promoters can be used either with or without their creA sies.
Mutants in which the crea siles have heen mutaied can be used as expression regelating scquences
in a recorebinant sirain according to the invemion and the nueleic acid sequence it regulates can
then be expressed in the presence of glucose, Such Chrsasporium promoters ensure derepression
in an anslogous manner o thar lustrated in WO 97709438, The identity of creA sites [s known
from the prior art. Alternatively. i€ is poysible to apply o promoter with CreA binding sites that have

net been mulated in a host strwin with & mutation elsewhere in e repression system e in the
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creA gene itSelf, so that the strain can, notwithstanding the presence of creA binding sites. preduce
the pratein or polypeptide in the presence of giucose.

Terminator sequences are also expression-regulating sequences and these are operably linked
to the 3' terminus of the sequence to be expressed. Any {ungal terminator is likely to be functional
in the bost Chrpsosporium strain acconding to the invention, Exampies are 4. nidulans trpC
wrminator (1), J. niger alpha-glucosidase terminator (2), A. niger gluccamylase terminator {3),
Mucor michei carboxyl protease terminator (US 5573.463) and the Trichoderma reesei
cellobiohydrolase terminetor. Naturally Chrysesporivm iemminaior sequences will function in
Chrysosporiten and are suitable e.g. C3H1 terminator.

A suitable recomhinant Chrysesporinm straint to be used according to the invention has the
nucleic acid sequenge to be oxprossed operably linked 0 a scquence encoding the amino acid
sequence defined as signal sequence. A signal sequence [s an amine aeid sequence which when
operably linked to the amine acid sequence of the cxpressed polypeptide allows secretion thereof
from the host fungus. Such a signul sequence may bz one normally associated with the
hererologous polypeptide or may be one rative to the hast. It can atso be foreign to both host and
1he polypeptide. The nucleic avid sequence encoding the signal sequence must be positioned in
frame to pennit translation of the signal sequence and the heterologous pelypeptide. Any signal
sequence capable of pepmtting seeretion of a polypeptide from a Chrysosparin strain is
envisaged. Such a signal sequence is suitabiy a fogel signal sequence, preferably an ascomycete
signal sequence.

Suitable examples of signal ssquences can be derived from yeasts in general or any of the
foliowing specific genera of fungi: Aspergiltus, Trichoderma, Chrysosporium, Pichia, Nenrospora,
Rhizomucor, Hansenula, Humicola, Mucor. Tobpocladium. Fusarivm. Peniciliium. Sacchare-
mypces, Taloremypees or alternative sexual forms thercof like Emericella, Hypocrea. Signal
sequences that are particularly uselul aze oilen natively associated with the follawing proteins a
collobiobydrolase, an endoglucanase, a bheta-galactosidase, n xylanase, a peclinase. g#n esterase, a
kydrophobin, a protease or an amylase. Examples include amylase or glucoamylase of Aspergitlus
or Humicola {4), TAKA amvlase of Aspergiffs oryzus, alpha-amyiase of Aspergilius niger,
carboxy | peptidase of Mucor (US 5,578.463), a lipase or proteinase from Rhizomucor miche!,
cellobiohyvdrolase of Trichoderma (5). bota-galactesidase of Pemiciffium canescens and alpha
mating factor of Saccharenrryces.

Alternatively the signal sequence can be from an amylase or subtilisin gene of a srain of
Bucifius, A signal sequence from the same genus as the host strain is exwremely suirable as it is
maost likely to be specilically adapted to the specific host thus preferably the signal sequence is a

signal sequence of Clrysusporizm, especially of Chrpxpsporipm strin O, strain UV I3-4, sirain

NG?C-19 and strain UV 18-25, referred (o above. Signal sequences from fitamentous fungi, veast
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and bacterid are useful. Signal sequences of non-fungal origin are zlse considercd uscful,
particulacky bacterial, plant and mammalian.

A recombinant host to be used according to my of the embodiments of the invention can
further comprise a seloclable marker. Such a selectable magker will permit easy selection of
wansfurmed or transfocied cells. A selectable marker often encedes a geae product providing 2
specifio type of resistance foraign 10 the non-rransformed strain. This can be resistance o heavy
metals, antibiotics and biocides in general. Prototroply is also a useful selectable marker of the
non-antibiotic variety. Nop-antibiotic selectable markers can be preferred where the protein or
polypcptide of intcrest is to be used in foed or pharmaceuricals with a view to speedier ot less
complicated regulatory approval of such a product, Very often the GRAS indication is used for
such markers. A number of such markers are available to the person skilled in the art. The FDA e.g.
provides a list of such. Most commonly used are selectable merkers selected from the group
conferming resistance 0 a drug or relieving a nutritional defect ¢.p. the group comprismg amidh
(acelzmidase}, hph (hygromyein phosphotransferase), pyrG (orotidine-3"-phosphate decarboxylase),
trpC  (anthraniiate synthase), argB {omithinc carbamoyitransferase), sC {sulphate adenyl-
ansfcrase), bar (phosphinothricin  acetyitransferase), glulosinate resistance, niaDd (nitrate
reductase), a bleomysin resistance gene, more specilically Sh ble, sulfonylures resistance ..
acetalactate synthase mutation ilv]. Sclection can alse be carried out by virtee of cotransfonnation
where the selection marker is on 2 separate vector or where the seleclion marker is on the same
nucleic acid fragment as the polypeptide-encoding sequence for the polypeptide of interest.

As used berein the term heterologous polypeptide is a protein ar polypeptide nol nonnally
expressed and secreted by the Chrysosporium host sirain used for expression according to the
mvention. The polvpeptide can be of plant or animal (vertcbrate or invertebrate} origin e.g.
mamnalian, fish, insecl, or micro-arganism origin, with the provise it does not occur in the host
strain. A manunal can include a buman. A micro-organism comprises viruses, bacleria, archae-
bacteria and fungi i.e. Glamentous fungi and yeasts. Nergey's Manual for Bacterial Determminuiogy
pravides adequate lists of bacteria and archacbacteria. For pharmaceutical purposes quite often 2
preference will exist for human proteing thus a recombinant host aceording to the invention
[orming a preferred embodiment will be a host wherein the pofypeptide ts of human erigin. For
purposes such as food production suitably 1he heterologous polypeptide wil) be of anital, plant or
algal erigin. Such embodiments are therefore also considered suitable examples of the invention.
Allernative embodiments that are usefui also include @ heterologous polypeptide of any of
bacterial, veast, viral, archaebacterial and tungal origin. Fungal arigin is most preferred.

A suilable embodiment of the invention will comprise a heteralogous nugleic acid sequence
with adapted codon usage. Such @ sequence encodes the native amino acid sequence of the host

Trorn which it is derived, but bas a different nucleic acid sequence, i.e. 8 noclele acid sequence in
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whitch certaiit codons have been replaced by other codons enceding the same amine acid but which
arc more readily used by the host sirain being used for expression. This can lead 1o better
expression of the heterologous nuclgic acid sequence. This fs commen practice to a person skilled
in the art, This adapted codon usage can be carried out on the basis of known codon usage of fungal
vis-a-vis non-fungal codon usage. It can also be even more spevifically adapted 2o codon usage of
Chrysosporium itself. The similaritics are such that codon usage as observed in Trichodermu,
Humicola and Aspergiffus should enable exchange of sequences of such organisms withouw
adaptation of codon usags. Details are available ta the skilled person concerning the coden usage of
these fungi and are incorporated herein by reference

The invention is not restricled to the above-mentioned recambinant Chrvsosperium sirains,
but also covers a recombinant Chrvsosporium srain comprising a nucleic acid sequence encoding a
homelogous protein for 2 Chrysosporium strain. said nucleic 2cid sequence being operably linked
1o an expression-regulating region and said recomhbinant strain expressing moere of said pratein than
the corresponding non-recombinant strain ander the same conditions. In the <case of homologous
polypeptite of inlerest such is preferably & neutral or alkaline enzyme like a hydrolase, a protease
or a carbobydrate degrading enzyme as already deseribed elsewhere. The polypeptide may alse be
acidic. Preferably the recombinant strain will express the polypeptide in greaisr amoun(s than the
nen-recombinant strain. All commenls mentioned vis-a-vis the helerologous polypeptide are alse
valid {mutatis mutendis) for the homelogous pulypeptide cellulase.

Thus the invention also covers genetically engineered micrabial strains wherein the scquence
that is introduced gan be of Chrysosporium origin. Such a strain can, however, be distinguished
from natively accurring straing by virmue of tor example Reterologeus sequences being present in
the nucleic acid sequence used to transform oc transfect the Chrysosporium, by vistue of the facl
that multiple copies of the sequence encoding the polypeptide of interest are present or by virue of
the fact that these are expressed in an amount excecding that of the non-engineered strain under
identical conditions or by virtue of the fact that expression occurs under rormmally non-cxpressing
cenditions, The larter can be the case if ar inducible promoter regulares the sequence of interest
vontrary to the non-recombinant sttuation or if another factor induces the expression than is the
case in the nop-engineered strain. The invention is directed at strains derived through engineecing
esther using classical genctic technologies ar genctic engineering incthodologies.

The expression systems and host sirains contwining them according 10 the invention can

comprise a nucleic acid sequence encading a heterologous protein selected from carbohydrate-

degrading enzymes (cellulascs, xylanases, r mannosidases, pectinases, amylases, eg.
glucoanylases, o-amylases, - and P-gslaciosidases, q- and f-glucosidases, B-glucanases,
chitinases, chitanases). proteases (endoproteases, amino-proteases, amino-and cerboxy-pepliduses,

keratinases], other hydrolases (lipascs, esterases, phytases), oxidorcductases (catalases, glucose-
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oxidases) amd transferases (ransglycosylases, transplutamingses, isomerases and inverrases).

The most imeresting products to be produced according 1o invention arc cellulases,
xylanases, peclinases, lipases and protoases, whergin cellulasos and xylanases cleave beta-1.4-
bonds, and scllulases comprise cndoglucanases, cellobiohydrolases and beta-glucosidases. These
proteins are extremely useful in various indusirial progesses known in the art. Specifically for
cellulases we refer g, 1o WO 98/15633 describing cellohichydrolases and endoghucenases of use.
The conients of said application are herehy incorporated by reference.

A recombinant sccording to the iavention may have a nucleic acid ssquence encoding the
polypeptide of interest sncodes a palypeptide that is inactivated or unstable at acid pH ic. pH
helow 6, even below pH 5,5, more suitably even below pH 5 and even as low as or lower than pH
4. This is a particularly interesting embodiment, as the penerally disclosed fungal expression
systems are not cultured under conditions that ere peutral (w alkaline, but are cultured at acidic pil.
Thus the system according to Lhe invention provides a safe fungal cxpression system for proteing or
polypeptides that are susceptible to being inactivated or are unstable at acid pH.

Guits specifically a recorabinant strain as dufimed i any of the embodiments according 1o
the invention, wherein the nucleic acid sequence encoding the palypeptide of interest encodes @
pratein or polypeptide exhibiting vplimal activity andfar stability &t a pH above 5, preferably at
neutral or alkaline pil {i.e. above 7) andior at a pH higher than 6, is considered a prefemed
embaodiment of the invention. More than 0%, more than 70% and even more than 90% of eptimal
activifies ar such pli values arc anticipated as being patticularly useful embodiments. A
polypeptide expressed under the cultivation conditions does not necesszrily have to be active at the
cultivation conditions, in fact it can be advantageous for it to he cultured under conditiens under
which il is inactive as its active form could be detrimental to the host. What is however requived 1
for the protein or polypsptide 1o be stable under the cultivation conditions. The stability can be
thermal stability. It can also be stability against spucific compositions or chemicals, such as are
present for example in compositions of processes of production or apglication of the polypeptide or
protein of interest. LAS in detergent compositions comprising oslluiases or lipases, cle. 15 an
example ol a chemical often detrimental to proteins, The time periods of use in appiications can
vary from short to Jong cxposure so stabifity can be over a varying lengh of time varying per
application. The skilled person will be able ta ascertain the corect conditions an d case by case
basis. One can use 3 number of commercially avajlable assays to determine the optimal activities of
the various enzymatic products. The catalogues of Sigma and Megazyme for example show such.
Specific examples of tests are mentioned elsewhere jn the deseription. The manufacturers provide
guidance on the application,

A Chrvsosporius strain gan be suitably used to transform o transfect with the seyuence of

interest to be expressed and such a strain exhibits a yelwtively low biomass. We have found that
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Chrysosporinm strains having a biomass two to five times lower than that of Trichoderma reesei
when cultured o a viscosity of 200-600 ¢P at the exd of fermentation and exhibiting 2 biomass of
10 1o 20 times lower than that of dspergilfus niger when cultured to a viscosity of 1500-2000 cP
under comresponding conditions, i.e. their respective optimal cultivation conditiens can provide 2
high level of expression. This level of expression far exceeds that of the two commercial reference
strains at a much lower biomass and al much lewer viscosity. This means that the yield of
wxpression of such Chrysasporium strains will be appreciably highor than from dspergillus niger
and Trichoduerma reesei. Such a transformed or wansfected Chrvsosporivm strain forms a suitable
embodiment of the invention.

We find a biomass of 0,53-1.0 g/l for Chrwesporium steain C1{18-25) as opposed 10 2,5-5,0
& for Trichoderma reesei and 5-10 g/l of Aspergitlus aiger under the shove described conditions.
In the Bxamples we provide detzils of this process.

In a suitable embodiment a recombinant Chrysasporium stratn produces protein of paly-
peptide in at least the amount equivalent to the production in meles per liter of celluiase by the
strain UV13-6 or C-19, and most preferably ul least gquivalent to or higher thar that of the strain
UV13-23 under the corresponding or identical conditions, i.e. their respective optima!l culfivation
canditians.

We have also found thal expression and secretion rates are exceedingly high when using 2
Chrysosparium strain exhibiting the mycelial wmorpholegy of strain UV 18-25 i.c. fragmented short
mycclia. Thus a recombinant strain according te the invention will preferably exhibit such
morphology. The invention hewever also cavers non-recambinant strains or olbenwise gogincered
steaing of Ohrysasporiue: exhibiting this povel and inventive characteristic. Also covered by the
invention is a recombinant Chrysosporism steain in any of the embodiments described according 1o
the invention further exhibiing reduced sporulation in comparisen to Cl, preferably below thar af
sirain UV13-6, preforably below thar of MGTC-19, preferably below that of UVI8-23 under
equivalent fermenter conditions. Also covered by the invention is a recombinant Chrysosporium:
strain in any of the embodiments described according 10 e invention further exhibiting ar least the
armount of protein production ratio 1o biomass in comperison to C1, preferably in comparison 1o
that of any of strains UV 13-6, NG7C-19 and UV [8-25 under equivalent fermenter conditions. The
invention  however alsu covers non-reeombinant sirains or otherwise engineered strains of
Chrysosporium exhibitng this novel and inventive characteristic as such or in combination with
any of the other embedirments.

Anather attractive crbodiment of the invention also covers a recombinant Chrysosporion
strain exhibiting a viscosily below that of strain NG7C-19, preferably below that of UV18-23 under
corresporcling or idenrical fermenter conditions. The invention however also covers non-

recombinant strains or otherwise engineered strains of Chrysosporivs exhihitng this novel and
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inventive charscteristic as such or in combination with any of the other mhodiments. We have
determined that the viscosity of a culture of UVI8-25 is below 10 cP apposed ta that of
Trichodersur reesei being of the order 200-600 oF. with that of Aspergilfus miger being of the order
1500-2000 cF under their respactive optimal culture conditions at the end of fermentation. The
process used for such determination i provided in the examples.

Viseasity can be assessed in many cases by visual monitoring. The fiuidity of the substanee
can very to such a farge extent that it can be nearly solid, sauce-like or [iquid. Viscosity ¢an also
readily be ascertained by Brookfield rotational viscometry, use of kinematic viscosity twbes, falling
ball viscomeler ar cup Lype viscometer. The yields from such a low viscosity culture are higher than
from the commercial known higher viscosity cultures per time unit and per cell.

The processing af such low viseosity cultures according to the invention is advantageous in
particutar when the cultures arc scaled up. Tbe subject Chrysosporium straing with the low
viscosity perform very well in cultures as large as up to 130,000 liter cuitures. Thus any cuire size
up lo 150,000 [itres provides a usetul embodiment of 1he invention. Ary ciher cenventional size of
fermentation should be carried our well with the straivs according to the invention. The Teasoning
behind this is that problems can arise in large scale production with the formation of apgregates
thai have mycelia that are too dense endfor are uncvenly distributed. The media as a result cannot
be effectively utilised during the culmire thus leading to an jnefficient production process in
particular in large scale fermentotions ie. over 150,000 liters. Acration and mixing become
problematic leading to oxygen and nuirient starvation and thus reduced concentratian of productive
biomass and reduced yield of polypeptide during the coltore andfor can result in longer
fermentation times. In additien high viscosity and high shear ere not desirsble in commercial
farmentation processes amd in curvent commercial processes they are the production limiting
factors. All these negative nspects can he overceme by the Chrysosporivmt host according to the
invention which exhibits much betler characteristics than Trichadarma reesci, Aspergilius niger
and Aspergillus eryzee that are commercizlly used in this respect ie. exhibits bemer protein
production leveis and viscosity properties and biomass figures.

A Chrysosporiym strain according to any of the above-mentioned embediments of the
invention, said strain further exhibiting production of one or mare of the fimgal enzymes sclected
from the carhohydrate-degrading enzymes, proteases, other byvdrolases, oxidoreductase, and
wransferases mentioned above, s considered a particnlarly useful embodiment of the invention. The
most interesting products are sperifically cetlulases, xylonases, pectinases. lipascs and protcases.
Also useful as embodiment of the invenrion however is a Chnwesporizm strain exhibiting
praduction of one or Tore fungal enzymes that exhibit neutral or alkaline aptimal stabiliry and/or
activity, preferably alkaline eptimal stability andior acrivity, said enzyme being selected from

carbohydrate-degrading  cnzymes, hydrolases and  proteases, preferably hydrolases  and
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sarhohydraté-degrading eozymes. In the case of non-recombinant Chrysosporium, such enzymes
are suitably other than celleiase as disclosed in WO $8/15633. Enzymes of particular interest are
xylanases, proteascs, esterases, alpha galsctosidases, beta-galactosidases, beta-glucanases and
poctinases. The cnzymes are not limited to the aforementioned. The comments vis-3-vis stability
and activity elsewhare in the description are valid here also.

The invention also covers a method of producing a polypeptide of interest, said method
comprising cultuting a host strain {e.a. fungal such as of the genern Chrysosparium, Aspergillus,
Trichoderma, Honsenula, Mucor, Pichia, Newrcspors, Tolypocladivm, Rhizomucor, Fusarium,
Penicillhen or bacierial or gther microbial) in any of the embediments according to the investion
under conditions permitting expression and preferably secretion of the pelypeptide and recovering
the subsequently produced polypeptide of inierest.

Where protein or poiypeptide is menliomed, variants and mutants ¢.g. substitution, insertion
or deletion mutants of naturaliy occurring proteins are intended to be included Liatl exhibit the
activity of the non-mutant. The same is valid vis-a-vis the corresponding nucleic acid sequences.
Processes such as geme shuffling, protein engineering and directed evolution sits dircefed
mut sis and random genesis are processes through which such polypeptides, variants or

mulants can be obtained. US 5,223,409, US 5,780,279 and US 5.770,356 provide teaching of

dirceted evolution. Using this process a library of randomly mutsted gene sequences created for
cxample by gzne shullling via error prone PCR acours in any cell type. Each gene has a secretion
region and an immobilising region attached ta it such that the resulting protein is scoreted and stays
fixed to the host surface. Subscquently conditions are created that necessitate the biclogical activity
of the particular polypeptide. This occurs for a number of cycles ultimately ieeding te a final gene
with the desired characteristics. In other words 2 speeded up directed process of evolution. US
5,763,192 also describes a precess for oblaining DNA, RNA, peptides, polypeptides or protein by
way of synthetic polynuclectide coupling stochastically penerated sequences, introduction thereof
into a host follawed by sclection of the host cell with the corresponding predetermined
characteristic.

Another application of the methad of (he present juvention is in the process of "directed
evoiution”, whercin novel protetn-encoding DNA sequences are yenerated, the encoded proteins
arc expressed in a host cell, and Lhose sequences encoding proteins having a desired characteristic
are mutated and expressed again. The process is repeated for o number of cycles until a protein

with the desired characteristics is oblained. Gene shuffling, protein enginesring, error-prone PCR,

site-directed mutag is, and combi ial and random mulagenesis are examples of processes
through which novel DNA sequences encuding exogenous proteins can be generated. 1.5, patents
5.223,409. 5,780,279 and 5.770,356 provide waching of direvied evolution. See slso Kuchner and
Amold. Trends in Riotechnology, 15:523-53¢ (1997); Schmidi-Dannert and Amold, Trends in
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Bigreck., 177135-136 (1999}, Arnold and Volkov, Curr. Opin. Chetn, Blol, 3:54-59 (19%9); Zhao et
al.. Manued of Industriol Microbiology and Biotechnofogy, 2nd Ed., (Demain and Davies, eds.) pp.
597604, ASM Press, Washington DC, 1999; Amold and Wintrode, Encyciopedia of Bioprocess
Technology: Fermentation. Biacatalysis, and Bioseparation, (Flickinger and Drow, ods.) pp. 971-
937, John Wiley & Sons, New York, 1999; and Minshull and Siemmer, Curr. Opin. Chern. Biol.
3:284-290.

An application of combinatarial mutagenesis is disclosed in 1u et zl., Biochemistry. 1998
A7:10006-10015, US 5,763,192 describes a process for obtaining novel protin-encoding DNA
sequences by stochastically generating synthetic sequences, mtroducing them into a host. and
selecting host ceils with the desired characieristic. Methods for effecting artificial gene
recombination (DNA shuffling) include random priming recombination (Z. Shao, et al., Nuckek
Acidy Res., 26:681-683 (1998)], the staggered extension process (EL Zhao ct al., Mature Biotech.,
16:256-262 (1998}), and heteroduplex recombination (A, Volkov et al.. Nucleic Acids Res,, 27:¢18
[1999)). Error-prone PCR is yst another approach {Song and Rhee, Appl. Environ. Micrabial.
66:890-844 (2000)).

There are two widely-practised methods of carrving out the selection step in a dirgcted
evolution process. In one method. the protein activity of interest is somchow made essential to the
survival of the host ceils. For example, if the astivity desired is a celluluse active a1 pll &, a
celluiase gene could be mutated and intoduced into the host cells. The wranstormants are grown
with cellulose as the sele garbun source, and the pl! raised gradually until enly a few survivors
remain. The mutated celhtlase gene from the survivars, which presumably encedes a cellubase
active at relatively high pH, is subjected to anotter round of mutation, and the process is repeated
until transformants that can grow on cellulose at pH 8§ arc abtained. Themostable variants of
enzymes cen likewise be evelved. by cycles of pene mutstion and high-lemperature culturing of
host cells (Liao et al., Proc. Mo, dead, Sci US4 B3:376-58D (1986); Giver et al., Proc. Nad. Acad.
Sci. U84 95:12809-12813 (1598).

An aftemative o the mas ly parallel "survival of the filtest” approagh is scrial sereening.

In this epproach, individuel transtormants are sereencd by traditional metheds, such as ebsenvation
of cleared or coloured zones around calonics growing on indicator media, colorimetric or
flucrametric enzyme assays, immongassays, binding assays, etc. See for example Joa er al., Mature
399:670-673 (1959), where a cytochrome P450 monooxygenase nat requiring NADH a5 a caluclor
was evolved by cycles of mutation and screening: May el al., Neature Biotech, 18:317-20 (2000),
where 2 hydantoinase of reversed stereoselectivity was evolved in a similar (ashion. and Miyazaki
etal., J Mol Biol. 297:1015-1626 (2000}, where a thermostable subtilisin was evolved.

Standard closing and protein or polypeptide iselation technigues can be used 1 amrive at the

required sequence information. Parts of known sequences can be used as probes o isolaie other
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hamologues-in other genera and staing, The nucleic acid sequence enceding 2 particular enzyme
activity can be usad 1o screen a Chrysesporium library for example. A person skilted in the art will
realise which hybridisation conditions are appropriote. Conventional methods for pucleic acid
hybridisation construction of libraries and cloning technigues are described in Sambrook et al
{Eeds) (1989) In "Moleculer Cloning. A Laboratory Manual” Cald Spring Harbor, Press Plainview,
New York, and Ausubel et al (Eds) “Curzent Protocols in Molecular Biology™ (1987) John Wiley
and Sons, Mew York, The relevant information can alsa be derived from later handboaks and
patents, as well as from various commercizlly available kits in the field.

In an altemative embodimenl, said method comprises culturing & strain according ta the
invention under conditions permitting expression and preferably secretion of the protein ar poly-
pentide or precursor thereof and recovering the subsequently produced polypeptide and optionally
subjecting the precursar to additianal isolstion and purification steps 1o obain the polypeptide of
interest. Such a method may suitably comprise a cleavape step of the precorsor into the polypeptide
or precursor of interest. The cleavage step con be c¢leavage with a Kex-2 like progase, any busic
amino acid paired prowase or Kea=2 for cxample when a protease cleavage site links & well
seereted protein carvier and the polypeptide of interest. A person skilled in the art can readily find
Kex-2-like protease sequenccs as consensus sequence dotuils for such are available and & number of
altematives have already been disclosed e.g. furin.

Suitably in 2 methed for praduction of the polypeptids according W any of the embodiments
of the invention the cultivation accurs at pH higher than 5, preferably 5-10, more preferably 6-9.
Suitzbly in such @ method the vultivation ovcurs at a temperature between 25-43 °C, preferably 30-
40°C, The sirain used in the method according to the jnvention is quite suitably a recombinant
Chrysosporipm strain or other fungat or aon-fungal strain, The method accerding to the fnveniion
in such a casc can further be preceded by the step of production of a recombinani strain according
to the invention. The selection of the appropriate conditions will depond on the nature of the
polypeptide to be expressed and such sekection lics well within the realm of normal activity of a
person skilled in the art.

The method of production of a recombinant strain according to the invention 15 also parl of
the subjcct mvention. The method compriscs stably ittroducing a nucleic acid sequence encoding &
heterclagous or homoiogous polypeptide into a suitable host strain, said mucleic acd sequence
being operably linked to an cxpression reguliling region, said iotroduction occurming in 3 manner
known per se tor wranstorming filamentous fungi. As stated above numerous references hercol sre
available and a small selection bas been ciled. 1he information provided s sufficient to crabls the
skifled person 1o carmy out the method without undue burden. The method comprises uraduction
of a nucleic acsd sequence comprising any of the nucleic acid elements described in the various

embodiments of the recombinant strain according to the invention as such or in combination.
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By way of exampic the introduction ¢an oceur using the protopiast transformarion method.
The method is described in the examples. Alternative protoplast or spheroplast transformation
methods are known and can be used as have been described in the prior art Lor other filamentous
fungi. Treteils of such methods tan be found in many of the cited references and are thus
incorporated by reference. A method according to the invention suitably compriscs using a non-
recombinant strain as sterting material for introduction of the desired sequence encoding the
polypeptide of interest.

The subject invention also covers a method of producing Chrysesporiun enzyme, said
method comprising cullaring a Chrysesporium or other strain n or on a cultivation medium at pH
higher than 3, preferably 5-10, more preferably 6-9. suitably 6-7.5. 7.3-9 a3 examples of nevrra) and
alkaline pH ranges.

More in gencral the invention lurther covers a method of producing enzymes exhibiting

neutral or alkaline optimal activily andior stability, preferably alkaline optimal activity and/or
stability. The preferred ranges vis-s-vis pH and optimal setivity as well as assays with which 10
determine such have besn provided elsewhere in the deseripticn. The eazyme should be selected
from carbohydraie-degrading enzymes, proteases, other hydrolases, oxidoreducteses, and
transferases, as deseribad above, said method comprising cultivating a host cell trapsformed or
transfected with the corresponding enzyme-encoding nuckeic acid scquence. Suitably such an
enzyme will be a Chrpsogporium enzyme. A suitable methad such as this comprises praduction
specifically of cullulase, xylanase, pectinase, lipass and proiease, wherein cellulase and xylanase
cleave p-1,4-bonds and cellulase comprises endoglucanase, cellobiohydrolase and P-glucesidase.
The methed according to the invention can comprise callivating any Chrusosporium host accerding
to the invention comprising nucleic acid encoding such aforementioned enzymes. Suitably the
production of non-recombinant Chiryyosporiim hosts according to the invention is directed at
preduction of carbohydrate degrading, cnzymes, hydroiases and profeases. In such o case the
engyme is suitably other than a cellulase. Methods of isolating are analogous to those described in
WO 98/13633 and arc incorporated by reference.

The enzvmies produced according fo the tavention are also covered by the invention,
Enzymes of Chrysosporivm otigin us can be isclated from non-recombinant Chrysosperiun siraing
according to the invention are also covered. They exhibit the eforementioned stability, activity
characteristics. Suitebly they are stable in the presenee of LAS. In parricular proteases with pl 4-
9.5, prateases with & MW of 25-95 kD, xylanases with pl between 4.0 and 9.5, aylanases with MW
berween 25 and 65 KD, endoglucaunases with a pl between 3.5 and 6.5, endoglucanases with MW of
25-55 klJa, M-plucosidases, o, B-palactosidases with a pl of $-3.5, b-glucosidases, w.b-galactosidases
with 2 MW of 43-30 kDa, cellobiohydrolases of pl 4-5, celtobiohydralascs of MW 45-75 kDa, c.z.
a MW of 55 k> and pJ 4.4, pelygalacturonases, with a pl of 4.0-5.0 palvgalacturonase of 60-70
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kDa, e.g. 65°kDa, esterases with 2 pl 4-5, and esterases with a MW af $5-105 kDa with the afore-
menticmed stability, activity characteristics are claimed. The melecular weights (MW} are those
determined by SDS-PAGE. The non-recombinant i.c. natively eccurring enzyme is other than
cellulase as disclosed in W3 98/15633. Enzymes with combinations of the pl values and malecular
weights mentioned above ace also covered

The invention is also concemed with the (¢verjproduction of non-protein products by the
mulant [recombinant) strains of the invention. Such non-protein products include primary
metabolites such as organic acids, amino acids, and secondary such as antibiotics, ¢.g. penicilling
and cephalosporins and other therapeutics. These products ase the resull of combinations of
biochemicul pathways, invoiving several fungal genes of interest. Fungal primary and secondary
metabolites and procedures for producing these metabolites in fungal erganfsms are well known m
the art. Examples of the production of primary metabolites have been described by Mattey M. The
Production of Organic Acids, Current Reviews in Bintechuology, 12, 87-132 {1992). Examples of
the producticn of secondary metabolites have been deseribed by Penalva et al. The Optimization of

Ponicillin Biosynthesis in Fungi, Trends in Biotechnology 16, 483-489 (1998).

EXAMPLES
EXAMPLES OF TRANSFORMATION COMPARING CHRYSOSFORIUM, TRICHODERMA AND
TOLYPOCLADIUM GEOLES

Two untransformed Chrypsosparium Cl sirains and one Trichoderma reesei reference strain
were tested on lwe media (G5 pH 6.8 and Pridham agar, FA, pll 6.8). To test the antibioric
resistance level spores were eollected from 7 day old PDA plates. Seleclive plates were incubated
a1 329C and scored after 2,4 and 3 days. It followed that the C-1 strains NGTC-19 and UV 18-25
clearly have a low basal resistance fevel bolh o phleornycin and hygromyein. This level is
comparable to that for a reference T reesei commondy used [aboratary strain. Thus there is clear
indication thess two standard fungal selectable markers can be used well in Chrysosporium strains.
Probiems wilh cther standard fungal sclectable markers should not be cxpected.

Selection of Sh-ble ({phleomycin-resistance) transformed Chrysosporium  strains was
succesfully carried out at 50 pg/ml. This was also the selection level used for 7. reesel thus
showing that dilfercntial selection can be casily achieved in Chrysosporiwm, The yame comments
are valid for transformed strains with hygromiyein resistance at a level of 150 ug/mil.

The protoplast transformation technique was used on Chrpsosporium based on the masl
generally applied fungal transformation technolegy. Alf spores from one Yidmm FDA plaie werz
recovered in 8ml IC1 end transferred inlo @ shake (lask of Sthind IC1 mediaat for ineubation for 15
hours at 33°C and 200 rpm. After this the cullure was ceatriluged, the pellet was washed in MnP,

brought back into solution in 10ml MnP and 10mg/mi Caylase Ce and incubated for 30 minutes at
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35°C with agitation (150 rpm).

The solution was tiltered and the filtrate was subjccted to centrifugation for 10 minules at
3500 rpm. The pellet was washed with 10 ml MnPCa"". This was centrifuged for 10 minutes at
25°C, Then 50 microlitres of cold MPC was added. The mixture was kepl on ice for 30 minutes
whereupon 2,5 ml PMC was added. After 15 minutes at room temperatare 500 micrelitres of the
treated protoplasts were mixed © 3 ml of MnR Soft and immediately plated cut on a MnR plate
containing phleomycin or hygromyein as scleclion agent. After incubation for five days at 30°C
transformants were analvsed {clones become visible afier 48 fours). Transforsation efficiency was
determined using 10 microgrammes of reference plasmid pANS-1". The results are presented in the

following Table I.

Table !: Trausformation efficiency (using 10 ug of reference plasmid pANS-1)

T. reesei NGTC-19 Uv1§-25
Viability 167200 I TT0° 200 g 51077200 i
Transforments 2500 107 107
Per 200 ul
Transfermanis per 10° 2500 2000 2000
viable cells

The Chrysosporium wanstormant's  viability is superior to that of Trichoderma. The
transformability of the siraing is comparable and thus the number of transformants obtained in one
experiment lies 4 times higher for Chrpsosporium thao for T reesei. Thus the Chrysosporium
transformation system nol only eguals the commonly used T. reesed system, hut even qutperforms
it. This improvement can prove ospecially uscful for vectors that are less transformation efficient
than pANS-1. Examples of such less efficient transformation vectors are protein carrier vectors for
production of non-fungal proteins which generally yicld 16 times fewer transformants.

A number of other transformation and expression vectors were consiructed with homelopous
Chrysosporium proiein enceding sequences and also with heterologons protein encoding sequences
for use in teansformation experiments with Chrvsosporivm

Examples of expression systems inelude a Chrpsvsparion xylanase Xyl promoter fragment
linked 1w a xylapase signal sequence in frame with a xylanase open reading frame tollowed by a
xylanase terminator sequence, ITansformant selection is carried gul by using cotranslonnation with
a sclectablc vector.

Ancther example is a Chrpsosperium lucknowense cellobiohydrolase promoter linked to
Peniciflitm endoglucanase I signal sequence in frame with the Peniciffium endoglucanase 3 open

reading frame followed by the Chrvsosporitn cellobiohydrolase terminator sequence. In addition
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this vector carries a sccond expression casselte with a sclection marker i ¢. the acestamidase 5 genc
{AmdS genc).

A further example comprises Chrysosporium glyceraldehyde-3-phosphate dehydrogenase 1
prometer linked to the Aspergéifur niger pliicoamylase siynal sequence and the glucoamylase open
reading frame fused 10 the Auman Interlouking 6 open reading frame. [n adddition this veetor
carries a secand expression cassette with a seiection marker i.e. the AmdS gene.

A still further cxample is a Aspergitius niduians glyceraldehyde-3-phosphbale dehydrogenase
A promoter linked to the endoglucanase 5 open reading frame followed by a Aspergilius nidulans

terminator sequence.

EXAMPLES OF HETEROLOGOUS AND HOMOLGGOUS EXPRESSIGN QF CHRYSOSPORIUM
TRANSFORMANTS

C1 strains (NG7C-19 andfor UV 18-25) have been tested far their ability 1o secrele varivus hetero-
logous proteins: a bacterial protein (Streproaflaseichus hindusiamus phleomycin-resistanee protein,
$h ble), a fungal protein {Trichoderma reesel xyianase [, X'YN2) and a human protein (the human

lysoryme, 1TLZ).

C1 secretion of Trichodernza reesel xylanase IT (X¥YN2).
Cl strain UV I8-25 has been rransfanmed by the plasmids pUT1064 and pUTI965.
pUT1064 presents the two following fungal expression cassertes:
The first cassette allows the selection of phlsomycin-resistant transformants:
- Netvaspara crassa cross-pathway control gene 1 (cpe-T) promoter =
- Sereptoailoteichus hindustanus phlcomysin-resistance gene Sh ble ‘
-Aspergilius nidufans iryptophan-synthase (#pC) terminator ¢
The second rasselle is the xylanase production cassetle:
-T. reesei strain TR chki promoter =
-7 reesei strain TR2 xye2 gene (including its signal sequence) *
-T peesei strain TR2 chhl wrminator ™
The vector also carries an £. cofi replication origin from plasmi¢ pUCLS © The plasmid
delailed map is pravided in figure 1
alIT1085 presents the Tolivwing fungal expression cassette:
A nidedems glyceraldehyde-3-phosphatc dehydrogenuse (gpdA ) promoter *
- A synthetic 7 reasei cellobiohydealase I{cdht) signal sequence 3
- 8 hinclustanus phleamyein-resistance gene $h de 4 used a5 cartier-protein
- A linker peptide (SGERK) featuring a KEX2-like protease ¢leavage site !

- ¥ reesei strain TR2xpn2 gene (without signal sequence} w

JP 2004-504012

A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(65) JP 2004-504012 A 2004.2.12

W 01/79507 24 PCT/NLO1/0030)
- A. nidhulans tryptophan-synthase {&rpC) terminator :
The vector also cerries the beta-lactamase gene (bla) and an £, cofi replication origin from
plasmid pUCIR‘, The plasmid detailed map is provided in figure 2.
C1 protoplasts were transformed with plasmid pUT1064 or pUT1065 following the same procedure
5 already described in the above example. The fusion protein in plasmid pUTL06S {Sh ble :: XYN2)
is Tunctional with respect o the phleamycin resistance thus zllowing easy selection of the €1
transfarmants. Moreaver, the level of phlesmycin resistance correlaics roughly with the level of
xyn? expression, In pUT1064, xyir? was cloned with it own signal sequence
The xylanasc preduction of C1 wransfermants (phleemycin-resistani clones) was anafysed by
10 xylanase activity assay as foflows: Primary transformants were toothpicked to GS+phleamy<in
(Spg/ml) plates (resislance verification) and also on XYLAN plates {xylanase activity detection by
clearing zane visualisation '*}. Plates were grown for 5 days at 32°C. Each validated clane was
subcloned onte XYLAN plates. Twe subclones per ransformant were used 1o inoculate PDA plates
in order to et spores for liquid culture initiation. The tiguid cultires in 1C1+ 5p/1 KFPhtalate were
15 grown 5 days al 27°C (shaking 180 rpm). Then, the cubtures were ceatrifuged (5000g, [0min.}.

From these samples, xylanase activity was measured by DNS techrique according to Miller et al®

Table 2: Active XYN2 production tevels in Cl (best producers}

Active xylanase 1T concentration Xylanase IL specilic aciivity
in culture media in culture media
Uniransformed 1TV 18-23 3.8 0./m! 3.8 Umy total prot.
UV18-25::1064 clone 7-] 4.7 L/ml 4.7 U./my total prot.
IV 18-25::1064 clone 7-2 4.4 11./ml 4.3 U/mg total prot.
UV18-25::1065 clone 1-] 29.7 LAl 25.6 U.mg total prot.
UVIR-25::1065 clene t-2 308 U /ml 392.40./mg total prot.

20 These data show that:
1} Points 1 10 4 from example 2 are confirmed

2) C1 can be used as host for the secretion of a heterologous fungal protein.

Appendix 1o the Examples: Media

25 Transformation media:

Mandels Base: MzFP Medium -

KH;PQ, 2.0 i Mandcls Base with
NH SO 1.4 g Peprone 1 g/l
MeS0, 7160 0.3 21 MES 2g



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

40

WO 01179507 25
CaCly 03¢/
Qligoelements 1.0m¥l
Mnit MnP CAY
MnP-+sucrose 130 gf
Yeast extract 2.5t
Glucose 2.5g1
Apar 15 g/l
MauR Seft - MnR with only 2.5 g/l of agar.
MPC:

CaCla 50 M
MOPS 10 mh
FEG 40%

Far selection and cullure

GS:

Glucose 10 g/l
Bicsoyasc sl
Agar 15 gl
PDA:

Totate Dextrose Agar 39 gt
MPG :

Mandels Base with

¥ Phialate 3gf
Glucose 30 g/
Yeast extract 5l

(66) JP 2004-504012 A 2004.2.12

PCT/NLOLA3IN
Sucrose 100 g/)
Adjust pHto 5
MnP Medium +
CaCly 2HAO S8 mM

Adjust pH 10 6.5

pH 5.8

[Merieux]
pH should be 6.8

[Difeo]
pH shoold be 5.5

The regencration media (MnR}) supplenented with 58 pg/ml phleomyein or 106-150 pg/ml

hygramycin is used (o select transformants. GS mediun. supplemented with $ pedml phleomyein is

used to confing antibiotic resistance.

DA is a complete medium for fast gronvth and goad sporulation. Liquid mediz are

inccutated with 120tk of spore suspensien (all spores from one %0mm PDA piare in Sml 0.1%

Tween). Such cullures are grawn at 272 in shake fissks (200 rpn).

FSDLATION AND CHARACTERISATION OF (I GENES AND GENE EXPRESSION SEQUENCES

OF CBiL, XTLI AND GFD

Construction of u BlueSTAR gene library of (VIS-25

Chromasomal DNA of UV 18-23 was partially digested with Sau3A, fragments of 12-15 kb werce
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isolated andligated in 2 SamHl site of cloning vector BlueSTAR. Packaging of 20% of the ligation
mixture resulted in 2 gene library of 4.6 107 independent elones. This library was multiplied and

stared at 4 °C and -80°C. The rest of the ligation mixtwre was alsa stored at 4 °C

Screening the gene library of UV18-25 far isolation of the genes for ¢bhd, xill ond gpdi
For the isolation of the different genes, in total £7.5X10° individual BiueSTAR phages per probe
were hybridised in duple. Hybridisation was carried out with the PCR fraginents of ¢bAl, and xwi7f
(s described in WO 00/20555) ar homologous conditions {65°C; 0.2xS5C) and with the gpd/ gene
of A niger at helerologous conditions {53°C; 0.5x83C}. The number of positive signals {s given in
Table 3. The positive clones were rescreened and for each clone 1wo individuil phages were used
for further experiments. DNA of the different clones was analysed by restriction analvsis to
determine the number of different clones isolated from cach gene (resules are given in Table 3).

As for each of the 3 genes, 4-6 different clones were isolated, we conclude that the primary gene
library [ £4-5 x10" clanes} represents about 5x genome of UVIE-25, Usom this result we conclude
that the complete genome of LV 15-25 is represented in 9x10° clones, Based on an daverage genamic
nsert of 13 kb, this would idivate a penome size of £120 Mb, which is 3 times the size of the
Aspergilius genome,

PCR reactions with specific primers for the pene presemt on the plasmid (based on previcus
sequence determination fram the isnlmed PCR {ragmerts) and tie 'I'7 and T3 primer present in the
polylinker of pBlue§TAR we were able o determine the luestion of the gengs in a number of

clones, From each gene a plasmid was used for sequence determination af the gene,

Gene Positive in positive in different clones cione used for
first sereening rescreching sequencing
cbhl 8 7 El pCBH7?
xplt 9 & 5 pEYIS
apdl 12 12 [ pGPIM

Table 3 Screening of 7.5x10" phages of the gene likrary of LV 18235 with PCR. fragments of

UV 1825 far the chh! gene and the xp/f gene (homologous conditions) and with the gpe!A peng of
A. niger (heterologous conditions). DNA, isolation and restriction analysis was used 10 determine
the number of differeni clones.

Sequerce anclysis of the cloned penes

Far the cohl, xpli, and the gpdi gene, the results of the scquence determination are represented in
SEQID No's 1. 3 and 3 respecrively. Also the deduced amino acid sequences of the prateing are
reprosented in these SEQ 1D No's 2, 4 and 6, Some propertics of the proteins are ziven in Tabk 4,
It should be mentioned that the position of the start of the translation and the inteons is based on

homolagy with genes from the same Family (i.e. paper genetics)

JP 2004-504012 A 2004.2.12
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CEH1

From the amino acid scquences of CBHI, we concluded ihat the protein is about 63 kD in size and
thai a gelluiose-binding domain (CBD) is present at the C-terminal part of the preein. Interestingly,
ne evidence was found (or the presence of a CBID in the isolated 55 kD major protein. However,
the presence of the isolated peptides from this 55 kD muajor protein in the encoded CBHI protein
(SEQ ID Me.l, 2), confirms that the 53 kD protein is cnceded by the cloned gene. A possible
explanation of these results is that the 55 KD pretein 15 4 truncated version of the CBHI prolein
lzcking the CBD.

The cellohiphydrofase CBL11 has activity against MUF-cellobioside, MUF Yactoside, FP and avicel,
alsc against p-nitrophenyl B-glucoside, ccllobicse and p-nitrophenyl lactoside. Its activity toward
MUT ceilobioside is inhibited by cellobiose with inhibition constant of 0.4 mM. The Michaelis
constant foward MUF cellobioside was .14 mM. toward MUTF lactoside was 4 mM and foward CMC
was 1.6 @I The pH optimum is from 4.5 to 7. 50% of maximum activity toward CMC and 30%
activity toward RBB-CMC is kept at pL 8. %-80% activity within pH 3-8 is kept during 25 hours of
incubation. The temperature optimum is 60-70°C, CBLIT is a member of the cellobichydrolase Gamnily
7. The corresponding, CBE prometer, which is a preferred embodiment of the invention, is indicated
in SEQ D No. L.

Xyl

From the 2mino acid sequences of Xyll we conclude that also here a CBD is present, in this protein
at the N-lenminal side {i.c. directly attached to or at less than 5 amine acids distance from the signal
scquence). In the literature only few more xylanases with a CBD are known (Fusarivm oxyspormn,
Humicola grisea and Neacailimasiix pairiciarum}. The estimated size of the Xyl protein is 43 k1)
and scveral peptides isolated from a 30 k13 xyianase ariginate from this protein (SEQ 1D Mo, 1, 4).
Several isclated peptides could net be found in the encoded sequence. This could indicate that
altermative xy[anase proteins are present in UY 18-25. [n previous analyses, no evidence was found
for the presence of CBD in this 3¢ kD protein, Also from these results we hypolhesized that the
CBD of the protein is cleaved off by proteolysis. This hypothesis will be analysed further (by
determination of activities, N~terminal sequences and sizes of the different proteins in the difTerent
Cl strains: C1 wild type, NG7C, LIV13-6, UV18-25 and protease’ mutants of UY [8-25). Also the
cifect of the presence or absence of the CBD on enevimatic activities is analysed i more detail

Overexpressien of the full length genes in various C1 hosts may be considered.

The presence of a cellulose-binding domain (CBD) is a particular feature of this enzyme. The only
other known family 10 glvealytic enzyme (xylanase) having an Neterminal CBIY is the Fusariion
oxysparun: Xy, The CBD of the Chrsasporiup Iucknowense Xyll protein has the sequence:
WGQCG GQGWT GPTTC VEGAY COEVN BWYSQ CV {amino acids 22-51 of SEQ 1D No, 4).

This sequence does not comply to fhe CBL consensus sequence described in US 5.763,254 (MNovo)

JP 2004-504012 A 2004.2.12
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This consensus sequence of US 5,761,254 is: W/Y-G/A-Q-CU G-QN-GIN- WY STNGQ G-
PAIC-T/RK-T/CIN-C X-X-GP-S/TFLIA~ -T/K C-VITREK-KIQA-QITN QDIA-WIFY-Y-
Y/SHIA-Q C-LA/QN/T, wherein WY means either W ar ¥ ote., X means any amino acid. and —
means absent. Four differences with the most degenerate consensus sequence are present in Xyll,
which are underlined i sequence 7 above. The invention thus pertaing to x¥lanases having an N-
terminal CBD different from this consensus CBL) and other than the Fusavium oxysporum
xylanase. Mare panicularly the xylenase of the jnventron bas a CBD having at least 55%,
especially at least 65%, prefersbly at fcast 75% sequence identity with the sequence 7 above.
Preferably the CBL contains onc of the aminn acids Phe, Ty and Trp at positian 23, or at feast onc
of the four anine acids Val at pesitien 20, Gln at position 22, Phe al positien 23, and Val al
position 24, Preferred sequences comprise Cys-Xaa-Phe, Xaa-Phe-Val, Cys-Xaa-Phe-Val, Cys-Gin-
Phe, Val-Cys-Xaa-Phe, GIn-Phe-Val, Gin-Trp-Val, Gln-Tyr-Val, Val-Cys-Gln, Val-Cys-Gin-FPhe,
and Val-Cys-Xaa -Phe-Val, whercin Xaa is any amino acid or preferably Val, Thr, Arg. Glu, &ln or
Lys, or mast preterably Gin or Glu.

The xylanase dues not possess MUT cellabiase activity and is ihus a true xylanase. It possesses high
activity within a broad pli range from 3-8 maintaining 65% of maximum aclivity at pl[ 9-10; itis a
member of the aylanase F family. The correspanding xylanase promoter, which is a prefemed
embodiment of the invention, is shawn in SEQ ID No. 3. The Michaclis constant tawards birch xylan

s 4.2 g/t for the J0KD xylenase. Temperature oplimum was bigh and cgual to 70°C for the xylanase.

Gpdl

The DA sequence of the C-terminal part of the gpd! pene 15 not determined. The promoter
sequences ol this gene is @ preferred embodiment of the present invention end is depicted in
SEQ 1D o, 5.

The expression level of four Chrysosporien penes was swdied by Northern analysis. Various
strains of C. fucknowense were grown in rich medivm containing pharmedia with ccllulose and
lactose (medinm 1) or rich medium containing pharmediz and glucose (medium ) at 33°C. After
48 b, myceliwn was harvested and RNA was isolated. The RMA was hybridised with 4 different
nrobes: BGS5, EGa, Xyl and CBH. After exposure. the Northern blols were stripped and hybridised
again with a probe {or ribosomal L3 as a control for the amount ol mERNA on the blot. Most strains
showed very high response for CBILI and high respense for Xyl in medium Lz in medium 2, half of
The strain showed high response for all genes, and the other half showed low responsc. The order of°

expression strength was deducted from hese data /s CBH > Xyli > EGS > EG6.

The pretein Xylt of £ luclnoweese is 67% identical {72% homologous) to its closest homologue in
the Genbank DATABASE (Tuble 4). The strong homology of the CBU protein to its related

Humicoia grisea homologue (4% identical 7 82% homolopous) is noteworthy. It 5 also noted that in

JP 2004-504012 A 2004.2.12
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all cases the elosest homologues originate from Fusarivn, Huwmicola or other Pyrenomycetous
{Sordariamycctous) fungi (Table 4), whereas Chrysosporium belongs to the Plectomycetous (Eurotio-
mvecetous) fungi according to the NCBI database (Table 4). Thus the invention also pertains o
phvcanolvtic enzymes. especially ceilobiohydrolases and xyianases comprising a CBD, derfved from

plectomycetous fungl

glycos- |isclate |number | introns |remarks | related scguences

jdase | d from |of aming (Heidentity / %homalogy)
family | C1 acids
CBH1 |7 kD | 526 1 £BD Humicola grisea (74 1 82)
555D | (63K} {CBHL: P13828)

Fusartum vxysporum (38 7 68)
{CBH: P46238)

Neurospora crassa (607 69)
{CBHI: P38676)

XYLI 19 30kD 333 3 CED Fusarium oxysporum {67/ 71}

( 43k (XylF: P46239)

Penteillium simplissicum (63 7 72)
(XylF: PS&586)

Aspergilluy vorleaius (6117 70)
{XylF: 059855)

GPD| |- - Incomple | 2+7 - Fudusporda ansering (85/89)

to (GPD: P32637)

Neurospora crassa 86/36)
{GPD: D67457)

Cryphonectria parasiticaB0/E5)
(GI'D: P19089)

Table 4. Steuctursl and comparative data ol CBH1L, Xylt, and GPD1 of the invention.
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Figure 1 is 2 pUT1064 map
Figure 2 is a pUT1065 map
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SEQ ID Ho. 1:

DNA sequence and amino acid of complete Chrysosporium CBHEl gene

including promoter and terminator sequences. Promoter sequence

f1-

1779), terminator sequence (3427-4451) and intren sequence (2179-

2256) are given in small case.

aaggtatccgactrggggaacgtogatgaaagiatigoaaaagtgacgagagrtgogeas
ctaactcgctgrogaagaagetgoggaagaaagagaacacecgaaagtggaataacgttac
ggatgtocctgacctoaaagtigaaaccagoocitoctgototatttgggaaageggotty
cecctogaatgogotgcactytggeacgactaccagtgatogggaggagcasacracecty
gtoeygttocttgglygggeggractaggocoaacttageytgatcggaggregargocge
ggtectogthtggtetgggoteticteattteooggittgeaceccacgLigcacetgoty
atcgcoogocaacgocgatgagottgogooragacocgacdatsaccyeggetgoattece
aagtatattoaagatggraccaggtaccecggttitgogicocagiogitrggrgecasat
ttgggagttttigagocticaagatctggggaaatogaccloaacticcatacaagttaaa
gtogoacacacggcgagticcacgaagagacacalitiiitictgaaggeetercroscey
cacatcagaraccaccaaatascaagactgcagaagocgyggaagtaggecactggyac
tacactaaaatgecggggagaagegagatocgttgogaagggaadguatgggotgtgetoe
ggcttictecgototegigogootitugettgaatctagtgtacaccagggtaggetoog
aaggagtatciacggoagogetgriogtgotgogttgagagtcagygcggayacyagoag
gogacagygageciograceygeacileggatogeat ttgogoggagoygicasatacgoto
ttotgeggtoatcagagageatogtigaaccaagyticitccgcagggeggrctgggotto
geagagtogoactoggogyacgoct Locgtgroacooorgataacciygotascgogoee
agacLoctocaatgaggbgtytggitgecotegoegacocottcageaaccttaategett
ccatocgracggoteocacgtectogaacgatgoootocagecyigocoggoigtggcaaco
ataacgtgacatcgocgcocagoctactagoogchatogaccggttaggottgrcacege
agcgocecaticteooatogggoctotactetgatoccaccicacccaccgcaageactagoy
agoorcacoagagigcaagegacacgaceagotiggeccttoghcotigactatetocca
gacercttgecatoitgeegacyoogeccoctttitroootectacccctgocggeaggt
Cggtggcoocagioocgagatgycattyotocgtigicoatgacgaccoatcattogaty
getgactggcacactogtetigbtboageategacguoccgoggoccgtotoccacggta
cggaacctogitgracagtanctotegtaatgataccraatasoyygyicgagogongyy
Ag9goodogt Locogagaagocygdaagyeddciggonggcigacciiigigactiygcy

atggatgcgeccatggagaatgresgiecgaagegacgogacaattagoctgectaccatl

160
240
300
360
420
480
540
600
660
720
T80
B49
S0
950
1020
108D
1149
1200
1260
1320
1380
1440
1509
1562
1620

1E8D
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cgatataaatigggtgattcoocagetettgatgggegigtottctgoctgycagoecteg

tcttoagatcaagoaactgrgigetgateoctettoogocATGTRCGCCAAGTTCGUGATE
[ A K F A T

CTCGCCGCCCTTGTGRECTOGCGCOGETGUTCAGARCGUCTGCACTCTGACCGCTGAGAAC
L A A& L V A GG A LA QNAMCTLTAENWN

CACCCCTCGCTCACGIGGTCCAAGTGCACGTCTGGLGGCAGCTGCACCAGCGTCCAGGGT
X 5 L T ¥ 5 K £ T % G G 8 € T 8§ V 0 &G

TCCATCACCATCGACGCAACTCGUGETGGACTCACCGEACCGATAGCGCCACCARCTGE
5 I T Z DA N W PERWTHRTODS ATNLC

TACGAGGGCAACAAGT"GGRTACTTCGTACTGCAGCGATGGTCCTTCTTuCGCCTCCAAG
Y E G ¥ K W D T & ¥ 5

TGCTGbATCGACGGCGCTGACTACTCGAGLACCTATGGCATCACCACGAGbGGTAACTCC
cCc I b6 A DY 5 5 TY T T

CTGAACCTCAAGTTCGTCACCRAGGGCCAGTACTCGACCARCATCAGCTCGLGTACCTAL
L ¥ L K F ¥V T K G ¢ Y $§ = N I G 5 K T Y

CTGATGFAGBGCGACACCAACTACCAGAgtaagttrctctcccacccgqccqccguqaqa
L M E 5 D T K a

tgatggcgoorageocogotyacgegaatyacacaGTGTTCCAGCTCCTCGGUARCGAGTT
F 2 L L & ¥ E F

CACCTICGATGTCGACGTC I CUaALCTOGGLT GCGECCTCARTGGCGCCCTCTACT TG
T ¥ BV DV 5 N L 6 C G L NGALY TV

GTCCATGEATGCCGATGETGGCATGTCCARGTACTCGGECARCANGGCACCTGUCARGTA
5 ¥ DADOGGM 3 K Y S5 G N EKAGA K Y

CGGTACCGGCTAL! GTGATTCTCAGTGCCCCCGCGAVCTCAACTTCATCAACGGCGAGGC
& TG Y C D $ ¢ ¢ ? R DL KT FINGE A&

CARCGTAGRGAACTGGCAGAGUTCGACLRACGATGICAACGCCGGCACGGGCARGTACGE
W v E W W Q@ 5 5 T ND AN AG TG K Y &

CACCTGC"GCTvCGAGnTGGACGTC CGGAGECCRACARCATGLCCGCCGCCTTCACTCE
5 E M D V W E A N B M » A B F T F

CCACcCTTGCRCCGTGRTMGGCCRUTCGCGC”GCGAGLG GACTCGTGCGGCGGTACCTA
¥ I 6 Q4 & R C E G D S € G G T Y

CAGCACCSACCGC TATROCGECATCTGUGACCCCGRCGGATGCGACT TEAACTCGTACCE
$ T o kR Y A S5 I C DPFP DG EC DT RS YR

CCAGGCCARCARGACCT TC TACGGUARGG LA TCAT GO TCGACACGACCARGARGATCAC
¢ G W KT F Y S5 KGMTV D TTEXEK® 1T

GGTCG"’CACCCAG'“TCC CARGRACTCGGLCGGCEAGCTCTCCGAGATCARGCGGTTLTA
v v QFLKNSHGELSEIKRFY
COTCCAGRACGCCARGGTCATCLECARS TERGAGTCCACCATCCCGERTGTCOAGGGERR
vV g ¥ G KV I 2 K 5§ E S5 TTIPTG V E G N

CTCCATCACCCAGERACTSETSCEACCTHCCAGAAGGULGOCTTOGECGACGTGACCGARTT
5 I T QD W CODZEROEKODMALY G DV T D 7

1740
1800

igeo

1920

1940

2049

Z106

2169

2220

2280

2340

2400

2460

2320

2580

2640

2760

za20

288¢
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NCAGGACAAGEGCGEGCATGGTCCRGATGGRCARGGCCCTCGOGGGGCCCATGGTCCTCAET
Q9 0D K G G KMV QMG KX AL MG P MV

CATGICCATCTGGGRLGACCACGCCGTCAACATGCTCTGGClCGACTLCACCTG“CCCAT
T H A& V¥V N ML W L DS T W P I

CGACGGCGCCGGCRAGuCGGGCGCCGAGCGCGGTGCCTGCCCCACCACCTCGGGCGTCCC
¥ P G & &2 R G A L F T 7 5 G V F

CECTGAGGTEGAGGCCEAGECCCCCARCTCCARCGTCATCTTCTCCARCATCCOCTTCGE
& E v E R E A P N 5 W ¥V I F 5 N I R F G

CCCCATCGLCTCCACCOTCTCCGECCTGCCCGACGEUGGIRAGCGGCARCCCCARCCCGLO
§ T v 8 G L P DG G S G N PN PP

CETCAGCTCGTCCACCCCGETCCOCTCCTCGTCCACCACATCCTCCGGTTCCTCCGECCC
¥ 5 5 88 T PV P & 5§ §TT & 8 G 5 &8 G P

GRCTGGCGGCACGGGTGTCGCTAAGCACTATGAGCAATGCGGH&GAATCGGGTTCACTG”
V.A K R Y BE Q C G G I 6 F TG

COCTACCCAGTGCEAGAGULCC TACACTTGCACCARGC TGAATGACTGGTACTCGCAGTG
P T QCE & F Y T CTEKTULUWN DT W Y 5 Q C

CCTGT?Aanaa:ctctctgaaggaqgttctgagaCacgcgcqattctt:tgtatatagt
tt%atttttcaCt:tggaqtgctthctccaccaqtacataaaccttttttttc&cgtaa
cazaatggettottticagaccatgigaaccatotrgatyocttyacotetteagttore
actttaacgtezgttcgogtrtagtatgtatgroccagitgeatgtagtigagataaatace
cctggaagtggetoctgggoctitgigggacggagocctoctttoctgiggtoctggagagece
gotototacogoctaccitcttaccacagtacactactcacacattgotgaactgaceca
trataccgtactttatcctgttaaticgiggigeotgtogactattotatttqoctecaaatg
gagagcacattcaiegycgeagggatacacogtttatggaccoraagagtyraaggacta
ttattagraatattatatgeoctotaggegeooitaacttcaacaggcgagoactactaate
aacttitggtagacccaattacaaacgacroatacghgcoggaaattteyggatticcgtee
getctocecaaccaagotagaagaggcaacgaacagecaatoccggigotasattaaatta
tatggtrcattttitttaaaaaaattttttcttcccattttactctogettttattttee
gcatcgtagttgatcasagtccaagtcaagogagotatttgtgotatagotcggtggeta
taatcagtacagottagagaggetytasaggtatgataceacageagtattegegotata
agcggcactoctagactaattyitacgototacagaagtaggrastasaagogttaatig
Llctaaatactagagycacttagagaagotrarctasatatatattgacoctagottata
tccctatrtagtaagtiagttagcototaacctatagatagecaaatgctataataggtace

agggttcaaaa 4451

3000

3060

2120

3180

3240

3300

3360

3420

3480
3540
2608
3660
3720
3780
3840
250C
3960
4020
4080
4149
§200
4280
4320
4380

4440
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WO 01/79507 -14- PCT/NLO1/0301

SEQ ID Mo 2:

Amina acid of complete Chrysesporium CBHL protein. The putative

signal peptide (1-19) is shown in italic letters and the csllulopse

binding domain (4%6-524) is shown in hold underlined letters.
MYAKFATLAA LVAGAAAONA CTLTALNHES LIWSKITSGL SUTSVOGSIT 56
IDANWRWTER TDSATNCYEG NKWDTSYCSD GPSCASKCCI DGADYSETYS 100
ITTSGHSLNL KEVTEGOYST WIGSRTYLME SDTKYGMFQL LGNEFTFDVD 150
VSHLGCGLNG RLYFVSMDAD GOMSKYSGNK AGAKYGTGYC DSQCPRODLKF 200
IHNGEANVENW QSSTNDANAG TGKYGICCSE MDVWEANNMA AAFTPEPC?Y 250
1GRSRCEGDS CGGTYSTDRY AGICDPDGCD FNSYRQGNKT FYGKGMTVDT 300
TKKITVVTQT LKNSAGELSE IKRFYVONGK VIPSSESTIP GVEGNSITQD 350
WCDRQEAAFG DVIDIQDKGG MVOMGKALAG PMVLUMSIWD DIAVEMLWLL 400
STWPIDGAGK PGAERGACPT TSGVPAEVEA EAPNSHNVIFS NIRFGPIGST 450
VEGLFDGGSG WEMEEVSSST FVESSSTTSS GRSGPTGGTG VAKHYEQCGE 500

IGFTGPTQCE SPYTCTELND WYSQCL * 526

S5EQ IR No. 3

DNA sequence sequence of complete Chrysospeorium Xyll gene including
9},

promofer and terminator sequences., Promorer sequence (1-9

terminator sequence (2428- 3030(3028), and intron seguences (1043—
1116, 1181-1332{1331), 159G(1595}-1674(1472) are given in small

case.

tcatcaacttggogtitggargtactaatattacacgtogtttgonnagogyagtotats
tcatotoogtggIgtogggractecagacgacgettegggseyatoctgaattegggaag
gasacggttogygctaatcaggtoctctaaaatataacgaageactacagagsgagtioct
CagaggacatcgLatoaaccgaagaacgaagcgccyaaaggactgatcaaaacagyaygts
ggtagggatgtgtgagtacctasactttccatacctgacataaaatoatecarggrycto
agacctgtttgatgaggegagggeggagygoogeattgratittogtiococitcottotttl
tgttagtatatctnagggttoratogtasdatggaaktottoccacctotactagtaattag
aacaatagttctgatgicgtgogrraagettitscagatgactgocaaaaaccoatoaty
ggratggacaaaagoagtaatcggagtcacaacgecgcattittoottcatgatitoogte
aaccggagaggtoggaggaggactocygocatatgtgatgogaagaagtacatygegena
tygtteraacconottatagtotgaaaatgogoggagyccagogaayocaagoceyggaac
cgrrertgtoatggtiteagratugtrtogolagacattctatecogatbogegalayotg

“ggergecacoasagyttgratccitasagettigataagtacggagacngasatggasa

&0
120
lso
2490
300
260

JP 2004-504012 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(76)

WO 01/79507 -33- PCT/NLAO1/00301

acgcogocgoagtoctggttocateggtatectecgeatyetoogecaaaaaaagaaaace
cgggtatgtttacaaagyatataagagaraagatgecaccacocegececocohteccaloctge
eggttgoccacygtogocgtegactgettgtoocgettectacctgeagooiot bt cagaga

CCateaaacATCCGTACTCTTACGT TCGTIGC TGS CAGCCGLCCCGGTuGCTGTGCTTGCC
R TL TV F WV L AAK B ? V 2

CRATCTCCTCTOTGGGGLCAGTgvatgtaattgecttactcygaaaatagtecaveactag
o &5 P L B G

agggacttaagetcactacttootgtt toacaatagGCGEGCAGTCARGGCTGGACAGGTS
G G 0D G W TG

CCACGRCCTGCGTITCEGGCECAGTATGCCAATTCGTCARg ccaghaactgotttLatt
BT T C VWV 5 G AV O Q F VN

tctttictcboctgggattacgattiogritigeacttagoliggtetgratttoattgt
tgtattgtrctcttittgigtgtyagaggrititattaccacclaaaggccatttgotaac

aaatcteccoagTGACTGETACTCCCARTGC TGS CCEGRTCGAGCARCCLTCCTACGEG
WY s ¢ ¢ ¥ P G 5 5 NP P T G

CACCACCAGCAGCACCACTGGAAGCACCCCOGCTCUTACTOGOGGCGLUGGCAGLGGAAL
T rs s TTOGSE& TUPARPT G G G & 5 G T

CeGCCTCCACGACARAT TCARGGLCCAAGGGLARGCT L TACT TCGGARCCGAGATCGATCA
L H DK F X A& KOG XL Y F G T ETI DR

CTACCATCTCARCARCARTGCCTT GACCARCATTGICAAGAARGACTTTGGTCAAGTCAC
¥ H L N W ¥ A L T W 1 ¥ £ K D F G § V T

TCACGACAACAQC”TGAAGTGGGATGCTP’“GPGCgtgagtga;ct toctocttotoas
H E K 5 L K W D A T

gacaaraatagataartacgagecggttogaggotgarattgogogat LotagtGAGCT
5 R

GCAATCAATTCRACTTTGCCARCGCCGACGCGGTTGTCAACTTTGCCCAGGECARCGGEA

¥ ¢ F N A N A2 D A V ¥ N F L Q A N G K

AGCTCATCCGUGGCCACACCCTICTCTG CACTCTCAGCTGCLGCHGTGGGTGCAGBACH
L I R 6 B T L L W B 5 ¢ L F QW VvV g B I

TCARCGACCGUAACALCTTGACCCAGGTCATCGAGAACCACCTCACCACCCTTGTCACTC
W DR NKNTILTOQY I Ed®d HV T T L V¥ TR

GCTACARGGGUARGATCOTCL. APTMUGAVGTCGTTAE SRACATCTTTGCCGAGGACGGCT
Y K G K I L 3 W D W ¥ E I ¥ A I D G &

CGCTCCGCGAyAGCGTCTTCAGCCCCCTPCTCGWCGAGGACTTTGTCCJCATCGCCTTCC
L R DS ¥V F 3 RV LG ET LTSV & T A F R

GUGCCGECCCGLGCOGOrGAT COCAACGRUARGT T CTALA*CHACGA"“‘CAAC”TCGRCD
A A R A A p P N A F L Y I H D ¥ W L D

TTGCCRACTACGCCARGGTERCCT GCGr”nTCuTCuRGAFGGTLAAFAA STGGATLGOCT
A N Y A K V T R G M V E K N KE W I h @

840
00
350
1020

10BC

1140

1200

1Z60
132
1380

1440

1500

1560

16260

1680

1740

1B00

1860

1920

13384

2940

2100
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WO 8179507 -36- PCT/NLOKODI0E
AGEGCATCCOGRTCGACGECATCOGCACCEAGTGCCACCTRECCGHECCOGECEEETEEA 2160
¢ 1 P I DG TJIGTOQTCECHTLETSTFPEGSGG

ACRCGGCCGLCGGCSTUCICGACGCCCTCARGGLCCTCGCCGCOGUCARACGTCRAGGAGR 2220
T A A G V P B & L K A L W v X E I

TCGECCATCACCGAGCTCGACATCGCCOGCELCTCCECCARCGACTACCTCACCGTCATGA 2280
A 1 T E L DI A & A § A NI Y L TV M N

ALGCCTGLCTCCAGGTCTCCARGTGCETCBGCATCACCGICTGRGGLGTCTCIGACRRGG 2340
2 C L ¢ Vv 35 ¥ ¢V s I T Vv ® 6 ¥ § 0 K D

ACAGCTGGAGGTCGRAGCAGUAACCCGCTLCTCTTCGACAGCARCTRCCAGECARAGGEGE 2400
$ W R § § § N P L L F D S N Y Q P K A A

CATACAATGCTCTGATTAATGCCTTGTAAGAYgAgYLAtat At LT TAGANgCaatgas 2460
Y ¥ A L I N A L *

goctaggaggaaagaggggaagtgaggtaattagostaggacagsoaaatcbageagoaatt 2520
ataaJtcaacactatataaaatattcctataatggettgtgoticggtatgcaaasaaaa 2580
saadAsnandaasdasddanaasadaaasaactraaasacaaasatgatocaacatgatt  264C
cgaaatggcgacctIgcasatgcacacctoagatastaccactatacaatacaccttaaa 2700
tggcacctaastccaturgteotgeggteatagacggggcttaagaagectaggacgoagy 2760
tgtcgatgoaagggttacgtcagrgratgatatgagratgaaccatgctgictgggtaat 2820
tctrractibocctiocoorttargactettogggrgtgectcictagaaagticyactoctg  26E0
gogocotoagalocgooctt bggotoctgtioggtacaatgacgtecgoetgguiictiiocaaa 2940
gaccaggtatttctococcgtggcaacaaagaataccaaatacctatategaacegtagtor 30060

totgataattagacgretotcaaggegegy 3030

SEQ Iz No. 4
Aming acid seguence of complete Chrysesporium Xyll protein. The

signal peptide (1-20) is shown in italic letters and the cellulose
binding domain {22-53) i1s shown in beld underlined letters.

1  MRTLTFVLAA APVAVLAQSF LUGRCGGQGH TGPTTCVSGA VCOFVNDWYS

51 QUVPGSSNPF TGTISSTTGS TPAFTGGGGS GTGLHDEFKA KGALYFGTZT
101  DHYBLNWNAL TNIVKKDFGD VTENSLKWODR TEPSRNOFNF ANADAVVNEA
151 QANGELIRGH TLLWHSQLPQ WVONINDRNT LTOVIENHVT TLVTRYKGKI
201 LHWDVVNEIF AELGSLRDSY FSRVLGZDIV GIATRAARAZ DENAXLYIND
251  YNLDIAKYAK VTRGHMVEKYN EWIARQGIPID GIETQCHLAL FGGHNTRAGY
301  PDALEALARA WVKETAITEL DIAGASANDY LTVMNACLOV SKCVGITVNG

350  VSDKDSWRES SNPLLFDSYNY CEKAATHALT NAL*

JP 2004-504012 A 2004.2.12
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WO 01/79507 37 PCT/NLOT 08301

SEQ ID No: 5

PMA geguence of partial Chrysosporium GPDI gene inciuding promoter

sequences. Premcoler sequence (1-155%) and intron seguence (1682-
1781) are given in small case. The 3' end of the gene is lacking.

tgageagcaatyageageaatygageatbocotgggoccacogagtctgagtgocagracgga
gtatcgtacttogtacegygyttitgatttggtgacggtgottetocacoctctogatgeoceg
azatcggotctaagotygagrtigatcasatatgigactccaacatcgococoot teggoaa
accoegtegacacgtgtgteatecttoocattgocaageogatcactegragggegtgacgat
gaacgagatttttgoccggacegatticgeggatatageggoagooyaccayooolaccan
actgatggccgtgtoactagtgtatgotoocagaaccgoasgoatacactgggoastgot
tggtatgcagitigaggcagetitatgittiocatacoottocactiogyctoyygggactoy
goggagtogeggaagttrgacggcagecglogggocttaggocygagattaccgiggitgt
ggcccagttitagecgtiseagroegittoctaccggaccatgatttiogtyaaccattyg
Caatoocgaagogcatrracgacgtraaggagtracctocgetgoccagaattoatgate
gtggoegycroaagycagegrygedgggoatecgtgtcaagetoecaggaggaggtgege
Jattregaatcoggyctasdacaggocaagactggctggeccaaaaaaaggagogtagacyg
geeogggacatcggacgticagotocgoagocacctagaaceggtcegatotactogottac
Tgrggtagticaggtactitigagtagtaaaaacgoetacggeagggccgggaggttocea
ggrtgacggaggigoctctgogoigycgaacateceargractoetegagotacggtgacac
ctegtgteetgttggiettgeaatgenggggeggcaggaaatgogocgogotoctooogy
cCcaagacctaasacagacagogecgeaaagtogotcactagcaccgcgaaacyaagatye
cocacctecascgraatctgtgatgoaageaattgggaaggotcacoecaccteagegagyg
ggcteaaccatitrtattatcagoicatyceaccacaacatpactyttttetttecttge
tcatoccacatttgacaaaaatogtegattastotetitocatacaggeegtocgegete
tzataaccacataaaagtototicagtoaacagotcaaagetoocicatecciccayyta
ageagocaaajJagetesiccacggaccocgoactgoectiecatoecgectgtatcggacetg
cgcgacceageagagaatoocaaacelityotgottgotgoaccgatteecggactaagety
caaccraagoctiitaaasagebtttoocitoctencacgguytcaactotgtostataast
cegacatecgligagetocaacaactococogaacetittacecogogenyagotacocoto

catcasagraccstgacagotogrtoactocacchocccacalcacagaaatcaaaATGAD
H T

TATCAAGGTCGGCAT CAACGETTTCGGCCGTATCGGCCG TATCGTC TTCCGCARCTCOAT
I ¥ ¥v 5 I N G §fF & R I G R I ¥V F RN S 1

CEAGCACTCGGATGTCGAGATCGTTGCCGTCAACGACCCTTCAT TOAGCLCARCTACTT

[0

540
S0

©60

1020
1080
1149
1206
1260
1320
1380
1440
1500
1560

~6z0

leg0
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WO 01/79507 -38- PCE/NLD1/08301

E H - ¥ E I ¥ A ¥V W P P F I 8 F K ¥ A -
Tgtaagtagrtittettitcocttectogegtiotttoctqtiocatcgacagtacyagat 1740

GatcttgcaqchuatcggaqctaaccchattqtggtacagGBGTACATGCTCAAGTAT 1800
M L K Y -

GRCTCGACCCACGGTATCTTCARCGECACCATCGCC mCGDGG\J\.PI’\CCP.CCTCATTGTC 1860
2 5 TH G I F 8 &6 T I A VY E G ND L I -

AACGCCARGAGGGTCAAGTTCTACACTGAGCGGGHCCCCGOCARCATTCCCTGGARGGAA 1520
N G KR ¥V ¥ F Y TEUZR? P & 8 I P W 7 E -

ACTGCTGCCGAGTACATMRTCGAGTCGACCGGTGTGTTCACCAMCACCSAGAAGGCTAGE 1980
T 6 A E Y I ?» E 5 T G Vv F T * T ? K A § -
GCCCACCTCAAGGGCGGCGCCAAGCGCGTCRTCATCTCT”CTCCCTCG’CCGATGCCCCC 2040

B I K & K W I = A P 5 A D A P -

ATGETACGTCATGGGCGTCAACGRGARGACCTACSACGECARGGCCCAGGTCATCTCTAAC 2100
M Y ¥ M G ¥ W BE XK T Y D G X A L VI 5 N -

GCCTCGTGCACCACCAAuTGCCTGGCTCCgCTCGCCABGGT»ATuCRCGACRAGTTCGGC 2160
& T T B C L A P L MK G -

CTCGTTGAGEGTCTCATGACCACUGTCCACTCCTACACTGCEACCTAGRAGACCGTCGAT 2220
L vV £E G L MM T T VvV H § ¥ T A T 0 K T v D -

GETCCCTCTGCCARGGRATTGECGTEGTGECCETEETEC TG TCAGRACATCATCCICAGT 2280
G P 3 AR K D W R GO R G A M N T I P S -

AGCRCTEGCGCCGCCARGGCCETCGGCARGGTCATCCITGAGCTCARCGGCAAGCTCACC 2340
§ T G A Ao K A V ¢ X ¥V I P E L N G K L T -

GGCATGTCCCTCCETOTCCCCACCLOCCARCGTTTCCOYTCTCGACCTCACCTGCCGCCTIC 2400
¢ ™M § L RV P T P NV S V ¥V D L T C R L -

GRGARGGRGGCTACCTACGACGACATCAAGGCCECCATCARGRAGGCCGCCGLCRGCCCC 2460
[ -

K E a T Y Db DI ® A A I KE & K A G P
CTCAAGGgLgagttatctgghtcorttttttrettttggagaacsgacacatgetgataaa 2520
L K G

acccagGLATCCTCGACTACACTGRGE 2547
T
SEQ ID No., &

Amino acid of partial Chiysosporium GPD1 protein (the C-terminus is
lacking in the sequence available).

MTIKVGINGF GRIGRIVERN SI1EH3EVEIV AVKODFEIEPK YADYMLKYDS
THEIFNGTIA VEGNULIVNG KRVKFYTER? PANIPWIETG AEYI?ESTGY
FT?T?KASAE LEGGRERVIL SAPSADRPMY VMGVNEATYD GHAQVLISHAS
CTTHCLAPLA KVIHDXFGLY EGLMITVHSY TATQKTVDGP SAKDWRGGRG
ARGNIIPSST GAARKAVGKVI PLLNGXLTGM SLRVPTINVS YVDLTCRLEK

EATYIDDIRAM IXEAARGPELY CILDYTE
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WO 0179507 -3 PCE/NLOLAIN

CLAIMS

(%3

A protein cortesponding to a Chrysesporiun glycosyl hydrolase family 7, exhibiting
at least 75% aminoacid identity [ @s determined by BLAST algorithm ] with the
amino acid sequence of SEQ [D MNo. 2 or a part therecf having at least 20 contiguous
amine acids which are identical to the corresponding part of the amino acid sequence

1-24& or 394-326 of SEQ ID No. 2.

A protein conespondirig ta a Chrysesporium glycosyl hydrofase family 10,
exhibiling at least 70% aminoactd identity [ as detenmined by BLAST algorithm |
with the amino acid sequence of SEQ ID No. 4 or a part thereof having at Icast 20
contiguous amine acids which are identical to the corresponding part of the amino
acid sequence 1-133 or 252-383 of SEQ 1D Nao. 4,

A protein corresponding to a Chrysesporium glycosyt hydrolase family 10,
exhibiting at least 65% aminozcid identity [ as determined by BLAST algorithm )
with the amino acid sequence of SEQ ID No. 4 or a part thercof having at Jeast 20
contiguous amine acids which are identical to the corresponding part of the amino
acid sequence 1-383 of SEQ ID No. 4.

A a protein corresponding 1o a plycosyl hydsolase family 10 and comprising =
cellulpse-binding demain having at least 55% aminoacid identily with the zmine
acid sequence 22-33 and’or having at least 20 contiguous amino acids from amine
acid sequence 22-53 of SEQ 1D No. 4, and/or having one of the aminoacids F, W

and Y at rclative position 44.

A protein comesponding o a Chrysosporium  glyceraldehyde  phosphate
dehiydrogenase, exhibiling at least 86% amine acid identity [ as determined by
BLAST algorithm ] with the partiai amino acid sequence of SEQ 1D No. 6 or a part
thereof having at fecast 20 contiguous amino acids which are identical to the

comespending part of the amino acid sequence [-277 of SE(} 1D No. 6.

A process of hydrolysing f-glucosidic bonds, comprising ihe use of an enzyme

according 1o claim 1.

JP 2004-504012 A 2004.2.12
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WO 01779507 -40- PCT/NLO1AI030

A process of hydrolysing p-xylosidic bonds, comprising the use of an enzyme

according W claim 2, 3 or 4.
A nucleic acid sequence encoding a protein according to any one of claims 1-3.

A nucleic acid sequence comprising at Jeast 70% of the nuclgotides contained in the
5'-nun-coding region of the nucleic acid seguence of any ong of SEQ ID No's 1, 3
and 5.

A nucleic acid construct comprising a nucleic acid expression-regulatory region
derived from Chrysosporium. contained in the 5'-poncoding region of the nucleic
acid sequence of any one of SEQ ID Mo's 1. 3 and 3, operationally linked to a

nucleie acid sequence encodiag a polypeptide of interest.

A recombinant microbial strain, preferably a fungal strain, containing a nucleic acid
sequence according 1o any one of claims §-10, and cupable of expressing the

palypeptide encoded by the coding nucleic acid sequence.

A process of producing a polypeplide using a construel according to claim 10 ora

microbial strain according te claim 11.

An ohgonucleotide probe comprisipg at least 15 centiguous nucleotides of the

nucleic acid sequence of any one of SEQ 1D No's 1, 3 and 3, or its complement.

An oligonuclectide probe according to claim 13, wherein the probe is 20-50

nucleotides in length.

An oligonuelestide probe according to claim 13 or 14, wherein the probe is labelled
with a detectable label.

JP 2004-504012 A 2004.2.12
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WO /7507 PCT/NLO1/80301

Fig 1

chhl terminator
BamH! (5956)

Noti {1)

S8

EcoRt (5173 E.coli phage f

pUT1064 xbal (1568)
(8335 bp)

A nidulans

xbal {3685}

epe promoter Neal (2742)

200
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WO g1/79507 PCT/NLOLOD30L

Fig 2

trpC terminator

Bamki (905}
A.midulans
xyn2

F.reesel

pUTI1065
(6179 bp)
S_hindustanus

Hindlii (1592)
linker
EcoR} (1608)

Sh ble

T.reases
Neo! (1984}

gpdA promoter

200

[§]
ta

JP
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uboobooboboobdooboooboooboaoadao

{12} INTERNATIONAL APPLICATEON PUBLESHED INDER THE PATENT CUHIPERAFION TREATY (PCT)

(193 Warld Lu lellectual Property Organization
Talernirtivmal Bureau

IO RO AR

(43} Internatiunzl Publication Dale {14) Fniernational Publication Non ber
25 October 2001 (25.10.2001) PCT WO 01/79507 A3
{513 [nternainnal Patent Classificatinm ™ CIZM N5/56, (T4} Agent: JORRUTSMA, Bunrd: Nedorlandsch Octroolby-
D553 115, CL2Q 1565, CI2P 19 1h CL2N 924, 9442, roan. Schevenimgseweg 82, O Box 79720, KL-2502 L8
ST, LD The Hagne (ML),

(K1) Designaroi S1otes frotional): AH, A AL, AML AT AL
AZ, DA BB, BG, B BY, B2, CA CIL O CO R CU,
CZ, DE. DK. DA, DZ, EE, ES. 7l GB. GD, GE. GH. GM,

21} Intermational Applicstion umber:  PCTINLOIO030L

(22) Internacional Filing Date: 17 Apedl 2000 ¢1 7042001 HEL HLS 0. 1. 19, 15, 16 KE, K20, R KR, 57, 10 LK,
LIL LS. LT LUL LV, MA. MO, 683G, MK MN, MW, M,
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