WD 01/ 79507 -1PCT/ NLO1/ 00301 NOVEL EXPRESSI ON- REGULATI NG SEQUENCES AND
EXPRESSI ON PRODUCTS IN THE FIELD OF FI LAMENTOUS FUNG Field of the
invention 5 The subj ect invention rel afes to novel enzynes fom
filament OWQOFG?@ , especially fromstrains of the genus Cﬁe%hglg@?{’um and
to codi ng sequences and expression-regul ating sequences for these enzynes.
The pres n RS SEOUBNCERSANT EKBRESSIGN SROBEBET SR THAO
00/ 20555%&%8&@%@?%‘ gﬁ@ tgber 6, 1999, not published prior to

t he presd@iLPOFIILAYENISES FUNE! | atter di scl osure is herein incorporated by
reference. 10 Background to the invention. A nunber of hosts for gene

expression and net hods of transformation have been disclosed in the prior
art. Bactruld af rar ervodrioen rrenti oned e.g. Escheri chi acoli. E. coli is however
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d ycosylation of proteins. and. proper f L ge? of proteins are exanples of
processi rﬁ’@terE&fd?‘?eéélsflﬁs%‘?@lﬁ‘fe@ma‘ﬁc%qri“e‘g €F% or pol ypeptide is produced.
To engure such 20 processing one can sonetlnes use manmal i an cells;
however, the disadvantage of such cells is that they are often di fficult
to maint daskeaerrdieddireniotpensi ve nedi a. Such transformation systens are
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be cost efficient 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.

30 - The ideal host should use the medium efficiently.

- The ideal host must produce the polypeptide 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.

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

35 peptide.

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



active farmnot requiring additional activation or nodification steps. -
The ideal host should be readily transforned. - The ideal host should all ow
a wide range of expression regulatory S:I enents to be used thus ensuring
ease of amploiagsor on and versatility. 5“- The ideal host shBCT/HLeN03W use of
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e. g. | ow_vi seggiide¥t hdsQioDB B8 FeadiNQrablofdeb3 and US patents 5,602, 004,
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art is apparent fr mthese r%&g%ﬁztand% O?Snlil);c?uis ThV\Par?s%r%agﬁ%gst?{ireI}PeYlgorwg i sk

suggest s ‘@RRIHEH ‘f"o'o"ﬁfeél ant'$ amentous fungal parent cells
havi ng arontynpiodwdith w0 Rt Yoffthe iffodakied t omcal Ayahmeolvxﬂg(ﬂzslapml grpapingd@e The

met hod conprises first findi a specific altered rm Voo f. ovved by
assessi ndg&ﬁéf“ﬂ%‘fm’aho“te?’%{ng’?&qﬁﬂ’m‘ogl‘so‘ﬁ‘lpé%’@um}d ORI 3 8“’6@" ‘gr 4 h’ apvé'ﬁst
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A3/5 and Aspergillus oryzae. The nmethod is suggested to be a able for
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Tol ypl ocaglighdpho MH%/CZgéQtYon could e He M- HBR30 the postulated morphology and the degree
of expression. If any correlation could be made, it was more likely to be negative. According to the
1996 ATCC fungal classification Sporotrichum thermophilum ATCC 20493 is a Myceliophthora
thermophila strain. Currently the strain is still identified as Myceliophthora thermophila. The
30  unpredictability of the art is apparent from these recent 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 oryzae. The method is suggested to be applicable

for Aspergillus, Trichoderma, Thielavia, Fusarium, Neurospora, Acremonium, Tolyplocadium,



Hum col a, SSytalidium Myceliophthora or Miucor. As stated above, the
unpredictability in the art and also the unpredictability of the nmethod of
the cited application do not provide a generally applicable teaching with
a reasonab@1@espect ati on of success. Ph WD 00/ 20555, we haRGT/NBEGBYHed an
alternative fungal expression systemwith the 5 sinplicity of use of the
above-nentioned Aspergilli and Trichoderma fulfilling the above
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The reconbi nant enzynes, mai conpri se essenti al Ig) t he con}l)l ete protein, or a
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the amino aci d& thereof . By way of exanple, the catalytic domain of the
CBHI 25ac cavidiidagtity ovithhte isparentei ofnSEQ AR N o és(2) eglyaopyl divdeoilase op Gamaihs 1 Gfendore
am noaci )g lay\gseo)’ké(z%fﬁﬂviﬁ 4%}?:9{’75%9%&%9&’6 at l%?sﬂ"’g%c& &En 2 adt B0 amiio Rfyd the
catalytlc,ydlonmno ?hé according to the 1 nvention
identity with the sequence of SEQ ID No 4; and (3) a glyceraldehyde phosphate dehydrogenase
(GPD1) having at least 86%, preferably at least 90% or even at least] 93% amino acid identity with
the sequence of SEQ ID No 6. Polypeptides and nucleic acid sequences encoding these poly-
30  peptides, having at least 20, preferably at least 30 contiguous amino acids of SEQ ID No’s 2, 4 and
6 are also a preferred part of the invention. The corresponding nucleotide sequences are depicted in
SEQ ID No's 1 (¢cbhl), 3 (xyll) and 5 (gpd1), respectively.
The recombinant enzymes may comprise essentially the complete protein, or a truncated
protein having at least part of the enzymatic activity. Such truncated part may be the catalytic

35  domain, or at least about 75% of the amino acids thereof. By way of example, the catalytic domain

of the CBH1 according to the invention comprises the amino acids 20-495 of the aminoacid



conprises the am noaci ds 54-384 of the am noacid sequence of SEQ ID No. 4.
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bly et Bxvel
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may be advant.ggeousl .host, that do n itsel.f. intrinsicall [..as._a
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Lt SO LR AL N SRR TN
as understood in the art, e.g. hybridisation in 6 x SSC (20xSSC per 1000 ml : 175.3 g NaCl, 107.1
g sodium citrate.5H-0, pH 7.0), 0.1% SDS, 0.05% sodium pyrophosphate, 5 * Denhardt's
solution and 20 Hg/ml denatured herring sperm DNA at 56°C for 18-24 hrs followed by two 30
min. washes in 5 x SSC, 0.1 % SDS at 56°C and two 30 min. washes in 2 x SSC, 0.1% SSC at

30 56°C.

These expression systems may be contained in a Chrysosporium host, such as a
Chrysosporium lucknowense 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 culture 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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the products of the expression systemof the invention, this termalso
conprise proteins, i.e. polypeptides having a particular function and/or
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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 of 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 p1-36). CBS is
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Bakrushina Street 8, Moscow, Russia 113184 on August 29, 1996, as a deposit according to the
30  Budapest Treaty and was assigned Accession Number VKM F-3500D. It is called Chrysosporium
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 um 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,



spores are absent. Intercalary conidia are absent. The nethod of isolation
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Budapest Treaty with the All Russian Collection (VKM) depository institute in Moscow. Wild type
C1 strain was deposited with number VKM F-3500 D, deposit date 29-08-1996, C1 UV13-6 mutant
30  was deposited as VKM F-3632 D (02-09-1998), C1 NG7c-19 mutant was deposited as VKM F-
3633 D (02-09-1998) and C1 UV 18-25 mutant was deposited as VKM F-3631 D (02-09-1998).
It is 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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in Business Park, Bray, County Wicklow in Ireland Sigma Aldrich has many affiliates world wide

e.g. USA P.O. Box 14508 St. Louis Missouri. For cellulase we refer to commercially available
30  assays such as CMCase assays, endoviscometric assays, Avicelase assays, beta-glucanase assays,
RBBCMCase assays, 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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expr d8si dbe exprastien eaghiptingererions ohiypah proteins ask prriaarlyrprefgiredy We el feretppeitic
phosphat g, dehvdb 0enaisustyhidisRsl dposiePCHStApdrash BalRW. The nucl ei ¢ acid

sequence according to t I nventioh can suitably be obtained froma
Chrysospor i ur srmlaucnamé gerstryttr enmprisioR reg nudéic rrctd  etpsespie rreguilatony heegion from

descripti S ﬁ dlu |Pf@%b§%mdﬁ%nwh%s£%9'gmﬂ§%ﬁ%y e eﬁer?\%ﬂvé) %ege%k %I%sng d

are numero ease del etion experinents of
the regi prefapsitaerdineht ofitbe AVGitoodondoas tmhwtmg]hrmmpgrtwh strine compdisngasuth gene

will rovi de, ,s nce. r ana i f ns
sequéhcesPeihl TRERIEERE Sarlrid edinsPR BB PRGN TR RORR BRGrrsiet ana
anpl i fi catill ba ah expredsipd esgulinegy ségidn feain lahnzsbjpermm tassoeinted Qanﬂlchl)?ul&é for Xgladdse t he

correspondi n ro r s e 25 The r o ter

nt0g! o ARBESIER B e PR s R i e 25 By EGR RGP defdrogenase

Cor r espongpegicacnaktailtd edlew red nﬂélelauherssquaﬂ&cab&ﬂrmgg toahé ﬁh@eﬂti‘c}ilem duthblabe t he
55 kDa ceI I le? hydr ol ase (CBHl) pronoter, t(gg Dg xyl an ( Xyl |

pr onot er SPMRE TR Glryaspay e Hipis S“ﬁ‘rﬁ&é‘ﬁﬂ’ét"é PRI EFE R 1S ?fb‘?‘é‘?“ $ the
eNzynes MBn&NRWERHGHombtedegient&V@h bbYethfhéd SVRUMBHLA RIS knmﬂ in the art.
correspondi ng pronoter sequences are identified in a str ht f or war d nmanner

by 30 cl dWckgseaisleden expepaynts of Vi meiop opgmam pd| |tlrngiFﬁé0§@qﬂfet%% Begim¥ng ofeth¢ on
given in r§g\9n! %IINQNIH (}):)rc(vfl&rsuclp@duace and, %Qx&@gl%nal?s i 608onsthbus! se%ré:nces can

respectively. noters of the carbohydrate-degrading enzynes of
Chrysos pd?ariumﬁnéxgpecgp@ﬁ ¢fyln@resprlbmtwbrsdlsa@am apdiympit ag@zsutsd;lgm@es oneesdtilfed rin

expr essi '?}Qe ﬁ ‘%ﬂﬁ*/ ROVY RGRE LIRS :pglng %%Eer?&%@&'&m especial |y a fungal or

ot her microb or gani sm Per sequences having at | east 65%
pref &bably atThb emtote?@%uems of @F efdeglabﬂnyseatweteeé@mﬁ%%t% nmaondrentdlaéng the

sequence cbrdr&nsn(ﬁry %enfeo 8FFS(§E‘ ueno efs %ﬁ cbfdi 1&? BEQnl B o the 53 l‘?IS' ceq%‘obioh

with the uen or oriumgenes, are

pr esent |hydmmd ()@BHW)ptbiln(o?eQSﬂlZ 301QDa R@]Eﬁm&deO@dyﬂ)DS;ﬁﬂ:motEmr apdirlid glyl:aaldehyde

enbodi msn}1 8 recorrbl nant st rafln and the nucl ei.c algl d segpenc
phosp ate drogenase promoter, as the enzymes are expressed at high level by t e1r 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. 1 (for
CBH1) and SEQ ID No. 3 (for Xyll), 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 sequences 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.



according to the invention we also refer to the exanples. We also refer for
the reconbinant strains to prior art describing high expression pronoter
sequences in particular those providing high expression in fungi e.g. such
as are diwolwogew7f or Aspergillus and Tk choderma. The pri oPCENLOB0PbVI des
a nunber of expression regulating regions for use in Aspergillus e.g. US
5,252,726 of Novo and US 5, 705, 358 of Unilever. The contents of such prior
art are heremorip’manporeatbedinteyts asfefheremebinzﬂihestrhiyldamlpH@bhm:lcg'eraeidi seqaerceingal

gene that is h| resse t hus su st ed r onot er
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gene seqUERENCT B URGT sphiShi% 2t ‘éc Bsé onigEr s andofric F RUPHAT

prior sartprgddedl hunfser 8f gﬁﬁl@ss@ﬁq&@m@lﬁg r&piondFpeiisgith |AJ§er§MZm g@t Us 525d,726 of
Aspergi |l | us ni dul ans and t he rel evant sequence i .nf or mat | S here%bé
30;

i ncor por AVQ B¢ Y &P oideol Wiikysr dbe gpntentiph such eEfpert ageg 3'3‘2%%‘5"’@
Nakari - Setalacel- et al, Eur. J. Biochem 1996 15:235 (1-2):248 15 255, M
Parta et al, Infect. Irmun 1994 62 (10): 4389-4395 and Stringer MA. et
al. Mol. M c%tbwdnoph@gggnse(a1§uns@,-garz?)thatwhlﬁblyteﬁprﬁsseedheﬁ'asé spegedtedibet Ba a

person Sgar&rh&gr Léaﬁérgs @4 n @}Qpho%m gén@i hlt}?erﬁ%)prﬁ%ﬁﬁ AR sbSBHLAL AP LReqsBIGes

of Chrysaosporium rophob n genes w t hout undue experinentation follow ng
st anddr d apeb&dmsqmesssm reguipjiog tsenlemeneadwtahbmodlmeﬁe@dhﬁlnﬁﬂmon Trichoderma

Chrysosporium, st ?afpoa%% 8&16}%910% OgeBé.' %edagl?/c%p tferoﬁl&%oﬁlﬂ MR4vE SRe disclosed for

hydr ophobi A-regu d to the sequence encodi ng
t he pol ypaexpmplel én olfe pmxtreetmsst well\as exgwesequgmte rfegdbret§ithey Aevgaenscandcbpergllke

addi tional.l se _an en hancer. or Sl [ | known
in the pl’" ‘6’%} {F{P g‘ﬁ cIelgvaélt yerice mff)r&ag n ds%e?e% 1r&f0g{$§a§ed @5}’ r%fe%r%? 8%48% eelt( alc,)
pronot er. CzZFhe}eewpm?ganBl) mgmbamakmg SsatpBret els Egad. &bs@ncd)?ﬁﬁrismsmmmﬂer S

such 5t 5l B il it (et OB PETREY aNRRe T, B S e PR

Fi | ament ousrJpingedospreprymesss. Using\hi€ bequérd isfotrRioarLpgrsdssilledniaviee be ean
descri bed. Such creA sites can be mJt Oqed to ensure the gl ucose retpre55| on

nor mal | y 9PEEY he; pressimieeyIndngnieausaneseo i ryiner drori drophalit gepesgvithout undue
el i m nat egperfientariBh OoASGRg AR/ L38A&hek | dsUSIEALRS alidbid§ abRlE. NAI Rk@mbiklge Of

such a pronoter enabl es production of the polypeptide encoded by the
nucl ei ¢ @ersasposigmesialn aegdingt ©dhe yverona8 FOTMEFISS hﬁ’Wépliﬂbé‘s@ﬁ‘éet"Bf region

gl ucoge. O-EQSb@(ﬁqﬁedp(B 'tlfé%%c[ﬂ.leﬁcé éxc&il@hggolwﬁﬁee&‘tmtgfeﬁm WO 97/09438. These
pronoters can be used either with or without their creA sites. Mut ants in

whi ch the cr e eipressionzenlabee peapencatcatialeaaddionale gorarrise ap eaBAEAPr sdgEFat i ng
S equencesl"heg ar@ als§ %ﬂ%@@mn ﬁ'f lop afAGhe réf'y lﬁgal%fe)lot:z{?& écﬁ'ﬁ/ (ﬂgth&@ a%&j frronlethe

nucl ei ¢ aci d sequence it regulates can then expressed I n the presence
of gl ucos:eomtﬁemﬂihmpyﬁssrpmgulamgmegmtercsn elss comeprige proprogsss ivish actlvntoahmdmg

anal ogous.nmanner to that. i1l us rate i f eA
sites i s tﬁso% i She M) bm{hﬂ% S';t)ersl lEI)]rsogr '% age,i\l ‘yég Sﬁ%{ ?@/g?ﬁo blnﬁlldggggéggl%’lngtetﬂglg
appl Ys5a pymenof esguliiéh Kaméntbud fingg mbmeerst tmatzvhhhweeA rots hreepresent hetveobeielm a

et s BB LSS B AP LSR] SRS Do
not wi t hstthdpliestgicd bfethp hes-ametedodite iscolintinddei. GistBrocades’ WO GU18820 1llustrates this
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

not been mutated in a host strain with a mutation elsewhere in the repression system e.g. in the



the protein or polypeptide in the presence of glucose. Term nator sequences
are al so expression-regul ati ng sequences and these are operably linked to
the 3' termnus of the sequence to be expressed Any fungal termnator is
li kely tov@er/fasartional 5 in the host! “Chrysospori um st r ai FCEREG/WMNg to
the invention. Exanples are A nidulans trpC termnator (1), A niger

al pha- gl ucosi dase termnator (2), A. niger glucoanylase termnator (3),
Mucor mi ehdigereaisplbxsp|thas thersaigesat, @wagfieﬂma prssenpgowe) bipdingsies, produce’
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bet a2@al sigiadsdqdare. of Pen| cillium canescens and al pha mating fact or of

Saccharorryceg._ ﬁ%t ern F g he si gnal Se ﬁ can be, fromlan anyl.ase or
subtilisin gaH& fexémg ?8 Henst seapenery fansbe ”¥?Cg ar y§?6|%‘8rﬁ?8“?r‘6rﬁ“¥ﬁ£

genus asfdiibRing@pdcifd genbrd of fun@X IkRPEIYs, $kibﬁo&’blnﬁz 88rykdspbrsum, "FaHia, |Nek@)ls1}’orb0 be
speci fi caIIy adapted to the specific host thus preferably the SI nal
sequenceliigomycar I‘s’?'afrmla sléftfﬁé?{ee”@forafﬁfrga%%w ufifs B Ee Fﬁ’F‘! Kyt Shecharo-

ChrySOSpf?t%éek'mde%)BesOor aFbmadive A BrmSthaebdt 1INGHmelReian )?BE@&”S@&]
18- 25 erred to above. Signal sequences fromfil amentous fungi east WO

01/ 78507sequencesTy 3 EaTiowaty UsehH droafianeratizely pesogigied (ith the é@i@w@e@m@w& és of
non- f Ungééuo%hﬁﬂr&as%[ fn %&glu9ﬁg§, g%@ﬁ%aﬁ%t%ﬁﬁise, a xylanase, a pectinase, an esterase, a

hydrophobin, a protease or an amylase. Examples include amylase or glucoamylase of Aspergillus

or Humicola (4), TAKA amylase of Aspergillus oryzae, alpha-amylase of Aspergillus niger,

carboxyl peptidase of Mucor (US 5,578,463), a lipase or proteinase from Rhizomucor miehei,

30  cellobiohydrolase of Trichoderma (5), beta-galactosidase of Penicillium canescens and alpha
mating factor of Saccharomyces.

Alternatively the signal sequence can be from an amylase or subtilisin gene of a strain of

Bacillus. A signal sequence from the same genus as the host strain is extremely suitable 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 C1, strain UV13-6, strain

NG7C-19 and strain UV 18-25, referred to above. Signal sequences from filamentous fungi, yeast



particularly bacterial, plant and mammal i an. A reconbi nant host to be used
according to any of the enbodi nents of the invention can further conprise
a selectable marker. Such a selectable marker will permt easy sel ection of
5 transf ow@en/78307t r ansf ect ed cel |'s. A-Ysl ectabl e marker of PERNSAYBHEE a
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herein the term heterol ogous pol ype de is aproteln or epti de not
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bacteria a]pd rchgetbacte ia. For $ ar e eut| al Qloshonmurktre of fen a
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to t® i nueRidaenr frdcgﬁfeﬂﬂ'ﬁ@e@ompeﬁtﬁjkleﬁcbdmeﬂlemrfbrfhkbd)ly;lmptxdb difOSt'Ere}Mler ei n t he
pol ypeptide is of human or For 30 ses such as food roductl
suitably the /i%i‘séijé‘fa’i?{jb@%t |‘§F&éﬂ?$°d'ép YPIRUgE 5ot PRIFHE] polypepfide ng nory 3

origin. SuphsRILAMIERALS bRItRe (BLADHOF S AoSOsHEDNSLE EbeekprdsbibRAb@drdnariihes of
the invention. Alternative enbodi nents that are useful .also include a

het er ol ogBUREtPD| ThseprlyReptids Cghﬁ?e &f plags or gl (vorteheate oy jinvgrtebrate) origin e.g.

ar chaebachghhalanafith, i40Qabr Bt Sbr msﬁvsﬂgh Wit fhe PrdvisoP 8besRoE b&UF Bfthe Aost
sui t abl e enbodi ment "of the inven Wi npri se a heterol ogous nucleic

aci d equiiatie A Bampak panginelpded hepaprA ugla@@rgas&efhccan@@%ﬁmﬁéés » DATieife Srohpfe
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different nuclelc sequence, a nucl errc acid sequence in
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ot her COdpQ&%reg&CQm A;st Po? A ]ﬁggeﬂg tﬁ%i zg rpcl&nbm}.)tcpost 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 production suitably the heterologous polypeptide will be of animal, plant or
algal origin. Such embodiments are therefore also considered suitable examples of the invention.
Alternative embodiments that are useful also include 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



are nore readily used by the host strain being used for expression. This
can lead to better expression of the heterol ogous nucleic acid sequence.
This is conmon practice to a person skilled in the art. This adapted codon
usage carwbelwgsori ed out on the basi s1df known codon usagePGI/NLOM930 5

vi s-a-vi s non-fungal codon usage. It can also be even nore specifically
adapted to codon usage of Chrysosporiumitself. The simlarities are such
t hat codehichserh esloobhkaye beah replacEd by hthdesadans enppdmgtbe samaaining pad butl which

shoul d enabl e exchange .qf uen f. g ot j on
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codon usag@ession of Hhedetefdloppus antkiatodd saquancpdfhéd isdommoripractise toafpersemsiclledl 0

The inventjion ig.not restricted tq the above-nmentioped reconbi nant
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pol ypeptide nmay also be acidic. Preferably the reconbinant strain wll

expr é8s the pbe ypepiondenetrreyrieted torthe apayameentionsd reqembingghnChrataspasiurnsirains,
strain. g 1*%@@95%9{%&5&.@%&% Brifty Wi & Ghe R RIAUR LQlHRERLIHIE AT €
also valrd (mutatis mutandis bt 't he horml ogous pol ypeptide cel lul'ase. 20
Thus t he hpmelegus proteih o acChrmsospayamestiainasiig neglefc aeid seqhendechedigi aperablyrlmkers
wherein 2C hat__1.S | it . - I
Such & st PR RE IR oy blY SREERRRL R pre N B L ol BT
strains lthe ookme¢poadiog ndrerecaniEingit striie tueda| togsurs ®sditiens & theeiasegofplraasdogous n

the nucleic aci,d seguence, used. to. transf.orm,or._transfect th rysospori um
by ittt ug SPTHEoF RS iR e By LR dlind (RPRE L WISl XBRIRE

pol ypept ofle cabohydiaer dgtadmgenphessntrealy doycrived élstavhefe. 2be pdlgpeptidd mhhalto bdhese

are expressed_i nmount . exceedi ng..t hat of the nan-engi neered str ai

nder i a0AE: EeaferliF P BmaE SEn I g srns RASRARRe Pt puns R B cur s
under noknsmtdcymbiasit Q¥ flh €A B icB@memt® MbntiorRD Svis-ie thealidt@blogal poBpbiRle @asalsd f an
i nduci bl e pronoter regul ates the sequence of interest contrary to the
non-recoﬁﬁlidr{ﬁmat‘éﬂuﬁ?&g‘isbf‘?rB‘FhPT‘Olﬁﬁ?}FW@WP?P&‘é‘FBer”“?aﬁ%luces t he expression than

is the caseThik hdHRvaAdnARELHRE RetihllPiinedid® midVAMk@iRs WherdintRCIqebnad
strains derived through engineering 30 either using classical genetic

t echnol odhabé igrodyeerbedncheetfiHBWAME gD dBch gistain Frchawensre 8% diHnawsbedkns

and host gL Bki0Sy GORMNitfaths b SRCATEALRAMplOhetddBlodhY SEukRRs 68Rg pfO&Rid S a
nucl ei c acid sequence encodi ng a heterol ogous protein selected %rom
car bohydthet recleigeagidastivrgce aseyd rie srafistem ¢ teansisct the Chnvaesaeriumydiynanessefsthe fact

mannosi d nect | . . < $ and
(3~ gal actBcryuBRILbRES e A ERADINE Yk polHeliRETHH RS Do e GRXL BF Gl B
chi t ahas ds)factphatteas es (erdeprinteasest eacdeding birad o€ demn-cagineredasichin under

car boxy- i.das ker at.inas , her hydrol ases (Il ipa est erases,
iyt oo o joenitel B Rions PELCUHPESPRF el AP R0 BT oRABE Ry p P BIA5E

PCTI NLO1cQithhs. Thei laiaes @8y bard daseaifiahandusibd: fromates eeylars yHeasgence of interest

transgl ut ani nase i somerases and. i nve
9 contrary to t%é non-recombinant situation or 1tr

gn%%%?%dctor induces the expression than is the
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 according 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, o-amylases, a- and [(-galactosidases, o- and [-glucosidases, [-glucanases,

35  chitinases, chitanases), proteases (endoproteases, amino-proteases, amino-and carboxy-peptidases,

keratinases), other hydrolases (lipases, esterases, phytases), oxidoreductases (catalases, glucose-



The nost interesting products to be produced according to invention are

cel lul ases, xylanases, pectinases, |ipases and proteases, wherein

cel lul ases and xyl anases cl eave beta-]44- bonds, and cell Lﬂ@@g@m@g ri se
endogl ucM@8EP30e| | obi ohydr ol ases and bet a- gl ucosi dases. prot ei ns
are extremely useful in various industrial processes known in the art.
Speci fical.ly for. cell ul r Lha Vi 98h S A ddesctaldd). Ng

cel | obi oﬂva%éSﬁ)g‘é“e%a“asﬁe&‘ S%%@%éﬁ%ﬁ%ﬁ%%@"%? glﬁtge. : Thl_e contents of segjl d

appl i cati on The niar dwygrebtingoproducat éa toyprodiced easewrding, toettweiionasre eedelaiesi ng
to the invention nay have a nuclei c acid s | pRlypepti de
of int eré%lfmaé?f’ccli‘acé’é‘x SSI(B%S/ e%\%i 8te?sﬁ%ltwqe§e1?%§@p %\%sétg gdéggllﬁﬁ%ﬁsts?lgﬁee at 'aci d
PH i .e. Bbhds1éhdolioMsed coppise dndbgincapddes cBljobinhydrokusdist ald| betaeghenusidasen\Whetd 5
and even as |low as or lower than pH 4. This is a,particularly ir i ng
enbod? meRECteilgsarE (FErERHYS M5 Ply‘“d‘faé‘ff'llsog’é'és"ﬁ}l TORT> X 16?%‘%"5 fnoﬁ‘eaagy)séf %&é&gﬁ&#ﬂ ot
cul t ur ed cARUREs WORM: el 0 RSWIONGH 1 588 B deetibiifigitelobiomydialhienend dudbglacapasesibf wseed at
acidic pH Thus the systemaccording to t%ﬁ1 i nvention provides a safe

fungal exXpe exntanispl s3id agnficatinn am Reredy fEomorated YV HEI I es that are suscepti bl e

to being inagt riey(ﬂltllﬁﬁian@gcc%fcﬁngﬂ%fs&@-mv@m% @/ Ithve bl nud2icQiidt &qBdmec eddodiak lthe a

reconbi nant strain as defined.in any of the enbodinents according o he

i nvent i opolypdptide o interest isneddes @ palypeptide hat i Bagasdi A gnttale AbrSIb et Hu@tor

i nt engst B 2k §isNmBfe sRIbKP&RE belsw XS Bid dvel aORk 4¥BIr 16v6dr ithatpH
and/ ég stbggl&l%?fg‘)%ng)teloa %EH above S5, bjgroef er ab‘fv;?/ﬂ{gt neutral or alkaline pH

(i.e. abdv@hip)is anpirteulaaly mtepesting gmeedimpiinas thej genergihys idirelosty Bingy! er@resee
ermbodi ners]ts]te%{)s 61%%11?% :c{;'lgl.ggﬁ Ui c%ﬁi@ns&hﬁ%é&@rﬂ@ hkalift2But 4076 R d AV &INdiSpH E

0,
than 90%0 activities at such pH values are anticipated as
bei ng pafhicthé systeyn acsefling tethb adientntpsovides asafk fipephaxgessionwaisa der niplgias ot he
cultivation canditions daes  not I4l 19 208; ive at the
cul tivat PS’HP%?gﬁ%fit{‘?tgﬁessfl SceRTyIE R befHE RO A %3@3‘1\&& g%egusl%ir' it to be
cul t used undeuite epdifichliyns recosibinantwhraintes idefined in pag of the eadofimentsac¢ording &r m

could be detrinental to the host..VWat is h ver 1.k ede e
protein & ‘Blﬁqrvﬁ%p‘ﬂ?eéeé" s ’B’én’éct i BTGP n‘ioﬁ}é\]%éﬁ P(lglg%g Hi)engfclg?]eaﬁsg ?r(qjcr?g%l The
st abi :c i t prot@m obgolgfeptibe exmbiting aindl taytivitytand/an stabiSty de [ abivei %, yredgabinst
speci fic compositigons Qr chem cals,,such a r resent for, _exanple |
conposi t F‘B‘H’L‘I‘PSF afipliree BE dd oot %GE‘{/ Ploff %rpﬁa%}%%rctg?nl g’nlso‘fonf lﬁeerepg{@f)%rﬁ?dlqde
or  prot @nBodhehtdf Helftentibr\Mdro tHd £ 5 6% 0Rbte tRAMOSSArd oS mOR TN N of optimal
cellul ases or lipases, etc. is an  exanple of a chem cal %te g.etri nment al
¥ e a“l"g’0

to pRBt eipplivitieFhe suchePieralergsarst anisipates, aippyipe MRHHE MRS Hbr ¢

to long géPP HE extResSddAihabi thy cfi@ALIBE coNdRIon8doea it HefeskRMPhdve @ bd adtie MaARY 1 N
per 30 app atron. The skilled person will be able to ascertain the

correct ecultisitionsasdidensaincfaget eap keaasixantaggayssfor i bg, &l‘l‘“’tﬁ%“’é‘_"h_ﬁﬂ?ﬂ%‘t"“%?“der
comer ci gliky ANALAN £ iBSSAESolnP ARt 6 dlififentd1 % MRhbHBWHAGE hithdveLRq@lfed i§ he
vari ous enzymati c products. The cat al ogues of Sigma and Megazyne for

exanpl e s$trothe protdin or Pplgpdptile tekastphleondst theewtivation copditiondns EabslEwsat Be i n
the description. .The nmanuf g i de.:=gui heriapplkigakipn. 35
A Chggsogb rialusﬁ%bgh'g[f ﬁanc?tliﬁ@géeg%ﬁ‘?@a%&%%%cﬁ?%@ afrilgof] g? r_mEor T anst ect with
t he sequersent Gir examile ireimpositie oe ppressad prddction ohapplisatioaiof thexpelypentisle gr

e B o, ] D R 0 L RO o0,
Tr i chodekR@npl€6sichemical often detrimental to proteins. The time periods of use in applications can
vary from short to long exposure 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 Sigma 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 suitably used to transform or transfect with the sequence of

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



when cultured to a viscosity of 200-600 cP at the end of fernentation and
exhibiting a biomass of 10 to 20 tines |ower than that of Aspergillus

ni ger when cultured to a viscosity of 1%500 2000 cP under correspondi ng
condi t i onWO G1/78507t hei r respective optifal cul tivation condPETARII/QEM

provi de a 5 h| gh | evel of expre55| on. This | evel of expre55| on far exceeds

that of t conmer cj erence :fr ai.ns ? it ?BQ}&%I omass and
at much | ?spfif”é’éégﬁﬁl a“l*}ﬁ% PRaARIVPARLIVE B éﬁeat*@f” aéf?g egergradreducn
Chr ys 0S pQ¥hiehl BulirédBlonSviskosity 72004800 T htahd yndquhmentahaﬂaﬁdr@mwmgartgmdsu sf
niger and Trichodernma reesei. Such a transformed or transfecte

Chr ysospdPitudP Smesiayer Siapthas of dinergilin migghndgn rifredie 4 H%OF‘H(/%anOB 1000 we

find a bluﬁai@ascene 01%11% donditBhsl i Eotthelﬂaésy&es&egﬁryzmc%mvaﬁdﬁ GhbiliSns2&h pRevigpposed
to 2,5-5, ri choderna reesel and of Aspergillus niger

under 5t hé\@ﬂwéoﬂemss%& hisdewgl of espsssion far exgeedsinfpl B8 MR CPRBYFigroiEMSs |

of this REARLSSa hithdoSk bR SHEPAAMIBN iovR: rﬁ&@ﬁ@' AR mEAE HBRSRO LA Tof
strain produces protein or poly- peptide in at |east the anount equival ent

to the prespresioned sheh ﬁfymvgpqmm $tiainsrwill fbe apprieciplly dighyr thpye fromsdsgergdiun niger 13- 6

or C19, R@Wg@g f%m;lﬁeﬂ‘gnslfcﬁﬁlécﬁ of ausye@%e%th 10, %Jp s%ﬁ &d@aﬁuhm& of

the strain er t correspon ing or Ical con |t|ons
their resmbodimes qﬁpitenmhti@ul tivation conditi ons V\é have al so found that

expressi on a retion r al&.Lxeedin hi. S
CnryaBopori umtstrck Riasd 7 FR oW Ao THRER AR ARG T KPR o 2559 o
i.e. fragrdot Behedomb recdé amrdelmga of]alwsxgzduf mgemmdelahe abzive desaribgloonditiog. t o

the inventjon will prefera exhi.bit such norphol ogy. The invention
however 2 %8{}%‘?%‘%8’8“%?8%}#%@}1%Pfgfﬁsg, ns or otherw se engi neered
strains of Ch YSsQRské embddixbrithd felcdikgblhzhit THapvQloriamstiativ @Blhcée protein or poly-
characteristjc. so covered bl}/sfqa| invention is i

rec I nan
ChrysospdFRtidfh 8 &F 5p% tv%afawt §IUIYAIRNT Eh g drofuREQD 'aeng@? 1‘%{&3&?@:‘%@ bydhe t he

i nvensi oRtrdik NIBLE &XU1 ) dnld Mebst HrefecdE, z&psarswqawaeﬂt folbr GEpRBRthhS $at fQh&htrain
preferably bel ow t hat of 25 strain UV 13-6 preferably bel ow that of

NG7C- 19, UW1&f2Srunges,the sprsapendine Gsridanyeal gonditioniies- theiifgirpaiheraptimat sultiation
condi t i OR§ydithInS O covered by the invention is a reconbi nant Chrysosporium
strain in any of the enbodi nents described according to the invention
further exhi BYq havg alpo fpendsthattaxpressigioandtseerptiqn igteaare gyeesdingbi logh whe wsingo

bi oness | | h ¢
otrarne rAPRALLERR. Rhithing B RSB morbtI TR SELF B 160 il EhenfUhecd or

condifi omvcel‘ﬁhéf h3e 4 mscernblgnmn #oweveordiigs o they ewventivo nwille prsfdsabha rexhibit rsapfns or
ot her wi 5%0?@%&0%2%% inydnkiBh Hc?wc%hal%‘w(r%%%l%ﬁrréc% bRy J?Ja{nﬁ 19 o{hhllvsﬁ?e e?n%l%eer
e char

i nventiv teristic as Suc I'n contnna on W
enbodi nestrains ghGhhrarspatn exdtibitieg tuisbiooe et inedntivé) eharavtegiatid. mdscabcs/ered(wehs a

Crain ey ¥ REREP U RGP i bRt 35+ B 45 8hnRln ng
or ident itieaihveneisiraurther extibivhgtredieed sthﬂatlonvelémmxsdsrowelpreﬁrstﬁy belywItisat BON
Ccon nant S LR oL AR S5 et AcEr Sl s B SO
char act ekeipgldlent 3&mehteN caiditions. OB EdVREed By e Tvedity i9fa rbdmbRaReCrEFRpsHENT S.
Ve have strain in any of the embodiments described according to the invention further exhibiting at least the
amount of protein production ratio to biomass in comparison to C1, preferably in comparison to
that of any of strains UV13-6, NG7C-19 and UV 18-25 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 NG7C-19, preferably below that of UV18-25 under

35  corresponding or identical fermenter conditions. The invention however also covers non-

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



determ ned that the viscosity of a culture of UV 18-25 is below 10 cP
opposed to that of Trichodernma reesei being of the order 200-600 cP, with
that of Aspergillus niger being of thq order 1500-2000 cP under B#ﬁir
respecti WeO8HTI0RIl cul ture conditions & the end of fer meMGENEHOR e 5
process used for such determination is provided in the exanples. Viscosity
can be assessed in many cases by vi %ual, nonll'?toriﬁnﬁl. 1he fLu.i%iettX \% h'g“%e
subst ancénvertig Faagterishic a5 SRChLOr) 15 RPN, IR ARY OF Pie OXFT SEPRERFTY SAITd,
sauce- | i geQfindd tHdt the Vis&iBRpiohYa c@frélos UVIEDHid Yelb® B cBrdppbsedctobtat of
Brookfield rotational visconetry, use of Ki nemafti C vi.scosity .t ubg@e fdal i ng
bal | vi sdorkadermayeeseipringqfahe grderFRROLE cP. ith At of APers/ BihI 455 RE1B8 POl Ordet

Vi SCOSi Ws&d%dowc% Habr ML NEpediNEBptihd dultBrd doh@itiGRNaTaRE bl ok fementitiogh®lie
viscosity cultures per time unit and per cell. The processing of such | ow

Vi sco§i t yrasesstusrddor sucke detefimption istpreyided yiethe PRI advant ageous in
particul ar V\Qﬁ oliff%aft Wk LUERS f’?lrlﬁanz}: eggy YRual TiRitSY. §6E nGAMY SPEHRQUbsthRte

strains with the Fow viscosity p ormvery well in cultures as Iarqe as
up to 15@aD@Dy kd $ueh adark¢ extes thaTliten daypearlyl olid.csaudedike oghavid Y5eosgpean #§¢ es
provides a useful enmbadi nent ~of fhe inyention. kiEE VeSS Rive9MalinsSi 2€
of 15 f erSRARY B ?58?1'%%’?16%3’?'?%Ogﬁglgrré?e%]{ag%?&v%ﬁ?’ u\fméq?% 'The strai 4 aécor&lilg?]g to
t he i nvemklil oiscomBkee of @gpagmi vigombtehThelyields Soinsuthtealowyissbdie ealtura aredyighgetham

| arge_scal e production with.the.formatjon of .. Scelf. hat have nycelia
that Tre ngﬂ%mer&ﬁﬂw&vnggéeruvﬁsé\?sé |°§l‘“ Purr Rt cell 15 ae a resul t
cannot be efrhegtdcysing obikichilswe distasity Rgitiréseaccarting tethe huenli@ridiadgntageqs in

i nefficient, producti on process i artjcular in |large. scale f tations
i .e. ovePtispapysern iﬂteeF‘gt.“reAe?”étSF%?‘fi ﬁﬂ'drrftlﬁ i bée)’%ﬁse”% %mp?q{)allol}se‘r%rgﬁ% eadi ng
t 0 oxygeRisahsty petrdrinaRty WwélRin\aluiredasadige 4sipSo 1l SH00Dd Hercaren Thed anyroulodre size
productive bionmass and reduced yield of El)%l ﬁgegti digduri ng%t h\?. CL{| rure
and/ or can to EX000 litrss prowiget a usetyl FERPUTFBAT tieRehtq, Hafhﬁ VEI"GR V1€ Qosi ty
and R gh rSheatid Godtoe 465l 3R Well Witk BRTTREGE cordiy (BRI iatdnsion Priecessssg and
in current commercial processes thel?; are the pr oduc,t|§n lim.tin factors.

Al'l t hesédchind gt isghaippebiems eoarripe inolpese see PIJUstia Vo (e SepBhem A preLieates
accordi nglhatt ga\tehn?yc%@l VS0t UNA R G NinBYeh) dEPuEEThE meBfAaK AGERIticainoE S
cno

than Tri erme reesel, Aspergillus niger "and Aspergillus oryzae that are
commer ci &kleffectivety inilisethidoring shseeiture thus dsadingj tosan etficieny PERASFHON PPgREtidt i on

| evel's and vigcoshlt e E(.ra?eo ggntn&ﬁgno%gqeb io%lfa%,d:?bglli‘téﬁs AcRtibhr4E GRRAG BEIdAL rai n
accordi n(j) to any of %t Ré above- nenti oned enbodi ments of the invention, said
strain f prdbeeratie kdailing td oxyger o wotrieorstarfation endthussdeced condgeiration ghprodyrsiyeres
selected .30 fromthe carhohydrate- radi e S of.ga iPtib

hydr ol asé’é",ma(%%(iaa‘(i)rrgwg‘fayégg %fﬁ‘%we ﬁg gﬁggghengﬁl%(q}gn@ gb%@e{,%gl?ts 1conlgglre{tler ed
a parti cuéraehtitiofs eiined. I8 rdaitionigh dbcosihe anchirightshem.areThet desbghle iimcemmsicizhg

br ot easedemenily awerar 1 BB RNt or ] ROt ave G Ore ol e
Chr ysospasidiasin St BiRbd Iné@¥tNeDishédicanBeadeiebme by alie Chgsaporim bost acgalingtozthieres
that exhibit neutral or. alkaljne optimal .stability and/or 35, act.. it,,Y

or of 5 abligreBi R is b Ench befkT PhgFaEi U oRam GEiPre 2aieh ARIFIES Biseh g

sel ect ed 5f,§ Offpers M P OPYES laf-aFe G5 AMEORIIE GRS thi yedpert dseaxiabich ot pasas,
preferably hydrol ases and WO 01/ 79507 -17- PCT/NLOLl/ 00301

car bohy dsrdectRadeveds ang vispesREOPeILifS g ignpseligiesnon- r econbi nant
Chrysospori urg C%%Qsp@ﬂ&%%in 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 however is a Chrysosporium strain exhibiting
production of one or more fungal enzymes that exhibit neutral 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



are suitably other than cellulase as disclosed in WD 98/ 15633. Enzynes of
particular interest are xylanases, proteases, esterases, alpha

gal act osi dases, beta-gal actosi dases, _ 2t a- gl ucanases and Poect |(ﬂg}%§ﬁ The
enzymes YQOHMSOT inmited to the aforerehiti oned. The comment'EVYRRA s
stability 5 and activity el sewhere in the description are valid here al so.

The invention al so covers a me‘th d of d)gr oduci nﬁ. a.p I'%;r)%%ti de of intlgersest,
sai d net fsePhydisrieseding capimesy nrfge 52 S OBTFZM, ‘“t“&.‘gf’. GA™ SEREHEESE ¢t he
gener a Chy %§@bROsthét than S8R sl diselosedl inl WIOIB2T 3683 . Hri2na&ndf] particMae diteresPaehi a,
Neur ospora, Tol'ypocl adi um Rhi zomucor, Fusarjum Per&'aci | i um or bact %ri al
or ot her XYHneseshiPEatGasesn calsiasest alnhia SaRGKEaEht RetarBalantosidaepst Beteglcmsasnitdon 10
under COP%'tiHsQQST hR €h&nles laROn @ 1RGRE $6 €2 AmBtRh&T. Ak Lomfieshts vis@viobtabille

pol ypept'de and recovering the subsequently produced pol ypeptide of

i nt er®est andaktyiey gyevhetern be dpssriptinars vdidihgredsat i oned, variants and nutants
e.g. substitgfd {oRsSflot d i ebtiddadrun@lesty seiaGHdtkddng
proteins ar elff]ém?g,ﬁrgle at?{)o %Oggﬁsnagﬁaﬁgg%gﬁg{augg%?wpt e activi %/y of the

non- nut apdmprifhg cebmming ahastbirain (.8 -fangal sich lae of Brerasagse fdnHEPALIET efs@ergdug
Sequence§fich%%er%ao%a%§ Sla> %u@oﬁsP gﬁigeN?zDHsf foM &y Bflg&i%,nRﬁﬂfghz%ﬁ, rFﬂQriﬁrﬂ,d

di r ect ed” BYEFHT A ST V€ it el ed” riut agerlfe5| s ahd random mut agenesi s are

pr ocessegenititipugdr bableddl os wther pidrytpa pini g f theagnitedingentsraccardingin the demgntinn

obt ai ned. US 5,223, 409, US 5 780,279 and,US 5, 770 I t Lhg of
dir ei@ed“’é BFUTHSRS PORTHEE PRSI S%dz rggf’f bH’i Stg?faetrlgn %‘ﬁﬁgﬁﬁ&%ﬁ‘gg%’? g‘fcbggfr&%ene
sequencetheGiRagratlf poduced poippeptiby/ofgarestshuf f1 i ng via error prone PCR occurs

in any cell pe. Each gepe has.a secrefion 20 region and an. inmohilsing
region att achyéﬁretlﬁoﬁe’c“ %3’88’%‘?@? i} MENORE VPTG B SR TE sé’gsglrug CRAPERE St ay's
fixed toof BedtsShutants o auraBybgaaten plokimodndiiitemies @be imhatad eiht teklsibit the
necessitate the biological_activity .  of the particular polypeptide. This
occurs f agtivily qfisarongputang.cThessae s ¥alideyisavisd ?Pd'efl%?“gmginﬁgglcé‘g’lqegqu?eﬁ' t he
desi 1&d BhRERGE ShdhShd Gene kRufRBE hrotih dgRe&RReaRd ditertdl easlited PitoaRE@edof
evolution. US 5,763,192 al so describes a Erroocess, for obtaining DNA,

. : g DNA, RNA,
pept i des Mupgenesis Bod Fradom MysESRESISArGProsesserdiropsh whish sehi ROIYPEPUASEICREMYS ofe

coupl i 0 pidlAG ﬁtdeC?thixedgws,ééﬁ,@b@W@ﬁg@m bl USOE101338 prb\Bde Rhchingb0 @
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Bi otech., 17'135-136 (1959); Arnol d and Vol kov, Curr. Opin. Chem Biol.,

3: 54-59 (haapteristizhgo et

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 mutated 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
Arnold, Trends in Biotechnology, 15:523-530 (1997); Schmidt-Dannert and Arnold, Trends in



al ., Manual of Industrial M crobiology and Bi otechnol ogy, 2nd Ed., (Demnain
and Davies, eds.) pp. 597-604, ASM Press, Washi ngton DC, 1999; Arnold and
W ntrode, Encycl opedi a of Bi oprocess Technol ogy: Fernentation,

Bi ocat al ywiosg1/7asid Bi oseparation, (Flickrnger and Drew, edsPELT§L01/003015 987,
John Wley & Sons, New York, 1999; and M nshull and Stenmer, Curr. Opin.
Chem Biol. 3:284-290. An application of conbinatorial nutagenesis is
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host del @*f@ég%%o% Proc. Natl. Acad. Sci. USA 83:576-580 (1986);
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screeni ngjem% They myfated cxfllaseesens groatfhe spprivors ‘@2@’ E”?E}B’@ﬁb y enfRgsser gellulase

hydant oi R RfeldtRYRHEAhIS t@EL%ﬁ?c%f%hQ&Eﬂo‘t’ﬂefr Yo Df BNiEki¥E Anll thedpr&detd ik dpeated
fashi on; and MMakl et al Mbl . Biol. 297:1015-1026 (2000), where a

t her nost aBtiletrangtormants that mg@%%éﬂlul%s atspHn¥ areotepipgsh J@emtab#eo\taéﬁrﬁs of
pol ypept igffnes Qhffikisd @&Mn\gaeﬁy GRRs RE ebiRetluthQorPhddl Migh-Rinptiire LR 66

sequence I nfornmation. Parts of Known sequences can be used as probes to
i sol @be dpsieells\iDiao et 79 BEr. Nam-AcpECTENIA 3030880 HEBDI Giyaeds-al-nProe Wbl desder a

and straifs 10610l Bk Es (%big. sequence encoding a particular enzyne

An alternative to the massively parallel "survival of the fittest" approach is serial screening.
In this approach, individual transformants are screened by traditional methods, such as observation
of cleared or coloured zones around colonies growing on indicator media, colorimetric or
30  fluorometric enzyme assays, immunoassays, binding assays, etc. See for example Joo et al., Nature
399:670-673 (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. 297:1015-1026 (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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undue_burden., The net hod conprj ses mtroduct(LB on 35 o(I a nucleic amﬂ
sequéhce CBAPRTEHR Hifyselsrtieme! e APRORTaE ican diasTehtsIcae Pt HEatHe oh dhe
various QuRQHEdRMSexdfesicdtnl 86ANRIcBRIM lich twell Wit @R [WilRdofl RdrhflGictiviyesttd on
as such or in conbination. WO 01/ 79507 -20- PCT/NLO1/00301 By way of

exanpl e pereonsktlleddude pBdn can occur using the protoplast transformation
g p p
met hod. 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 homologous 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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WO 98/15633 and are mcorporated 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, activity
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, o,B-galactosidases with a pl of 4-4.5, B-glucosidases, o,3-galactosidases
35 with a MW of 45-50 kDa, cellobiohydrolases of pl 4-5, cellobiohydrolases of MW 45-75 kDa, e.g.

a MW of 55 kD and pl 4.4, polygalacturonases, with a pl of 4.0-5.0 polygalacturonase of 60-70
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transforﬁgl\@i? sosporium strains was succesfully carried out at 50 gg/m .
This was al so e selection |evel used for T. reesei thus 30 show ng that
di f f er enEXAMPEBS Ot TRANSFERMETIQAST QPMPABIN e CERYSASKPRI S SPRUECHARERMaE AN Bire
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PCT/ NLOL410Q0Rave 3D fowVbhdal aidiadté dvel 568 toPhlcombom &R Widrmydi@sTHié hdver ed and

the filtraté was subjected to centrifugation for 10 m nutes_at )
25  comparable to that for a reference 7. 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  showing 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 50ml IC1 medium for incubation for 15

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

brought back into solution in 10ml MnP and 10mg/ml Caylase Cs and incubated for 30 minutes at



3500 rpm The pellet was washed with 10 m MPCaz+. This was centrifuged
for 10 mnutes at 25C. Then 50 mcrolitres of cold MPC was added. The

m xture was kept on ice for 30 mnutes 5 whereupon 2,5 ml PMC was added.
After 15 WDOUI67 at room tenperature 380 microlitres of tHhRCT/NEUA03Y
protopl asts were mxed to 3 ml of MR Soft and i mediately plated out on a
MR plate containing phleonycin or hygromycin as selection agent. After

i ncubat i 34°G with pgitaiogEly8 rRR)- 30C  transformants were anal ysed (cl ones becone

visible afterThgééom@w AN ﬁl-[ér@dqﬁdo&g@itl&a%‘wg §ub freceewcwfugggh%mmmu@ang 10
mcrograrmes (0] ref erence p asm d he results are presented I N

t he 10 3600 comi-ridhe Trgbétevas, washem with 1OTTF16MERQﬁ n&ﬁxisomsaeﬂﬁr@g@ﬁév (Lmingtgs 2O g

ref er T i 74 t
T200-t1 2550 B 0igBORR gl yPeTRE el it i Fept PR g Apes
Transbor rvﬂmtwpqnel 5 H0EPMG0As 2084. 200015 minatsh et weinl tsmimetuefﬁﬂ?smsmbtrmﬁ the
t ransf or i.S Su er
t ransf or Bteﬁi P{o¥op?:1§{s gs "?eéjl s fs‘glf‘;l\(/)hrlr%asro g %%érrr]ll tﬁlgg)%ﬁ m?ﬁ%??lmﬁ%late
transf or I’wﬁthﬁm(ghﬂl&loﬂ@dnldﬂ hpgremyeix peseleaioh agéne.sAfertinenbstidui fph éive tays at 30°C

Chrysosporiuymthan for T ree Thus .t. S transf r.mat i on
Syt om noEnATEd s webrk ERRIRITS R pPIEE gifé?‘ﬁﬁmmﬂ" igiey was
out per f ord@®rminéd usityl 19 rhiBTOEAURITE Bf reCddhcPplaseid @APBCl “alThyrenagfatd préefited RCthOr S
that are less transformation efficient than pAN8-1. Exanples of such |ess
ef fi dPentfodrpgTasrht i on vectors are protein carrier vectors for 20
production of non-fungal proteins which generally yield 10 tines fewer

transformants. A nunber of other transfornation.and e n .vectors were
construct ed iable lhamsé‘grwgwnefﬁcwsxBBPEJHP&P@F@?P%H@@H‘? l'@e uences and

also with otel § ROGPUdI Ny [SEqURRGES 9 O USE 1 {vig-2s
transformation experiments with Chrysosporium Exanples| of expression

systens incl udéataht@hrysospor|1l0?ﬂ()(wlanase= Xyl5 10° /@met er frefgkﬁehﬁOO @5 |i nked
to a xyl g refce—tHafrare—wth—a tHanase—popen—tegding franme
fol | owed|by termn §or sequence. Transfornmant selection is

carried out bperesopp cotfransformation with a selectablie vector Anot her
exanp| e is—a—Chr \lcncnnrl wrl-ueknowense—¢ell obi-ohvdrolas Haked to

pCT T O

Ul Ul o |~JI A AN bl I I II[\L
Penicilli Jﬁa}“é‘?‘?HB@tWéﬁ%se 3 si 6?1%9 sequence i n20P ame wifth the‘2 icillium
endogl ucanasse,izalopge 30 reading frane foll owed by the [Chrysosporium
cel | obi olydrol ase term nator sequence. lln addition WO 01/79507 -23-
PCT/ NLOL/ 00301 this vector carries a second expression cassette with a
sel ecti orppgaid sosI oftum! REnAGHRERAM SRy Slsgesﬂﬁ'erlo(A{mSthﬁerb?) Tribnddefrhd) € he
exanpl e conpri Chr ysospori um gl yceral dEh%/pc phosphat e dehydrogenase 1
promdfer tllansfmbtlmy offthe geausrig corhpasable aypdthygit ramh,er aksteansforgnaiits guajugsing enand

the gl ”C%%%‘Hn%ﬁ{e 1i9PF Yimes higher for Chrysosporium than for T. reesei. Thus the Chrysosporium

transformation system not only equals the commonly used 7. reesei system, but even outperforms

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

than pANS8-1. Examples of such less efficient transformation vectors are protein carrier vectors for
20  production of non-fungal proteins which generally yield 10 times fewer transformants.

A number of other transformation and expression 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 Xyll promoter fragment

25  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

30  reading frame followed by the Chrysosporium cellobiohydrolase terminator sequence. In addition



5 reading franme fused to the human Interleukine 6 open reading frame. In
adddition this vector carries a second expression cassette with a
selection marker i.e. the AndS gene. A still further exanple is a

Asper gi | weosoiresbal ans gl ycer al dehyde- 3phosphat e dehydr ogeREEALONIBPb ot er
| i nked to the endogl ucanase 5 open reading frane foll owed by a Aspergillus
nidulans term nator sequence. 10 EXAMPLES OF HETERO.OGOUS AND HOMOLOGOUS
EXPRESSI v ERor CHRYSOSPOR| OresSTRpsTERMIINT selegtioa iragken se. thgarestaidass g/ &5pe
UV18- 25) At_}@g%elgs:en tested for their ability to secrete various hetero-

| ogous proteirns? a bacterial protein (Streptoall oteichus hindustanus

phl eonyci n- rée irdtaaemppr emrings CABsoStertymeglycesaldahindpal-rinsphas fehydiopwrasder ma
reesei xyl anase, | YN2 i N , Z) .
i secr SHTBHE oS AT AR e ATRARIAL Syt Sl e QUSINER o)
has Beeneddigniime fimed lny thehunplnaarricskipUT op@btieading fraotE. 10 @ddditiopUiisO@gtor
presents the two follow ng fun expressian ¢ e 20 The first
casset t €241 69\7500?(11‘3‘%63?‘%‘&%5??#‘3 g’?tkﬁﬁ%ﬁg%wg}aﬁ(—ef éé;?@%%ﬁﬁssg?nghsf ormants: -
Neur ospor a & asbArtérasemplatidmaypeetitsrmadul g tycdraldelpeie B)phpspbate tdehydiopenase
Streptoal | ot ei chus hi ndust.anus phl_eonyci n-resi stance .gene, Sh 4

- Asper gi® PIPEIOfT (],I‘{]?‘%Qrfg the ?}‘ﬁf’gbﬁﬁ%e éy"r?% é%g‘“% ??B’&)fgltloe"?eﬁi‘i Nt O %él dulans nd
casset t Gefnfindidt@eqiith@nase production cassette: 25 -T. reesei strain TR2
cbhl pronoter 15 -T. reesei strain TR2 xyn2 gene (including its signal
sequénce) 16 -T. reesei strain TR2 cbhl ternminator 15 The vector also

carries @pypLE0bi- HEFRRDEBGOUS AND BOMOLOGODE &XPRESSIONLOF € HRYSOPP @RITIM
detailed map is provided in figure 1. 30 pUT1065 presents the foll ow ng

f ungal §6RHNIdssette: - A nidulans gl yceral dehyde- 3- phosphat e
dehydr 00engs6, (RBYIA) oRLYIPHY18235) FavébShNbd& fof thlir abBBSEI el b Mydrol ase
I (cbhl) signal” sequence 1' 3 - S. hindustanus phl eonycin-resi stance_gene

Sh bl e 4dogmegrogging abpétenial prastie (Firep@allateiphysi hindustapys phicgmy ¢ieesiyercs Bteis i ng a
KEXZl i 0 ' lnast 1] 888E)) afd b AlRanl FRXEHEhedRAR
(w tlr?out<sei1 slﬁéhsaﬁ%ggcfﬁéétﬁgg?gﬁ?'gﬁ%%(f%?%%goa?as- 24- PC‘R /aNL01/ 0?)%%% W’( Ae\ ni Iélul ans
t rypt ophigsozgya)tiage (trpC) termnator 5 The vector also carries the

bet a-| act amase gene (bla) and an E. coli replication origin from plasmd
pUC 18 6C1 seheetiph af Fridhalletmi redeinglanase IDXYNYed in figure 2. C protoplasts

e L PGS DB ARRA T atEnc ol gt e e
pl asmi d gulfiD6Hprefents thd €vo: folloiNZ Jungal expression cassettes:
20 The first cassette allows the selection of phleomycin-resistant transformants:
- Neurospora crassa cross-pathway control gene 1 (cpc-1) promoter 14
- Streptoalloteichus hindustanus phleomycin-resistance gene Sh ble ¢
-Aspergillus nidulans tryptophan-synthase (trpC) terminator 5
The second cassette is the xylanase production cassette:
25 -T. reesei strain TR2 cbhl promoter 15
-T. reesei strain TR2 xyn2 gene (including its signal sequence) e
-T. reesei strain TR2 cbhl terminator '°
The vector also carries an E. coli replication origin from plasmid pUCI19 S The plasmid
detailed map is provided in figure 1.
30  pUT1065 presents the following fungal expression cassette:
- A. nidulans glyceraldehyde-3-phosphate dehydrogenase (gpdA4) promoter 2
- A synthetic T. reesei cellobiohydrolase I (cbhl) signal sequence b3
- S. hindustanus phleomycin-resistance gene Sk ble 4 used as carrier-protein 10
- A linker peptide (SGERK) featuring a KEX2-like protease cleavage site !

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



is functional with respect to the phleonycin resistance thus allow ng easy
selection of the d transformants. Mreover, the | evel of phleonycin
resi stance correlates roughly with the2 | evel of xyn2 expression. In
pUT1064, wore2/79883 cloned with its own & gnal sequence. ThePQY/NaAHS01
production of C | transformants (phl eonycin-resistant clones) was anal ysed

by 10 xylanase activity assay as follows: Prynmary transformants were
t oot hpi cked td- EB4aRs BH ¥Hf€?ﬂisynth5§dfrﬁgteﬁ?‘¥t8% (resistance verification) and

al so on XYLANhBhadt&Sal{oX R AREbRLfabtiinhy BB @8d)I 08 aRYE. 6t RPIikdHBn HARR from
visualisation 17). Plates were grown for 5 days at 32C. Each vali dated

clone was Paspid BHES oﬁh@l%ﬂﬁwt%leéf@ﬁlsmd ipéRWEEs per transformant were

used to i r o
UaF b SRR, E0OGEh AR i A OLER AR il e plblee

days at 2fredyslhskiberyin Iig0abopgryxampleehhe fuwen @mtftlmrnexslammﬁi U EM5r(Sh blse dXHBDOg,

ochn gl Neeral SBR SAGR §ape BHRARRSESRkhe s VIRAERSY Rkt il

|l evel s i mraﬁ}sfcinr(abEsMomowumerls)el AL phileaanyxcinl @sistewre| correlates egughbyt widn theylewhate | |

specific _activit in I in cul UntransforrredUV
TBeo5 5. G gehiet ‘?“shlflmé’%t’ %Sr°o‘%“°dwtﬁg/‘t%§wgé‘gg%%‘lf Cone 7-1 4.7 U./n
4.7 U./ng tottak szlam’tse proHM:tl])BQQSI trafbetmante (ehleonP cifh-rdsidthnt rlonds) &aUadamsged bt al
prot. WV 1065 clong 1-1 5.6 U/

P50040 . 1GRBEF ST S5y arolioH i sty Sep st ket 1, A P i o
L hat : f 1) (ﬁ%yml) §1aﬂest(fes14taﬁ<¥e@mlﬁmaml alad dlsabe Xcsmrmlx praed (xy2gnads dcm@mdtmuusgdhas
ost or esecretlono rel et er ol ogous ung I’Otol . ] to the
Exanpl es }eﬂfé‘tﬁ zpno yisyalisalqny r h@ fatesvere grogn ‘I%Ho‘gV% g EWP’% ‘ﬁ One REpPO4
2.0 g/l Menks o S DMN Platel Nh)saS¥hed pd t@ihdfoln@Rt WEe u!;edgé hnocﬁmtg%Aﬁhth@s 0.3
g/l MES 2 g/1I WO 01/ 79507 -25- PCT/ NLOl/ 00301 cCacCiz- gg/ Sucrose 100
g/l O i giePEpreatst sposs ﬁer/llqusddiut}grte ipjtiaticg. Bhe liquidpituggspn éAHz EXRRplats Wefose

130 g4l Mb%n'\/?qéﬁrﬂt*27@%%&@@“18@%)%@&194& Gntd v enafru M (SEHOLC 98:ind: O

g/l Adjust pHto 6 Agar

From these samples, xylanase act1v1ty was measured by DNS technique according to Miller et al.'®

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

Active xylanase II concentration Xylanase Il specific activity
in culture media in culture media
Untransformed UV18-25 3.9 U./ml 3.8 U./mg total prot.
UV18-25::1064 clone 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::1065 cione 1-1 29.7 U./ml 25.6 U./mg total prot.
UV 18-25::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) C1 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/l Mandels Base with
(NH4);SO4 1.4 g/l Peptone 1 g/l

MgS04.7H;0 0.3 g/l MES 2 g/l



10 MnR Soft : MMRwith only 7.5 g/l of agar. MPC : CaCl2 50 nM pH 5.8
MOPS 10 mm 15 PEG 40% For selection and culture GS: ducose 10 g/1 20

Bi osoyase 5 g/l [Merieux] Agar 15 g/% pH should be 6.8 PDA : Potato
Dextrose WQAat7%97 g/ 1 [Difco] 25 pH shi Ud be 5.5 MPG MarRfSI/SLEA901y t h
K.Phtalate 5 g/l ducose 30 g/1 30 Yeast extract 5 g/1 The regeneration
media (MR) suppl enented with 50 .tg/m phleonycin or 100-150 g/ m

hygr onyci n iga‘gls’ed to select tPdddformants. GS AdPSSHPO &lppl emented with 5
g/ M phl eonyOligoelanentssed t o confmi/im anti bi oti c Adgissplamce. 35 PDA is a
conplete medium for fast growth and good sporulation. Liquid nedia are

i nocul at ed w 1/ 20t h of spR,fq,éX&pensi on (all spores from one 90nm PDA
plate in 5ml O, 1% Tween). such cul tures are grown at. 27C in shake fl asks
(200 tpm). | YOPAHECORF AND CHARAGPERI SATI ON OF O MeENESivs\D GENE EXPRESSI ON
SEQUENCES 4UedSFex@BH1, XYLJ, ARD &PD Constructi ofaGk 2H. Bl ueSTAR géfieM
library of UghkBos25 Chronosomal 2034 of UV 18-25 x@estpartb 63l |y digested with
Sau3A, fragngpis of 12-15 kb qu%/lV\O 01/ 79507 -26- PCT/NLOL/ 00301 isolated
and ligated 10 a BanH site of cloning vector BlueSTAR Packagi ng of 20% of
the ligation mxture resulted in a gene library of 4.6 x104 i ndependent
clonés. Thi sMoRoSefty wadnkwith ioplyi7éde/kafdgarst ored at 4 C and -80C. The rest
of the ligation m xture was also stored at 4 C. Screening the gene |ibrary
of UV18-25 fgpd solation of the genes for cbhl, xyll and gpol 5 For the

i sol ation of .the different gen§(§ N‘ n total 7.5X 04 %ggl vi dual Bl ueSTAR
phages per p?% ¢ were hybridi e'B n dupl o. Hybri di ion was carried out
with the PCRMOPRgnents of cbhl10mMd xyl| (as described in WD 00/ 20555) at
honologous ckPE@i ti ons (65C, 0. 208SC) and with the gpol gene of A niger at
het er ol ogous conditions (53C, 0.5xSSC). The nunber of positive signals is

I VEN 1 Ngor selection and culture

GS:
Glucose 10 g/l

20 Biosoyase 5¢1 [Merieux]
Agar 15 g/l pH should be 6.8
PDA :
Potato Dextrose Agar 39 g/l [Difco]

25 pH should be 5.5
MPG :
Mandels Base with
K.Phtalate 5¢g/l
Glucose 30 g/l

30 Yeast extract 5¢g/l

The regeneration media (MnR) supplemented with 50 pg/ml phleomycin or 100-150 pg/ml
hygromycin is used to select transformants. GS medium, supplemented 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 5ml 0.1%

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

ISOLATION AND CHARACTERISATION OF Cl 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



Tabl e 3. The positive clones were rescreened and for each clone two

i ndi vi dual phages were used 10 for further experinents. DNA of the
different clones was anal ysed by restrjction analysis to determ ne the
number of WRG1£78508nt cl ones i sol ated fi8m each gene (resul t BCAHNAOHPARL | n
Table 3). As for each of the 3 genes, 4-6 different clones were isol ated,

we concl ude that the pri %ene l.ibrary 54 5 x104 cl ones) represents
about 5x HesAR &ﬁateﬂ/mfsB%% ?8%1?%?%"%"@5@ yeShARCBarkpainrgeof 20pef theylagation

conpl et e ngeRRRsbkd tVa g&eaﬁrﬁ of 439&@@“%%%&11&& IOt PSS wBIREGHIRA 27N

average genom ¢ 15 insert of kb, this would indicate a(ggrgrgnorre si ze of
120 M, wiredipt#SCand i8Rs Tthﬁéf’S‘S‘Pfihﬁ leﬁatlﬁrh@lxnxxgpyef #5 $tergd gt PCR reactions
W th speC|f|c prinmers for thl/%wne present on the plasm d (based on

pr evi ous Scrsqingitbesenst/dranat 25 omisdhetiansesithe genePeR dbhidgmbherd gredid t he
T7 and T t pal A able, to
det or i e b e BE Bl Mncs DR el L5 Cndp T BESTAR AEER oBhb Bt
gene a phiesniydridasd insieplof Hybrshsqu@nw&s defedrou with terPQR frigveengarfed’ (Gembxy! !
Positive |

nt .cl ones Jon _ firgt. screening
rescreeni ngdegcé'quenm gda/ 2@%‘1?1; ) f{ %W'%%%ﬁﬁ “’5%%/4%?!’@%%‘%8{&@%” ’ﬁ‘gtBﬁlgp@de_“& 6
pGPD4 Talbf 4. idger3e hﬁaﬁlolgguso:foncﬁtl&iSIQﬂCph&M)thd Menbgeopdsitive sigiyalOfs gbhén 18- 25

wi th PCR a ts of UV 18-25 for the e and .t he xyl ene

(hormol ogd8te dolth B4sBH1E FaTaF £OEHiE Gprifer GafIcrgne Thodnatidi guacts Mere used

(het eool agom&herombmma%)wm ih8 Aiffdrtc1@esl WaSdnhiySddl B résrathiys agalyas tdised
i the nunber of different clones. Sequence analysis of the

to determn ne

cl oned ggﬁ ipesthe pyaber ghiffereqy qloneaﬁala%eﬁérog*pwh g@@ﬁéremth%érergé@m £aklg 3 ne

sequence Adebedabh BAthk BNzeAésC 4I6aRFE SR dREs were 1§ﬁ>at§EQeldan&l9desth;t th§ ARsky 2ene

respectively. Also the deduced am no acid ?uences of FEI ns are

r epr esentiBAM (4L clopey) reprogents about 5x gename of EHHE-23r BTﬁé’rtflISéSSUBqu ¢paclude

pr ot ei NS uaf @ie Bbn{fBte lobhohRr &1 VA 8-251i4 reﬁllégéﬁ'th IPQxW&Bhégnﬁéjse& Q@%} F} 9%&1‘0 jon of

the start of thetranslatlon and the introns i s based &

gened> f r 8¢t RE 1% lbrethis arriuldyindicate a goagres sigeplet 1 205D, W\Dcmls/ ¥ 9607 theXize of the

PCT/ NLO1/, %g;%%) J)'r'flr From the am no acid sequences of CBHl, we concl uded

that the I's about 63 kD in size and that a cellul ose-bi ndi ng

domai n (EBD)remloper eatbndpeafic pphaeS- foeithd pale pesedt of thehplapmidt @ased on previous

| nt er est n i dence or t a CBD in the

201 at ed SRR BB SRR RSB R Fmh S BLEET2E% P ol el i

pepti despdlylinket bf pBEES"MR rmj were pbkatteldetenﬂmbhl& Poaoded tglkneprloheiuﬁ]bex( 8EQ I D
)cl nlft rns .t hat tP‘ @5 kD oteln i s,encoded he cl oned gene. A

ones HB e?

posm%l exXp rﬁ'ﬁ’aef“fkb%’fn%f’p "9 8 I‘Br sefiyenegds ri“H‘@“%’BO %ﬁ“ﬁt einis a
truncated version of the CBHL protein |acking the CBD. The

cel | obi ohydGéleasd CBHbsiiasinacCt ifvi T yosagaimst [Milfferedl d160% OST Gfone WA for

| actoside, FP and airg6treening rescreening sequencing
cbhl 8 7 4 pCBH7
xyll 9 6 5 pXyl5
gpd] 12 12 6 pGPD4

Table 3: Screening of 7.5x10* phages of the gene library of UV18-25 with PCR fragments of
UV18-25 for the chhl gene and the xy !/ gene (homologous conditions) and with the gpdA gene of

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

Sequence analysis of the cloned genes

For the cbhl, xyll, and the gpd! gene, the results of the sequence determination are represented in
30 SEQID No’s 1, 3 and 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).



10 al so agai nst p-nitrophenyl fi-glucoside, cellobiose and p-nitrophenyl

| actoside. Its activity toward MJF cell obioside is inhibited by cell obiose
with inhibition constant of 0.4 mM T_Pga_ M chaelis constant toward MJF

cel | obi oSVA814R887 0. 14 mV] toward MUF [actosi de was 4 mM arRCTRLEYWBVC  was
3.6 g/1. The pHoptimnumis from4.5 to 7. 50% of maxi num activity toward
CMC and EB? activity toward RBB-CMC is kept at pH 8. 70-80% activity
withinp =8 is kept during 25 hours of 15 incubation. The tenperature

opt i nrum Feonbtile ZADG.acidBbuehss af GBHibewe ainclubial thatlthofrorhyid abdua & kDadnsikey/and? .

Th i ng CBH ter, which i ferred di £t
nvent1 ofta1 &b Rt Ay RO G ppegent 8 o i Rl A Rrafiml evtel.

sequenceso efidefgé waywouad et thielpreicied ofed SBDHE R 8014855 KDRHGSEFTbtein. FlolvBves,
| ess

protejn 20 at the N-ternjnal, side (.. irectly attached to or_ at

than 5 affiemEsSeer ¢ i ‘§‘§%‘$¢8"W‘F‘%‘n‘?‘t"iﬁg“%?Sgh‘glm%%é‘ﬂ%ﬁeé‘) %’eleﬁchﬁé GBHlehrafeidr e
only fewspy & X4 23 s@nfihd thattheBB 1a Brokdh® Werdchataasy e HKS REHM poskiyldl col a
grisea and Neocal |imastix patriciarun). The estimted size of the Xyl |

prot ei n PPlangtioaref thesg rewlfe isahat by ty HRProted) ing dynsatesnyessigpofithe KB npigtein
ori gi nat gcfirPme s protein (SEQ ID No. 3, 4). Several isolated peptides
could not be found in the encoded sequence. This could indicate that 25

al t er nat Theecellgbialydeadase CHHE| hes agiivity peainseMUT-q¢llebjosidg, DBIF kagtosides VP @ avicel,

anal y§eSalsd)Qgafiél PAREBLAGE plofidbiile, EQloblote ald £5RBEENPT 1aBRd. Ntst RlisitySBwkid
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t he sequence: 35 WBQCG GQGM GPTTC VSGAV CQFVN DWSQ CV (am no acids 22-53
of SEQ I®iNo. 4). This sequence does not conply to the CBD consensus
sequence_described in US 5,763, 254 (Novo). WO 01/79507 -28- PCT/NLO1/ 00301
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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
C1 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 (xylanase) having an N-terminal CBD is the Fusarium
oxysporum XylF. The CBD of the Chrysosporium lucknowense Xyll protein has the sequence:
35 WGQCG GQGWT GPTTC VSGAYV 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).
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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: EG5, EG6, Xyll and CBH. After exposure, the Northern 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 very 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 > Xyl1 > EGS5 > EG6.

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 CBHI 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 CBH1, Xyl1, and GPDI of the invention.

Description of the figures

Figure 1 is a pUT1064 map

Figure 2 is a pUT1065 map
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i ncludi ng pronoter and term nator sequences. Pronoter sequence (1- 1779),
term nator sequence (3427-4451) and intron sequence (2179- 2256) are given

in smal|l case. aaggtatccgatttggggaacqgt cgat gaaagt at t gcaaaa t gcgcaa
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e e e
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cggaacct ¢gf't gt acagt acct ct cgt aat gat acccaacaccggggccgagcget ggg 1560
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aaggagtatctacggcagcgctgttcgtgctgegttgagagtcagggcggagacgagcag 840

gcgacaggagcctcgcaccggcacttcggatecgecatttgegeggagegtcaaatacgete 900
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CACCCCTCGCT GACGT GGT CCAAGT GCACGT CT GGCGGCAGCTGCACCAGCGTCCAGGGT 1920 HP S L T
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TCCAT CACCAT CGACGCCAACT GGCGGT GGACT CACCGGACCGATAGCGCCACCAACTGC 1980 S I T I
DANWROOTHOR TDSATNC -32- PCT/NL01/00301
TACGAGGGCAACAAGT GGGATACT TCGTACT GCAGCGATGGTCCTTCTTGCGCCTCCAAG 2040 Y E G N
KWDTSYCSDGPSCASK

T T CCAT OO TACTACT CCAGCACETAT CCATCACACCACLIGTARCTOE, 2100 6 C | D G

ADYS

CTGAACCTGAAGITERGEGH CTOCACCAN AT SERRT SGETAGEEAEA2A 601 5do N L K
FVTKGQYSTNIGS TY M Y A K F A T
CTGATGCGAGAGCGACACCAAGTACCAGAgt aagt t cct ct cgcacccggeccgecgggaga 2220 L ME S
DTK YC@WFQ @é@@@@W@@é@@@g@%@@@@@@W@@W@ T
2280 F T L T A E N
mwmggcg%@@ggwm&wm&%@z%w% FDVD
VSNL

GrocaTeanTaaiaT SaThack T ErodansabTdaadafeafadadsrackacia 400 S M D A
D G G &AL CACBAGCHRKGCEC BN ICCYGTGGACTCACCGGACCGATAGCGCCACCAACTGC 1980
CGGTACCGECTIACTIGTGATI CTZCAGT GITCATCARACECCEBA@C 2460 G T G Y

CDSQCPRDLKFI NGEA
CAACGTA WWW@WZ@%OVENW
QSST CFTERYS ¥ €

%WW%EWP%%@@S%o% cCs
E MDV&VE;AIN N MAA AFYTE
CCACCCTTGCACCGTGATC(IX:CAGTCGCGCTGCGA(XXBCGACTCGTGCGX:GGTACCTA 2640 HPCW
V| G CBRECTEASGTISTTCACOBATGYCCAGTACTCGACCAACATCGGCTCGCGTACCTAC 2160

CAGCACCGACEGCTFATECOGGCAT T GEGAECCTGACGSATBCAACTIT CAACBCGRACEG 2700 ST DR Y

oGO RAREA T RSN CERENTSRISACARERTERE ST 60728) G N K
TFYG K|

AR RASEEEAA 2 VTOQ
Pl K N LA A ERe 5319@?218928\’{

RFY F Q9 L L G N E

CGTCCAGAACGGECAAGGT CAT CCCCAACT CCGAGT CCACCAT CCCGGGECGT CGAGGEGECAA 2880 VQNGK
V | P NASOQITSGATET FEASAT OF CCANCCTCGGCTGCGGCCTCAATGGCGCCCTCTACTTCGT 2340

CTCCAT CACCCAGGRCTGEGTECEACECCRAGAAGECEGCET TEGEEGACGRGAECGACTE 2040 S I T Q
Dwc %m'%c@%sﬁrét&ﬁd&ﬂég&?mcéfﬁ&% %%EQZCQ&J%I\ MRALER0SAL 5400

M D A D G G M G N K A G A K Y

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

CAACGTAGAGAACTGGCAGAGCTCGACCAACGATGCCAACGCCGGCACGGGCAAGTACGG 2520
NV E N W Q 8 5 T N D A N A G T G K Y G

CAGCTGCTGCTCCGAGATGGACGTCTGGGAGGCCAACAACATGGCCGCCGCCTTCACTCC 2580
s ¢ ¢ s E M DV W EA ANNDINMMBAM AWM AF T P

CCACCCTTGCACCGTGATCGGCCAGTCGCGCTGCGAGGGCGACTCGTGCGGCGGTACCTA 2640
H p C W V I G Q@ S R CZEGUD S C G G T Y

CAGCACCGACCGCTATGCCGGCATCTGCGACCCCGACGGATGCGACTTCAACTCGTACCG 2700
s T b R Y A G I CDUPDGCDF N S Y R

CCAGGGCAACAAGACCTTCTACGGCAAGGGCATGACGGTCGACACGACCAAGAAGATCAC 2760
Q G N K T F Y G K GM TV D T T KK I T

GGTCGTCACCCAGTTCCTCAAGAACTCGGCCGGCGAGCTCTCCGAGATCAAGCGGTTCTA 2820
v v T QQ F L KN S A G E L 8 E I K R F Y

CGTCCAGAACGGCAAGGTCATCCCCAACTCCGAGTCCACCATCCCGGGCGTCGAGGGCAA 2880
vV ¢ N 6 K Vv I P N S E S T I P G V E G N

CTCCATCACCCAGGACTGGTGCGACCGCCAGAAGGCCGCCTTCGGCGACGTGACCGACTT 2940
s I T @ D W C D R Q K A A F G D V T D ?



NCAGGACAAGGEGECGECAT GGTCCAGAT GGGCAAGGCCCT CECGEEECCCATGGICCTCGT 3000 Q D K G
GMVQMGKALAGPMVLYV

CATGTCCATCTGEGACGACCACGCCGT CAACATGCTCTGECTCGACTCCACCTGECCCAT 3060 M S | W
DDHAWQMMPBSONL DS T WP | -33- PCT/NL01/00301
CGACGGECECCEECAAGCCGEECECCGAGCECGEET GCCTGCCCCACCACCTCEEECGTCCC 3120 D G A G K

PGAERGACPTTSGVP
C&T@WW@W@WWW@S@OOA EVE

AEAPl\?SQ\l{?lGF%Wl"Rﬁd’I G K AL AGZPMUVL

AT e AT R T RO RAGRACRERAFRAACIERARRR, A%24%066’ 6

CGTCAGCTCGTCCACCCCGGTCCCCTCCTCGTCCACCACATCCTCCGGTTCCTCCGGCCC 3300 VSSST
PV P SEEGCLGTCESRAEERCBGEEPCGAGCGECGETGCCTGCCCCACCACCTCGGGCGTCCC 3120
GACT GGCGECACCGEET G CGCT AAGGACEATEAGCALT GEGEAGCGAATCGEGTFCAETGG 360 T GG T

GVAKHYE CGGIGE{FT - 6103150
A@F@%@@W& RS AROCPEART G SFEEPACHERL BT 2 TQC
ESPY K L®N ASE% o

CCTGT AA@&%%@E@@@éﬁ@c@ﬁ%@%&é&@@@?&%&%aé@@&éé‘dé&%@%@&ﬁz&é’@ie&%@24b i
tttatttttrcagt ccggagtgctit cgect ecaccagt acataagaccdtid t it t eacgt ag 35
caaaatggcttcttttcagaccat gt gaaccatcttgatgccttgacctcttcagttctc 3600

acttt a%%lfé‘g TEGRYTACRACEGILEEC QT CeTRRTICCHCaRCR T TAFSGATaaBECRRCCI666300
cct ggaagt'gggt cBggecch t tfygt YggBegyadecét et t Bt gt gdt cCgglgaycce F720

Peat accid CCCI%‘@?F8§£5%%#G%%@i%ﬁéﬁ%@%@%@éé&ﬁég%@%@@@é RS Gse0

gagagcacatt cat cggcgcagggat acacggttt at ggaccccaagagt gt aaggacta 3900

ttatt agimahattatetgseirccegoescatirrelctaagcAQUCEAdsacraAct @atns 3968420
aacttttggt agacgcaat tacsdaaegarcat acgt gccggamatn t togggat vccgt gz 4020
gct ct ccccaaccaagct agaagaggcaacgaacagccaat cccggt gct aattaaatta 4080
t at ggt tQ,Cé"thTf\%\ﬁW%%&éﬂﬁtﬂw%ﬂt@‘é@aﬂ@@@@@ctq;qq;agétcfctt:égwtattcagzt14©480

goat ogLagLiunt asadlecanyy serocqagel aLtloldct alaget oot 0aot 8 1208
agcggcachaat ggact aaldghbacagt f&%@%@%@@gﬁ 23aa0c0t{ é&t%?»ggeoo

ttct aaat act agaggcact t agagaagct at ct aaat at at at t gaccctagcttaita 43
t ccct atdcagtaagy t apitagotchaaced aitagatagscopatgelaat 89h agod ant 4440660

agggt t caaaa 4451 WO 01/ 79507 -34- PCT/NLO1/00301 SEQ ID No: 2:
cctggaagtgggtcectgggectttgtgggacggagcectectttectgtggtectggagagecece 3720
gctctctacecgecctaccttcettaccacagtacactactcacacattgectgaactgaccca 3780
tcataccgtactttatcctgttaattcgtggtgectgtcgactattctatttgectcaaatg 3840
gagagcacattcatcggcgcagggatacacggtttatggaccccaagagtgtaaggacta 3900
ttattagtaatattatatgcctctaggcgcecttaacttcaacaggcgagcactactaate 3960
aacttttggtagacccaattacaaacgaccatacgtgccggaaattttgggattcecgtece 4020
gctctccccaaccaagctagaagaggcaacgaacagccaatcccggtgctaattaaatta 4080
tatggttcattttttttaaaaaaattttttcttcccattttectctegettttettttte 4140
gcatcgtagttgatcaaagtccaagtcaagcgagctatttgtgctatagctecggtggeta 4200
taatcagtacagcttagagaggctgtaaaggtatgataccacagcagtattcgcgctata 4260
agcggcactcctagactaattgttacggtctacagaagtaggtaataaaagcgttaattg 4320
ttctaaatactagaggcacttagagaagctatctaaatatatattgaccctagcttatta 4380

tceccectattagtaagttagttagectctaacctatagatagccaaatgctataataggtace 4440

agggttcaaaa 4451



Am no acid of conplete Chrysosporium CBHL protein. The putative signal
peptide (1-19) is shown in italic letters and the cellul ose binding domain
(496-526) is shown in bold underlined letters. MYAKFATLAA LVAGAAAQNA
CTLTAENHPSOLOTHABIETSGG SCTSVQGRSI T 50 “34-DANVRWIHR TDSATNCYECPRRWBIHSA38ID
GPSCASKCClI DGADYSSTYG 100 | TTSGNSLNL KFVTKGQYST NI GSRTYLME SDTKYQWFQL
LGNEFTFDVD 150 = VSNLGCGLNG ALYFVSMDAD GGVBKYSGNK AGAKYGTGYC DSQCPRDLKF 200
| NGEANVERY ERSHRDARAG TGKYGSCCSE MDVWAEANNMA AAFTPHPC?V 250 | GRSRCECDS
Y

EBSHR
CCGTYST. KT FYCK \V 0 TKKI T | N%AGELSE
| wa%ﬁ%égg: O B IS LT O s - W DRANES TR p RS TUONERALAG
PWLVMS, i[?k;'g\d WD 40 55T WPE DEfiSedss RGABBIACEH 1 ehSGYRAEYEA: EAPNSNVI FS
Nl RFGPI GST 450 VSG.PDGGESG NPNPPVSSST PVPSSSTTSS GSSGPTGGTG VAKHYEQCGG 500

| GFTGPTICEK B PET KVADAAKBOCIC TLTBRIH ISEQTWDKNBSG3 PN VREguenceS&equence of
conpl ete Chrysosporium Xyl | %ene including Eronnter and term nator
SequencERANBIGAB! SPSABN G SRIRTO6G)0 CROEARTNaE droARSaREe 100

(2428 303UFAZN) (BOARLO% SEOHRNGE STz oR ek Bl 13380 1330).

1596( 15 1 are given in sm

t cat caagdNGRCANGt goerahininatatk 2saeo reak a6 nO agRage gt 50 ®0

t cat ct ccgt ggggt cgggt gct ccagacgacgct t cgggccgat cct gaatt cgggaag 120
gaaacggiNGRIGUENAL CAFH RANAH ae&E6aCCEE (RNYEARNEL AFeRIIRGRP Y cc2 S50 80

901 200G STEOTGR: GEEr AR EEEar Aoty JoRY AdAREt ok FAURTgeLt 22500
ggt aggg

t tt 60
Okt agt HE ALt AO00t T CLRTCot AAAr LQUHl CRPUChEEt b actagc aart ay 420
aacaat agisrgikaakgt oot BegeRAgebt ki rag avgackgerrangaceeat.oat 480

ggt at ggacaaaagcagt aat cggagt cacaacgccgcattttccttcatgatttccgtc 540
aac c ggayatRJiPEH 8 g DORRREACETY §6 GERAR \(i7g ARG HATBA N IBF&PFFEYCcc4ab B OO0
tggttctaacctcttatagt ct gaaaat gcgcggaggccagcgaagccaagcccgggaac 660
cgtt ot t GROGEEE ERU ARG FUBRE ARLa COCL T Eetal FeacaRtaggr %20
cggct gc ggt 1 a t ggt t acggagt acggaaat ggaa 780 WO
01/7956§§§%%&3Pgﬁé§k€ g éi 0TI

acgcgccgcagt cct ggttccat cggt at cct ccgcat gct ccgccaaaaaaagaaaacc 840

cgogt atgitd t ag aadsggat at aagagacaagat gcaccacccgcccccttcccat ct gc 900

cggttgcccacgt cgccgt cgactgecttgtccgettcctacctgcagectctttcagaga 960
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-
1116, 1181-1332(1331), 1596(1595)-1674(1672) are given in small
case.

tcatcaacttggcgtttggatgtactaatattacacgtcgtttgennagcggagtctgtg 60
tcatctccgtggggtecgggtgctccagacgacgecttecgggecgatcecctgaattecgggaag 120
gaaacggttcggctaatcaggtcctctaaaatataacgaagcactacagagggagttect 180
cagaggacatcgtatcaaccgaagaacgaagcgccgaaaggactgatcaaaacaggagta 240
ggtagggatgtgtgagtacctaaactttccatacctgacataaaatcatcatggtgcttec 300
agacctgtttgatgaggcgagggcggaggccgcattgtattttegttecttecttectttt 360
tgttagtatatctnagggttccatcgtaaaatggaatcttccagctctactagtaattag 420
aacaatagttctgatgtcgtgcgccaagctttttcagatgactgccaaaaacccatcatg 480
ggtatggacaaaagcagtaatcggagtcacaacgccgcattttecttcatgatttecegte 540
aaccggagaggtcggaggaggactccggccacatgtgatgcgaagaagtacatggcgececa 600
tggttctaacctcttatagtctgaaaatgcgcggaggeccagcgaagccaageccgggaac 660
cgttcttgtcatggtttcagtattgtttcgectaaacattctatccgattecgegataggtg 720

cggctgccaccgaaggttgtatccttaaagetttggtaagtacggagtacggaaatggaa 780



ccat caaac ATGCGTACTCTTACGT TCGT GCTGECAGCCGCCCCGGTAECTGIGCTTGCC 1020 MR T L T
FVLAAAPVAVLA

CAATCTCCTCTGIGGGECCAGT gt at gt aattgccttactcggaaaat agtcaccacta 1080 88 P L
WG Q C Mgd#E10aagct cact actt cct gt t t3eacaat agGCGGCGGTCAA 1140
GGQGWT G CCACGACCTGCGITTCt GGCGCAGTATGCCAATTCGTCAAgt cagt aactgettttatt
1200 PTTCVSGAVCQFVN

tttcattgt 126

Lot at { GEPEVECTTL G UGt BAORUOI T ALt BLLat A0 LOaT 11 e T 306"
- J 38 WY S

aaatc %@ggggwa@é%%mm%@%é%%m& Qo Q

GEAGEACAATTGEAA
TTGSTPAPTGGGGSGT
gt T

OCAR TPACERICK @QT@QWW@AC%OGOZQ}L HD
T T ks V L A A A P V A V
KFKAKGKLM{FRGTEI DH

gfﬁﬁ@@@@@%@@?&%@ﬁ9%%%%%5%@%%%%&%%%HLNN

TCACGAGAACAGCTTGAAGTGCGATGCTACTGAGCgt gagt gacctctccteccttctecce 1620 HE N S

L K W Bghgdctt R@acaataat agai@gatticacgageoguidocgagaatgarsdammcgrgat 1 4 g CGAGCC
1680 S R GCAATCAATTCAACT TTGCCAACGCCGACGCEGT EGTCAATT T GOCCAGGCCAACGECA

1740 NOF NFANADAVVNFAQANGK
AGCT@@%W&%@&?W @&W@M@two&% | RG

HTLL Vv

TeAAC ARG, AR A LR A LA Ik eG g 18006 N D R N
GCTACARGEEOANGATCEEEEACT X AGGEGHT T ALCCAGAECTT IS SACEAGGEETa 920320 K G K |

LHWDVVNEI FAEDGS
CGCT CCEEEACRTIGRO T FEATEETS FETLLEHE r@mmqgsmsq_ RDS
VFSRVLGEDFDVWNYASFQCVPGS
ggﬁﬁgﬁgaﬁ@%§§%§§§%&&Qw%%%@&&&&%%@@@M&ARA
TTGCCAACTACGCCAA&BTGACCCGGGGCAT&BTCGAGA%G%TCEAC%AGT&EATCGC&C 5100 AN Y A K

V T R GeMtarde A< oRCNAKT YW AA S AQEWEGCOGANOST Ac30 e cBEAC M AENTOR30dA 1500
G L H DK F KA K G KL Y F G TE ETI D H

CTACCATCTCAACAACAATGCCTTGACCAACATTGTCAAGAAAGACTTTGGTCAAGTCAC 1560
Y H L N NN AL T N I V K K D F G Q V T

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

gacaataatagataattacgagccggttcgaggctgacattgecgcgattctagCGAGCC 1680
S R

GCAATCAATTCAACTTTGCCAACGCCGACGCGGTTGTCAACTTTGCCCAGGCCAACGGCA 1740
N Q F N F A NADA AV V N F A Q A N G K

AGCTCATCCGCGGCCACACCCTCCTCTGGCACTCTCAGCTGCCGCAGTGGGTGCAGAACA 1800
L IT R G H T L L W H S Q L P Q W V Q N I

TCAACGACCGCAACACCTTGACCCAGGTCATCGAGAACCACGTCACCACCCTTGTCACTC 1860
N D RN T L T Q V I E N H V T T L V T R

GCTACAAGGGCAAGATCCTCCACTGGGACGTCGTTAACGAGATCTTTGCCGAGGACGGCT 1920
Y K G K I L H W b V V N E I F A E D G S

CGCTCCGCGACAGCGTCTTCAGCCGCGTCCTCGGCGAGGACTTTGTCGGCATCGCCTTCC 1980
L R DS VF S RV L G EUDF V G I A F R

GCGCCGCCCGCGCCGCCGATCCCAACGCCAAGCTCTACATCAACGACTACAACCTCGACA 2040
A°A R A A DUPNW AI KUL Y I N D Y NTL D I

TTGCCAACTACGCCAAGGTGACCCGGGGCATGGTCGAGAAGGTCAACAAGTGGATCGCCC 2100
AN Y A KV T R G MV E K V N K W I A Q



AGGGCATCCCGATCGACGGECATCGGECACCCAGIGCCACCT GECCEEECCCEECEEGTEEA 2160 G I P
DGI GTQCHLAGPGGWN

ACACGGCCECCGCECGT CCCCGACGCCCTCAAGGCCCTCGCCGCGECCAACGTCAAGGAGA 2220 T A A G
VPDA LWRONOA AANV KE | -36- PCT/NL01/00301

TCGCCATCACCGAGCT CGACATCGCCGECGCCTCCGCCAACGACTACCTCACCGTCATGA 2280 AI T E L

VS K %@%%WW&%@@%%ﬁW cLQ

ACACCT L AAGECCOEEAEX PALCCEhE 663 ETdXARCASEASET. 2400226 WR S
SSNPLERFADSENYIQRPKERAA K 2 L. A A A N V K E I
CATACAATCCTCTGATTAATGCCTTGTAAgaggaggt atattattttt agaggcaatgaa 2460 Y N A L

| N A 0CEnanGaaNHRRaGaS A R, gcagaterngoageast t 2520
at aagt cdacdct at afa atDattccg at®yg tﬁ‘tg@ttlﬁ%‘z§T cgaa‘éaa“éa 58

aaaaaaagalaaas Gal L 4
cgaaat ggcgacctt ggaa@% %a@(ace?cagag agt Zf%gg% % a@aggggg%?ﬂﬁé’g %340
t ggcacct aaat ccatttgtctgcggt cat agacggggctt aagaagcct gggat gcagg 2760

t gt cgatarsEaggah DUt AARGIRAT gat 6t AYITICgaanCEr APIAgratggmAREECE820 400
tctccactl t @ccRccectd acgadit cPt chgggt gtEgcdt cEcttagaaadt cackcck g 2880

gcgcctcagatc cccttt ctct gttcg t acaat gacgtccgctggtttcttccaaa 2940
gaccaggq? g fg%

Hfegqa0dER 3t R Cya4e gt agA T't98006 160

tctgat aa tc caaggcgcgg 3030 SEQ ID No. 4 Am no acid sequence of
conpl et 4503944 StONAaaReRLLESaddaAR) b§pghown in
itali c ttg!tagr ?ﬁeanéd)EF %regg?eélb:talggﬁﬂ%aggeﬁggdoml r?a 22- Sg aés shown |2n bol d

under | i mdgkehhea&atthbet&Ma%B%\g‘bé@&WJ@E‘E@\&SG&5 80
VCOFVNDWYS 51 QCVPGSSNPP TGITSSTTGS TPAPTGGEGES GIGLHDKFKA KGKLYFGTE
DHYHL NNRNAE 2T Rif 43<5HRE0 27 ENSE KYT1R SRR SRR RNERATYNFA2 2 9579 3OANGRE f RGH

SR M S R
gKgr/G T E’%&%@%%S %Iﬁ)wt%ﬁécg YNALI a§§507 37-

PCT/ NL&J;/teasedcaﬁﬂadtlacbi@ca{ytﬂ%g%&qmgagm@jaapmattlg&hgfhtg@;mmr i aeeGPDL
gene incl udi ng pronoter

101

tcteccactttececctececttacgactettecgggtgtgectetctagaaagtecgactectg 2880
gcgcectcagatcgecectttggectctgtteggtacaatgacgtecgetggtttctteccaaa 2940
gaccaggtatttctcccgtggcaacaaagaataccaaatacctatatcgaaccgtagtect 3000
tctgataattagatgtctctcaaggcgegg 3030

SEQ ID No. 4

Amino acid sequence of complete Chrysosporium Xyll protein. The

is shown in italic letters and the cellulose
is shown in bold underlined letters.

(1-20)
(22-53)

signal peptide
binding domain

1 MRTLTFVLAA APVAVLAQSP LWGQCGGQGW TGPTTCVSGA VCQFVNDWYS
51 QCVPGSSNPP TGTTSSTTGS TPAPTGGGGS GTGLHDKFKA KGKLYFGTEI
101 DHYHLNNNAL TNIVKKDFGQ VTENSLKWDA TEPSRNQFNF ANADAVVNFA
151 QANGKLIRGH TLLWHSQLPQ WVQNINDRNT LTQVIENHVT TLVTRYKGKI
201 LHWDVVNEIF AEDGSLRDSV FSRVLGEDFV GIAFRAARAA DPNAKLYIND
251 YNLDIANYAK VTRGMVEKVN KWIAQGIPID GIGTQCHLAG PGGWNTAAGV
301 PDALKALAAA NVKEIAITEL DIAGASANDY LTVMNACLQV SKCVGITVWG
351 VSDKDSWRSS SNPLLFDSNY QPKAAYNALI NAL*



sequences. Pronoter sequence (1-1555) and intron sequence (1682- 1781) are

given in small case. The 3' end of the gene is | acking.
t gagcagcaat gagcagcaat gagcatt cct gggccaccgagt ct gagt gccagt acgga 60

gtatcgtadwowgﬂﬂwﬁggggtttgatttggtgacdﬁ%gcttttcacctctcgatgccﬂ@ﬂmngmBﬂl

aaat cgggt ct aagct gagt t t gat caaat at gt gact ccaacat cgccccctt cggcaa 180
accccgt C cg%gtg%catccttccattgcaagcgatcactcgcagggcgtgacgat 240
t

gaacga tggyaccgat t cgcggat at agcggcagccgaccagecct accac 300

act gat ggeeqt gt cact a ratgcicecagaaccgeaag ac%%%g caat gct 360o or
tggt at m%ké@é@g@ﬁo%ﬁg%&g? Seetcenai odhire §§ %g :

2~
gcggggtcaaggaadt fieacqecaast ot cagacahbaggcegagat taecgbggtign ng.
ggcccagttttagccgttceccgtccgtttcctaccggaccatgattttcgtgaaccattg 540
caat ccogragegcatt ¢ apgacghtgagoagt dcagotyccgct gupeagagt tycat gedyg@0060
gt ggccggct caaggcagcgt ggcggggcat ccgt gt caagct cccaggaggaggt gcgec 660
gatttcégéFééﬁ@@EE%&&%%E%@@&%gé@%%ﬁ%ﬁﬁ%@@@@%%&ﬁﬁﬁ%%ﬁ@&&gé@?%@ﬁﬁﬁfcgzé20
gcccgggacat t cagctc ccacccaaaaccqggt ccgatctactcgettac 78
Dot oot S a g e R L et Rttt e aadee
g9t gacagreabeesi € 9paalaae 9aeced LAGReH5864 £ £OaAG 6§ 98FAGaR00 40
ctcgtgtcctgttggtcttgcaat gct ggggcggcaggaaat gcgt cgcgetcctccecgg 960
CCaagacriaggags aygarageyogg cagayt ageisaaat agearcgeggaac ggagat geat0300
cccacctcaacgcaatctgtgatgcaagcaattgggaaggctcaccccacctcagcgagg 1080
ggct ca@4PL I F AT t B CadefE At YerHCAcae af g IpAtPrert 168¢adcr1460
tcat cccacattt gacaaaaat cqt ttaatctctttccat acaggccgt ccgcgcete 12
{gat aacintar AR R e R R SR R S
2gCaJCCRIABAGHES CEFLLATIBAEESEHFALIAGEE EAL CLLHCGhat 6988612 413280
cgcgacccagcagagaat cccaaacctittgctgcttgct gcccggttccggact gagctg 1380
caacccaggecetyt agaaagotttttegtt tattterae ggl gl caactatitgt cgt gl aacit t§4400
ccgacatccgttgagctcaacaactccccgaaccttttaccccgcgccgagctacccctc 1500
cat caa&éé

T AL A R AT LLRATIEAL A0,

I NG

EEETRRSAFAEFEFERET CRANICHEEAC Bt CIAHGRE AL EARBNTCACLESBOOM T -

I KV G

CGAGCAGECSEAT O I 636, WO
01/795(% -38-%CT/ LE%gsol %gge%év %&ﬁc ég% ¥; %6 DngEF; a| cé 29?( Y A

Tgt aagtoagttbvatd tddagectceycgegtdeichtech géd cogitegaeagt acgagattat74080

Gat ctt gcaggcggat cggagct aaccgcgat t gt cgt acagGAGTACATGCTCAAGTAT 1800

K'Y gtggtagttcaggtacttttgagtagtaaaaacgctacggcagggccggggggtteccece 840
ggtgacggaggtgcctctgcggtggcgaacatcccacgcactcectecgagectacggtgacac 900
ctcgtgtcctgttggtcttgcaatgctggggcggcaggaaatgecgtecgegectectececgg 960
ccaagacctaaaacagacagcgccgcaaagtcegctcactagcaccgcgaaacgaagatge 1020
cccacctcaacgcaatctgtgatgcaagcaattgggaaggctcaccccacctcagegagg 1080
ggctcaaccatttttattatcagctcatgccaccacaacatgactgttttectttceccttge 1140
tcatcccacatttgacaaaaatcgtcgattaatctctttceccatacaggccgteccgegete 1200
tgataaccacataaaagtctcttcagtcaacagctcaaagctccctcatccctccaggta 1260
agcagccaaagagctcccccacggacccecgcactgectcateccgectgtatcecggacctg 1320
cgcgacccagcagagaatcccaaacctttgetgecttgectgececggtteccggactgagetg 1380
caacccaagcctttaaaaagcttttccecttetecccacggtgtcaactctgtectatcect 1440

ccgacatccgttgagctcaacaactcceccgaaccttttacceccgegecgagetacececte 1500

catcaaaccaccctgacagctcgctcactcacctccccacatcacagaaatcaaaATGAC 1560
M T -

TATCAAGGTCGGCATCAACGGTTTCGGCCGTATCGGCCGTATCGTCTTCCGCAACTCCAT 1620
I XK v 6 I N GG F G R I G R I V F R N S I -~

CGAGCACTCGGATGTCGAGATCGTTGCCGTCAACGACCCCTTCATTGAGCCCAAGTACGC 1680

EY ML



GACTCGACCCACGGTATCTTCAACGGCACCATCGCCGTI CGAGGECAACGACCTCATTGIC 1860 D S T H
GI FNGTI AVEGNDLI V-

AACGGCAAGAGGGTCAAGT TCTACACTGA CATTCCCTGRARGGAA 1920 N G K R YV
KEY T EWMOIPIRN'N| P W? E - -38- PCT/NL01/00301
ACTGGT GCCGAGTACATMRT CGAGT CGACCGGTGTGTTCACCAMCACCSAGAAGGCTAGC 1980 T G A E

YI 2ESTGVFT?2T?2KAS
GCCCACCT éradieceaBactascodearear cATcreTEcTéocdicdacdaafadtece 40 A H L K

T A A A R e A A B RS A R IPRHE FERF TSR 140 0 v v M &

V N E Kéﬁféﬁd@c@gﬁceg£léédaditNaccgcgattgtcgtacagGAGTACATGCTCAAGTAT 1800
GCCTCGTI GCACCACCAACT GCCTGECTCCCCTCACCAAGGTCATCCACGACAAGTTICXC 2166 A S C T

TNCLAPLAKVI HDKFG
GWTWQM@\WWWW%MWL VEG
LMTTQ/@STY*FAGTTQK’TNVBTIAVEGND -

L I
AR G O R SOOI R RCTCAGMCATIATEREEARL 22806 P S A K

AGCACT GECGCCGCCAAGGCCGT CGGCAAGGT CATCCCTGAGCTCAACGECAAGCTCACC 2340 S T G A
A K A \A@G@dCTECLGRCEACATMRBACAE TTGACCGGTGTGTTCACCAMCACCSAGAAGGCTAGC 1980
G&ATGFCECKZC@F@TC@CNCCGCCAA%TWC@BTVGFEGACCTCA@CF@CWCSZ4OO GMSL
R VPTPNV

A Dﬁ?%ﬁ@%%@@@ﬁwf@%&ww@@ KEAT

A AGP
CTCAAGGUi giagitrah 8568t d 1 otickh b At A dd A egeaass s asalastaat aammb2Q ool K G
acccagCeATGCTCGACTACAGTGAGGE2547 T L+ D YT £ SEQJ DyNor 6s At no-aci d of
partial Chrysosporium GPD1 protein (the Ctermnus is lacking in the
sequencEEEETEERE @) CCAINTIRVEE NGFT GRI CERIGCERAG ST EHSOVECRHCAMNDFFIEEPR 1 $AEYM_KYDS
THG FNGF ASVE@NDEI VNG IkRVKFi‘TE?Q'? PANY PWETFG VXE\A ’?E‘ST@V KFT*f")T’ﬁ<AS,L\H

PCT/ NLQ?HIQZ@:&@@TGM@@CTGGCGTGGTGGCCGTGGTGCTGCTCAGAACATCATCCCCAGC 2280
G P A K D WU R G G R G A A Q N -

AGCACTGGCGCCGCCAAGGCCGTCGGCAAGGTCATCCCTGAGCTCAACGGCAAGCTCACC 2340
s T G A A KAV G KV I P E L N G K L T -

GGCATGTCCCTCCGTGTCCCCACCCCCAACGTTTCCGTTGTCGACCTCACCTGCCGCCTC 2400
G M S L RV P T PN V S V V DL T C R L -

GAGAAGGAGGCTACCTACGACGACATCAAGGCCGCCATCAAGGAGGCCGCCGCCGGLCCC 2460
E K E A T Y D D I K A A I K E A A A G P -
CTCAAGGgtgagttatctggttcctttttttttttttggagaacgacacatgctgataaa 2520

L K G

acccagGCATCCTCGACTACACTGAGG 2547
I L D Y T E

SEQ ID No. 6

Amino acid of partial Chrysosporium GPD1 protein (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
AAQNIIPSST GAAKAVGKVI PELNGKLTGM SLRVPTPNVS VVDLTCRLEK

EATYDDIKAA IKEAAAGPLK GILDYTE



1. A protein corresponding to a Chrysosporium glycosyl hydrolase famly 7,
exhibiting at least 75% am noacid identity [ as determ ned by BLAST
algorithm] with the anmino acid sequence of SEQID No. 2 or a part thereof
havi ng atWD@#g95020 conti guous ani no d¢i ds whi ch are i dent PEENLYK003He
correspondi ng part of the am no acid sequence 1-246 or 394-526 of SEQ ID
No. 2. 2. A protein corresponding to a Chrysosporium gl ycosyl hydrol ase
famly 1@ %gl biting at |east 70% am noacid identity [ as determ ned by
BLAST al gor| with the am no acid sequence of SEQID No. 4 or a part

t her eof havi ng at | east 20 contiguous am no acids which are identical to
the corrés poAdbrn@inawrrespbndihg tcaarﬁhoysoam'rdms glyaesyt bydrola8® fmi125$>®83timg SEQ

| D No. 4. 0p&i,n corr e chrys ri ol ase
fam Ly 10, ECIRH: (P AguapoS Seuend i debaerint oA sy pobSgRomif ihS by
BLAST al gori tid acxdvséq[meﬁ&eoﬁsmmm d o APARNRGOf hatilg 4tDedN020 dogu@upar t
t hereof having at |ea contiguous am no acids which are identical to

the corres ponmmgpmtsrwhloh atenidentivahty thecomespendiog pert of 88Jmyno SEId spPiemee 4.
4. A a prote r i glycosyl hydrol ase famly 10 and
conpri sing aI1 Q4§ 3?%528 fﬁ%on@)gf}h%l n having at |east 55% am noacid
identity with the amino acid sequence 22-53 and/or having at |east 20

conti guogs api BRotdRi dBrEsFHRIME 16 a a@h@s@s@@ﬂ@ﬁﬁ%lﬁzsﬁs hodroBise) famhilNo.104,
and/ or having one of the am noacids F, and Y at relative 305| tion 44 5.

A protein cop¥labisiadit depst d0% zmmyemé p@#ﬂt@h{ 3 ﬁ@@mu@éﬁwBL spemtam
dehydrogenas &f‘lthetﬁg aijmd Q‘fqﬂ SF%uencé E))tC §EF§ WO 430(%I Argﬂl%}éotf)fla{/lflgéé%%%%ﬁ(ﬁ) ned

by BLAST al gori e par ani no acid sequence o

or a part tb&itpebudaminigadds Waihtar? ddenoibali gube Soredpoadiagipast ofhthe Andiie
identical to the corres ondi n art of the amno acid sequence 1-277 of
SEQ | D No. 6acig sequepeptd §06?5£r§g3’ of $ERAY Ne-4l ucosi di ¢ bonds, conpri sing
the use of an enzynme according to claiml1l. WO 01/79507 -40- PCT/ NLO1/ 00301

7. A progess ,of, [ Ql, Mﬂ(n% Xy 'é)stﬁﬂé&oa%%ﬁﬁq A g&ﬁ&%lésé‘efa&iﬁ@n% an

enzyne accordl ng to clarm nucl |c aci d’sequence encoding a
prot ei n accoexhiibiging Gt denst 65% @hinoh@d rdentitp[ a9 det%rmurelddaycBaAiSd“ aeoyithnc
conprising at ‘&1 gst 70% of the nucl eotides caontained in 5' - non- codi ng
region of th¥itHURE @minoasd ss@fien et SER %Woﬁé)r@rpﬁéemﬁfma@gft legst 2hg 5.

10. A nucl ei g, Jus MRgld MGks ﬁrgmﬂ_rdré Cﬁ?ltl@'dlnt Ghel6rr8oflding part of the éxgnl >

expressi on-regulatory region derive rom Chrysosp rl um contain t he
5' - noncodi ngacdiégeqrencd 1388 ofiSERQEIxNoati d sequence of any one of SEQ ID No's
1, 3 and 5, operationally linked to a

4. A 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.

5. 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 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.

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

according to claim 1.



nucl ei ¢ aci d sequence encodi ng a pol ypeptide of interest. 11. A reconbi nant
m crobial strain, preferably a fungal strain, containing a nucleic acid
sequence according to any one of cl ai .8-10, and capabl e | ng the
pol ypept i ¥& Bfid¥ded by the coding nucpg?c aci d sequence. 1§ET§ﬁ§p§@§gs of
produci ng a pol ypeptide using a construct according to claim10 or a

m crobi al ,strain.accordin oclaimill. 13.  An ol igonugl eotid rgbe
conpri si nZ:j atgl %rgg?ssl%tdh%ﬁgfy&& u@"‘m?éidé%tjbf’%}%% R lenng ftc éﬁ: (‘:)%aa(%i an?glfuence
of any one ofacobiddIoNMaitn 2,3 6 4and 5, or its conplenent. 14. An
ol i gonucl eoti de probe according to claim 13, wherein the probe is 20-50
nucl eotides in length, 15. An ol iqgonucl eoti de probe according to claim13
or 14, wher ei ff nuREICHCKhEequenqeLnaodiaga PiateiR agcIamgde apY ang gldpims 1-3.

9. 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 SEQ ID No’s 1, 3

and 5.

10. 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.

11. 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.

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

microbial strain according to claim 11.

13.  An oligonucleotide probe 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.

14.  An oligonucleotide probe according to claim 13, wherein the probe is 20-50

nucleotides in length.

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

with a detectable label.



