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(54) Title: NOVEL EXPRESSION-REGULATING SEQUENCES AND EXPRESSION PRODUCTS IN THE FIELD OF FILA-
MENTOUS FUNGI
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(57) Abstract: The invention pertains to novel prateins corresponding to Chrysosporium glycosy! hydrolases of families 7 and 10,
exhibiting a minimum aminoacid identity of 70 and 75 %, respectively, with the amino acid sequence of SEQ ID No’s 2 and 4.
and to a protein corresponding 1o a Chrysosporium glyceraldehyde phosphate dehydrogenase, exhibiting at least 86 % amino acid
identity with the partial amino acid sequence of SEQ ID No. 6. The invention further relates 10 nucleic acid sequences encoding
these proteins, and especially o promoter sequences regularing the expression of the corresponding genes. The preferred host for
expressing these genes is a fungus, especially a Chrysosporium strain.




WO 00/ 20555 (PCT/ NL99/00618), filed Cctober 6, 1999, not published prior to
the present priority date. The |latter disclosure is herein incorporated by
reference. 10 Background to the invention A nunber of hosts foB G§dn#&i04

expr essi on yadghAsRg10ds of transformati of-have been di scl osedpj md,p@”@lrl or
art. Bacteria are often nentioned e.g. Escherichia coll. E. co I's however
a mcro- organismincapable of secretion of a nunber of protei ns or

pol ypept i ds©VEDEXPRESSHIN-REGLANKEEINGASEQUESCES ANISEXPRESSION PRODUCTSIINMHE
protein or i industrial level. An additional disadvantage
for E. COﬁI?ﬁW@{'@@EEWf or bacteria in general, is that
prokaryotes cannot provide additional nodifications required for numerous
eukaryotic #{Ogﬁ'l ns or. oI ypeptides to be produced in an active form

d ycosyl at e ﬂf"S{”éq ns -and proper folding of proteins are exanples of

processi ng r eqrtie’sabjebOinedhfivh eel@ds RCAJVeLeRltLidived el ﬁaﬁiahtbd@funF , R§pRelaned.
To ensure uch 20 I’OCGSSI n one can sonetinmes use mammmual i an cel S,

however, t fé“dffg'aa\?éﬁ'f'%g@wéf reposporart and do opding seauepees; andopipssssignfaeplating

to maintai ks BN feCenBYR@N They ErCE&d ErﬁredeCib at ERBSHSH HPihk GivendsT 8i5&0sad §n
therefore not practical for production of proteins or polypeptides at_the

i ndustri al WpeQPQOSSWé? ’Wa?/g/ 0G6d 8), &fid Qebee §.dAP9-met publisfedyprisr fothgipresent priority

pharnaceutda&afrh&ﬁﬁ&mdﬁmewréahngmrps}a@édl ﬁéﬂwh&é{v amounts, but certainly
not for industrial enzynmes. 25 A nunber of fungal expression systens have

been dével oped e.g. Aspergillus niger, Aspergillus awanori, Aspergillus

ni dul ans, griabofehme htaas.- A nunber of others have been suggested but
for various reasons have not found w de-spread acceptance or use. In
general terms A nmbqr@éh¢stsrfgssenm§mresrswmfan4i mgthody ty’éranafnbeaﬂooﬂlawbepedusdosed iThe

i deal hosty, al

i deal host gﬁg{’fl %Fr‘use t ‘*e um e ??%F%E?F}fﬂ%&%ﬂg&yd%goq}h gowﬁggrta p')nr'o uce
t he pol ypeqsgangse lgqaappblgtOépqqrqt:nn laf g hurpbaz|of proteins. or palypersides widtasisiigihis updesiratiln
to bi QEBSS,sr@l Qely Fgfptﬁﬁalo 6 protdit Y (pdifhe SRR fhellngBldibClefll! ACGABHAAN

of the protein or ypepti de. t rrus enabl e ease I'SO
and purif |Cbs§tivanmg0ffmt Eecaﬂ!es'{hncédlsmbd @isn for badria- m:ﬁngeptm dat piﬂkeryntdeahndoost

s oA e ERAROb R ReRl e BARREHRYER: bRl b aBrR S "
addi ti onalpr@chtcednatamcmu@rfonmcmlbfcccsataumno&;ireqams and pr‘Bber ﬁodie@l off@sttins bQdednlbles
readily troq.nsf ar me eal

h d
expr essi on rpéﬁcﬁfsérlgo?eﬁméﬁde‘ﬁewgw CH O§wﬁ|§’é° u? ﬁ’f&o y@%@?l'ﬁ@‘%@ﬁ?ggf) ensure such

appl i @at i gmoisthgwak sad $dmetishes bse-mahiiBaliad @élls; h@ﬁdveﬁ teuiskdadnitape o aRh eélisaatiat ¥
0 use deal host shaoul d produce

sel ectabl e, mar kers ttn t are cheap

St abl e tr APSTEY AT SRHOHEGD FAGHfiA e ol cred s i et PR R gplems ar

condi ti On&hcﬁ&bredﬁ)& piadRal 8r prQiuttiéh $TTEb©ING 0P polyRPlitReR tHclRdRERUUSEL TReydmay OW

viscosit y’belcggy e?tjl:lent for highly priced pharmaceutical compounds requiring relatively low amounts, but
certainly not for industrial enzymes.

25 A number of fungal expression systems have been developed e.g. Aspergillus niger,
Aspergillus awamori, Aspergillus nidulans, Trichoderma reesei. A number of others have been
suggested but for various reasons have not found wide-spread acceptance or use. In general terms
the ideal host must fulﬁl a large number of criteria:

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

36 - The ideal host should use the medium efficiently.

- The ideal host must produce the polypéptide or protein in high yield, i.e. must exhibit high

protein to biomass ratio.

- The ideal host should be capable of efficient secretion of the protein or polypeptide.

t

The ideal host must enable ease of isolation and purification of the desired protein or poly-

35 peptide.

The 1deal host must process the desired protein or polypeptide such that it is produced in an



WD 96/ 02563 and US patents 5,602,004, 5,604,129 and 5, 695,985 to Novo
Nor di sk describe 10 the drawbacks of Aspergillus and Trichoderna systens
~and suggest that cultivation conditions for other fungi may b geprgesuited
to large I tein production. The gnly exanples provided for
transforn@gggﬁ?#hfes are those of Myceli opht hora therrmphll gT Wﬁﬂ?{um
al abanense, Thielavia terrestris and Sporotrichum cell ul oph| | um st rains.
The Spor ot I i i Forhmdt Ralifing SdRidn@lactiPatioh ¥8 ModifidatRnQpee green pi gnent
under fernentation conditions not |leading to such results for the 15 other
strains. A noRbtesispiliostsheigd hercaddy sansfomned- avia terrestris is descrl bed as
bei ng the_or ggRt fithCfiost QJBQIdCa?IoQYa Md@tr e%?e:kﬁréssi&iﬂr% Yiernddi0GY BE ubdd ths
al so stated that the protopl asting efficiency of | el avi a a crenoni um
(wher eby theﬁnﬁlmWQf@Pthﬂmmands‘@Gam the inperfect state of the

Thiel ayi a_st " dhdidarbhe shouih Q6RO deadny BAGLATY fafkeiifue B! m@%%uée as a

sel ection marker. ar ge nber o {hers are suggeste

potential ty udbs mealﬂyﬂst\ﬁhmlduer@flcetml&rtramﬂomumy but no 20 transf or mat i on
t hereof is de i re.. S
Chaet om um Ct%gé\gc‘r%%ggossm@g%a | d%ﬁlﬁn@%%g%aég%lﬁi?m#&@ r"éa-rll-gﬁh@nég&ﬁ'ost S
are nenti onawl)@sptldm:qudlpt; gaubwngscmw, loswsbesm. of the int roduced Hum col a

xyl anase with dy

i nf or mati on |§wa2§)0§%égua§9yr$ ace(')lu d de%co aﬁ’}ﬁ%ﬁgfﬂ?&% AR °v° ‘ilﬁ%dcsf)'é%et
enbodithenthe dfd\ﬂnammbagum and th&hosiemezfs@ftanc end sugbas ﬂdt amntalnen Adiditicha #&S
of I ndust r{l} 25 Fungi _of 15%94 lThus g $B§rent hat , no hi h defq(%&
het er ol ogSHE MR BETLHORsEIA i, lage 52 eanc’tcf fefiony hﬁc?é‘lytefx\?‘é"’ DTt i
.coul d be dqr trmsﬂorbea Veiires e FHRSE WF AARAiISHRIHIAGD [t yiophild, Mh&nﬁbﬁ%ﬁﬁlab@rfzense
expressio tlon coul nore likely to be

negati ve. 7 fﬂ(ﬁ '%‘b‘?’t?s(r)mﬁ orofr gé%’mﬁ‘f@(fg?ﬁaﬁmﬁ'ﬁa—g?%ﬁ?ﬁ'?}ﬁ‘ﬁ’ %Bﬁ‘r‘éf‘ii’ioﬁ?ﬂﬁﬂ

t her nophi 1yum.mﬁsdaﬁzg9&nlpsglﬁenwﬁ@érlfaﬁhhch@éraconuh@hmmbmugswsabmres@ebr foemel
the sfrain,is stllA identified as |\/¥C6|IO pht hora thernophila. The

unpr et ct SF7 StraLps-ot nempoglating dnutys oF Lbel ayif drTasTrds deseupades heig ﬂ@smga@ssm o0
97/ 26330 gHoiddDyOvifee BF RKmOHBEREY. SHewBL ReHaled saRl I tOpBWphNing Qficiency of
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of het er of BEfBYIE PR st (Wherdy the drsmorimpytialeused ivras the imnsriag ssate pbtlief i

al tered npgiphak Q,GmelBH)qm BYd as68 6rﬂﬁ Yogt NSt uful b Qr%élta&fdﬁatﬂérk&r QdH%S

nor e het er ol ogous pol ypepti de than parent. The net Is ilTustrat
only for Bymbsr Af othersare sygeesisdamy Bel@gmotﬂsqs&y ghafuliy vrye aétherrneornlmlmdbut g0

suggesy edpdiRfoRRactPlidral®! & qfRFib&P pﬁ‘ieg' {J%ééﬁed TJtllaﬁQOg% @?ﬂ% |??‘ér%’oa cus,

Fusarium Neurospora, Acrenonium Tolypldcadium -3 m Cco
SCyt al i di Gkﬂetommeﬂewmcm Savielidinmeod Talppmyres. dtic abufmmed hests are menuoned as

unpr edi Ct&m l Jdﬁc:h? 1bRGe e of #Adin é&lﬁe& DEHER %Qgiaﬁésgt{i/ é:rz%fw Lg%ﬁ&?%h%d ¢ ﬁf

the cited apﬁrl cat a not provide a genera
ar easonablwestexpactt h(mer dife mfmmﬂcm is Iambi@wﬂ%ﬁlﬂ acwa!l)l'lmsie Mma bre:dthan

al-ternati I’eSSIO St h the | i,ci f use

above- menl%ll one Kg%ng)r(’g'? ear 8‘3"};% ? fgﬁ)bscfgéefﬁgc? i lfais?({?'hg'e 'gccgﬂfﬁ?%s of Indislar
r equiasenefngi of THG4.rEhys sysép@mepﬁhw nbdtigh degreadé héte:@n@bus&dpﬁﬁuicﬁg@& dchiated and
transformaltf n rat.es are

Tri choderfl ?f? P%é’g%?"%‘if’ﬁ@ﬂf’“ CF’?P?%Bﬁ pfﬁ"’&h Ig?t?‘nvge'{: tptﬁgtglazeé gﬂﬁ?ﬁ{!ﬁﬁ‘{%g‘aﬁ%ﬁgi‘:ﬁe
addi t i onadf ehpidston0if 4@ coigelAtbraRLRIGRMRe fibwad MEreNREY RIS BE hélriRy Adbiliing RIMKERT Y
of the In 952 ]Oé}: fungal classification Sporotrichum thermophilum ATCC 20493 is a Myceliophthora

thermophila strain. Currently the strain is still identified as Mycehophrhora thermophila. The
30 unpredictability of the art is apparent from these receﬁt disclosures.

WO 97/26330 of Novo Nordisk suggests a method of obtaining mutants of filamentous
fungal parent cells having an improved property for production of heterologous polypeptide. The
method comprises first finding a specific altered morphology followed by assessing whether a
transformant produces more heterologous-polypeptide than the parent. The method is illustrated

35 only for strains of Fusarium A3/5 and Aspergillus 5ryzae. The method is suggested to be applicable

for Aspergi”us, Trichoderma, Thielavia, Fusarium, Neurospora, Acremonium, Tolyplocadium,



In a first aspect of the present invention, there is provided a protein
corresponding to a Chrysosporium glycosyl hydrolase famly 7, exhibiting
at least 75% ami noacid identify [ as determ ned by BLAST algorithm] with
the amino acid sequence of SEQID No. 2 or a part thereof h%vb@gr@f | east
20 contiguous am no acids which are identical to the correspondi part of
the am no acid sequence 1-246 or 394-526 of SEQID No. 2. In a second
aspect of riHRoR! R5B8Miu, MR H’vﬁﬂﬂamw‘ﬁ'iz&r'& méamdmaumr&mhnuy @Qhd #spondi ng
to a Chrysospori um gl ycosy rol ase _fam exhi biti ng at | east 70%
ami noaci d¥daie the V“F[m%gcéﬂbé]@f é?%fﬁl?ﬂ"’%;‘?f ﬁEﬁSﬂf}/ %\‘IPB‘ES‘F'P'I Aot RKP‘E“'? & oAl no aci d
sequence gﬁﬂacﬁﬁ@abﬂn@mhﬂmﬁbnaale@aﬁc&mﬁdme,rméeséaaw ng at |east 20 contiguous

am no aci dentica he corr.espondi ng part of th m no
aci d sequence™ 1&%3%;‘@5% &”8’@ T““E’ng' pigrigive bpn ﬁx‘g #ﬁf‘rsﬁst%ﬁ"égt f the
present i simpmctmyo'st‘ ufehelr thei ﬂmmmannded Asppitk end Trichrdeesp 6nillingg tieoat@ve

Chrysosporlum yl h 1LV xhi bt i t..65

am noaci d"rdent Gﬂ[ﬂ ity %9 ﬁ]’%ﬁdé%ﬁ’gyﬁéﬂ‘k%‘raﬁ'?“%? % Pﬁ%ging}vﬂn?%gf rﬁm'%aarél3 no acid
sequence huﬁerSE@ tlhﬁ}el\fgr the fmquzaﬂpamd Trivdodeata reavei mypteat 1b eddiion20e sulré guous
am no aci m t he am no

aci d sequgﬁ]d%ﬁ%%g?ﬁhgﬁﬁ%ﬁ%{&%gTa I'n tg&? IEjsﬁkrt h asyggpél'? Q%r%d&ﬁe pr esent
invention, there is provided a protein corresponding to a glycosyl

hydrol ase famly 10 and conprising a cellul ose-binding domain having at

| east 55% ami noacid identity with the am no acid sequence 22-53 and/or

havi ng at | east 20 conti guousslanimayaﬁi:hi:slnfvemmlﬁm no aci d sequence 22-53 of

SEQ I D No. 4, / f_th J t
cosy ton 44 FRRSS herdRl e 1fe BEGR il cBRpR AR RETIoRa p SH8PielrBinebBiBon e
a proteito ao@k@sqspnzdumggiycasyhh@ﬂnojmesfpmﬂyu?n exhybaeng latl édugd &5 trh emptoatid

dehydro erm ned
by )I_gLAS'gIJ'?d!a%ﬁ‘ﬁ r' hm gﬂiﬂeﬁ%ya%hkg Q%O%I%I]ﬂ no ac%g{%o%%ﬁg%ﬁﬁce[@(gz%uence
of SEQ | EOI\% or@ wut theysaf havtnh@afebﬂstr?é)womggmuslaeas@ agids wdwch gaadentiaalitno aci ds
whi ch ar uence
1257 o G g e o B B e 2 T her e

i s provided alprioseepndopspeply @f oﬂh?zPWgBIP- givertss dh@reb@ndEOVldW ipsiteig t he
use of aeor%ggafﬁa%n@focgt%gg épwmw &53 Phydrd ﬁeeefa&mgf 14, Qﬁhfgﬂﬁ%’ﬁt'l&@t 709 2

sevent h aspect. of pres ere | tgr oVI rocess of
hydr ol yz?‘ﬁ@oﬁm}@yﬁ%lfﬂiés B@ﬁ@@ne%bﬁ&h&ﬁlhég@w@nuhyl fthexpmineAgifsegaensedi ng t o
the secopdsEQUIm Nd. 8lor hakt heR8PR&VIR of 1chdiS0l &ﬁﬁ@ﬁdt@%ﬂih@ aBfds S freaspect

of the present invention, there is provided a nucleic acid sequence
encodi ngtdgnisaiefhs Cé’Ef@B?OGFiW@ g ofrihe aminopciq ppauengesk-135 08 25%%%@%@@@5 of
the IinvamiNeoa. In a _n| nth aspect of the present invention, there is

rovided a nugleic, agid . : . . .
P fn a ﬂ]ll‘g aspect of the present invention, there is provided a protein

corresponding to a Chrysosporium glycosyl hydrolase family 10, exhibiting at least 65%
aminoacid identify [ as determined by BLAST algorithm ] with the amino acid sequence
of SEQ ID No. 4 or a part thereof having at least 20 contiguous amino acids which are
identical to the corresponding part of the amino acid sequence 1-383 of SEQ ID No. 4.

In a fourth aspect of the present invention, there is provided a protein
corresponding to a glycosyl hydrolase family 10 and comprising a cellulose-binding
domain having at least 55% aminoacid identity with the amino acid sequence 22-53
and/or having at least 20 contiguous amino acids from amino acid sequence 22-53 of
SEQ ID No. 4, and/or having one of the aminoacids F, W and Y at relative position 44.

In a fifth aspect of the present invention, there is provided a protein corresponding
to a Chrysosporium glyceraldehyde phosphate dehydrogenase, exhibiting at least 86%
amino acid identity [ as determined by BLAST algorithm ] with the partial amino acid



sequence conprising at |east 70% of the nucl eotides contained in the
5'-non-coding region of the nucleic acid sequence of any one of SEQ | D
No's 1, 3 and 5. In a tenth aspect of the present invention, ther%

provi ded a nucleic acid construct conprising a nucleic acid 004
expression-regul atory region derived_ggom Chrysosporium contained in the
5' -noncodi ng region of the nucleic acid sequence of any one of SEQ ID No's
1, 3 andsé&uenperidEQnABI Ny. 6 onkeertt themohhalieg at Eaa';ttﬂOsemﬂignms anaodicily a
pol ypept Q | gven e [es n ion,
Phero 1 s b (RAEATE e tuRlp S GHE LT o BARCHiRP nolo BaPlrREaS .Y S
strain, HBdMoabni ng a nucleic acid sequence accordlng to any one of the
nucl ei ¢ acid u d t int ent ects of
The. i nvent] ontbd nabagrit o BEopistl v, DB 8 PoBlachoLploPSh 4 2
codi ng nh}nirelycmgaibghlwesadmmgés cbmpssmglth@nmdﬁem aszgamtaeoérdiﬂmtopxheﬁestt

i nventio LE vi ded a process of producing a polypeptide using a
construc@ﬂgégﬁF lln‘%mﬁg’%‘fhe tenth aspect of the invention or a mcrobial
strain accor dImg aemer&theaSpecév@ntlﬂe mpmﬁ:tm@éntmh,etherwwprcmdedl A mbedsk ofnot her

aspect o r cl eot | de

pr obe co{l Q ZRI %ﬁ%mg@:ﬁ%ﬁ{@é g%fr‘% u us ur?ﬁcl%reof S’m Por;aﬁ-egg[ﬁﬁ%f & %ci d
sequenceﬂmfdce[rfqurdn@pocﬁtsSBDeIlIB'eNDbm 1, 3 and 5, or its conplenment. 6 OCT2004
-3b Detail ed g ti nber.
industrially i n?lgr e@tﬂh %gpe%ngwr%rg%b%\ég& eg&?tm\ﬁé t%%gvlg%g&g(l‘r{e?ﬁ?r{mc 1T 3“%5

t oget her saguepef anbdmewemnmwﬁm foomy wee af she ﬂwdmﬁféi aspeetls (pfr‘dnﬂot er
systens geLi, from Chrysosporiun strains and useful for expressing

honol ogous “and het er ol ogous genes. The present invention is in particular
concerned wi t it gl yiats pspeply @f dhaageesentf invsptigmnthpicers Providedga nucleic acid

cel | obi OEBQQEIQJea&ﬁﬁﬂ afl ®ab©78, &Y E}%nﬁécqét)trde:?‘%gmg.{rﬂé&q{laﬂhgeﬁ%gﬁ cgﬁﬁﬁgphat €

dehydr ogenases entified by their amno acid sequence, as we

pept | deerQfé%PWWﬁ?ié%qU@HWﬂ@ﬂﬁP BBRAD No'gdd3wng B- nucl ei ¢ aci d

sequences encpAiaN@nihh&§RcP 8P thdl et inveRidH, NBeredB %ﬁ%l\rideﬁsa duelefba%zﬂcu' ar,
with regulating sequences rel ated.to these genes. articular,

present PHFENEL SAMBEFRE; ds Tislelcs ckt e?i‘PéfPSSlpéﬁ%%i‘tﬁa’ntfe@ﬁﬁy R vk oﬁf@]ﬂns or

active panhgodrh Ezﬁzﬁﬁf:orﬁﬁm&d‘ﬁl ﬂleseeo&baﬁgeéglbﬁwﬂ{eeﬁmtee AROV&uehddfudiyng
a. cert |n degree of sequence identity as

mut ants the
speci fi et fﬁ@%ﬁﬁl‘? gé 6?‘531 Rstationaliy P]FPdttHé‘ RckiGRCId §equgheq encgding e ei ¢
acid seqmpﬂl@péptﬁawﬂité;@stt hese proteins or parts thereof, and/or nucleic

acid sequence Lr. exp ression. These. en are especially
(1) a gycosyl %VQ?% aﬁ‘?e# QﬁmﬂFeyp"F ent dRY§REB0 rﬁlpégége%éﬁiﬁmﬁﬁg Mg at

I gast 75&&01‘611;]13# &htfaa’q |prefatablyenfing®0Mabt, contamigg a hadsic ﬁﬂ%eﬁﬂ&rl&@ ac:(i';tﬁdﬂ f
identity with t nce y rol ase .0
a1y, 16 e o R o segtom i et i e St Rl 4 PSpeRR Yeas
75% or eﬂlerlneannbeasﬂ c8piilant expressing the geiypeptydentiichdehby sieomiicenaedieiSEQ | D
No 4; an | yccral dehyde phosphat e dehydrogenase (GPDI) having at

i $quBndll

| east 86Y% pr rably at | east 90% or even at |east/ 93% anm no acid
identity withIn still another aspect of the present invention, there is provided a process of

producing a polypeptide using a construct according to the tenth aspect of the invention
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These expression systems may be contained in a Chrysosporium host, such as a
Chrysosporium Iucknowense host, or in another non-fungal or, preferably, fungal host. Examples of
other fungal hosts are other Chrysosporium species or strains, Fusarium species, Aspergillus

- species etc. Such host may be advantageously a host that does not itself, intrinsically or as a result
35  of the cuiture conditions, produce a protein corresponding to the protein of interest, so as to

simplify the recovery of the protein of interest.
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invention will secrete the polypeptide of interest. This will avoid the necessity of disrupting the cell

30 in order to isolate the polypeptide of interest and also minimise the risk éf degradation of the
expressed product by other components of the host cell.

Chrysosporium can be defined by morphology consistent with that disclosed in Barnett and

Hunter 1972, Illustrated Genera of Imperfect Fungi, 3rd Edition of Burgess Publishing Company.

Other sources providing details concerning classification of fungi of the genus Chrysosporium are

35  known e.g. Sutton Classification (Van Oorschot, C.A.N. (1980) "A revision of Chrysosporium and

allied genera” in Studies in Mycology No. 20 of the CBS in Baarn, The Netherlands pi-36). CBS is
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lucknowense Garg 27K. The characteristics of the C1 strain are as follows:
Colonies grow to about 55-66 mm diameter in size on potato-dextrose agar in about 7 days;
are white-cream-coloured, felty, 2-3 pm high at the centre; margins are defined, regular, fimbriate:
reverse pale, cream-coloured. Hyphae are hyaline, smooth- and thin-walled, little branched. Aerial
35 hyphae are fertile, septate, 2-3 mm wide. Submerged hyphae are infertile. Conidia are terminal and

lateral; sessile or on short side branches; absent; solitary, but in close proximity to one another,
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‘Budapest Treaty with the All Russian Collection (VKM) depository institute in Moscow. Wild type
Cl1 strain was deposited with number VKM F-3500 D, deposit date 29-08-1996, C1 UV13-6 mutani
30 -was deposited as VKM F-3632 D (ﬁ2-09-1998), C1 NG7c-19 mutant was depositéd as VKM F-

3633 D (02-09-1998) and C1 UV 18-25 mutant was deposited as VKM F-3631 D (02-09-1998).
~ Itis preferable to use non-toxic Chrysosporium strains of which a number are known in the
art as this will reduce risks to the environment upon large scale production and simplify production

procedures with the concomitant reduction in costs.

35 An expression-regulating region is a DNA sequence recognised by the host Chrysosporium

strain for expression. It comprises a promoter sequence operably linked to a nucleic acid sequence
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30 assays sych as CMCase assays, endoviscometric assays, Avicelase assays, beta-glucanase assays,
RBBCMCaselassays, Cellazyme C assays. Xylanase assays are also commercially available (e.g.

DNS and Megazyme). Alternatives are well known to a person skilled in the art and can be found

from general literature concerning the subject and such information is considered incorporated

herein by reference. By way of example we refer to "Methods in Enzymology" Volume 1, 1955

35 right through to volumes 297-299 of 1998. Suitably a Chrysosporium promoter sequence is applied

to ensure good recognition thereof by the host.
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preferably at |east 70% nost preferably at |east 75% 35 nucl:ge%j-d@m
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phosphate dehydrogenase promoter, as the enzymes are expressed at high level by their own
promoters. The corresponding promoter sequences are identified in a straightforward manner by
30 . cloning as described in WO 00/20555, using the sequence information given in SEQ ID No. | ‘(for
CBHI) and SEQ ID No. 3 (for Xyl1), respectively. The promoters of the carbohydrate-degrading
enzymes of Chrysosporium, especially C1 promoters, can advantageously be used for expressing
desired polypeptides in a host organism, especially a fungal or other microbial host organism.
Promoter sequénces having at least 65%, preferably at least 70%, most preferably at least 75%
35 nucleotide sequence identity with the sequence given in SEQ ID No's 1, 3 and 5, or with the

sequences found for other Chrysosporium genes, are part of the present invention.
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principle. Use of such a promoter enables production of the polypeptide encoded by the nucleic
acid sequence regulated by the promoter in the presence of glucose. The same principle is also
30 ° apparent from WO 97/09438. These promoters can be used either with or without their creA sites.
Mutants in which the creA sites have been mutated can be used as expression regulating sequences
in a recombinant strain according to the invention and the nucleic acid sequence it regulates can
then be expressed in the presence of glucose. Such Chrysosporium promoters ensure derepression
in an analogous manner to that illustrated in WO 97!09438. The identity of creA sites is known
35 from the prior art. Alternatively, it is possible to apply a promoter with CreA binding sites that have

‘ot been mutated in a host strain with a mutation elsewhere in the repression system e.g. in the



Bacillus. A signal sequence fromthe sanme genus as the host. strain is
extrenely suitable as it is nost likely to be specifically adapted to the
specific host thus preferably the signal sequence is a 35 si ghdICTs#@guence
of Chrysosporium especially of Chrysosplorl umstrain O, strain UVI3-6,
strain NGYEMBINAd strain UV 18-25, réfeérred to above. SigrRGT/NEQMMIes
fromfil anment ous fungi yeast V\D 01/ 79507 -12- 6 OCT 2004 PCT/ NLO1/00301
and bacterl ar e. use 'b‘ tgi sequepces of non-fungal origin are al so
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sel ectabl e markers can erred where the protein-or ypept|
i nt er est Macqro mighed s@gboppl f%ﬁasertematﬁmdéﬁt |56558$63/}1 ahd athei Evdtc’deweechser

or |ess . a r
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group conpicledd agid aagi@nce tocks aimrcmgb?peramlbh h(lkn;igaoomyctqmencp hmsq:ﬁm tliermfﬁ:ﬂds asﬂ)
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where t he sgP ég?p"d%rﬁ‘éctlm? acig sequencesenzpding the signal sequepce myst ke pesitionsd i lt‘he
pol ypept i fieneewCttinitgraneigticn 6©the cstgnhmqmw REP tHedRtcPSlogdb %B@?éptxd@‘sAlabS

e n

herein the term h%%)?rolo ou&tg{) aQ/oe ptide is a protein or epti
nor mal |y *8%Bfess HRtHEe SECRRiIOp 1Y ERAPGRY: from W@m%w S lfSOr

expr essi cimvReal SidhG: igndl B&uehdd\Vi€ Bditably- fﬁh@al@iﬁnﬂ%@&éu@'@ prérab§ aRfas@nfake O
an| mabg (vertgﬁrate or invertebrate) origine. manmal i an, fish, insect,

ro ABrigin, with the proviso it does not occur in the host 25
st rain. rrarmthbleaaamhﬂeé Bl g gl laéumbe @‘arﬂb&ﬁ&w@& %mﬁﬁ% ‘?.Fpéde?a?%r wgg yﬁﬁé

bacteria,_ archae- bacteria and fungi i.e. | anent o and ye
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t he ly rp ose ood production
Ui t aBl 3 Eher R iR o paERELP il e ERE, it Bl BRRER AT o5 ol Ve el
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carboxyl peptidase of Mucor (US 5,578,463), a lipase or- proteinase from Rhkizomucor miehei,

30 cellobiohydrolase of Irichoderma (5), beta-galactosidase of Penicillium canescens and alpha
mating factor of Saccharomyces.
Alternatively the signal sequence can be from an amylase or subtiiisin gene of a strain of
Bacillus. A signal sequence from the same genus as the host strailn is extremely snitable as it is
most likely to be specifically adapted to the speciﬁc host thus preferably the signal sequence is a
35 signal sequence of Chrysosporium, especially of Chrysosporium strain Cl, strain UV13-6, strain

NG7C-19 and strain UV18-25, referred to above. Signal sequences from filamentous fungij, yeast



A sui tabl e enbodi nent of the invention will conprise a heterol ogous nucleic
acid sequence 35 with adapted codon usage. Such a sequence encodes the
native am no acid sequence of the host fromwhich it is deriyed, but has a
di f f er ent w{@gg aci d sequence, i.e. a_gucleic acid sequence8ittTsBET 2004
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under nor | Qn; expr.essi onditions. The.latter can be the case if an
hduci bl ¢ preied 803 SEBHES By W CAPRavnmie dosy el BEAdpr SOBrERAreaEng e the
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t echn2$ ogisesinOA raeh@kI _San_eiﬂghﬂ@Erﬂuﬁﬁn.”ﬁh_ﬁi@%f@ﬁﬂiﬁﬁquﬂ?’%e@?&Pﬁs%ﬁsﬂa%riiyﬁEw
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mannosi dases, pectinases, anylases, e.g. S
preference will exist for human proteins thus a recombinant host according to the invention

forming a preferred embodiment will be a host wherein the polypeptide is of human origin. For

30  purposes such as food proci&ction shitabiy the heteroldgous polypeptide will be 6f‘animal, plant or

algalrorigin. Such embodirﬁents are therefore also considered suitable examples of the invention.

Alternative embodiments that are useful also inciude a heterologous polypeptide of any of
bacterial, yeast, viral, archaebacterial and fungal origin. Fungal origin is most preferred.

A suitable embodiment of the invention will comprise a heterologous nucleic acid sequence

- 35 with adapted codon usage. Such a sequence encodes the native amino acid sequence of the host

from which it is derived, but has a different nucleic acid sequence, i.e. a nucleic acid sequence in



gl ucoanyl ases, cc-anyl ases, a- and R-gal act osi dases, a- and 3-gl ucosi dases,
3-glucanases, 35 chitinases, chitanases), proteases (endoproteases,

am no- prot eases, am no-and carboxy- pepti dases, keratinases), goggdteri0

hydr ol ases (|i pases, esterases, phytases), oxidoreductases (catal ases,
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case in the non-engineered strain. The invention is directed at strains derived through engineering

30  -either using classical genetic technologies or genetic engineering methodologies.

The expression systems and host strains containing them accérding to the ‘invention can
comprise a nucleic acid sequence encoding a heterologous protein selected from carbohydrate-
degrading enzymes (cellulases, xylanases, mannanases, | mannosidases' pectinases amylases, e.g.
glucoamylases, a—amylases a- and B-galactosidases, o- and B-glucosidases, B-glucanases,

35 chltmases chitanases), proteases (endoproteases, ammo-proteascs amino-and carboxy-peptidases,

keratinases), other hydrolases (lipases, esterases, phytases), oxidoreductases (catalases, glucose-
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i nventi vefou: hizer @roteia érsgidlygpepridestocie sablé mdet)ﬂ’ta:l mxatuaﬁdm voridtionaNYhodtatiile @hher
enbo . _Anot.her .attr ct ve odi .nen the invention al o covers a
reco(rj?t?. na "’Eﬁ?‘?‘t%'g?pé‘r‘faﬂ Socke %?%H‘gﬁ&i"ﬂ?‘ SPF\"QI"%CW%"&B?P? or SSTEGAT rich 3 are
strain NCin@;eiaQﬁor Aaftiply iakbipbsticawiof pratessds ofyrodiBctidh okl AsiRicatichoo R gobfRpidl &9

or identical ‘rment er. conditions. The jnhvention_ however al so covers non
protem of interest. LAS in detergent compositions comprising cellufases or lipases, etc. is an

example of a chemical often detrimental to proteins. The time periods of ‘use in applications can
vary from short to long exposuré so stability can be over a varying length of time varying per

30  application. The skilled person will be able to ascertain the correct conditions on a case by case
basis. One can use a number of commercially available assays to determine the optimal activities of
the various enzymatic products. The catalogues of Sigfna and Megazyme for example show such.
Specific examples of tests are mentioned elsewhere in the description. The manufacturers provide
guidance on the application. |

35 A Chrysosporium strain can be suvitably used to transform or transfect with the sequence of

interest to be expressed and such z strain exhibits a relatively low biomass. We have found that



reconbi nant strains or otherw se engi neered strains of Chrysosporium
exhibiting this novel and 6 OCT 2004 WO 01/ 79507 -16 PCT/ NLO1/ 00301

i nventive characteristic as such or in conmbination with any %{] [jl?'ﬂﬁt her
enbodi mrents. W have determ ned that i%e viscosity of a cult p WL8- 25
I s bel ow ¥oeRspposed to that of Triclioderma reesei bei ngpOoT/Ntlovoedotier
200- 600 cP, with that of Aspergillus niger being of the order 1500-2000 cP
-under their respective optjmal culture cgnditions at the end of

f er ment at F@AsosRIrEm Sraipsdiaxiag a higrass o & Hye timeslowen thap shat iof Trjekadernetiraeseit he

exanpl es. wMnSGRiicl Yo § 3Ry BF IRBE0OLP A1 oI oF 28R ntadlon! iUkhibiiRidi  bhAg-of The
fluidity of the substance can vary to such a large extent that it can be

nearly solQ @ 208imgsdowendbansthal oflspersiliys sigss hon ewltired tocr visasaigh pfy1108-2000 cP
ascer t ai NgfheLYorRs Ml Roftiifilsaf L. ARG reVpeR GRTBtIYal cHfFattin Ash&haf;r@st+ prbviGOF! LY
tubes, falling ball visconeter or cup type visconeter. The yields from
such & | obigh lexed s iexgressiont Thit lexeleoflexpypasiontfaraxceetly tifat ofithe heo cammerriel referénsown
hi gher vi§eaSidya fhbl WGF HGhass 488 44Mhdch?ftleP §lscofil! ThilNeddl Ui Sk Yk1® ar
such | ow vi scquf\; cultures according to the invention is advantag€ous in
parti cul agxpihdien ehaich (Thgeworiamstraios welll be pppradiably bigherctharCiromstpprgilius miger
strains w 1S It r ' s la as
ip to 15000 e o ORR o dprBh A P Rl Chl il Yo By AR
provi des wanhedimient ofthbdéntiont of t he invention. Any other conventional size
of 15, ferne j | CQrri out well wth rai ns_accqrdi ng
to tﬁlg i nven%trﬁng%h%glﬁ%gggﬁﬁ%nlg@g/ti)(lg(ﬁ%'r‘]hgv stoﬁﬁogmlmsﬂfah“a‘tﬁ ?8 }t%snoso p8§fﬁ tggisgéegi n
| ar ge scag/Efop Todudermarreniel ind 180 &0 ofdtpecyViinfnigagqndgahesbove Hakcribah@ndiiosd. | a
that are 99 l%ix%ns esaréd/r&rideaeglug t¥‘esnl di stributed. The medfa as a result
cannot  be BT T ecrivel oy uti9eedy u?ipﬁ%ccfshe culture thus leading to an
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pr 3? UGt i mainumlmas $r elnm, ﬁx&ﬁﬂﬁ?d:r@fétﬁlblﬁ apfeasnhmpﬂeﬁtil tdlor g%_hér_rlﬂari irl:_ﬁt ﬁﬂhé StEin
and/or c¢ t i onger .fernmgntatjon tinmes. In _additjon high viscosity
and hi -gha@%@?y under ﬂ&mﬂg?w%m &r rdﬁﬂt&amwgaoaf’ Lep Hheirdpipattive PPpmatedtiwtionng

I n curr erdondifigager ci al processes they are the production limting factors.
Al'l these negative aspects can be overcone by the Chrysosporium host
according to YA&VEhIRER thehexirsseinn agh pesration defenamextcsdinglydrigic waed wiingea
than Tri cyppkessthikeRam exhDRRR B hiybtFiaDh8RholoANEr ASREUYI S Y T Ofraffifiel RRdr are
commercially used in this respect i.e. exhibrts better protein™ production

| evel?d arftyeglia cHiwist § reromhinany swain mgcasdingeiasthe j igvantien vallCerefesabiyp oxhibin vtk ai n

accor di ngn&ﬁhcﬂéyr. Fhe {entRR Q6608 Msb Weds GORRALAGRLR sQ‘%ing E(Zotpéﬁxs%nénigﬁ)@ereéai- d

strain further exhibiting production of one or nore of t ungal &nzynes
sel ect ed stt3@s Pf Gfhrsaworiun [sshipiing teis depl aud inyeetiveychamctepistot ddwesvent thgrthe

hydr ol as | dqr ; . nti ve.. 1S considered
et oul s P AR e Aol 1307 oS e BARA AT S B acf e 1
product s the isvenies iffrthea kxhjbited tedi:ad eporulatibrainaseparigact i apeferably pelsw shannfl
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t hat exhieqiivalerefemeeinteo comlitialsi Ao @ptdrethby seabvdntiby il fdcOmbinant Chrysosporium

strain in any of the embodiments described according to the invention further exhibiting at least the
-amount of protein lproduction ratio to biomass in compafison to CI, preferably in comparison to
that of any of strains UV13-6, NG7C-19 and UV18-25 under equivalent fermenter conditions. The
30 ° invention however also covers non-recombinant strains or otherwise engineered strains of
Chrysosporium. exhibiting this novel and inventive characteristic as such or in combination with

any of the other embodiments.
Another attractive embodiment of the invention also covers a recombinant Chrysosporium
strain exhibiting a viscosity below that of strain NG?C;19, preferably below that of UV18-25 under
35  comesponding or identical fermenter conditions. The invention however also covers non-

recombinant strains or otherwise engineered strains of Chrysosporium exhibiting this novel and



35 activity, preferably al kaline optinmal stability and/or activity, said
enzyne being selected from carbohydrate-degradi ng enzynmes, hydrol ases and
prot eases, preferably hydrol ases and WO 01/ 79507 6 OCT 2004 B16CT 20

PCTI NLO/QQ%(&JM%bohydr at e-degradi ng epgynes. In the case QJCTIN 1/00301
non- r econbl nant rysosporium such enzynes are suitably other [fqhan

cel lul ase as disclosed in WO 98/15633. Enzynes of particular interest are
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substitution,.insertion . or .deleti mu s of ,naturally occurri
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e ee evor i SR B PR et PESHEE DRt BT ot Srensectas i
pr ocesses phitkaldg vhehithd coltiees pel yplePtipddhe sibjetUhSs@poriiilistr@ing vith tHaClow
obtained. US 5,223, 409, US 5, 7?0, 279 and US 5, 770, 356 provi de teac@i ng .of
di rect ed XGPSR PEROTMUERYC 1 @ltpies esdatee as R 19 2L POB itk aiffnesst Thumama curgpizr

sequences uf k¢ 8305000 1Rfes pRVRIDh Bsdhi cBBB&ImeRLdffthd MUentioR. Aty GherRbAALGHaRsISE 6111 S
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evolution. U . al so describes a process for obtaining L ,
pept i des, PPporyigrept latgs sele frrmertpiipng yi.e2 Dvora Y SGE00s Jitersh ghdratiopoingdn méting beehene
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pr edet er mbiogdss ehdirraduced ivield cof polypdpede aluphg ahe | artumsf andie et hesditoin dnger
present i ' .s 1R the.. cess of. "dj e evol ution". wherein novel
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char a2 er inseatva wisiclo bkldbisesluchCoaer siiusdckdristich, thii TvRhddeOND rHES U rgillus niger
error-prone, PCR, . site-directed nutagepesis, .and conbinatorjal and random
mut agencett A EYEHAPEE BT B0 umeialy s, igh tih FeRe o e kiRt Betf aeie

encodi Ng proagRidn keeRaAd Gistusity pRPEB.IMAM MBI figldesS. Patents

| A Chrysosporium strain according to any of the above-mentioned embodiments of the

_ invention, said strain further exhibiting production of one or more of the fungal enzymes selected

30 ‘from the carbohydrate-degrading enzymes, proteases, other hydrolases, oxidoreductase, and
transferases mentioned above, is considered a particularly useful embodiment of the invention. The

most interesting products are specifically cellulases, xylanases, pectinases, lipases and proteases.

Also useful as embodiment of the invention howe'ver is a Chrysosporium strain exhibiting

production of one or more fungal enzymes that exhibit neutfal or alkaline optimal stability and/or

35  activity, preferably alkaline optimal stability and/or activity, said enzyme being selected from

carbohydrate-degrading enzymes, hydrolases and proteases, preferably hydrolases and



35 5, 223,409, 5,780,279 and 5, 770, 356 provide teaching of directed

evol ution. See also Kuchner and Arnold, Trends in Biotechnol ogy,
15:523-530 (1997); Schm dt-Dannert and Arnold Trends in 6 C%CHb g@ﬂ WO
01/ 79507 -18 PCT/ NLO1/00301 Bi otech., 17:135-136 (1999); Arnold and Vol kov,
Curr. Opi wo@mse7 Biol ., 3:54-59 (19997- Zhao et al., ManuBCTOLOVMNSOLt i al
M cr obi ol ogy and Bi ot echnol ogy, 2nd Ed., (Demain and Davies, eds.) pp.
597-604, ASM Press, Washi ngton DC, 1999 Arnol d and VVntrode Encycl opedi a
of. Bi opr oue@bydrﬁ@mﬂuﬂmgwmmnhn&atcﬂ@nof IRingeRerbinang §hwmaorﬂfm§e¢apmﬁ

Fl i cki n
(199|9; :an ns&gaﬁ tﬁa i (lal%'rlr?g{as &OS% %WO é%?}ﬂsﬁ\' %‘?%f"@s %@éfll\%gé&gl%inkﬂe
appl i cat i xylana$esc proséases, asiembesmal egﬂé@tqsrdas:s,dbsm-lgds@dsidaaeswbeetghadanases and

Bi ochem stry. 9 1. )
obtainin eﬁ%’\‘/aes q?gtegl e g%geoﬁojtqgn%%y%e afé’%ﬁigé@%b&ieﬁ}% %' é ‘R{'?—% 1 lﬂ{’
gener &t i ng:d&ym:tyedsewhsneqmﬁnndmnpnmaredaln;llhega dldpem i nt o a host and 10

sel ecting ho cells. W|ththe desi har CIeI‘IStIC ff ching
et L, Mo B B AR Al St Bl e

r.econbi nactmqmsﬁmg culbindig, a Ecist &kam (&pcluegat suchcas d$ tfﬁegncraZHﬁ:ﬁsBﬂpoﬁrﬂﬁ (45@99@)11)&,
t he stagger. exte I on H.Z et al

16 288. SeDedanp HaniRe (R Ees PRTSTRST AaT IR b ey Eysarium,
Nucl ei c %ndﬁllzﬁ&&ar,ba&@nﬂ olSthef &9&991)&1) uEﬁlfbe’f-tliH’ anedbhdrts scyrdingas efehiavention

approach nd Rhee, Envir r obi al 5 66:89Q-894 (2000)).
Tﬁgr elar e( t&'&wl’i{m&éfg@ae%@t‘ HB‘SB"’B&F"" a?efg?F'ﬂ'b 0‘6%%‘ PPiyReRL ?é’&‘{ qegﬁvegpé)

in a di raﬁ&%secﬁ&&iwﬁm&&e@ﬁaWdebﬂn@m nmet hod, the protein activity of
i nterest i s sonehow nade essential to the survival of the host cells. For

Cexanple, if tWaeEArPinQr PlYEFRtKlY If wenfiqued, variantpand pytonts g€ fpstijutio, insertion
cel | ul aseyOfNfiok AhkishtDSf m&hm:s»cbcaﬁmng ;ﬂhﬁ&@ﬁ@dm&ﬁﬁe@ th e ihQsded QR4 exhibke

transformants are grown 20 with ose_as the sole car bon source, and
the pH raacely of digpanimutaphtThe S@meys aalrdew dwsvhe 6eEesPondingi Ncleiprsid ieavgnses-

cel I ylsas epre&la&sfmm H“%e&ugﬁﬂﬂl%s probih ChhsRESHETRIY Hnr@&@@@@&uﬁonc‘é‘ité HiReed
active at relative I S subj ect ed to anot her round of nutation,

and the pRagesesis smi/ @pé%m @ultégamsrﬂ arg peoRessesr thipnEls whish sughoppiypentidesrvasiahts oF ose
at pH 8 argﬁaﬁptcaa B ptalihar TS5 354 09y AV §"7§3§2ﬂf an P DBY4PR0, 53 rhwhaewaéﬁ?gg,g

evol ved, cycles of gene nutati’on and high-tenperat'uré culturing o
host cel |@reem_edamolet:omlU_s;ngPhtsa:mm; p libmendf raséqmlwswt@gd 576-BPBn(cEIBGYcd forver

et al. '}lgt éﬁﬁ*ﬂ- v e Pésfn% L MG el Skﬁeﬁ A hr P@kbeiGn L O
t he IT&SSI ve‘% éeP? el VeBirvi val % the T1ttest ‘f’fpp F(%ac ngg' % J?e }CY'Sn
screei ngegloll nnctzm imracMi)lisfomcrhglon attichedioal suth thatthoreswhinspratea is s&ceeeweai:dlssays
traditio xed to Ehe?nos% sur ace % Oggt a’ré{f)%dll[IOI(lf are cregtfc?%gten%{:gsglta?e éhogw?oglcapac%wty
around col'oni es t
fl uoror nectfrtha:pmmymoa@smds Th:mmmsaymbdaloﬁdydh@ mﬁagds leading to Sﬁaalfgehe
~exanple Jo t . 670-673 %199 t ochr one qg
m)nooxyge‘ﬁﬁbg' f“‘lfde%farc eﬁ'@" other yords ngp{féﬁss expiufign. Uy
mut at i on 57Ed, 192 I’aﬁﬁﬂle@@abei\/ﬁyﬁrcﬁ&ss&br obtdiking WPBIRNEC{J&ptlcﬂeg polypeptdids 62HR&in by
vvherezéa h\gﬁ' oi nase olf ' vecrlsed t er eqgsel e tivity was evolved, in a sim.|lar
f ashi my E'éckPo ynucleotide coupling stoc astlca y generated sequences, introduction thereof
into a host followed by selection of the host cell with the comresponding predetermmed
_characteristic.
Another application of the method of the present invention is in the process of “directed
evolution”, wherein -novel protein-encoding DNA sequences are generated, the encoded proteins
30  are expressed in a host cell, and those sequences encoding proteins having a desired characteristic
are mutatcd and expressed again. The process is repeated for a number of cycles until a protein
with the desired characteristics is obtained. Gene shuffling, protein engineering, error-prone PCR,
site-directed mutagenesis, and combinatorial and random mutagenesis are examples of processes
through which novel DNA sequences encoding exogenous proteins can be generated. U.S. patents

- 35 5,223,409, 5,780,279 and 5,770,356 provide teaching of directed evolution. See also Kuchner and
Amold, Trends in Biotechnology, 15:523-530 (1997); Schmidt-Dannert and Amold, Trends in



et al., J. M. Biol. 297:1015-1026 (2000), where a thernostable subtilisin
was evoI ved. 35 Standard cloning and protein or polypeptide isolation

t echni ques can be used to arrive at the required sequence infdiGFailn.
Parts of kmwfggglences can be used asjgrobes to isolate ot 004
WO 01/ 7950 CT/ NLO1/ 00301 honol ogues-in other genera aﬁ%‘@?‘?%g? The
nucl ei ¢ acid sequence encoding a particular enzyne activity can be used to

screen a %yespsppmsumsladmbﬁ%&%n@vam CurA OS] 89, SKb].| 26 sw 1998 2do et
will reali se which %rallsatlon conditions are agﬁro riate. nv htlonal
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i-nt er 48t . s&acﬂingahtmt bﬂlﬂ wwy thei dalky dhméhﬂﬁ Meth@RV fge efft@iMgOhrtifBRl gene
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sequence fdmg@u)l EnbPprontl PTRAEyed \eabthaDippraabl (Sorpldraenef Appl. USHRELT MRS.HaN e

al reag$/ égn disclosed e.g. furin. Suitably in a nethod 1Por production of
yp

the p P& 4000 % ng to any of the enbodinments 20 of the invention
the cul tivati OrTheeCiE Swetvidtil-plactipes n‘ielflﬁ)@s of c@?ﬁf]@l{)ﬁ%y sefedtibn 4 fa a dlrected

preferably 6 9. Suitably in such a nethod the cultivation occurs at
t enper at uPEclBinRIRsFsdu 9t rEsther, dhedratsinyacBpity qlbeterw sgmlmwnma@e@sqnnaltmehe

et hod acgaivilhngr tHe ﬁd@?céll@vﬁ&t é)@tﬂl S liqfl’llata%ttﬁwuh&h'{a&/ i2a EMAIRI a0 ah BH 8, a

Chrysosporium strain or other aI’ or non-fungal strairn. The net
accor di ngcelplash @enancaht bcbmutarqd agdam@umsretoctan hbst reeltre Thi drapsfousmiedark gravire

step g pm@l%h?le& 2 18 518 CBL 250 3 e @%gﬁdd%ma&gunﬂ ﬁ}g 'n Dy enLLon.

The sel ection of the appropriate con t|o GHYSF
the pol ypupais.dehet mulgted axliwlesssgraie frooh Qucdunsecbrecwmdn pkasmsalylglehcmiet hl cra:lltxﬂa&

r eal m of il ed
oy adues 1 on R reBivkigh fH. i€ oI e r i O plalBiof A O Rrof S i epiied
of the suttjlecansionuans thancanTgmwrran hddxmemprpiHSE&r{sbﬁbxhyd |Tﬁeli1ﬁ6hﬁhldﬂgaﬁants of
"o a subPABES Ao LS a o ey Rste of eente Ptbeh e D e el A, of
l'i nkezb t(izhcaancﬂbsplzﬁsm ﬂnPP&ngza]EAcag SEBQJ]ES'Q{SB S?&Sdt)(l@?é)@(klsk@rzsﬂﬂ @'S&Ugfﬁil.g&alin a
manner orm ng filanmentous fungi. st at ed above
NnuUMer ous ‘?‘3:@‘?8%{:&2@?9&&&{@?@ avai |l abl e and a snall sel ection has been
cited- The infanaRéhmativens Meintaddvily pamtich i8R of e $BR* 8p d}r&ﬁh isiehib] LHLRBESON

to carry t he method wi t hout undue burden. The nethod conpri ses
i nt roduct fn& is approach, individual transformants are screened by tradxuonal methods, such as observation

of ‘cleared or coloured zones around colonies growing on indicator media, colorimetric or

30. ﬂuorometric enzyme aséays, imxﬁunoassays, binding assays, etc. See for example Joo et al., Nature

_399:67@-673 (1999), where a cytochrome P450 monooxygenase not requiring NADH as a cofactor

was evolved by cycles of mutation and screening; May et al., Nature Biotech. 18:317-320 (2000),

- where a hydantoinase of reversed stereoselectivity was evolved in a similar fashion; and Miyazaki
etal,J Mol. Biol. 297:1615-1026 (2000), where a thermostable subtilisin was evolved.

35 - Standard cloning and protein or polypeptide isolation techniques can be used to arrive at the

required sequence information. Parts of known sequences can be used as probes to isolate other
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The method of production of a recombinant strain according to the invention is also part of

the subject invention. The method comprises stably introducing a nucleic acid sequence encoding a
30  heterologous or hemologous polypeptide into a suitable host strain, said nucleic acid sequence
being operably linked to an expression regulating region, said introduction occurring in a manner
known per se for transforming filamentous fungi. As stated above numerous references hereof are
available and a small selection has been cited. The information provided is sufficient to enable the
skilled person to carry out the method without undue burden. The method comprises introduction
35  of a nucleic acid 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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pre uct:on of carbohydrate degrading enzymes, hydrolases and proteases. In such a case the

enzyme is suitably other than a cellulase. Methods of isolating are analogous to those described in
WO 98/15633 and are incorporated by reference.
.The enzymes produced according to the invention are also covered by the invention.
Enzymes of Chrysosporium origin as can be isolated from non-recombinant Chrysosporium strains
30 - according to the invention are also covered. They exhibit the aforementioned stability, acfivity
characteristics. Suitably they are stable in the presence of LAS. In particular proteases with pl 4-
9.5, proteases with a MW of 25-95 kD, xylanases with pl between 4.0 and 9.5, xylanases with MW
between 25 and 65 kD, endoglucanases with a pl between 3.5 and 6.5, endoglucanases with MW of
25-55 kDa, B-glucosidases, q,B-galactosidases with a pl 6f 4-4.5, B-glucosidases, ¢,B-galactosidases
35  with a MW of 45-50 kDa, cellobiohydrolases of pi 4.5, cellobiohydrolases of MW 45-75 kDa, e.g.
a MW of 55 kD and pi 4.4, polygalacturonases, with a pl of 4.0-5.0 polygalacturonase of 60-70
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to a xylanase signal sequence in frame with a xylanase open readi ng frane
followed by a xylanase term nator sequence. Transformant selection is

carried cmd;AMngsi ng cotransforn iation with a sel ectable vector. Another
exanple is a 95 or| um | ucknowense cel | obi ohédrol ase rormter |l i nked to
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endogl ucaeryYPeCLANOBGE3DBEFeadi ng frane fol | owed by the Chrysosporium
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Two untransformed Chrysosporium C1 strains and one Trichoderma reesei reference strain
were tested on two media (Gs pH 6,8 and Pridham agar, PA, pH 6,3). To test the antibiotic
resistance level spores were coliected from 7 day old PDA plates. Selective plates were incubated
at 32°C and scored after 2,4 and 5 days. It followed that the C-1 strains NG7C-19 and UV18-25
clearly have a low basal resistance level both to phleomycin and hygromycin. This level is
25 - comparable to that for a reference I. reesei commonly used laboratory strain. Thus there is clear
indication these two standard fungal selectable markers can be used well in Chrysosporium strains.
Problems with other standard fungal selectable markers should not be expected.
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 T. reesei thus
30 showiqg that differential selection can be easily achieved in Chrysosporium. The same comments
are valid for transformed strains with hygromycin resistance at a level of 150 pg/ml.
The protoplast transformation technique was used on Chrysosporium based on the most
generally applied fungal transformation technology. All spores from one 90mm PDA plate were
recovered in 8ml IC1 and transferred into a shake flask of 50m! IC| medium for lincubation for 15

35  bours at 35°C and 200 rpm. After this the culture was centrifuged, the pellet was washed in MnP,

brought back into sélution in 10ml MnP and 10mg/ml Caylase C; and incubated for 30 minutes at



6 OCT 2004 WD 01/ 79507 -23 PCT/NLO /00301 this vector
expression cassette with a sel ecti on marker

. e.

(AmdS gene) A further exanple conprises Chrysosporium

gl ycer al dehyde- 3- phosphat e dehydr ogenas

Asper gi | | YKORBO7 gl ucoanyl ase si gnal §§h
reading frame fused to the human Interl eukine 6 open readi ng frane.
adddi ti on
sel ection3

Asper gi | | us nitelsamsion i€ Blakd aRty 8 finab 0ap bajesieRydh

| inked to_the endogl ucanase 5

ni dul ans

S.vector

W@ agltaélon

She (8

| pronoter

carries a second
t he aceetam dase S gene

6 OCT 2004

i nked to the
quence and the gl ucFGHNHEO3Hen

In

rries a second expreSS| on cassette with a

"A st

TRNS gene.

en readi ng frane fol

3501} FAh okt Pelglgwashod, Byt ANEL MEPEE | EVEREs commifgsrhorHOVBInGIE

further exanple is a

9&2@@1&? forA

5

0P ARG &k
Aspergil |l us

S

EXPRESSI Ohlséer- 1@%&?\55%?@8&&4’\& cﬁmﬁmﬁj Phe ShikRkdwad R Gn 3k f%?%%mutes

V18- 25)

have been tested

for their abil

ty to secrete varil ous

het er o-

| ogous? pr Shererron 35 dME iwes addedt Aftar (%mrr@ms@mm EEmps At SR mrahan@ of the

phl eonyci g
xylgﬁ§§g§%ﬁnﬁ

reesei

£ @éri?‘irﬁkég to 3]15

1 SPMRR Dot &l

uman protein (

(HRRE i Rl Tuf 36 w3

PRHAE,

Cl secr et Feaining phieomycdia rcmilyg@mem ag \selgetivncagent. ARvNinpubation §0rr ﬁvendayv a1L 8025

has been
presents

AR RS e €

nga exXpr ess

ioﬂé eggmtpHI %Qgﬁeﬁwh H‘”;l

I on cass

T%%Brmﬁg grfg'%:etncy was

cassette détbamvised usegsidl rmcltogranmm‘s opefeany plammdqsﬂrﬁ—hﬁtﬂe resol$ are peasérged in the

Neur o

or
St rept oal

eat e,

pss- pat hway control gene 1 (cpc-1) pronoter "
I'ndust anus phl eonyci n-resi stance gene Sh ble 4

- Aspergi |l us nidul ans tryptophan synt hase (trpQC) tern1nator S The second

cassette
cbhl

carries
detail ed
f ungal

| (cbhl)

bl e a use
KEX2-11i ke

(wi t hout

15

20

25

30

pronDter
sequence)

ex
dehydr oge

ist

Haglh T

?duc

S PR RBREE 1 Y of Fteriree

rees A@é Z

in TR2
I gnal

-T reesei

f‘ﬁll rnnllr\

tralnTTﬁQmﬁbhl i

at-i-on nrlnln frd

erm NGRe-14S Thf‘ vecttwmaisso

mnl ;\c:mrl nIl(“1Q

Thn nI asm d

Hap |§“$¥WW|ded

in filgusdouly 3

pUﬁﬂ@B?OBPésem

s t Ad0} (ﬂoloca\}\n ng

Pr €394Rfbringms €1 1
nase (g

si gndf efS@hu knce

dA) pronpter z

€. A pEgiirans
A synt

1'3 - S hi ndust.

GTl%ﬁsfSé?r{aHsgp er K%Y
protease cl eavg

si gnalablaglience)

ternm—19 At
ge sitel 35 -
16

gryceraigenyde-3;

hetic 7 reesei
anus phl eonyci nj

0 :
T reesel strain

prosph
ceIIobiohydroIas
resi stance gene

TR2xyn gene

5e
Sh

The Chrysosporium transformant's viability is superior to that of Trichoderma. The

transformability of the strains is comparable and thus the number of transformants obtained in one

experiment lies 4 times higher for Chrysosporium than for T. reesei. Thus the Chrysosporium

transformation system not only equals the commonly used T, reesei system, but even outperforms

it. This improvement can prove especially useful for vectors that are less transformation efficient

than pAN8-1. Examples of such less efficient transformation vectors are protein carrier vectors for

production of non-fungal proteins which generally yield 10 times fewer transformants.

A number of other transformation and eicpression vectors were constructed with homologous

Chrysosporium protein encoding sequences and also with heterologous protein encoding sequences

for use in transformation experiments with Chrysosporium.

Examples of expression systems include a Chrysosporium xylanase Xyl promoter fragment

linked to a xylanase signal sequence in frame with a xylanase open reading frame followed by a

xylanase terminator sequence. Transformant selection is carried out by using cotransformation with

a selectable vector.

Another example is a Chrysosporium lucknowense cellobiohydrolase promoter linked to

Penicillium endoglucanase 3 signal sequence in frame with the Penicillium endoglucanase 3 open

reading frame followed by the Chrysosporium cellobiohydrolase terminator sequence. In addition
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Exanpl es:; Medi a Transformati on nedi a: Mandel s Base: MIP Medium: KH2PO4
2.0 g/l MRSBNE ngg e with (NHa)2SO4 1.4 g/l Peptone 10 MSO4. 7H20 0.3 g/ |
MES 2 o |C165ecoretlon glo'P lflichoderma reesei xylanase II (XYN2).
C1 strain UV 18-25 has been transformed by the plasmids pUT1064 and pUT1065.
pUT 1064 presents the two following fungal expression cassettes:
20 The first cassette aliows the selection of phleomycin-resistant transformants:

- Neurospora crassa cross-pathway control gene 1 (cpe-1) promotér 1

- Streproalloteichus hindustanus phleomycin-resistance gene Sh ble *

-Aspergillus nidulans tryptophan-synthase (¢rpC) terminator °

The second cassette is the xylanase production cassette:

- 25 -T. reesei strain TR2 chhl promoter **
-T. reesei strain TR2 xyn2 gene (including its signal sequence) 16
-T. reesei strain TR2 chhl terminator *°
~ The vector also carries an E coli replication origin from plasmid pUC19 ®, The plasmid
7 detailed map is provided in figure 1.
30 pUT1065 presents the following fungal expression cassette:
- - A. nidulans glyceraldehyde-3-phosphate déhydrogenasc (gpdA) promoter *
- A synthetic T. reesei cellobiohydrolase I (cb41) signal sequence *
- 8. hindustanus phleomycin-resistance gene Sk ble * used as carrier-profein 1

- A linker peptide (SGERK) featuring a KEX2-like protease cleavage site !

35 - T. reesei strain TR2xyn2 gene (without signal sequence) 6



"with K Phtalate 5

WO 01/79507 -25 CaCl f 0.3 g/l Sucrose 100 g/1 digoelements 1.0 m/|
Adjust pHto 5 PCT/NLO1/ 00301 MhR MhP CA2+ : 5 MiP+sucrose 130 g/|I MP
Medi um + Yeast extract 2.5 g/l CaCl2 2H20 50 nM @ ucose 2.5 g/dCTAd#Pust pH

"to 6.5 Ag 10 MnR Soft : MR wigda only 7.5 g/1 of agar. MPC . CaCl2
50 nM N[]%goi'?ﬂ%r%ly 15 PEG 40% pH 5.8 For selection and cult Q’N'C%.%'@lucose

10 g/1 20 Biosoyase 5 g/1 [Merieux] Agar 15 g/l pH should be 6.8 25 PDA :

Pot at 0 Dextrosg, ,ﬁgﬂam?@,?g; an-Eyrtiaqd tertabrPe 5.5 MPG : Mandel s Base
/1 uplaose 30 S 30 Yeast extract 5 g/l The

regeneration HB8 F"eﬁ?"l\ﬂm cagiifsihe hettlastamape eens§b/g) #id Phi.canfiyreplisation difgin fiom
0/l Ny Qr Ofuihia JUCHTCthd flashith 86kilda RIS BloURE i ATedi UM suppl errent ed
p

with 5 pg/ | eonycin is used to confirmantibiotic resistance. 35 PDA
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. Py . _ on

PDA pl at o AU fetibd M ACH R TS HARFITOER ih Blam AR5 L BIg 3T

fl asks (280fupgfigpal WElDraspPEaNo AND pIiepRADT EFisSATE ONs Go@lingGEab)E Selédtion GENEe C1

b DA NG orser ket of FhibomfihPr FERACP U5 E! doBfhuf bidh L USSR

xyn2 expression. In pUT1064, xyn2 was cloned with its own signal sequence.

The iylanase production of CI transformants (phleomycin-resistant cloncs) was analysed by

10 xylanase activity assay as follows: Primary transformants were toothpicked to GS-E-ph-leomycin

(3pg/ml) plates (resistance verification) and also on XYLAN plates (xylanase activity detection by

clearing zone visualisation '"). Plates were grown for 5 days at 32°C. Each validated clone was

subcloned onto XYLAN plates. Two subclones per transformant were used to inoculate PDA plates

in order to get spores for liquid culture initiation. The liquid cultures in IC1+ 5g/I KPhtalate were

15 grown 5 days at 27°C (shaking 180 rpm). Then, the cultures were centrifuged (5000g, 10min.).

From these samples, xylanase activity was measured by DNS technique according to Milfer et al.'?

Table 2: Active XYN2 production levels in C1 (best producers)

Active xylanase II concentration Xylanase II specific activity
| in culture media ~ in culture media
Untransformed UV 18-25 39 Udml 3.8 UJmg total prot,
UV18-25::1064 cloﬁe 7-1 ' 4.7 U/ml 4.7 U./mg total prot.
UV18-25::1064 clone 7-2 4.4 U./ml 4.3 U./mg total prot.
UV18-25::1865 clone 1-1 29.7 U./ml 25.6 U./mg total prot.
UV18-25::1065 clone 1-2 30.8 U/ml ~ 39.4U./mg total prot.

20 These data show that:
1) Points 1 to 4 from example 2 are confirmed.

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

Appendix to the Examples: Media

25 Transformation media:

Mandels Base: MnP Medium : :
KH,PO, 2.0 g/t Mandels Base with
(NH),S0;  l4gl Peptone 1 g/l
MgS0,.7H,;0 6.3 g/l MES 2 g/



Chronosormal DNA of UV 18-25 was partially digested with Sau3A, fragnents of
12-15 kb were WD 01/79507 6 O C T 2094 -26- PCT/NLO1/0030l isolated and
ligated in a BanH site of cloning vector BlueSTAR Packagi ng @% égﬁ% of the
ligation mxture resulted in a gene library of 4.6 x104 indéep o h
clones. TRigotrAddgary was nmultiplied ands- stored at 4 C and p89frol/d630§ €St
of the ligation mxture was al so stored at 4 C. Screening the gene library
of UY18-25 for isolation of the genes for cbhl, xyll and gpol 5 For the

i sol ation of Ci@ydifferent geneslgin total 7.5X $Gdosendiowidual Bl ueSTAR
phages per profigelepenh® hybridi seglyip dupl o. Hyb”&ﬁjés‘i‘gia[%"s""as carried out
with the PCR fragnents of cbhl, and xyll (as descfiib In WO 00/ 20555) at
honol ogous conditions (65C 0.2xSSC), and with the gpd] gene of A niger at
het er ol ogous ¥#Rdi ti ons (53C, MPBSXASCE). The nunber of positive signals is
given3s3n TabMaP8sucibke positiveldgines were rescMnPrMediamd f or each cl one
two indivi duaveba@as were used2lfdfor further expgtlMnos.- DNA of idgm
different cl o?,ﬁlgos\é/as anal ysed by, gostriction analysis ta.deternne the
nunber of different clones isol at from each gene’ frpesul I's are given in
Table 3). As P each of the 3 dé s, 4-6 different clones were isol ated,
we conclude that the primary gene |library (=14-5 x104 cl ones) represents

~ about105x genoMRREeftd 1Madwitrofin7isd/Poflagaul t we conclude that the

conpl ete genone of UV 18-25 is represented in 9x 103 cl ones. Based on an
aver age genowglﬁ insert of 13 kb, this would indicate a genone size of f
120 Mo, whic 3 tinmes the size of the Aspergillus genone. PCR reactions
with specificCqrimers for the géh@Mpresent on the pPESH d (based on

previ ous seguéRSe determ natiordimNdm the isolated PCR fragnents) and the
T7 ang T3 pripms present in the 4gapl yli nker of pBlueSTAR we were able, to
determ ne the |location of the genes in a nunber of 20 clones. From each
gene a plasm d was used for sequence determ nation of the gene.

GenePosi thopaelestionand eultyee j iy i fferent cl onescl one used for first

screeni ngr escE®eni nsequenci ng cbh 1874pCBH7 xyl | 965pXyt5 gpdl 12126pGPD4
Tabl e 3: Scregatdg of 7.5x104 phages of the gene library of W 18-25 with
PCR fipagment sg; 18-25 for t bhl gene and t xyl 1. gene (honol ogous
condiztbi ons) ZBlggo\Xn%éh t he gpdA grSﬁ%Fof 25 A. niger qﬁi)eéf“é]r ol ogous
conditions). i solation and ?%54 riction anal N%“’M?elﬁs‘%d to determ ne
the nunber of different clones. Sequence anal ysis of the cloned genes For

t he cbhl, xyl#pAand the gpol gene, the results of the sequence

det er m nat i OrpRh@pERRIEAEA €d | 89,80 SEQ ID No's 1,pdrand 5 respectively.
Al sozl;jhe deduced am no acid sequences of the pr Oifi ns %Is represented in
thesé&  SEQ | Dhl\!lo);;s 2, 4 and 6. Sone properties o tHeUIPECS ns are given in

Tabl e 4.
' Mandels Base with
K Phtalate 5g1
- Glucose 30 g/l
30 Yeast extract 5¢/l

The regeneration media (MnR) supplemented with 50 pg/m! phleomyciﬁ or 100-150 pug/ml
hygromycin s used to select transformants. GS medium, sﬁpplemented with 5 pg/ml phleomycin is
used to confirm antibiotic resistance: |

35 "~ PDA is a complete medium ., for fast growth and good sporulation. Liquid media are
“inoculated with 1/20th of spore suspension {all spores from one 90mm PDA plate in Sml O.i%

Tween). Such cultures are grown at 27°C in shake flasks (200 rpm).

ISOLATION AND CHARACTERISATION OF CI GENES AND GENE EXPRESSION SEQUENCES
40  OF CBHI, XYL1, AND GPD -

Construction of a BlueSTAR gene library of UV18-25
Chromosomal DNA of UV18-25 was partially digested with Sau3A, fragments of 12-15 kb were



It should be nentioned that the position of the start of the translation
and the introns is based on honology with genes fromthe sane famly (i.e
paper genetics). 6 OCT 2004 WD 01/79507 CBH1 From the ani no6aéld 2004
sequences WO @Bbke7 we concl uded that th#-protein is about 6&@%@,@3@ and
that a cellul ose-binding domain (CBD) is present at the Cterm nal part of
the protein. Interestingly, = no evidence was found for the presence of a
CBD i n t hdsdlaed auldigass ikDBerakIbsitemf oloing vedtmvmesmra Patiaaging @ 20%f @tfe 1ighon

i sol at ed hi S;:05 k £. pr ncoded CBHI protein
(SEQ I D Nohﬁgﬁ}edsgﬁ,;%gg&:gmﬁf ﬁ%a’gg 'R%’ g lr?“ts t}EﬁitS’EF&ﬂ“’B@"t“H@ ligd ancbd
gene. A p@mdtﬂté°Cembl-mt’ll‘tmneanbfﬂnhegmoﬁ&ﬁxthteﬁw:is&lsbhwredét& °g> kD protein is
a truncated version of the CBH 1 protein |lacking the CBD. The

cel | obi ohy;dmhagehé:gbﬁe ﬁﬂasnjaajfl[fl'/f& y5¢gasﬁatzowfrm§eh@%9%bﬁp ayNLJEzd gpd!
| act osj avi | so. agal nst nj t rop

cel | ob osgméﬁ‘ﬁ op 0 E}We‘?tif?"et“a&{-’t‘tfs rfetal £¢ §§éQttnétthyalt%tm$ﬂMlij fl:r(t)u%es per probe

cel | obi osiwaee I rdfaétiihl B. BybedlhioRasriid Sutiviti ) ;
The M chae RM@::'%I ‘%nctugt o%r d I\a/‘UlF cel | obi oﬁlfté‘pelhl\/\tgésptﬁqa%@ﬁé gpgbkqﬂ/ﬂélm

| act osi de & Q0&far3 athemolggoys gonglitipms (65GE0. m%@ﬂmﬁmt@ dodéd gentk. 5
to 7. 50%ph. lafHERREdgbis dottd Vs '
is kept a{l_ @ 'ﬂ%a?o 80%gact | Vi 1313“%5?0 hi'n ngé) &Q{%u@[}& O\fgéét‘ﬁ“%g\‘%ghlqg@m ¢
15 .i ncubatf YR 3- Thrapasiivg sloaesvere sprcresnad and f@oeatal@cjoncm indiyiduahpiper woé utdie
cel | oy ohyfr PR CextndfiinbMs T, 0, ich is.a
preferred enbodi rre)‘frlt)t of thIZN{\n{E/'gga% ?%ﬁgé?sa?llh I cat H]cfwsgmglfgrf%h%a"ab’s'sﬁll
From t he dfferunethe ﬂ“‘ﬂhﬂﬁ@éﬁé@@ﬂwlom fsolateddroppeach et (tdsalts za gt@erhmrhb& 3¢BD i s
present, B sé Og4at LT . attached
to or at |es Srhs'aa] 9“% ?\% g.?l ddéfgg?tsl\étkgg%g‘e ro(t'rltg e&r S conﬁlgfde ﬂ?gaﬁ 89§
the |iterbeawd ¥nd qu‘ehnmr@rwyntanmsx Brtomeaof TBI 825 Ft«:nmm (eEluSﬁré coBlude
oxysporu ocal | i niasi,i iarun) . The esti nated
Size of tha @ytg"ﬁgé‘gé%.*’%%?s 30 Rt OR g E’Bt% Batiog s ardtecrriama
30-k.1® xymaqtee%lbkb ghis atogldf indieutt hai gengrmosied bf £BRQVMbDwhRh i3 tibles thSGYEbAhe
| sol at ed ’9‘?9{3%% ‘?‘?H )J d not be found in the encoded sequence. This coul d
i ndi cate t alternative xyl anase proteins are present in W 18-25. In
previ ous Eﬁ&lrga;ems wahespeuiﬂmtpammsfof @hengenef }ﬁl{esdhhﬁén Rhe peimA asdaBbh Havﬁd&ks
30 kD praqf, 3'-"6{3 ete 9 the e. rie EP@ ot hesi zed that the CIgD of the
protein is'cleave af ‘b)foﬁ'r t 581245 f‘%”? ﬁ‘?/ﬁ?ﬁ‘i‘?ééﬂ 7 andiT3 |priger presgny inctlie
further (ﬂw}ylxnﬁetcffrpﬁlnéﬁ'ﬂm“efwaefabtéltbIde&nniNettﬁ‘é fHciddn §ﬁ§lb‘%@€@ smaanﬂm%eés% of
the gbffererét rotei,ns in ithe different Cl strains: C | | d type,

Wi 98 eagh geps yplasaid “’aﬁﬂfe&rf?rsseﬂ)‘fe“?fvdqgmﬁ}m" of ‘beg‘mﬁte 30 effect of

the presence or absence of the CBD on enzymatic activities is anal ysed I n

mor e det @i | Genévef exppgs&tedl 07 | NepdsHive id €N ar hopt s
may be considered! The:reamace |of ,%sipeetuf.ill ogte?gfﬂndﬁa()ﬁéé e éig‘?uéé for
particul ar Tgaf urg of ThgS enzymwe. —The; onty —jother—known—fafi Los, b

gl ycol yt enzynel| (xyl anase) having an N-termnal éBD Is fthe | I um
oxysporufn XyllF. The CBDPof the|Chrysasporiuml ucknowensel Xyl T pRE@T €I N jhas
t he sequ',m,cgpdl :

[2))

12 12 6 pGPD4

-Table 3: Screening of 7.5x10° phages of the gene library of UV18- "S wnth PCR fragments of
UV18-25 for the cbhl gene and the xpi gene (homologous conditions) and with the gpdA gene of

25 A niger (heterologous conditions). DNA isolation and restriction analys:s was used to determine
- the number of different clones.

Sequence analysis of the cloned genes

For the cbhl, xyll, and the gpdi gene, the results of the sequence determination are represented in
30 SEQIDNos1,3and 5 respectively. Also the deduced amino acid sequences of the proteins are
represented in these SEQ ID No’s 2, 4 and 6 Some properties of the proteins are given in Table 4.
It should be mentioned that the position of the start of the translation and the introns is based on

homology with genes from the same family (i.e. paper genetics).



35 WEBQCG GQGW GPTTC VSGAV CQFVN DWYSQ CV (ami no acids 22-53 of SEQ I D No.
4). This sequence does not conply to the CBD consensus sequence descri bed
in US 5,763,254 (Novo). 6 OCT 2004 WD 01/ 79507 -28 PCT/ NLO/@gg}%_l\@hi S
consensus sequence of US 5,763, 254 is: Y-GAQCGGQI/N / Y-S/
T/INQG PVROETIOR/ K-T/C/N-C X-X-G P-SITTF/LIA - -T/K PCT/NL01/00301
CVT REKKQAQI-NQDAWFY-Y- YISSHAQGCL/I/QV T, wherein WY
means eitpggWor Y etc., X neans any amino acid, and - neans absent. Four
differ encmth t he m)st degenerat e consensus sequence . are present in
Xyll, 5 \AﬁroohthanmmspmddrsleqmdemqﬁCﬁéﬂuwamc}’uchmﬂmethe}'mem BvARL G3kD fhSze and

ertains asshawn termn Ddlfferet fromthis
Eonsensus&%%"gg)sedﬁ ding d ?ﬁB Biﬁ@é"’??'ﬁﬁf ‘6'%?3 %@?‘WW? e geatein. \pfegestingly,
parti cul ané gvitdnee xwak ams é‘oxahe bh:@enlcémEﬂDHmmhaé isdlateB B3 5Nay inaghr aﬁotélﬁrasswe‘iéﬁ
espeC|5aI I*e eg&gs 65O tgr ef rabhéB%1 gig)t 75% seguence |dent|té
sequerice 7 AbOVE 8 SR kD) YORratesx inithgencasd CR F(E@“Pﬁe
Tyr and T(SEQID prmsi tZ),OdEbnE&ns ﬂfat thie ﬂSelaBtpr(ﬁé‘iﬁ id Onbted bﬁtﬁ@&ﬁn@{?cﬂ@ AGcdspival

at position. 20 It Phe at . position 23, and
position Spla ?’Foé’f gsélzt @étst% | gtedyis ayEmePe versign obhe- C\',%Hl protein

Cys- Xaa- Haek:h@dth@ﬂs G n- Phe, Val-Cys-Xaa-Phe, G n-Phe-Val, Q@ n-Trp-Val,
G n-Tyr-Val s-Gn, Val -Cys-G n-Phe, and Val - Cys- Xaa - Phe-Val,
wherein X ?b/a‘?i?@%ﬁg% hes @ftivity againsh BIYF-caliobiosig, MUF dactoside, FRGind avicel,
Lys, 1or naet againef phikiplentd P-ghicodillel celldbiotd and plriphshyf 2R &sRAL! ItsDQ&ﬁrﬁf Sovdd
cel l obiase_activity and is thus a true xylanase. It possesses high

act i vi t y MUFhfetiobjoside kginkibitedabyy eellobigpn Wit inhibitiem icoristant QE%iofanﬂ"he Michaelis
cactivity @hsmiﬁ:&vawmuﬁceu@m@slde%bqnnﬁh thaﬁdwﬂééﬁ W ?war?l MG

correspondi n g{v‘roanase pronmoter, whichis a erre
i nvent i or¥asi e PHR opfimaym s fem 435 toTheS0h eﬁme*lmsmcamm}amﬂatdo@MEHmdtBO%h

xylan i Sacﬁv% Bvhrd RHB-ERRE §%;Pai<¥lgg“§ﬁl% %ﬁmﬁhﬁ“ 71 OB Kepl'a 2ghg‘3F?P’Fnal

equal to 700C for the xylanase quence
part 18f tineubgiingl Thestampératuresiptiniomds m-ma‘ CB’Hda iSOr Ioermiiee bf the eﬂlwi&ﬁﬁﬁol@sfe fhrhil

gene is ent |nv ntion .and is depjicted in
SEQ I D N(? IEH,@E &glgﬁgess gﬁ%tee\ge ht'& 8@5’8‘?': o[ﬁlmeg‘gﬁé‘gc’ indicgied ed
by Nort heﬂﬁE@rﬂalesﬁs- Various 25 stra| ns of C | ucknowense were grown in

rich medi um contai ning pharnmedia with cellul ose and | actose (nmedium 1) or
ri ch nediX¥d cont ai ni ng phar nedi a and glucose (nmedium2) at 33*C. After 48

h, celi and The was hyhridised with
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a control u%nce?t} urnt of IWENA on tge bl ot . Most strains 30 showed very
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for the presence of CBD in this 30 kD protein. Also from these results we hypothesized 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 different
CI strains: C1 wild type, NG7C, UV13-6, UV18-25 and protease” mutants of UV18-25). Also the

30  effect of the presence or absence of the CBD on enzymatic activities is analysed in more detail.
Overexpression 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 glycolytic_: enzyme.(xyianase) having an N-terminal CBD is the Fusarium
oxysporum XylF. The CBD of the C}ujzsospa}'ium lucknowense Xyll protein has the sequence:

35 WGQCG GQGWT GPTTC VSGAV CQFVN DWYSQ CV (amino acids 22-53 of SEQ ID No. 4).

This sequence does not comply to the CBD consensus sequence described in US 5,763,254 (Novo).



35 Hum col a grisea honol ogue (74%identical / 82% honol ogous) is
noteworthy. It is also noted that in 6 OCT 2004 WO 01/79507 -29- _.
PCT/ NLO1/ 00303 all cases the cl osest honol ogues origi nate frong Bgsampum

Hum col a giARhy Pyrenonycetous (Sordarianycetous) fungi Eq.m}_% /3330
wher eas Ch(wysasporl um bel ongs to the Plectonycetous (Euroti % _cét ou%)
fungi according to the NCBI database (Table 4). Thus the invention al so

ol anases s cisuRi hatbich o VY BEs 2P REN R0 KO E5 CHINCI IR s -
gl ycos- i SYAL-EMRIKBECMNCT ErsGAR S METLA at-EK @NW—WQ&%Q@I—NrWA-W/FN-Y-
(7a152) " SLRBYER G HRRIT I Bitel i b e o oh Fan B Spa e i35,
Neur os porraeaus absat. FoO1difipresfceBmith tﬁbB&GiGi):genWtel ébﬂ&ﬁh@&% GraiDind pedsert th Xyll,
723"yt bR e bt S RE T abor e amemion iy perfios o Wpisoass fomapan N-
1--1 nconap}mﬁat’xjﬂbddlﬁema frons elis mans(eﬁéiulﬁ%Dtﬂ(dCRBer B3 6 )FM@H&&S&@.Eﬁmm
ey LR A e )
e gt v s s b, s
'1; Lgalp mel'd efr%”g@ “"Nﬁfﬁ’f‘) “ﬁ’“ﬁéﬁ's %Pglhammﬂo agifiubhe, THAPIArP punesition B3 otreb lepstiope
eventls i noftthe fidF @ARS bdigs Yalit SRRIOR1BIGR & Sisiivoni 22, PHOGE posltidl 23, &ANGNI a¢

P P. J M A., Jacobs- Mei | B.J., Pouwels
B L) o oS g FrelBeLiovsnEes ORgnE st e R KA e C oK B Py AloRydblnt he

gl ycer al dabyue=CysPhASERAGE-FRIVA! ShRPRSal, GIn-Tyr-Val, Val-Cys-Gln, Val-Cys-Gln-Phe,
and Val-Cys-Xaa -Phe-Val, wherein Xaa is any amino acid or preferably Val, Thr, Arg, Glu, GIn or
Lys, or most preferably Gin or Glu.

15 The xylanase ddes not possess MUF cellobiase activity and is thus a true xylanase. It possesses high
activity within a broad pH range from 5-8 maintaining 65% of maximum activity at pH 9-10; it is a
member of the xylanase F family. The correspbnding xylanase promoter, which is a preferred
embodiment of the invention, is shown in SEQ ID No. 3. The Michaelis constant towards birch xylan

is 4,2 g/l for the 30kD xylanase. Temperature optimum was high and equal to 70°C for the xylanase,

20 Gpdl
The DNA sequence of the C-terminal part of the gpd/ gene is not determined. The promoter

sequences of this gene is a preferred embodiment of the present invention and is depicted in

SEQ ID No. 5.

The expression level of four Chrysosporium genes was studied by Northern analysis. Various

25 strains of C. lucknowense were grown in rich medium containing pharmedia with cellulose and
~ lactose (medium 1) or rich medium containing pharmedia and glucose (medium 2) at 33°C. After

48 h, mycelium was harvested and RNA was isolated. The RNA was hybridised with 4 different
probes: EGS, EG6, Xyll and CBH. After exposure, the Northem blots were stripped and hybridised

again with a probe for ribosomal L3 as a control for the amount of mRNA on the blot. Most strains

30  showed vefy high response for CBH and high response for Xyll in medium 1; in medium 2, half of
the strain showed high response for all genes, and the other half showed low response. The order of

expression strength was deducted from these data as CBH > Xyll > EGS > EGS.

The protein Xyll of C. lucknowense is 67% identical (72% homologous) to its closest homologue in
~ the Genbank DATABASE (Table 4). The strong homology of the CBH! protein to its related

35 Humicola grisea homologue (74% identical / 82% homologous} is noteworthy. It is also noted that in
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Table 4: Structural and comparative data of CBHI, Xyl1, and GPD1 of the invention.
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Description of the figures

Figure I is 2 pUT1064 map

Figure 2 is a pUT1065 map
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gacctcttgccatcttgccgacgccgeccccttttttttctcctcccecct gccggcaggt 1380

cggt ggccccagt cccgagat ggcatt gectccgtt gt ccat gacgacccat cattcgat g1440

gct gact ggcacactcgtcttgtttgagcat cgacggcccgcggecccgt ct cccacggt 861 2004
cggaacctc t t aca_gt acct ct cgt aat gat acggpacaccggggccgagcgcet gg
agggcggcgWReVPs8hagccgggaaggegget ggcecgget gacct tt gt gact t ggcggﬁwu‘"’?"“

at ggat gcggccat ggagaat gt ccgt ccgaagcgacgcgacaat t agcct ggct accat 1680 WO

01/ 7950 Q@ 904 ; - 32- PCT/ NLO1/ 00301

cgat at aaatt gggt gattcccagct ctt gat gggcgtgtcttctgcctggcagccctcg 1740

t ct t cagaNaaagguentgtagidahdabcatitit ctgm@l@fé@&ﬁﬁfd&_ﬁbmﬁmiw@&e MY A K
FAT @M@m@m@@mmw ICFGAECCST @GP 11860 L
A AL VA7 )A e ;% eegu FeaA(Ei3(-4451) and intron sequence (2179-

CACCCCT BFTE0CCECAGCTGCACCAGCGTCCAGGGT 1920 H P S L
TWSKCTSGGSCTSVQG
TOCATCAGEY CRYCTEARMCGRATACRONRARGAETGE, 4980 S T I D

ANWRWTHRTDS TNC
TACGAGGECAACAABTRATBAGERGCT ACT GTAGCRARGEECATTCIT GNRUEEESAAGE 2840 120 E G N
KWDTSYCSDGPSCASK

TGCT GCA PE A e e A S P AC P G AR A T RS A FEACE AT X ISSPAAETEEC Y90 188 Cc | D

CreanocT BRI R R R AP T AR BR T CREPATIREPRBETACSS 180 290 L K F

V T K Gg@c¥gbedcttdgtiggioBgdcctaggcccaacttagggtgateggaggtegatgeege 300
CTGATGCGAGAGCGACACCAAGTACCAGAgt aagt t cct ct cgcacccggeccgecgggaga 2220 L ME S

D T K YoQEHftgelt tagigtoeagt ct ot gatyoyaalatacaCTGTHOTAGCA CETOBGLARERAGT T

2280 F QL L GNEF
CACCTT ?ﬁﬁfﬁﬁﬁiﬁﬁfﬂﬁﬁ&ﬂé@?@ﬂ%fﬁ?ii&ﬁﬂ?ﬁé&ﬂ?EEEE%E&?H?E&G??EE#*9%%0 “2PFDV
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D G G McEglfgangtS e dyd§chtalght ¥rggggaaatcgacctcaacttccatacaagttaaa 540

CGGTACCGCCTACTGTGATTCT CAGT GCCCCCGCGACCTCAAGT TCATCAACGECGAGEC 2460 G T G Y C

D S Q Cgpcgpqupqqggqgagt@pga¢gaagagacacatttttttctgaaggcctctctccccg 600
CTGECAGAGCT CGACCAACGAT GCCAACGCCCGGCACGEECAAGTACGG 2520 N V E N
T§g§§@q&%§c?aegﬁp9a%9actgcagaagccggggtaagtgggccaccgggac 660

m/Q S s
AT O G A AT G LA AT HR TR ACT 05 2580 728 C C S
CCACCCT A STy NEGBCGAGE SEEX T € S LAGFICALY CT 4 F(F Gl AEd b 2640 780

aaggagtatctacggcagcgctgttcgtgctgegttgagagtcagggcggagacgagcag 840

gcgacaggagcctcgcaccggcacttcggatcgcatttgcgcggagcgtcaaatacgctc 900
ttctgcggtcatcagagagcatcgtgaaécaaggttcttccgcagggcggcctgggcttc 960
g@agagtcgcactcggcggacgccttccgtgtcacccctgataacctggctgécgcgccc 1020
agactcctccaatgaggtgtgtggttgecectcgecgacecttcagcaaccttaategett 1080
ccatcgcacggctccacgtcctcgaacgatgccctcagtccgtgcccggccgtggcaacc 1140 -
'ataacgtgacatcgccgcccagcctactagccgctatcgaccggttaggcttgtcaccgc 1200
agcgcccattctccatcecgggectctactctgatccacctecacccaccgcaageactageyg 1260
-agcctcaccagagtgcaagégacaégacccgcttggcccttcgtccttgaCtatctccca 1320
gacctcttgeccatcettgeccgacgecgececcttttttttetecteccectgecggcaggt 1380
cggtggccccagtceccgagatggeattgcteecgttgtccatgacgacccatcattegatg 1440
gctgactggcacactcegtettgtttgagcatcgacggeeccgeggeccgtcteccacggta 1500
cggaacctcgttgtacagtacctctcgtaatgatacccaacaccggggccgagcgctggg 1560
agggcggcgttcccgagaagccgggaaggcggctggccggctgacctttgtgacttggcg 1620

atggatgcggccatggagaatgtccgtccgaagegacgegacaattagectggctaccat 1680



HPCWVI GQSRCEGDSCGGTY
CAGCACCGACCGCTATGCCGECAT CTGCGACCCCGACGGATGCCGACTTCAACTCGTACCG 2700 S T D R

"YAGI CDPDGCDFNSYR 6 0CT 2004
CCA&IBCAA%é%@?CTTCTACGGCAAGGGCATGA CGACACGACCAAGAAGATCAC 2760 Q G N K
TFYGK"MW Y DTTKKI T "4 PCT/NLO1/00301

GGTCGTCACCCAGT TCCT CAAGAACT CGGCCGGCGAGCT CTCOGAGATCAAGCGGTTCTA 2820 V V. T Q F
LKNSAGELSEI KRFEY

CGT CCAGA AT AT G RABT L ARACSRRaR0a] 880 .-\ QN
GKVI PNSESTI PGVEGN SO A880 174y

CT CCAT CACCABRACTEaT CosAtNRRAGAA ORI HCORTCARCECAEAETIF @240 180b T O
DWCDRQKAAFGDVTD?.6 OCT 2004M WD CA/ 7@507 -8B3-T

PCT/ NLO1400Q T GGT CCAGAT GRECAAGGCCCT CROGEEACCCATGRTCCTCGT
QEG T%Aq@ay CC@GCACTCTGACCGCTGAGAAC 1860

3000 Q

CATGTCCATCTGGGACGACCA cATETE eTAAETEACTECAAE 3060 MS | W

D D H A cadtcdicteWaheBr&TcoNARThcacsTeT
mmmmm%@%w% f;'%‘ 0 '‘FEac
KPGAERGACPTTSGVP

CGCTGA EeR e AR FECAAT AT BT TG ACAEPAITETEICABCIE80 198E V E
AEAPNS I‘FRMITRFAR W T HRTDS ATNC

e Rl SRR e R BRAE AR AR ofub © S
TVSG Y B DG KGN B Np = ,
CGTCAGCTCGTCCACCOOGGTOCCCTCCT OGTCCACCACATCRTCRadT T T 3500 vs s s
T P V PTSCISGEATCAIAGE (B TSAS TEBC PCGAGCACCTATGGCATCACCACGAGCGGTAACTCC 2100

- GACTGGCGSCAEGEET BT CEET AAGBACYATEAGCAAT GEGABGEAATIOGAGT ECAGTGE 3860 T G G T

L . san 2
CCCTA G ERFIRISHRCTCECATRCCIAZ0 QcC
ESPYTCTKLN Y's I M1 ¢ 5 R T Y

CCTGTAASTGATGEACACE@RREUAdaTACE ARUAGH SR 480
tttattttica¥t cEggagtmctmt cgct gcagcagt a%ggggg%%%ﬁa{cﬁ 't c%?%?ggggggo 2220
caaaatggcttcttttcagaccatgtgaaccatcttgatgccttgacctcttcagttctc 3600
act t t aabgREFIFIHRIHGIEL g0 a9 gaicmgargE A6 T CCRGATATACEaanacGABSH0 2280
- cct ggaagt gggt ct gggcct tt gt gggacggagcecct cttt ct gtygtict gga§ag¥ccE37R0

PR R i s e S R L R

gagagcacat t cat cggcgcagggat acacggt t t at ggaccccaagagt gt aaggact a- 3900

t t at t agEEGEAT GG TBCFCATCLAGECATEIJRAGIT A CReCaYIoEaacachactast£ad60 2400
S M b A D G G M 858 K Y S G N K A G A K Y

CGGTACCGGCTACTGTGATTCTCAGTGCCCCCGCGACCTCAAGTTCATCAACGGCGAGGC 2460
G T G Y C DS ¢ C P R D L K F I N G E A

CAACGTAGAGAACTGGCAGAGCTCGACCAACGATGCCAACGCCGGCACGGGCAAGTACGG 2520
N VEN W Q S 5 T NDAWNUG BATGT G K Y G

CAGCTGCTGCTCCGAGATGGACGTCTGGGAGGCCAACAACATGGCCGCCGCCTTCACTCC 2580
s ¢ CSsS EMUDV WEWA AININMMGAUBDA F T P

CCACCCTTGCACCGTGATCGGCCAGTCGCGCTGCGAGGGCGACTCGTGCGGCGGTACCTA 2640
H P C W V I G Q S R CEGTUD S C G G T Y

CAGCACCGACCGCTATGCCGGCATCTGCGACCCCGACGGATGCGACTTCAACTCGTACCG 2700
S T DR Y A G I CDUPUDGTC D F N S Y R

CCAGGGCAACAAGACCTTCTACGGCAAGGGCATGACGGTCGACACGACCAAGAAGATCAC 2760
Q G N K T F Y G K G MT V D T T K K I T

GGTCGTCACCCAGTTCCTCAAGAACTCGGCCGGCGAGCTCTCCGAGATCAAGCGGTTCTA 2820
V.V T O F L KNS AGE L 5 E I K R F Y

CGTCCAGAACGGCAAGGTCATCCCCAACTCCGAGTCCACCATCCCGGGCGTCGAGGGCAA 2880
.V O N G K V I P N S E § T I P G V E G N

CTCCATCACCCAGGACTGGTGCGACCGCCAGAAGGCCGCCTTCGGCGACGTGACCGACTT 2940
S I T Q D W C DR Q KA A F G b v T D =2



aacttttggtagacccaattacaaacgaccat acgtgccggaaattttgggattccgtcc 4020

gct ct ccccaaccaagct agaagaggcaacgaacagccaat cccggt gct aattaaatta 4080
tatggttcattttttttaaaaaaattttttcttcccattttcctetegettttctttttcpd 2%4
gcat cgt agt t gat caaagt ccaagt caagcgagct atttgtgct at agctcggtggcta 4

t aat cagt ac § &4gaggct gt aaaggt at gat cacagcagtattcgcgctathENRPUMBm
agcggcactcctagactaattgttacggtctacagaagtaggtaataaaagcgttaattg 4320

ttctaaa &8 atatatatt acccta cttatta 4380
tccct att %‘%@;‘%@gg %%t Eg E €ETEGY0 3000
agggt t caaaa 4451 01/ ( 4 *234- PCTYNLO1/ 00301

Ani no ammdGatcamom¢Gﬂﬁtdﬂ@tﬁsga@@T¢AH@§$@H¥c@t@&ﬁtéhcf@ﬁ%d@ﬁb%& E TSGR
peptide (#18) Is @howndD nHitalic letwers and thepcel | ul oge pbi fdi ng domai n
(496-526) is shown in boId underllned | etters. MYAKFATLAA LVAGAAAQNA

CTLTAEN [E)‘éA CEEFSFTERSF IR JUSKNGRATEFC TERSCANCYEGGRRPDTSY CSEL 20
GPSGASKCC STYAL00 | ?Ts%a\ls‘iN@ KEVTRGEYST? N '@SIQTYI?I\/EGSD‘TKYEJVFQ_
T oD AL LIRS DLKFR00
| NGEANVENR OBS TNDANAG, TERY SRSk

CGGTYSTDRY AG CDPDGCD FNSYRQGNKT FYGKGMI'VDTSOO TKKI T\ QF LK ACGEL SE
| KRFYVQRERCHT PREESTI AR CGTETNSE FUIREC COEDRGRAGEKS: (A GIRAQISCRA MYEBEIKALAG ¢
- PMVLVNBI VB DHAVAMSAL 3400 STWHS DEAGIP PEAERGAEPTS TSGVRAEYEANEAPNSAVI FS

NI RFGPI é VSSST PVPSSSTTSS GSSGPTGGTG VAKHYEQCGE00
e e L
conpl ete Chrysosporium gene |nclud|ng pro d Perfi nfat or
: sequenceacTﬁmcmunﬁﬂcG%&qme@cfaidcé%@%kcAG&ﬁif@d&ﬁé&bﬁﬁ%&@%&%@ G 360
(2428-3030(3628)) Tn@ | Bt ran wequences (4043- d1kb, 11181- 2332 B31)
1596(1595)-1674(1672) are given in snmall case.

t cat caaEF% fAQ GEE R ARNCTT SEHECAAGEAPNTRICTGEFRCTOCCRGIL 3420
tcatctccg gt gdot et Ecahacgadyctt c§ggécdat dtt daadt cggdad 120

gaaacgge&f@ﬁ%%ta%@%%& R R e A R L S 0L e il 3400

cagaggacat. Cg at caaccgaagaac gccgaaagga
ggt agggat gt tgagiaatet §gagt ddicai-aeeh SosH AR LAIEL 8L BELI G300 3540

agacct gttt gat gaggcgagggcggaggccgcattgtattttcgttccttccttetttt™ 360
caaaatggcttcttttcagaccatgtgaaccatcttgatgccttgacctcttcagttctc 3600
actttaacgtagttcgcgttagtctgtatgtcccagttgcatgtagttgagataaatacc 3660
cctggaagtgggtctgggcctttgtgggacggagccctctttctgtggtctggagagccc 3720
gctctctaccgcctaccttcttaccacagtacactactcacacattgctgaactgaccca 3780
tcataccgtactttatcctgttaattcgtggtgctgtcgactattctatttgctcaaatg 3840
gagagcacattcatcggcgcagggatacacggtttatggaccccaagagtgtaaggacta 3900
ttattagtaatattatatgcctctaggcgccttaacttcaacaggcgagcactactaatc 3860
aacttttggtagacccaattacaaacgaccatacgtgccggaaattttgggattccgtcc 4020
gctctccccaaccaagctagaagaggcaacgaacagccaatcccggtgctaattaaatta 4080
tatggttcattttttttaaaaaaattttttcttcccattttcctctcgcttttctttttc 4140
gcatcgtagttgatcaaégtccaagtcaagcgagctatttgtgctatagctcggtggcta 4200
tgatcagtacagcttagagaggctgtaaaggtatgataccacagcagtattcgcgctata 4260

'aQngcactcctagactaattgttacggtctacagaagtaggtaataaaagcgttaattg 4320
ttctaéatactagaggcacttagagaagctatctaaatatatattgaccctagcttatta 4380
tccctattagtaagttagttagctctaacctatagatagccaaatgctataataggtacc 4440

agggttcaaaa 4451



t gt t agt at at ct nagggtt ccat cgt aaaat ggaat cttccagct ct act agtaattag 420
aacaat agttctgat gt cgt gcgccaagctttttcagat gact gccaaaaacccat catg 480
ggt at ggacaaaagcagt aat cggagt cacaacgccgcattttccttcatgatttccgtc ?gﬂ 2004
aaccggagaqgt c?,?%ggaggact ccggccacat gt gg gcgaagaagt acat ggcgcca 60
tggttct aactPd gt ct gaaaat gcgcggaggcagcgaagccaagcccgggaad@yylo1/00301
cgttcttgtcatggtttcagtattgtttcgctaaacattctatccgattcgcgataggtg 720
- cggct gc%&gﬂ%%%.t at cctt aaagcttt ggt aagt acggagt acggaaat ggaa 780 6 OCT 2004
WO 01/7 -35-" PCT7 NLO1/ 00341 '

acgcyccyeasiCatogt é £Calngaelat @9599993619&5&%%&&%%8@@%9?&&?& Ative
-Cgggat at glilgnatapaggbdat gagagacaagnbgs ane AGNGeCaeetE e CAl LT llulose

cggt t gcdvaciding gdomg oyactafeiSegh cLgchhomt anc hgaageatietl 1 cagagalel s .

ccat caaacATGCGTACTCTTACGI TCGT GCTGECAGCCGCCCCEGTGECTGTGCTTGCC 1020 MR T L T
F V L AMYAKFATUAA IVAGAAAQNA CTLTAENHPS LTWSKCTSGG SCTSVQGSIT 50

CAATCTO@BQE?E%%QS%EEQ}:@FE t C agit.caccactag 1080 QS P L W
G Q C agggacttaagct cact acttgcgggp?ggé\‘%ga 9}8%%@%0 1140 G G

Q G W T I@TEEASGAOGHSERED Y CRECSAEIATCRMTTNFREANGREASFRASt GGt ttatt 1200
PTTCVSGAVCQFVN

tcttttcVENEECHEHNG tAMSMPAT GEHSK ABTNIACNKYGTEYCgDROE RRmtR Iyt 2260
tttattacca

tgtattg tttttqgtgtgtgagaggt cct aaaggccatttgctaacl320
aaat ct c&&’%%*%&# PR S ECUR FHEASREA CEHTRIMGG26980 D WY S Q
C V P GrgospM:dpd ‘ '
CACCACCA B G R PR AT S P S R A TSR a0 T T S S T

T G S TTRKATWTOIGC IENGAGEDSHS TKRFYVONGK VIPNSESTIP GVEGNSITOD 350

CGGCCTCCACGACAAAT TCAAGGCCAAGGEECAAGCTCTACT TCGGAACCGAGAT CA 1500 GL HDK
F K A KWCBRRKAARG DVETDPOPKEG MPOMGKALAG PMVLVMSIWD DHAVNMLWLD 400

CT. ACCATW(@ATGCCF TGACCAACATTGTCAAGAAAGACTTTGGTCAAGICAC 1560 Y HL N N
NALT QSAER@ﬁEF@vﬁSGVPAEVEA EAPNSNVIFS NIRFGPIGST 450

TCACCAG)S L bk NP BR S S TAC I T8 880 EE RS ColbRg e C 500

IGFTGPTQCE SPYTCTKLND WYSQCL * 526

SEQ ID No. 3
DNA sequence sequence of complete Chrysosporium Xyll gene including
promoter and terminator sequences. Promoter sequence (1-969),
terminator sequence (2428-3030(3028)) and intron sequences (1043~
ii;gi 1181-1332(1331), 1596(1595)-1674(1672) are given in small
tcatcaacttggcgtttggatgtactaatattacacgtcgtttgcnnagcggagtptgtg 60
tcatctccgtggggtcgggtgctccagacgacgcttcgggccgatcctgaattcgggaag 120
gaaacggttcggctaatcaggtcctctaaaatataacgaagcactacagagggagttcct 180
cagaggacatcgtatcaaccgaagaacgaagcgccgaaaggactgatcaaaacaggagta 240
ggtagggatgtgtgagtacctaaactttccatacctgacataaaatcatcatggtgcttc 300
agacctgtttgatgaggcgagggcggaggccgcattgtattttcgttccttccttctttt 360
tgttagtatatctnagggttccatcgtaaaatggaatcttccagctctactagtaattag 420
aacaatagttctgatgtcgtgcgtcaagctttttcagatgactgccaaaaacccatcatg 480
ggtatggacaaaagcagtaatcggagtcacaacgccgcattttccttcatgatttccgtc 540
: aaccggagaggtcggaggaggactccggccacatgtgatgcgaagaagtacatggcgcca 600
tggttctaacctcttatagtctgaaaatgcgcggaggccagcgaagccaagtccgggaac 660

Cgttcttgtcatggtttcagtattgtttcgctaaacattctatccgattcgcgataggtg 720

ngCtgccaCCgaaggttgtatccttaaagctttggtaagtacggagtacggaaatggaa 780



1620 HENS L KWDATEP
gacaat aat agat aatt acgagccggt t cgaggct gacatt gcgcgatt ct agCGAGCCL680 S R
GCAATCAATTCAACT TTGCCAACCCCGACGOGGT TGT CAACT TTGCCCAGGECCAACGECA 4 73 %ﬂf‘) FNF

ANADA FAQANGK
‘AGCT@TCCMR&CCSTCCTUG@CAUUC&&TGCC@CAGTG@GTGCAGAA@CIWI49”1101 RGH
TLLWHSQLPQWYQN I

TCAACGACCGCAECACCTTGACCCAGGTCATCGAGAACCACGTCACCACCCTTGTCACTC 1860 NDRNT

gAgA\A%J&%AAgE éclr5 cha P R A R RS ARRRARER  A500 8\?‘0 K G K

|l L H VvimgtdtdﬁtEabaEaegEtiléEdigacaagatgcaccacccgcccccttcccatctgc
CGCTCCGCGACAGCGT CTTCAGCCGCGT CCTCGGCGAGGACTTTGTCGGCATCGCCTTCC 1980 L R DSV
FSR VCQQQﬁqgqgapgvcgppgwpgaq¥gcttgtccgcttcctacctgcagcctctttcagaga 960

ACATCAACGACTACAACCTCGACA 2040 A A R A A
DP N A %‘é TGGCAGCCGCCCCGGTGGCTGTGCTTACC 1020
TTGCCAACT ACGCCAAGGT foctockarradredaciacteRTdbede 2100 A N Y A K

\Y T'F?(EAATtﬁECKCVGNGKG&%¢AGT§EJi@@§Itaggétté@%éggaE%QQthégccggzgawLqg@QOBO1
AGGGCATCLCEAT ECGACCHATECECACCCAGT GCCACCT GGA 2160 G-

HLAGPGGWN
Sckogxgﬁ%@g@é@é?@@m A CECECTE G YISO AGEF CAPGERIRGGIZ20 1T40 A G V
PDALKALAAANVKE]! - GG QG WTG TEL
TCGCCATRAGRRAGEE Mﬁﬁ%%ﬁf%ﬁ ACTEASCET AT 3280 150k

DI AGATS ANeDY LsT
ACGCCTGCCTCCAGGTCTCCAAGTGCGTCGGCATCACCGTCTGGGGOGTCTCTGACAAGG 2340 ACL QV

S K C *FaGUEtTLytit @yaSdrdétdtegttttgcacttagettggttetgcatttcattgt 1260

tgtattgttctctttttgtgtgtgagaggttttattaccacctaaaggccatttgctaac 1320

aaatctceecagTGACTGGTACTCCCAATGCGTGCCCGGATCGAGCAACCCTCCTACGGG 1380
b W Y S 0 C V P G S §S N P P T G

CACCACCAGCAGCACCACTGGAAGCACCCCGGCTCCTACTGGCGGCGGCGGCAGCGGARC 1440
T T § s T T GG S T PA P T G G G G S G T

CGGCCTCCACGACAAATTCAAGGCCAAGGGCAAGCTCTACTTCGGAACCGAGATCGATCA 1500
G L H DK F KA K G KL Y F GTTETID H

CTACCATCTCAACAACAATGCCTTGACCAACATTGTCAAGAAAGACTTTGGTCAAGTCAC 1560
Y H L N N N A L TN I V K X D F G Q VvV T

TCACGAGAACAGCTTGAAGTGGGATGCTACTGAGCgtgagtgacctctcctccttctccc 1620
H E N S L K W D A T E P

gacaataatagataattacgagccggttcgaggctgacattgcgcgattctagCGAGCC 1680
S R

GCAATCAATTCAACTTTGCCAACGCCGACGCGGTTGTCAACTTTGCCCAGGCCAACGGCA 1740
N O F N FANA ADA AVVNTFI AUOT AING K

AGCTCATCCGCGGCCACACCCTCCTCTGGCACTCTCAGCTGCCGCAGTGGGTGCAGAACA 1800
L T R G H T UL L WH S QL P .Q W V Q N I

TCAACGACCGCAACACCTTGACCCAGGTCATCGAGAACCACGTCACCACCCTTGTCACTC 1860
N D RNTULTQV I ENUHUV.T T L V T R

'GCTACAAGGGCAAGATCCTCCACTGGGACGTCGTTAACGAGATCTTTGCCGAGGACGGCT 1920
Y K 6 K I L HW D V VvV NE I F A E D G B8

CGCTCCGCGACAGCGTCTTCAGCCGCGTCCTCGGCGAGGACTTTGTCGGCATCGCCTTCC‘ 1980
L R D S V F S RV L G EDF V g I A F R

GCGCCGCCCGCGCCGCCGATCCCAACGCCAAGCTCTACATCAACGACTACAACCTCGACA 2040
A A R A A D PN AIKTIL Y I ND VY N L D I

TTGCCAACTACGCCAAGGTGACCCGGGGCATGGTCGAGAAGGTCAACAAGTGGATCGCCC 2100
AN Y A KV T R GM V E K V N K W I a2 ¢



ACAGCT GGAGGT CGAGCAGCAACCCGCTCCTCTTCGACAGCAACTACCAGCCAAAGCCEG 2400 S WR S S
SNPLLFDSNYQPKAA
CATACAATCCTCTGATTAATGCCTTGTAAgaggaggt atattattttt agaggcaatgaa 2460 Y N A L

N A L * gctaggaggaaagaggggaagt gaggt aat t agct aggacaggcaaat ct agcggpEabine520

at aagt caacwatmtresozaaat at t cct at aat ggct 86t gct t cggt gt gcaaaaaaaap®rRPe1/00301
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaact caaaaacaaaaat gat ccaacat gatt 2640

cgaaat ggcgacct t Eaggtgcacagg%fa atagéagggctatacaatacaccttaaaZ?OO '
tggcaccgﬁgﬁ% GRESTREFEEES 2160
£ t dat dt g&gt tg%laclc'atﬂgc?gtgt g%gt%at%SﬂO

t gt cgat gcaagggtt acgt cagt gt~ :
tct CCaCtzidé‘c%c@@@éééé@ﬂ@&ﬁéa‘&%&&kﬂ&&é&ﬁ%é@%g éfé‘ﬁ% g 2220
gcgcect cagat ggcact §t ggctet of t ggghacgat gacgt Gyt ggt T Cty cgaa
gaccaggt atttct cccgt ggcaacaaagaat accaaat acct at at cgaaccgt agt ct 3000

t ct gat adk REEGREE C3080GSET AT ANACGACARTCTCATE G cpagnenees of
conpl et e FchrlysdspBribimXyl1 proGei A. Théd $H gal Ypebt iTle Y 1M0N i s shown in

italic I 9 A éTg?ﬁ%ﬁ%ﬁ% »  pinding domain (22-53) is shown in bold
. Al C

under | | AT LaPeEREe %ge‘éw%w? eé ﬁ%@gmevc@w[ws

51 QCVPG%SNPP iGT SS§I'T Al aL DIYFK?: KEKLYFGTEI® 161 BHYHL NNNAL

TNI VKKDE@GWEB&WMN@NECWAG@%CM&%GEEEW%&@
VWQNI NDRNT BTQRI BNHVT ELVERYKGKL 201F LHWD¥VNEI Fy ARDGS RSV aF SRVL GEDF
Gl AFRAARAA DPNAKLYI ND 251 YNLDI ANYAK VTRGWEKVN KW AQG PI D G GTQCHLAG
PGGANTA&??iﬂgééT@mmTMWKEFﬁFMamm&smgvamm\nwmasmv@ TN 351
VSDKDSVIRSS SNPELFDSNY OPKARAYRALF NAL* 6 OCT 2004 WD 01/ 79507 - 37-

PCT/ NLO4.0Q3Q4. , f |al rysQsporium gene
el udi g e et cr S Oa et s St ey aB Rk fae L AR
sequencat@i§Baadadigtara@adicu€lctfaSd@ldgctaglgci @yt gi@edahahhe 9ty 1S
| acki ng. tgagcagcaat gagcagcaat gagcatt cct gggccaccgagt ct'gagt gccagt acgga 60
gt at cgt 28R Reft AFFFRCLGgare gyt garyyttgebhbbcaggiattieegatgaceggdRd 2640
at caaat at gt gact ccaacat cgcccccttcggcaa 180

Setkpapie

t t t ttt
222028? % %%%?%ﬂ?@%%?%%g%eeeeeae?@ eLeCEREERIRFAGgaagattaam 2700

gaacgagebhth tHCLRISGEIRELCO60G5 Al ARGIYEAYSEHRLSATSCE LRSS 309

2760
tgtcgatgcaagggttacgtcagtgtatgatatgagtatgaaCCatgctgtctgggtaat 2820
tctccactttccctccccttacgactcttcgggtgtgcctctctagaaagtcgactcctg 2880
gcgcctcagatcgccctttggctctgttcggtacaatgacgtccgctggtttcttccaaa 2940
gaccaggtatttctcccgtggcaacaaagaataccaaatacctatatcgaaccgtagtct 3000

tctgataattagatgtctctcaaggegegg 3030

SEQ ID No. 4

Amino acid sequence of complete Chrysosporium Xyll protein.-Thé
‘Signal peptide (1-20) is shown in italic letters and the cellulose
binding domain (22-53) is shown in bold underlined letters.

1 MRTLTFVLAA APVAVLAQSP LHGQCGGQGW TGPTTCVSGA VCQFVNDWYS

51

101
151
201
251
301

351

QCVPGSSNPP TGTTSSTTGS
DHYHLNNNAL TNIVKKDFGQ
QANGKLIRGH TLLWHSQLPQ
LHWDVVNEIF AEDGSLRDSV
YNLDIANYAK VTRGMVEKVN
PDALKALAAA NVKEIAITEL

VSDKDSWRSS SNPLLFDSNY

TPAPTGGGGS
VTENSLKWDA
WVONINDRNT

FSRVLGEDFV

KWIAQGIPID

DIAGASANDY

QPKAAYNALI

GTGLHDKFKA
TEPSRNQFNF
LTOVIENHVT
GIAFRAARAA
GIGTQCHLAG
LTVMNACLOQV

NAL*

KGKLYFGTEI
ANADAVVNFA
TLVTRYKGKI
DPNAKLYIND
PGGWNTAAGV

SKCVGITVHWG



act gat ggccgt gt cact agt gt at gct cccagaaccgcaagcat acact gggcaat gct 360

t ggt at gcagt t gaggcagctttatgtttccatacccttccacttcggct cggggactcg 420

' gcggggt cgcggaagt t t gacggcagcecgt . cgggcect t aggccgagat t accgt ggtt gt 480
ggcccagttttagecgttccegtcecgtttcctaccggaccat gattttcgt gaaccattg SATT 2004
caat cccgaawogaabsdrccgacgt t aaggagt t accBécgcet gcccagaat t cat gat epca@9Lo1/00301
gt ggccggcet caaggcagcgt ggcggggceat ccgt gt caagct cccaggaggaggt gcge 660
gatttcaaatcc gccaaaacaggccaagactggctggccaaaaaaaggagcgtagacg 720

gcccgggacse a @fcégctcgcagccacccaaaaccggtccgatctactcgcttac 780

tgt ggt agt t.c actttt aa acgctac cag% ccggggggttcccc 840

091 gac z%%e;@ cofpfstal evts e i o
ct cgt gt cEidiht Gahcl gsﬁaixgcgn%q 9%998 '0ég S? gq®

Sino-
ccaagacctaaaacagacagcgccgcaaagtcgctcactagcaccgcgaaacga gat ge 6

cccacct capggeagahatgh gah geaageraht §0geo@RiacageCAE4A SR R8E 4080 60
ggctcaaccatttttattatcagctcatgccaccacaacatgactgttttctttccttge 1140

t'cat ccc ATV Fachhaahe eedIapitttaat ttertIatgtaciyyteatcesyetgct2g01 20
t gat aaccacatl ctctica tcaa ct caaagct ccctcatccctccaggta 1260
agcagccé%hga%%%gg%cc%% ate %ﬁg?ﬁE%ﬁégkﬁﬁﬁfﬁéeFﬁ?%ﬁ?ﬁﬁﬁﬁ?@Fngéﬁ0180
0}
cgcgacceracagacaabsesasasdt étmkeesﬁeﬁﬁ%%gekaeeggﬁg{&f%%ggcﬁﬁ 240

caacccaagcct ttaaaaagctiticccttctcccacggt gt caactctgtcc

ccgacat apgicgggtt thagaant eeygaacetdd Baeeeyaga s gogit aneetacd280300
catcaaaccaccctgacagctcgctcactcacctccccacatcacagaaatcaaaATGAC 1560 M T

TATCAA EARETAT I SICEF ST CEREPATOCAET FOCEINODOCATLA6R 0360 K V G

YT (Y A

0117950?gc@g%c&@@é‘aag@@cga%gyc%gééQ%Ec%t{é&;?g%%%é‘{:éécgggé‘g NP FI

PKY A- Tgtaagtagttttttttttccttcctcgcgttc t ccat acgagat 1740

Gat ct t geEFgeeghat tygaoed Harogtgat t gt octacaygGACT AGNTKEEHAAGEATa 18§40 Y M L K
Y GACTCGACCCACGGTATCTTCAACGGCACCAT CGCCGTCGAGGECAACGACCTCATTGTIC 1860 D S T
HGI qqaéc?cgaﬁgQg%§Q§qqqgaEgFt%ﬁggagttacctccgctgcccagaattcatgatc 600

A A AR e U TI CREAR 880,ed! © ¢ °

ACT CCT CgatA G AN AR S AR R LT IR AR AL A Ty 40P 0rh G A B Y

| ?ESTG V F T ?T7?7K A S -

tgtggtagttcaggtacttttgagtagtaaaaacgctacggcagggceggggggttccce 840
ggtgacggaggtgcctetgecggtggegaacatcccacgcactetegagectacggtgacae 900
ctcgtgtectgttggtettgcaatgetggggcggcaggaaatgegtecgegetecteccecgg 960
ccaagacctaaaacagacagcgccgcaaagtcgctecactagcacegecgaaacgaagatge 1020
cccacctcaacgcaatctgtgatgcaagcaattgggaaggctcaccccacctcagcgagg 1080
ggctcaaccatttttattatcagctcatgccaccacaacatgactgttttctttccttgc 1140
tecatcccacatttgacaaaaatcgtcgattaatctctttecatacaggecgtecgegete 1200l
tgataaccacataaaagtctcttcagtcaacagctcaaagctccétcatccctccaggta.1260
agcagccaaagagctcccccacggaccécgcactgcctcatcccgcctgtétcggacctg 1320
cgcgacccagcagagaatcccaaacctttgctgcttgctgcccggttccggactgagctg 1380
caacccaagcctttaaagagcttttcccttctcccacggtgtcaactctgtcctatccct 1440
ccgacatccgttgagctcaacaactccccgaaccttttaccchcgccgagétacccctc 1500

catcaaaccaccctgacagctcgctcactcacctccccacatcacagaaatcaaaATGAC 1560
M T

TATCAAGGTCGGCATCAACGGTTTCGGCCGTATCGGCCGTATCGTCTTCCGCARCTCCAT 1620
I K Vv 6 I NG F G R I GUR I V FRDNIS I -

CGAGCACTCGGATGTCGAGATCGTTGCCGTCARCGACCCCTTCATTGAGCCCAAGTACGE 1680



AHLKGGAKRVI I SAPSADAP
ATGTACGT CATGEGCGT CAACGAGAAGACCTACGACGGCAAGGCCCAGGTCATCTCTAAC 2100 MY V M

GV(I\\jGEKTYDGKAQVISN- AT CCACCACAAGT E,ZC
GOCT 0BT CCAGRAAH4fT COCT GGCT COOCT OGCCARGSTCAT Teost, ifafhaiol T T
NCLAPLAKVI HDKF G -- BT 01
CTCGTTGAGGGTCTCATGACCACCGTCCACTCCTACACTCI:CACCCAGAAGACCGTCGAT 2220 L VEG
LMTTVEHRYST-ATVOK TVD A V N D P F

GGTOOCT CT GCOCAAGRACT GB0GT GGT GGOOGT GGT GCT GCT CAGAACATCATCOOCAGE 2280 G P S A
K D VVFQ?9?§§QQ§9AtAtEFFF¢tchtqgtcgcgttctttcctgttccatcgacagtacgagat 1740

AGCACT: GGECCGT CGECAAGGT CATCCCTGAGCTCAACGGECAAGCTCACC 2340 S T G A A
anEgEGRFEfqgﬂgcfaacegcgattgtcgtacagGAGTACATGCTCAAGTAT 1800

KAV G

GGCATGTCOCT CCGT GTCOCCACCCCCAACGT TTCCGTTGTOGACCTCRoCTadbadeT& 2400 G M S L

RV P TG%cl\rde:Aﬁctsz’Atv’G@eri:ﬁpBCbGCACCATCGCCGTCGAGGGCAACGACCTCATTGTC 1860

GAGAAGGAGGCRACET ALGACGACATECANGEGOGPCAT CAAGRAGECCEUGECEIECCE 2460 -E K E A

TYDDI KAAI KEAAAGP - '

CTCAA FBF@@?@W%MW@W@%@ ABGATECQRRGEARGEBBO1920K G
acccag CAcTeAdG %547 F LRD Y P EBsED |b Nb W Ani Bo acid of

ggabg&%}{%@%ﬁgﬁ?ﬁﬂ&ﬁw %&8@2@%%@% %ﬁ?ﬁ’?&l@ﬁqﬁ %QE%LKYDS
THG FNGTI A VEGNDLI VNG KRVKFYTER? PANI PWPETG AEYI % Al SAH

L KGGAKRBEACCEBAPBAERERACAAIEINBKEY B A M 1SAS T GETTNCL AT A dAHGHBKEEL Yo 4 0
EGLMITVHSY ﬁATQ(TK’DGP SAKB\REGRS SAAQ\II [IPSST SAAKAVEKW  PEL RCKRTGMW-

_ SLRVPTP%M%T E),&, TYDD KAA | KEAAAGPLK G LDYTE WO 01/ 79507 CLAI MS 6
OCT 200 RAG C%??f CEGEMP‘é%%%‘PﬁﬁT@TF@C&A&ﬁr $50&pori um -
gl ycosyl hy roYase famly 7 exﬁl bt B 1 8ast #%anitnodci ¥ i dent i ty [

as’ det eGmedTmmmem@&cd&fdtcbageeaaw@cm&Aa%,%%aee d?i EQ ID
No. 2 oraa par¢ thereofN havi ng at peast a20kcogti gugis p ag ne agl

are identical to the corresponding part of the am no acid sequence 1 246
or 394- 5%6‘3'6?6' JETQRT GAZCAQCCPCGARRGSITACAE T FEERCTIRGAGGROCGTCAAY SZEPDI | um
gl ycosyl *hydr ot ase fan® yT10T exH bi%ifg At PeaBt F0% afi n¥acPd identity |

as det egArBEr PHRLAREARTECEEE 8 daccaTesTecTacTCAGARCATCATCCCCAGE 2280
G P S A KDTWTZ RGTGTRGA ARG BATQ ORDNTITI TGP s 2

AGCACTGGCGCCGCCAAGGCCGTCGGCAAGGTCATCCCTGAGCTCAACGGCAAGCTCACE 2340
S T GA A KAV G KV I PETULWUNGIEKTL T -

GGCATGTCCCTCCGTGTCCCCACCCCCAACGTTTCCGTTGTCGACCTCACCTGCCGCCTC 2400
G M s L RV P T P NV §S§ V VDILTTCTUR L -

GAGAAGGAGGCTACCTACGACGACATCAAGGCCGCCATCAAGGAGGCCGCCGCCGGCCCC 2460
E K E A T Y b DI K A A I K E A A A G P -
CgCAﬁGthgagttatctggttcctttttttttttttggagaacgacacatgctgataaa 2520
acccagGCATCCTCGACTACACTGAGGj2547

I L D Y T E

SEQ ID No. 6

Aminq ac@d of partial Chrysosporium GPD1 prote1n {the C-terminus is
lacking in the sequence available).

MTIKVGINGF GRIGRIVFRN SIEHSDVEIV AVNDPFIEPK YAEYMLKYDS
THGIFNGTIA VEGNDLIVNG KRVKFYTER? PANIPW?ETG AEYI?ESTGV
FT?T?KASAH LKGGAKRVII SAPSADAPMY VMGVNEKTYD GKAQVISNAS
CTTNCLAPLA KVIHDKFGLV EGLMTTVHSY TATQKTVDGP SAKDWRGGRG‘
ARAONIIPSST GAAKAVGKVI PELNGKLTGM SLRVPTPNVS VVDLTCRLEK

EATYDDIKAA IKEABAGPLK GILDYTE



with the am no acid sequence of SEQ ID No. 4.pr~a_ pal t._thereof having at
| east 20 contiguous am no acids which are identical to the corresponding
part of the amino acid sequence 1-133.or 252-383 of SEQ ID I\E\j)1 4 ’ﬁ A
protein corresponding to a Chrysosporium glycosyl hydrol ase f R ym b

exhi bi ti ngvaoidesest 65% am noacid i dent3®ty [ as determ ned pCcTRUATI0301
algorithm] wth the amno acid sequence of SEQ ID No. 4 or a part thereof
having at |east 20 contiguous am no acids which are identical to the
'corresponéhmrt of the amno acid sequence 1-383 of SEQ ID No. 4. 4. A
a protein corresponding to a glycosyl hydrolase famly 10 and conprising a
cel | ul ose-bi ndi ng domai n having at | east 55% am noacid identity with the
amino acld sAquetiec@Pespnding twa Chepsiongpraim bessyl 2 dediici fatily s, akhibRingCi ds
fromamno acid se,g%& nce 22-_;3 of , SEQ ICE No., 4, and/or_having one of the
ami noaci ds F, AiFasinfp*y aminpaqid adeptity, § &stdetermined by BLASTalgerithey } adRothei ng

to a ChrysospghindMci Y@l . and[g | RlnkibghAt

| east 86% am no_nacicd %/eglgnt iety gﬁlt}?tsgpﬁitaﬁ)ed g%ggﬂ%é{?ggﬁgori h {lgf t he
partial am noamwmiedicgdsquiinis ereafleiBieql folhdloorr€spondiag parttof thdramitofacibsegaencet

| east 20 contj us ' [ ich are identical to the corresponding
part of the al’ﬁgg 053??528333*-}@@972 of SEQID No. 6. 6. A process of
hydrol ysing (3-gl ucosidic bonds, conprising the use of an enzyme according
to claimi. 6AGpioteR04or¥PoBding9%® 7a - CRrysEpbl b0 IR0 Hidrdladd SRy 20

hydrol ysi ng f3-xyl osidic bonds,” comprising the use of” an’enzyme -according
to claim2, 3exbibitingat leashiYecimpingadid ideniiiefi@e dstecmanedyby BIrAR B lpositiunrldi ng

to any one of i -5, -9, nucl gl i d. sequence. conprd.sin t | t
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acid construct _conprising_a nucleic acid expression-regul atory region.

deri ved from@ﬂ%ﬁ‘éﬁr]'ﬁ%@-%%ﬂ‘éﬁ%@ﬁsEQ ID¥dost.- noncodi ng region of the
nucleic acid sequence of any one of SEQID No's 1, 3 and 5, operationally
i nked toya u L i n I . DOl i j.nterest,~ 11.
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expressing the.. polypeptide encoded t he codi ng nucl eic acid sequence.
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nucl ei ¢ aci d asihseguerceol-38hyf 8EQ IBFNGHD ID No's 1, 3 and 5, or its
conpl enment .
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4. A a protein comresponding to a glycosyl hydrolase family 10 and comprising a
cellulose-binding domain lhaving at least 55% aminoacid identity with the aﬁiino
acid sequence 22-53 and/or having at least 20 contiguous amino acids from amino
acid sequence 22-53 of SEQ ID No. 4, and/or having one of the aminoacids F, W

and Y at relative position 44.

5. A protein comesponding to a Chrysosporium glyceraldehyde phosphate
_ dehydrogenase, exhibiting at least 86% amino acid identity [ as determined by
BLAST algorithm ) with the partial amino acid sequence of SEQ ID No. 6 or a part
thereof having at least 20 contiguous amino acids which are identical to the

corresponding part of the amino acid sequence 1-277 of SEQ ID No. 6.

76. A process of hydrolysing p-glucosidic bonds, comprising the use of an enzyme

according to claim 1.



14. An ol igonucl eotide probe according to claim13, wherein the probe is
20-50 nucleotides in length. 15. An oligonucl eotide probe according to

claim 13 or

10.

1L

12.
13.
14.

15.

14, wherein the probe is labelled wth a detectall @1 il .
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A process of hydrolysing B-xylosidic bonds, comprising the use of an enzyme

according to claim 2, 3 or 4.
A nucleic acid sequencé encoding a protein according to any one of claims 1-5.

A nucleic acid sequence comprising at least 70% of the nucleotides contained in the

- 5’-non-coding region of the nucleic acid sequence of any one of SEQID No’s 1,3

and 5.

A nucleic acid construct comprising a nucleic acid expression-regulatory region

derived from Chrysosporium, contained in the 5’-noncoding region of the nucleic

acid sequence of any one of SEQ ID No’s 1, 3 and 5, operationally linked to a

nucleic acid sequence encoding a polypeptide of interest.

A recombinant microbial strain, preferably a fungal strain, containing a nucleic acid
sequence according to any one of claims 8-10, and capable of expressing the

polypeptide encoded by the coding nucleic acid sequence.

A process of producing a polypeptide using a construct according to claim 10 or a

microbial strain according to claim 11,

An oligonucleotide prdbe comprising at least 15 contiguous nucleotides of the

nucleic acid sequence of any one of SEQ ID No’s 1, 3 and 5, or its complement.

An oligonucleotide probe according to claim 13, wherem the probc is 20-50

nucleotides in length.

An oligonucleotide probe according to claim 13 or 14, wherein the probe is labelled

with a detectable label,



