| nhA PROMOTERS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application clains the benefit pursuant to 35 U S.C  119(e) of U S. S N
61/ 169, 8a80f2n10ad108pri | 16, 2009, which is incorporated [reraiSnotop3red er ence
inits entirety. FIELD OF THE | NVENTI ON [ 0002] The present invention rel ates
to an isolated DNA sequence having pronoter activity and to vectors
conprising the DNA sequence. The invention also relates to a nethod of
producing a protein in a host cell wherein the host cell conprises a vector
conprising a DNA sequence having pronoter activity according to the
invention and a codi ng sequence encoding a protein of interest. BACKGROUND
OF THE I NVENTION [0003]In the field of nolecular biology researchers
frequently | ook for neans of {} ression of het erol ogous
genes in host cells with the ggi'lh%?l{)@gﬁ ilﬁg commercially rel evant
anounts of a desired protein. Reconbinant production of a desired protein

is often aCCO”D"S@RQMHYFg9ﬂ§RE¥R§EﬁQDY@@E&TE[SAP@QHb@ﬂﬁQﬂQQSG |n host
cells wherein the vector conprises a pol ynucl eotide which codes for a

desired ein a n the nu eotld ont r ol
of regull @;Ogﬁ y el elrﬂrglﬁtagﬁgﬁdon HaE ﬁ‘? %‘?ﬂeé pq’r%uan‘etgt% Liplg%lcgﬂ’éﬁ{]g gfgy‘éd to as
pr onot ewrs.16T 883 KirRdtAprilWe | 100bewhiolh [sddm@(daﬂeﬂlh@reﬁl Byasferdiet In itGheiFetgui t abl e
conditions for the expression and production of the desired protein. There
are nunmerous pronoters kno in_t there is a need for new
pronoters whi ch contr ol th2q3§34%2§i@%h%iQﬁﬁﬁingﬁgous genes. The present
invention fulfills this and other rel ated needs. BRI EF
SUMVARY [@P2THE |NVENmtﬁmt#@@@ﬁpTH@wpke@ethkdﬁéh%B@tha@ammgmhpmﬁemspects.
[0005] I n_one a t he |nven el ates 1.0 .an |sol

conpr s s RO BT St ESubEnbs DA SRR 1 AlergdR b BB ihgg of,

t r uncat eebdotiak a(pﬁr(btdlﬁ i e o Rele whtreinSEE S DN ondprides aSE@terohdﬁlsﬁg a(DNf&

nucl eoti de sequence having at |east 90% sequence |den ity (e.g., | east
91% at SPEEEE° ?%g PERMQtELActi Vg3 ggcoLting t@é%ﬁ ingyonfpongnd p gadipg Wn%tenF@é‘%ﬁ 96%
at | eastyQdifof Blerbgast 98% and at |east 99% sequence identity ) to a) or
b); or d) a variant nucleotide sequence or a truncated variant nucl eoti de
sequence of SEQ ID NO 1, wherein said variant or truncated variant has
between 1 and 10 substit ut BeHSKGHRAUAP gied HE AN VERTIONNO. 1 or t he
truncated sequence thereof. In sone enbodi nents, the isolated pronoter will
be a tr(otma] ed substaetielded naflecBRObIIdMscdrchers SE@anyMak 3 medsro€i n t he
truncated subse uence comprises a nucl eot i de seque ce se ctgglfronlsEQ | D
NO 4; SEGMHREC BPrasges PH‘%@O O@OHW%%%“E &< 99° CINSEQ I D NO
24, SEchQrﬂé@ml@@ele&E@aﬂn@uM@of £ 8388 pR 1 HROhb A ISREURASE NAYsHE at | east
90@6sequence identity (e.g., at Ieas? 91% at |east 92% at |east 93% at

| east 9#%wteints crféeasapccgm%sh%d by exasiructiogqyceiersiseisghle DY we inhosteaks whasin thnd at

| cast 99 SEANENCE, d AFAMIcINNiad Onn BEAURACLILNET 80fin |0 FRIE, AEDOCI MENt S,

t he prono er W T obeP @ variant - nucl eoti de sequence or a truncated vari ant
nucl eot Ipdb’nscﬂemﬁlﬁ c¢epladed Sa@erithe &d@trollof rbg’ulstor;eelandmsjmdentpsntlcuﬂaeregnlam er

conprlse and a t uncat ed guen ari ant uen
Cher eof CHNTRUFEE) ebaiaHEEs. HANeH: 41 PAACPIGERuEq ancal iagn e
t her et Ocoﬁcﬁﬁ’&ﬁ]ﬂ)ﬂh@ cxprédsIdBrand pRAIGEont dTehd MB4REY profid. Ghade@Se Aifindowkect or
conprising a DNA sequence conprising a pronoter enconpassed by the

i nvent i GFPTYPRP &BOYN I R &d: hoov e Bt 5P HgRsLIST BYY PGSy Wélwélecon‘q){@i thone
enbodi g Lrent s,
The. pr ot RS e R oo A i R A R e
gl ucoanyl ase, an anyl ase, a protease, a phytase, a |lipase, an esterase, a
xyl anase, or a |accase. Iﬂ3ﬁiﬁﬁbsﬁﬁﬁMUH&¥ﬁfgij%éNM@ENEﬂOPhrther conprises a
si gnal sequence. [0007]1n another aspect, the invention relates to a
reconbig&ﬂh m cr obj I vect or enconpassed by the

i nvention }n sonzhgﬁggg?%g%?gPlgggBhico Fﬁ%nt host cell will be a
bacterial host cell. In some enbodi nents, the bacterial host cell will be a
Baci | | ug0@®5] St r epirmmcaelsect]dsﬁtin@@itﬂon r¢latestoms igdodipnoptote comhasiBagi | | us wi |

e ot o PHeSle!sEquefieq of SERF oS anﬁf§ﬁ%q@$§c ARG hiteadls PG |

Streptonyces will be S. avermtilis, S. coelicolor, S. griseus, or S
l'i vi dans. -1-



WO 2010/ 121009PCT/ US2010/ 031210 [0008] I n yet another aspect, the invention
relates to a process for producing a protein in a reconbi nant m crobi al
host cel Iwatnmn2emwopri ses transform ng the mcrobial ho®CTamsbké1oms2ho a
vect or enconpassed by the invention and culturing the transfornmed m crobi al
host cell under conditions suitable for the expression of the gene and
production of the protein. In sonme enbodi nents the protein will be
recovered fromthe culture nedia. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0009] Figs. 1A- 1E: [0010]Fig. 1A illustrates an i nhA pronoter
(SEQ ID NO 1) which includes the ribosone binding region in bold and

derli t 3 t at
Fegi on S T80} £5r SROIPERE ST GRE Stk Rrcwsiee Mvird lmog? [Btrty idgte
i 11 ustraesatS&E § Do NPlcadt 9%, GhIchQOBUS eslcan 94 NhA/ 1681 $5% QR SdaktWes, laneaytpor at ed
into vector pBm -PG cel A, The inhA ronDter is in |taI|cs the restriction

sites afé’s ﬁﬂ%F 88%m?aldta|ﬁ bea§t|9§r{<affeqb@ﬁ? idsatityDdn @ 91d)ieidB pvRFigd nuglogide] Fi g, 1C
i 11 ust r@&fﬁ%nc%%‘?a &Bnbﬁ?edv‘? Yé(ﬁ Gl 898% %Eglﬁé]c%?siz ?t F%ﬁe?é}f’%éaq&'vﬁle&%ﬁt ruct.
pept i il 10

The signa eis un |ne ustrates SEQ

whi ch i mhwﬂalsvaalnnuhahhét&&bhrl | ambt&m‘osmltlorrsodrqn@thgn@ldwnlnSEQ\IQdﬁ@r1 or the
anK—NN$ cbhll, The i hA ronot er the restriction S|tes are
o bot a tat s gh oo BaR FbS bpiniat s Rred i B 4 Aol

i1 ustr atigsque $3HPOID ND vhir SEQIEPNCY: S, Whecihtinsimbed sﬁb%haﬁ(eﬁ&ﬂﬂdmprlses
construct. The signal %ggtlde i s_underlined. £0015]F 2A - Bill ustrate

(A) an 8paclpplige ssfuence slcctesidrom 8EQ IDMNO 36 SEQID NOve: Qﬂpﬁ@r%rﬁ‘f@_

ferment afa. 07“898 ® 15@023 N ﬂ?ﬂ@t 84 | 41D fib K- '2593<E3(g?l§§~!(§1926%tf"a|nu£1%9tm& he inhA
pronoter and (B) SDS- PA of 6, 24, 26, 29 and 32.5-hour tinme points of

a 2L f ersmlnn@tha@img@t leBst 9ﬁ%g@g@6mcc| rdeew;yr(egs rhlgasCal %, dtrleast 939, at kiagt Plonbt er .
Vo 2010/1613%1&@/9 Pgaé‘@%g} 1[ lea %3&‘% at least 97%, at least 98%, and at lcast 99% sequence

identity) to a sequence thereof. In some embodiments, the promoter will be a variant nucleotide
sequence or a truncated variant nucleotide sequence of SEQ ID NO: 1. In some embodiments,
the promoter comprises SEQ ID NO: 2 and a truncated sequence or a variant sequence thercof

and further sequences having at least 95% sequence identity thereto.

[0006] In a further aspect, the invention relates to a vector comprising a DNA sequence
comprising a promoter encompassed by the invention operably linked to a heterologous coding
sequence. In some embodiments, the coding sequence encodes a protein. In some embodiments,
the protein is an enzyme. In some embodiments, the enzyme is a cellulase, a glucoamylase, an
amylase, a protease, a phytase, a lipase, an esterase, a xylanase, or a laccase. In some

embodiments, the vector further comprises a signal sequence.

[0007] In another aspect, the invention relates to a recombinant microbial host cell
comprising a vector encompassed by the invention. In some embodiments, the recombinant host
cell will be a bacterial host cell. In some embodiments, the bacterial host cell will be a Bacillus
or Streptomyces host cell. In some embodiments, the Bacillus will be a B. subtilis, B
licheniformis, B. stearothermophilus, B. pumilus, B. megaterium, B. clausii, or B.
amyloliquefaciens. In some embodiments, the Streptomyces will be S. avermitilis, S. coelicolor,

S. griseus, or S. lividans.



[0016] Fig 3. depicts Cel A secreted protein activity as neasured by pNPG
hydrol ysis activity over 5 to 32.5 hours. Hydrolysis (Ab405) is indicated
by 0 and woanwgrR1¢og/ L) is indicated by O DEFIN TIONS [ e0TStmbese1def i ned
ot herwi se, all technical and scientific terns used herein generally have

t he sane neaning as comonly understood by one of ordinary skill in the art
to which this invention belongs. CGenerally, the nonenclature used herein
and the | aboratory procedures in analytical chem stry, cell culture,

nol ecul ar genetics, organic chem stry and nucleic acid chem stry and

hybri di zati on descri bed bel ow are those well known and commonly enpl oyed in
the art. ess i ndi cat ot herw se, the techni ques apd procedures .as
doscri bili b e Bt Gt Binist s Fioiiah -BEe P SRE sERER BRTRER hods
i n the amrécoaibhaviaiPétsialgRBECE wHiEf @heseStranSReming. the micBebTiltRokecRtwitt a

Mol ecul ar C oning: A Laboratory Manual, 3rd ed. (2001) Cold Spring Harbor
Labor at 8F§fOPyseEpasegs| by Bp invisatidignd sultumpeythe gagpforined maprobisihost egl} ynler

Pr ot ocol.g it VRLRMH A% 1R &bR&Won HAR0:aRARd Pcﬁ?ilﬂ@tio\ﬁ'clf%{ Bt $EigRce, which
are provided throughout this docurren%. [0058 As used 6i1ere| n, the term

" pr onot enmbodigfeetsshe wrowimelyreuetwotdddomns thgyeltere medar t i cul arly a DNA sequence
that initiates and facilitates the transcription of a gene. Usually the
pronoter is |located on t r j ols, in a close
proxi mty upstream of th%ﬁégﬁgﬁ?b@?%?@a%@ﬁ%ﬁé&?@g{% of the coding
strand. Pronoters_may include DNA sequence el enents which insure proper

bi ndi ng (498! act i vEiesoi* of ERNA pol ynerase, influence where transcription
will start and affect the |evel of transcription. The size of the pronoter
may be VeHiOhbl e. Wai L& ilhotratgeaminhdrbinpdet (SBRID ANY: dmwhichweshadesthe i 1 many
cases prompter..activity . onf.i ned..t o, ahout 150 base pai ( o
cequenca B RiREh eloh b Bafn PRIAR B wP Rt e RE S EIPRA kB ver
sequenc @sgtatiid -35qc@bonid 500cdigh &e hivhlightsd musldiaal itgiene may be involved in
pronoter activity. Mst pronoters have conserved sequence el enents at -10
bp and I&ﬁ.lﬁ’P (10pfpud ﬂ’lﬁ@t&a@@sss_]fl‘%"ﬁ) R RUGKIBPI:AAS: JBRRRLIAVG¥rR tO the
site of initiation of transcrip |on¥].' As used herein a pronoter of the

i nvent i arvowordtededabd Ysictor pBordt(eeclacT he/inhp prooteois Thsalpiar the ecstrisbi bitasiang or
havi ng pr ter. activity’ ans.that a sequence functions as a pronoter
and thatmgor[gé‘rrllethgragrr‘nlﬂlﬁeé%?ﬁ’ gﬁzésqlhn?ﬁ%léle(ghl\lﬁch is operably Ilinked to the
pronot er DNA sequence has ability and function for producin n_expression
product (U2, | a BsiF &dsprise %FQ;ZID MY ot I%QC{%FWraﬁﬂﬁtegé“ «ed by

nmeans kpeywautOThOGo@ beRd i@sndeMidcher described in the disclosure herein.
In addition, the presence of pronpter activity can be determ ned by, for

i nst anc nfirngti of e | of~ L he, gene, prod th ne inside
or outsﬁ%oel%gf a Pﬁlghs 6@“&%&5@@@%&823‘1‘?‘@8@ ecrrﬂur%egf“hl ﬁ%ltj%)ﬁfel CBIrlsgrﬁllgj er" nmeans
a pr onoftieorpsiidtedintondetoa pBsn X-INang Bilil . pithie Gith 20 ploynondiénintitadicd) dst re@dbtionadBPr i Si ng
t he inducible praonoter is exposed to some particular external stimulus. The
activi t ¢redp bglet %naawlﬂaép?ﬂ“ﬁﬁﬁﬁ@gﬂ ﬁé‘;‘}‘aﬂ”@n‘f i ggered by chenical, physical,
nutritional or cell gromh factors. Non-limting exanpl es of inducing

fact ors [0Hél ude ehig HoAkshata SEQAPAVG: (lewhich denasetp thedtanslated mhiA/ gil) |

chem cal 0 . . racycline or xylose), nutritional factors
(e.qg., 8%% %%%t' gﬁ%rl %%P%%Hg{s(??n&ggheagr owt h phase (e.g., exponential growh

h : ' ts, th t I ' k of

et Ea BT FERS A B o WSS SV 8 St dealab el

i nvent i @RindOrSRLL e R W8 oh B BRI B @ imelitad &prGHE EBHII fYMNh@RhabuUt not
limted to | PTG xgll ose or elevated tenperature. In sone enbodi nents, an

i nduci bipeonprterantd éB) aceBb diAfeE 010.2He26. 3% end Pda-heuytibe paintsgif a@bdernmtationt i on
i nduci bl e ,p ar ] iA0N. I cible pronoter is a pronoter
t hat isoggt%%%RL'é%eﬂfﬁgggg%%gﬁééﬁégg%ﬁgﬁg&ggg | ow. One advantage of a

gl ucose-starvation i nduci ble pronoter is that cells can grow on an
alternative carbon source (for exanple, but not limted to glycerol) and at
the sane tinme the pronoter remains active. [0021] An inducible pronoter is
di stingui shed froma constitutive pronoter. A "constitutive pronoter” neans
a pronoter by which transcription is perforned constantly at a given |evel
irrelevant of the growh conditions. A constitutive pronoter is capable of
expressing a gene | ocated downstream of3-the pronoter wi thout |inmitation.
[0022] The term "inhA pronoter” is used herein to collectively refer to the
various pronoters enconpassed by the invention, including but not limted
to a pronoter conprising a nucleic acid sequence of SEQID NO 1 or SEQID
NO 3, truncations (subsequences) thereto and variants thereof wherein the
truncations and variants have at |east 90% sequence identity when aligned

N AN~ 1 ™ R 1~ a A=~ 1 I~ o~ ~ A=~ 1 I~ NI~ 1 = N~ 1 o~



nucl eoti de sequence having one or nore nucl eotides deleted fromthe 5
and/or 3' end of the sequence of SEQ ID NO 1, wherein the truncation or
subsequerwo 2beg12proonot er activity (that is the functi onaCTaseel0beieof ) .
[0024] The term "variant” with reference to a pronoter means an i nhA
pronot er which conprises one or nore nodifications such as substitutions,
additions or deletions of one or nore nucleotides. The term"variant" as
used herein is reconbinant (e.g. that has been engi neered to include
substitution, additions or deletions of at least 1, 2, 3, 4, 5 6, 7, 8, 9,
or 10 polynucleotides as conpared to a reference or parent i nhA pronoter).
[0025] T rm"r e p ter" . or "parent prono r onot er
sequencdothfe i <" Frech BERuRARR gy PlosciB AN EEY B pREli PR EpBiBnce
pronot ehctify dver ReoS3MSRIur® Hydlrd Wi gEb4DE iy eithicutedB el iymas ( €1 ¢ [s@RdiCated
sequence |s at least 25 nucleotides in length, at |east 50 nucleotides in
| engt h, b%t).| east 100 nucl eoti des in | ength, at |east 150 nucl eotides in

| ength, at |east 200 nucleotides in length, at |east 250 nucl eotides in

| ength, at |east 300 nucleotides in [DEHGNRIIONS | east 350 nucl eotides in

| ength, at |east 400 nucleotides in length, at |east 450 nucleotides in
|'engt h, [@d17) east BARsN&FIne@biheREsd, Il k@Rgithl.anll 002 GIfEhEnisalsed hartialgehdadei d”

nucleotldes or "polynucl eotide" refers to deoxyribaonucl eoti des or

ri bonuc @t e ameapes 3rrorenamierrdsrsioad by qnref oy gull gy thaatilke whish tiinded
form UnlR8Sorshe&Iek! eRhdr¥ity, B dofifinc e tLH M RNCHIRRSEES adHEhBE&IASTAS
cont ai ni ng known anal ogues of natural nucleotides which have simlar
b|nd|ngamﬂWmeiﬂﬁmsﬁaSCﬂheﬂmefenénc@rlumhei@manmwhamdﬁamednmﬂebemdzed in a

manner s%e ‘fh atg& 11 o ﬁ)i mn%g eOtlﬂ, nan eemﬂoﬁhe&

i ndi cat & i o dssrteddel geq Tk 8811 K FIEreTy 8 %%asses
COB ser vaid Ateljiﬂldgpgidfda&dloﬁ&mﬁﬂttﬁe ﬁeﬂﬁﬁ@.&ﬁ aﬁcepxgcedud@gle dedcab&l leaea rare
substitutio and conpl epentary seq t he sequ nce

expl i ci @F%Frﬁﬁ’d?eégfféﬁf? acSB‘é’&gftPealP‘fei}“O‘Hi ﬁ@ﬁ%’cﬂé %6‘66?\‘?%3615%1% Pt 6‘?f§rePﬁ‘eF§ be
achi evedcby JeNGHREING ab W&Ma‘%@br{lnw E&botr%rjlm}%ﬂzl P& bd.i(OM019TCoRNGry NMOr e
selected (or all) codons is substit d with m xed-base and/ or deoxy|n05|ne

re3|due§hﬂsaﬁ@enm§ﬂaPm&s&m&ﬂ%ﬁeeﬂén@nﬁéé7and@meﬂsh@igéyw@n@hvgumhnet a
. Biol. |
O R 6, AU GO AR G B RSBl

polynucheonmﬂm are used |nterchangeably with gene, cDNA, and nRNA encoded
by a gene. [0027] The term "gene" neans the segnent of DNA involved in
produci e 1@}1 pol Yy PRRUL g cERItR: tekrh "PRMItBC! HER tb %%%ﬁcl%tﬁﬁ%@cﬁd&gc@”d
follow ng the coding region (leader and trailer) as well as intervening
sequenc @articplatly e AEYA peaugresrihgtiifigictiend fagibtas gh%te@mmt@n@éﬂ eﬁm) Uyualte8F The
term’ [ | @i C
ol d sednungs RIS BT R E RIS DR ERRpiBEY s PP O
conpone tiic gone,h.ewhovedrds the ISSregmh wf éjelcydlag s‘mmidaPEﬁihotefr@ 039 jidhelctiaN A cquence

polypep i de tide,' ei n" nterch eabl herein to
cerer L BlemepisyREr Pt Birrnobagb oSl SRR PebheTE ) R Mo act d
pol ymer srahderiphibeWilDARt d LR thd MdvePo fafnSkrip@ish AUR siz® oRfhedibbicLma behem cal
m nmetic of a corresponding naturally occurring amno acid, as well as to
nat ur al Vyrighte Y piloangt awnido deridhp BIpreipYCaieg. in RN aeies AIPFECHYIR g ami no
acid pol C s of any
angt b CPRES 1o Al ERPORERE opf e RAERnRES MRS AR RO IEIRRET
wher ei n inihgicantnecar) sdquanséscn o zhoet 50%@ otﬁy stusralabgrne }neapthedevobmdds.

[0030] As used h he t |ntrodu in the cont erting a
hucl ef ¢ PTG vBhaost AR b TR RE TR P o ba B33P 0

t r ansf ohgEeot(de® b3S huctdoyidest egRet@IyTEdo theitd of Bttidtida ST kredsefipiag. Adudche
incorporation of a nucleic acid_sequence into a eukaryotic or prokaryotic
cel | wh8p&IR pEotey ef B dnveation Wil exhidtsemateeectivifyo t he genome of the cell.

[ 0031] As used herein, the term"transformation” refers to a process during
whi ch ex@Y@hous nilis¢ ﬁir@seéckhibitmgmr haying pleomm\biacaimtty’empatres@ted)lﬁessette is
i ntroduced in uc nt ai ned either
ns an extighdPafioBSRes FEmaig R gl Bheridt afERl R RRbE VT REERERY onmsone.
at least for the duration when the exogenous nucleic acid is expressed.
[0032] As used herein the term"culturimg"” refers to growing a popul ation of
m cr obi al



cells under suitable conditions in a liquid or solid nmedium In sone

enbodi nents, culturing refers to fernentative bi oconversion of a carbon
subst r at evoaosm2e0vd- pr oduct. WO 2010/ 121009PCT/ US2010/ @8T2AKBR01008123) The
term"vector," as used herein, refers to a reconbi nant nucleic acid
designed to carry a codi ng sequence of interest to be introduced into a
host cell. This term enconpasses nmany different types of vectors, such as
cloning vectors, expression vectors, shuttle vectors, plasm ds, phage or
virus particles, and the like. A typical expression vector nmay al so
include, in addition to a coding sequence of interest, elenents that direct

the transcrj ption an sl ati on of .the din equence, such as a

br oot el kLR a0 P SisBi Bagrngli i P P B 08 AT AR SR e on
casset t @rodut (8.gNUGksit@ pasteidh) FORESteLEtivit) 81a8 hatagdy S, omBAnd &AW Y irdthe art
syntheticaub%, with a series of specified nucleic acid elenments that permt
transcr Ppd o8 desgiet it disclosrry Rereine bt 1d4e i cge g PRREENGCR T AromRSE ACBYIR.  An
eXpr esSi o LTSRS BYRYor RR tehBE leoRfirnthtiBh 888 Fossh bR tne SEROMB dul'bf kAl ¢ aci d
fragment. Typically, "an expression cassette I ncludes a pol ynucl eotide to be
t r anscr iimped, oroperdabll y tlansieebdthosta pronot er. [ 0035] As used herein the term
"expression" includes any step involved in the production of a pol ypeptide
i ncl udi p@n2oyt not Thé @ith €thdu@ibld prvnseten Phdadfa pROsdtertwidasBitapdsit@Rdription

nodi ficatjon, translatjon, post-trans|ational nodification and secretion.

[ 0036] Aok teathsheghetkeromnriging tNAdeEbls BFEROTETHA P ROSOHIOS BTG BRBIGHIapFxigmal
pol ynuekgatbiuderdenativigNeodesariopRRREY hfh§ G Ml deh&Gl $hid&i ol ypepti de
t hrough a secretorﬁ pat hway of a cell in mhlc%‘lt I's synthesized. The

pol ypepnitigionsl or eelligiomitly faglogsa Ned-lingting e lesiod iglaematfantyrs ppdede duri ng
transit _through ecretor hway , [ 7 ed h N he.:t

1 dent i SHRENs) REGHEEE B PN enp L ARB I BARER b BOTsn R bESEr wore
pol ynuc kebté)deutseenae ficess (ergefcarboh Gtaiwabiony, onex lezrsedipdneas.gQlexpanghiddt ed
subsequence hat _are the sanme or. have speci fied percentage.o

Uc! oot EHUL PHEe)- 41 e BeRiR b %ﬁﬁ%ﬁ&%ﬂﬁﬁma cgrietF qr}&_rpaﬁwlaﬁum

cor r espRRAGRS AnWRE cALSATRAKI BOhhW RERWerdf (el SRLed nbERiyRike RS 0BASHT ed
usi ng one of the follow ng sequence conparison algorithns or by nanual

al i gnmenf ceifaén infeeged. sidhgpaBtt nerlimitgios 8 Horxydesque Alceatebivpmeiagn, [ns9mpé cal | y
one S CAURBE AR S AR R ELELRG%LSRANERT R, il R M £y b L RERLSRRGROR ©
conpar ed. en U5l ng a sequence conpari son al gori eSt and reference
sequenc ésluaib& @oeteed Al glt@se-staorpoh ardpcibichs@gorenis @ ptaostdi thattie sctakevhen
designated, if necessar and sequence al gorithm progra ranmeters are
dosi onaEBEbsSanETTE GGl W Opardiarer of b aneBb TEBu G R AReI & (o
par amet @l &aRrde okl 8 hignRitRE carbb® s GREUENCR aBPRPE nS OMmAE DOl ROl f et
cal cul ates the percent sequence identities for the test sequences relative
to the fheremeniiges thepipaHeed repaiseerton t he program paraneters. For sequence
conparison of variants of the pronoter sequences of this invention, e.g.,
SEQ | D N®21B3, SEQAhMhduCibldpramdter issdistangiiahddsfrorh heoBltiABive pnamBLAST 2. 0

| goritf the def aul t ters di d. hel d. [ 0039] A
" conpar | CORC TP kTR BTR e PH OV HE R Erbre e el SEHRR Ao any

one of fheniibelel@intePd GoothScoR@iSibhd. AN nS@LISES BEMbIcO I daPebl &6 tPressing
consisting of from20 to 500, usually about 50 to about 300, also about 50

to 250, agRee eraed doyvistrea of the pagspeier Wikout HMiRIYh a sequence nay be conpared
to a reference sequence of the sanme nunmber of contiguous positions after
t he two [@B3liencesThe ermoFinbhdaptomaer’gnesd hvzithodsllodtivalyirgienterthe sdrimequences

for conparison are well-known in the art. timal alignnment of sequences
for conparianh cBismied bdt pecrton et Biie byt Fiafta SRRk pBETe hon o
Smith &nWétierab@nequddve o ANHTY ID M: h. or SEABD NO98 1gunchiyork iaibbajiehRgithétiognment
al gorithm of Needl eman & Winsch, J. Ml . Biol. 48:443 g1970), bé t he search
for si nirNdrtaptstRrpfavhsreipdigtamgat@np pRghiiantshgge atlgast 90% agagigneedgentityysa

85: 2444 ).zedri t@dd QoK GAP,
R N S A S S At

CGenet i c$, FSOQPLIND: TESEWID BO525EEEhT2ND: 24, NEQ IS NG: 23 9r, SEQ IBWGrRseual

al i gnnent and vi sual inspection (see, e.g., Current Protocols in Ml ecular
Bi ol ogy (Ausubel et al., eds. 1995 sup%lenent)).




[ 0040] Exanpl es of algorithns that are suitable for determ ning percent
sequence identity and sequence simlarity are the BLAST and BLAST 2.0

al gori t hrwQ 2edv/i2looar e described in Altschul etal., (1990rTdaIS20bl03128B ol .
215: 403-410 and Altschul etal. (1977) Nucleic Acids Res. 25: 3389-3402,
respectively. Software for perform ng BLAST anal yses is publicly avail able
at the National Center for Biotechnology Information website,

ncbi . nl mni h. gov. The BLAST al gorithmal so perfornms a statistical analysis
of the simlarity between two sequences (see, e.g., Karlin & Altschul,
Proc. Natl. Acad. Sci. USA 90: 5873 5787 (1993)). One neasure of simlarity

i o pitikes an T ETEAR VORGSR Top a3y RPERTEY heetHP et feen

two nuchegtétir sequeadd MQinkCdnd of BPHENCES v U ctht@CR thys GRaBE®. cnd@If texanpl e,
a nucleic acid is considered simlar to a reference sequence if the

smal | estedgRseRH EEbID NGy 1; whegeia dhgytayncation esfsubssguanss haSrmellnete& agtivity (that i he
refereng%fhﬂgghghﬁmgﬁ&go¢s | ess than about 0.2, nore preferably less than
about 0.01, and nost preferably less than about 0.001. [0041] The term

heterol n _used to describe an ter
and. coai g equend BoicHictuidhe §TE R Ra e POReRR s perRstiPRer sV BT and
t he codicogpsaquefcemas makfic@bnd QAdAds substiatibiiseadditibn® toh @¢letidhs @$ ondor more

het er ol ogous codi n% sequence and a pronoter may be fromtwo differ ent

or gani sfEclegfides Thetapoivagils 2yl hgrewdy E@ﬁ@@lf’éﬂﬁ% Prohasesn FEPBEIP om t he
sane or gamERubsitutloRNGd@fnt BEAR&AIIns 6PA@EsPT OTBI L5 HOEY §1Qk 10l N any
natural Iy occurring organisns, direct the transcription of the particular
codi ng velyoediewide§ Mmpwﬁéﬁoamfel@hmma@m mhg.promotigt)onot er and a codi ng
sequence, are said to be "operably linked,"” it is neant that the

j uxt apo$da2ispn of m@tetmm&bﬂeﬁwpidmﬁ”mrbpalfeunptdmditaf1meaa1@raipy@noter

rel ati onshi p. rds promoter i.s "oper | i nked" to a coding

{]n .ot hgr Wg ?
sequenc &°HRRTF P#HdS PiCERDE ?‘Sl%@ﬁf"?%‘F%cetcﬁ@P?rrl%ﬁsyi‘q 15teratee sronqie rE"@’d‘i’enag

sequencgubs[ep&fhﬁlhrgeﬁseh@éﬂ& c&&l@&m@lar}@faﬁencmaﬂeﬂéé %%twagtmsrrﬁic%ﬁa&qn ﬁéagtheatg a
cell, nucleic acid, pol ypeptide, refers to a material, or a nmateri al

cor r es pdaadi iﬁ)g}lllcbotlﬂl@ nm tangthapt least kRt nugteofidesrm dingthhat laast &30 mucleotiflgtinhas been
nodi fi e h i an@l 1S
|dent|cgng?herggyagg?ﬁdégﬁﬁggégg ég@%@é% @%ﬁ?ﬁﬁé%ﬁ&@pp%/g %PPQ|S and/ or
by mani puéladtidesinishgth, athiaﬁrﬁjﬂmlamlkotﬁm hmicogte sat ld‘delﬂ’ﬂ-(]OIHmblteOﬂitg:sethh&ﬁ least
i ncl ude, ot hers, recombinant cel]s. ex r essing genes that are not
f ound mn?ﬁ?ﬂﬂ%ﬁgﬁﬁgﬂpﬁﬁh@ﬁ%ﬁ“é@@BHﬂFﬁéﬁfIlF M of the cell or express
natlve enes that are otherw se expressed at a different |evel. [0044] A
"host cé0026]is a €kt termfinuclpiggcidnéneclentides’ ¢y polyngeleotideaclsss'o and
expr essi r forned
ot el Ty HEP B or Bk R T k1A 8%%%{6 AL e forubaner 2
"the" i scinddé fhu rlailessep@:nfmaﬂghnunaﬂ ahstetihencomiagses natlearabids dont:ruaings

ot herw 0046] The.term "c i Si.n and. i cognates are used.in their
Pher et SowbRtotutn g i g BrbdisaHbh b Rk R e | ”*&ﬁafereelge
cor r espapelbi AcidQed at@fietabdAEd N Inl BRI SGHR BT o@tekily Tddeurh INY EOTIbERCk - Unless

I ntroduction - [0047] The present invention relates to the identification of
i nhA pr Ohsteipg indjcgted gparticular nucleic acid sequence also implicitly encompasses

and

conservatively modified variants thereof (e.g., degenerate codon substitutions) and
complementary sequences as well as the sequence explicitly indicated. Specifically, degenerate
codon substitutions may be achieved by generating sequences in which the third position of one
or more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer et al., Nucleic Acid Res., 19:5081 (1991); Ohtsuka et al., J. Biol. Chem., 260:2605-2608
(1985); and Cassol et al., (1992); Rossolini et al., Mol. Cell. Probes, 8:91-98 (1994)). The terms



enbodi nents, the inhA pronoters may be inducible pronoters. The inhA
pronoters can be used for the expression of heterol ogous genes and
reconbi nawo 2prooR2eiom production in host cells and parti ceCarusgoniom3tzact eri a
host cells such as Bacillus and Streptomyces. Il. The pronoters of this
invention - [0048] A pronoter region of a B. negateriuminhA gene was
identified by bioinformatics analysis and is illustrated in SEQ ID NO 1,
wherein the putative ribosonme binding region or site ("RBS") is indicated
by underlining and in bold.
GAGCTGEAAAAGAAAGEEAAATCCGTGAGWTATGAAGEEEATTTCTTGTTTAAAATTGA

S A S L SHAEATIROCTATE e

CGCTTCTGERGEAT TGAGAAGTGATTTT | ITATCTT ICTGTATCCATAATGGGGAATTT
TTTGTTTTTATATAATAGT AAT ACGGAAAAGATAGTTCTAATTCCCTAAAAAAATACAC
TTCATATAJob ¥ TAGT T Sl T LA 1 STSRATGRISH AN lypeptid
TTTATCAGAGA TTTAATTGTCA%AAAA %%ACATACTATAAAA ATTT & & POYPeptde
TACATTAtEamarA@@mmdmAﬂmwmmmmwmmA@T@mma and trailer) as

TAGITTTA TATAAAATAAA ACT (SEQ I D
NO 1) POOASTI BB ST hHE DS AT SHEY SR TR TSI 88t he hucl el o
aci d sequence of nucleotides 1 - 523 of SEQ I D NO 1 and this DNA sequence
is refelf®&dlto asThEgMDisRiateds s gsegl heagimpepig: samtneusd. pespggsreell, nucleicacidy
sone_enh %ﬂkﬁ&%%n affind S\ BLHTR 1R isMehnbvOTRE bERadt Bfe SGIRkS AT \Qm%ﬁ“ﬂuence

of SEQ | whi ch 1 ncludes the nucleic acid sequence of SEQ

and t he if wityrally sgomaied.eot i des, GTACA, at the 3' end of SEQ ID NO 1

[ 0050] I n sone enbodi nents, an i nhA pronoter will include additional

nucl eot i[@@s] at t h€hSter@chdd¥pdplide Prpepridy”, anﬁo‘br(ﬁxﬁ"ﬁfeﬁdsa@lﬂte’iﬁﬁn@éabmﬂt er may
include, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, nore nucl epotides. In

some enBEEIMeREST toraoly AT Bminegicit regifdygs: Tﬁe It"ﬁi’a'é amﬂé t0 3P @EIIPBENECIT CATAT
5" of nwlﬁlq;ﬂe%?ﬁlog@ﬁhﬁg%gldlr&lcﬁg% Lrpaﬂﬁ@maﬂcheﬁ'ﬁ@l b o3 @frestieRdin® NO 2.

[ 0051] I n sone enbodi nents, the i nhA pronmoter wll include truncations

( subsequemudly)octurong ainimostcideawelt asSE@aquIN@ccmrng@noacN@olﬁn@rs a8E®@n-D NO
2, for exanple, in sone e t he promot.er. Wi ll include.abou 400
nuicl eot PAGLTY Setiiing Gullng ) elpoltly rs CAS Hedomh i et %m%lmgass absit™

nucl eot Ichlzﬁﬁs oﬁdﬁgbdﬁngﬂﬂﬂlchldﬁﬂgeﬁlﬂlldgﬂ‘; pra’@ﬁist(z 27&51‘[1@&[@(&@1‘:11:%) vlaedin th25611n0

nucl eot i des, out éér ucl ept i des, gbout 200 nucl eoti des, about 175
nucleotﬁ‘ﬁfééfesl 1 @1 e fﬂ%@de ¥t 125 nucl eoti des, about 100

nucl eot i des, and about 75 nucl eotides and still possess pronoter activity.

[ 0052] | 10036he enbadiosadrersin,ghe teum Ciateaducedi/An phegaopteat ofpdertinigrechugtiec 4aeds t han
500 nucI u n | ess
han 350 sy ante SR inqulE B P PR D o 8T (RN RR S REARET | e
| ess thaﬂdﬁﬂHMBUERﬁﬂmedemeanﬂqakﬁmmkﬁaguMEmmcmsemnmaimﬁiadﬁsq@ﬁcbhe

pr onot er Q 0093] For .exa in_one enbodi me an i nhA
pr onot oPr W@H&C?lﬁwg??ﬂnahe ?qlc %%@ﬁ iPeaEp rﬂféd Hie fhegeperae egf'aaé% e of
TTATCGCTTCTCGTCTATTGAGAAGTGATTTTTTTATCTTTCTGTATCCATAATGGGGA
ATTTTTTEOBTT TATATAATRE haTACREAPAAGATY @O TTEaT ARtgeasyduring which

g SR RS S o oo

ATTTTACAIC WMW@AMI’BE&' MTM AT AGRAALARTESOATAIGAGLE of By integration

AGTT-lrr;I‘;oAt h-gétTchrom(-)rsomeT t least for the %;Ia;trl-gn when -tr};re%;ogenoué nuc%w ac1ng exf)'zessed.

[0032] As used herein the term “culturing” refers to growing a population of microbial
cells under suitable conditions in a liquid or solid medium. In some embodiments, culturing

refers to fermentative bioconversion of a carbon substrate to an end-product.



[ 0054] I n anot her enbodi nent, the inhA pronoter of the invention wll
conpri se the nucl eoti de sequence of

CTAATTCCOVOANRAAMIDACACT TCATATATTTTTAGT TTTGGT TATCGATTTGGRATHS2010/031210
GAATTTGCATGT GTAAGAAGGGT TTATCAGACATTTTAATTGT CAGGAAAAGAAAACTA
GITACATACTATAAAACTATTTTACATTATCTACTAGAATCAAAAAATTTTAATAATAT

AGTAAAATGTAGTI TGACCTTCCTAGT TTTAGAATATAAAATAAATCTTGCTAATAGTTT GAAAATTCTAAAA
(SEQ ID NGO 5). WD 2010/121009PCT/ US2010/ 031210 [0055] I n anot her

enbodi ment, the inhA pronoter of the invention will conprise the nucleotide
sequence of TTTGGCATGGAATTTGCATGIGTAAGAAGGGTTTATCAGACATTTTAATTGTCAGGAAA

AGAAAA ACAT. TAAAACTATTTTACATTATCTACTAGAAT TITT. . .
TAATAAgI@ggAAAAT (?&%E“I’Tcﬁﬂ-‘\%*r@ﬁ‘ﬂd&fﬁ% MR&W%C acid designed
TAATAGT TJ 6MAAAD TEABGMnt SEQnicE sNQ behtrodud@ibild Mhanediherhiclran dhdmipassct he
i nhA pronoter of the invention will conprise the nucleotide sequence of

ACTATAARREY ATTCTRAGRPT AT CSFIRET AL CRRNRAKFPTST AT SRR TAETPRARutle vectors,
GTAGTT 1 ﬁg@,@,l{ AAMTAANCTAT TEAAAAT; AAA QID
NO 7) %%%%1157] ng%t&#élr rrb@gj-is’msn}s, 1a§3¢%c§f‘g;@§?%%p\ pr on%;?}gisof “t ﬁg%
i nvent i edditiph fo cadprg ssquenbeohintiebklcdentsdbpidined thd trans¢nipiioadnd trasiEgoh Pf NO,
2 SO N 2 R Mo B2 PR, P e 260 T RN CC | o, e to
Exanpl e llf %gﬁﬂ 15 " Ua 8PS0 6"  FRE ' he pror%t e?g 80t StHIC S nvention are
not limted to SEQ ID . . . .

[0034] An “expression cassette” is a nucleic acid construct, generated recombinantly or

synthetically, with a series of specified nucleic acid elements that permit transcription of a
particular polynucleotide sequence in a host cell. An expression cassette may be part of a
plasmid, viral genome, or nucleic acid fragment. Typically, an expression cassette includes a

polynucleotide to be transcribed, operably linked to a promoter.

[0035] As used herein the term “expression” includes any step involved in the
production of a polypeptide including but not limited to, transcription, post-transcriptional

modification, translation, post-translational modification and secretion.

[0036] A Usignal seguence” 1s a DNA sequence that s a component of a polynucleotide
that encodes a polypeptide and which directs the polypeptide through a secretory pathway of a
cell in which it 1s synthesized. The polypeptide s commonly cleaved to remove the seeretory

peptide during transit through the seorctory pathway.

[0037] As used herein, the terms “identical” or percent “identity,” in the context of
describing two or more polynucleotide sequences, refer to two or more sequences or truncated
subsequences that are the same or have a specified percentage of nucleotides that are the same
when compared and aligned for maximum correspondence over a comparison window, or
designated region as measured using one of the following sequence comparison algorithms or by

manual alignment and visual inspection.

[0038] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, if

necessary, and sequence algorithm program parameters are designated. Default program

-8-



NO 1, SEQID NO 3 or SEQID NGO 2; rather, the pronoters enconpass
variants and truncations of SEQID NO 3, SEQID NO 4, SEQID NGO 5 SEQID
NO 6 or wBQoiod2ND@9 7, SEQ ID NO 23, SEQ ID NO 24, SE@CTrmskigv/o221@and SEQ
ID NO 26 or truncations thereof, and al so include pronoters having at

| east 90% at |east 91% at |east 92% at |east 93% at |east 94% at | east
95% at |least 96% at |east 97% at |east 98% and at | east 99% sequence
identity to SEQID NO 1, SEQID NO 3, SEQID NGO 4, SEQID NGO 5, SEQID
NO 6; SEQIDNO 7, SEQID NO 23, SEQID NGO 24, SEQID NO 25; SEQID
NGO 26; SEQ ID NO 2 and truncations thereof having promoter activity. In

mbodi \ t t |1 .h t
et - OBITSES, BTt OOa0 BNCEHARCBIE e o T8 e TBRA Lk ®

i |1 ust r afeeethnnthSEQIEERa N he Herckit ssQIBRC bR BN tBe tcktiequdnbA r@lraﬁi?@fbﬁhe
conpris%%g a DNA sequence having at |east 95% sequence |dent|ty to SEQ

NO 1, SHEEREs wayense. bagd anphaesogiem meemeteysNEpT ssquegeexpppHisen gf Vasiaaysiop

1 SEQ R NohoRBecdBER:L I IR inhioREQ LR 125 3. SEQIDNAT o 2iyNar 6O | b N0
2 wll include one or nore (e.qg. or nore)
changesth%BbASVendBLééTd(kdgmghmeandﬂﬁx@@m@mmﬁﬁeaﬁPﬁmmﬂsﬁmﬁmwaﬁiB&@

[ 0059] As noted herein, the nucleic acid sequence of SEQ ID NO 1 (which

i ncl udesoB38Q | D N@“campuﬁsomdaﬁﬂioweds fiscdmeRac iindluiks FEFgaAEtb um:gnéanwaﬁyd be
readily apparent to gne of skill in the art, variants of SEQ ID NGO 1 or
SEQ I D Rey oBthg Amber o cantigyouspasitions seleqist fserm thergpun ORISR 89 1000 vi ty
can be 'ugl?aN%aBblﬁ@o%/ albcﬁl?@(t)(b )b R0 SAUE DR End DRS 2l 160 181 dbdtit J00 iPkRichl NO 1
or SEQ | 3in other bacterial speciés and particularly other Bacillus
st rai ns sequOEBOTbswImPaEditodirefersnes scanencahithp same tenbayfof condiguonsamsitions wi | |
be one tRhat ridize . high: or [ n ngitions to the
sequenceﬁgrfth% 1B'NG S% Etng@l{lf%hr%%g&l. eégg%%aéggﬁﬁ%ggg%eﬁﬁyg% di zation
condi ti @alaparrseﬁ are wal-kievitiaghesat. (If)ptlrﬁilralhggﬁﬂﬁy)f s@fuciides far @baliptitionsanbeer

whi ch hybr at|o IS me bri d|t|on o base

the nel ©F é @Péoce% b Higonfie e JVeiiragn 9%}0 Syl §s4%t2aught
by Ber 9?f98§§‘q>y|ﬁlémﬂloléégﬁﬁnm@4ﬂ ﬂgorhanm\ee&&aan Qwahgw X %J?%auaa 443/t hods
in Enzynolog cadem ¢ Press, San Di ego, . High stringency

condi t i 6H04, Wuthfasemsﬁhcf@rcsuﬁdarav mgthndtof Bearsen &G dpa. did. M\@t‘lr cathydor.i ation
condi ti e
hybrldlgg?ﬁ%ﬁﬁggki ?ﬁ@ %: P%@%E%ﬁ&gfgnpS%hﬁﬁﬁgﬁggF%¥hgg§E§ﬁ£ondlt|ons
refer t&Asdsh lamgTEASTﬁAan fal Wtsk:m’ﬁ;lrofﬁer&nﬁs SofB&EL Bad&(g@liﬁnamcsmlﬁm Gibup,

m nut es nts, |nhA pr Wi | e a varjant inhA
oot o575 SeSntei N BALGREY vt e BhE Tk e Peition St e b 1 o
art Canfﬁ&v&ﬁ@ﬂuﬂakaﬂaﬁBﬂﬁﬁﬁ(Aﬁﬁ@aiﬁhlP&@”@@S%uﬂﬁ&h@ﬁbs For exanpl e,

nmut agenesi s and directed evolution nethods can be readily applied to

ol ynucl des I r seqguence
N L R i e b S e L M
DNA nut adpatising seqarncosemilargw,ate tha BILASB and B ST 28 4(gd)ithhis7 whgth(at@@Eyribed

Hensl ey .. "A sippl t ho o, site-directe t i S.usi. t he
it N ST BT N T A o P 1 A
Mat sur as: 338928402, redpebtivelyZ a8dfavardfor B@Ef@fhﬂﬂlg)EDASTQﬁﬁ@se@)@,)ﬁlﬂﬁlﬁiyfaﬂaﬂldbﬂe dtn
vitro evolutjion." Blotechnlques 30 3): 474-6_(2001). O her general

r ef er enésNationplforntar ier Bigterkalosy Ipkrmation wepsite, nchy, Iﬂ@’dﬂ@é?‘éoﬂ%@v@ﬂ ect ed
random r iol.

57- 369- 199%%6 ﬁerﬂﬁ’nﬁg S{ahﬁtl({%r% %uoqgﬁyesﬁlgg%gg%&mgn tw&@qﬂ%@s {ypé e. gB

19: 423- ¥l &98Eyhul BBtost Bith Aced. Sal. USA" %tfr&iﬁégﬁésl%a)j é}mplmaaatre ohsmalfirifyn

t t 229:1193-1201(19 Si t e-di t ed
it mgenbb RIS e 851 e R SRR ARA BBy BN omio b 4 St
Repai r, indi@kibn oBthe rbaBibity khyl@Brth 2 mAddH etwn t&b nucleotidRr s aini®d AU RYEARE s: an

efficient method for generatlon of nultiple nutations _at defjined sites,
Gene, 3Avogldsacgurby chgne) -Fopexpumle.a nugleicgeld is eppsideasdsimife ta@irefATeBSE mol ecul ar
breedi ngequcfddr 1fﬁl'atsmg%s@ SR %d%a@ﬂ%%%n@hﬁéoﬂgﬁfthe‘?tesg %ﬂclg%gc{d]tg Breference
Chrlstlans et al "Di recPed evol ution of thym di ne kinase for AZT
phosphorylatlon u3|ng DNA fam |y shuffllng " Nat ure Bi otechnol ogy,

17: 259-264 (1999); Craneri, et al. DNA shuffling of a famly of genes
from di verse speC|es accelerates dlrected evolution,” Nature, 391:288-291;
Crameri, et al., "Mlecular evolution of an arsenate detoxification pathway
by DNA shuffling," Nat ure Bi ot echnol ogy, 15:436-438 (1997); Zhang, et al.,
"Directed evolution of an effective fucosidase from a gal act osi dase by DNA
shuffling and screening,"” Proceedings of the National Acadeny of Sciences,
U.S.A. 94 45 4 4509 C}anerl, et aI Inproved green fluorescent protein

 r~RA 1A I | - R -~ 1



sanme ribosonme binding region (RBS) as set forth in SEQID NO 2 (e.g., an

i nhA pronoter of SEQID NGO 23, SEQID NO 24, SEQID NO 25, SEQID NO 26
or a segueoceldiaviong at | east 97% sequence identity therera)S20i0n3R0NMe
enbodi ments, the RBS may be different than the RBS of SEQ ID NO 2.
[1l.Constructing Expression Vectors [0065] To produce a vector such as an
expression cassette utilizing the inhA pronoters of this invention for gene
expression, a variety of nethods well known in the art may be used to first
obtain the pol ynucl eoti de sequences for the pronoter and the coding
sequence of interest, and subsequently join the two sequences so that they

are operahly linked for geng.expressio The, codi n uence is

et er of gaet o R BrbHEELS 2 AR R SeRDy 1 dn e RED EEQUERGE rderphries

sour ce @hdnfa@o@mtodfir om t he source of the pronoter. [0066]In sone

enbodi nents, the codi ng sequence encodes for a protein such as an enzyne, a
t her apeugdsg pr ot ei fe Fs { I i the |ike.
In sone%dg(riéferregﬂeetﬁggd!%%f{}tlgou? h?%?gf%dﬁrol d?%?ig%]%éﬂ ;ﬁ‘%ﬂ@ﬁ?}%ﬁz@m may be
a cel | ulpasegteraand epiliog b¢qukaee, re@rsgb tlvoahbesbhen, beameeartd promofa agd therwodinpha

anyl ase or a beta anyl ase), rot ease . an acid protease, an al kal

o ot eagstugheedfions AL RER aRrBOBLART Sk Fhese BB PR -ERG R0 R o1

subti | i pkdmoteranPhlyd B8 twa diffepas 8rgaRiimeSdrarmateologou ¥bdnasRue@R and a

oxi doreductase, a |l accase, a cutinase, an isonerase (e.d.,. a glucose

i somer aSERHHCENRY PSR TRIBIC QST IS splang@s feagiculpr BWétwgfrr %t eiziNAgY enzy e,
a starc ﬁlatlili/a@l"y%iy@rhﬁgo AUIE diRBOREREripPo AR R3€ould cOliHE OSReRE dase, a

transferase, "a | yase (e.g., pectate |yase or acetol actate decarboxyl ase).
These e S may.Qriginate frombacteria or fungi. In additi. t he

proteinﬂg%ggnzyne“§§9g%%e%n$%?i%%tag@nguﬁfP%af?%%g%ﬁuﬁgfﬁygf?gﬂ%%%urring
enzyne. “ppdraiyllinked et ip afchhtahitalic j@Riapekitionnifshe twoeallenz yiiven fobedutgiohallyase.

Cel | ul ases are .enzynes that hydrolyze the il-D glugosidic |inkages in

cel l ul o§%t?‘feé_€]13'fl?ﬂ5§1pytlp ethéhwwésa @P@O&é%@gﬁ@@%ﬁﬂlﬁfﬁéa aichfige fHIERCC HEses of
enzynme eddr¥inbicESordt thd 8RR AT BTNl gl LBq&aes di nated fashion with each
other to break down cellul ose. The endoglucanases (E.C. 3.2.1.4 also called

p- 1,4 gl uca «leave 31,4 qglycqsi.gi G-l i es rangom y.al ong the
Cei 1 ui ol ehai v EhobT o FaR il fne¥5A5NEl ErlgrBERAZR PRI AL
cel | obi ohyelypdpidesefefsBolh ) matdra\oe aeedtdrib t@sspdadiny ®ithdveiturhhe nagduirmeror

non-reduci ng end of a cellul.gse chain. P-glucgsidases.(E.C. . 3.2.1.21 also
cal | ed ?@qmﬁsﬁlﬁs@gt)haﬁywﬁﬁe fnyA maggr %]9138‘9/?111 nmﬁqmsgiea@yn R 06 (s
cel I ul as@s gl kRO Wik 08 SEARE b dyhfclid hefeRhN LBd/of B m@%?@[ﬁﬂli& %singg%)

al .

cel lul ases described in USP 6, 287, 839; "USP 6,562, 612; Jung e
App! . Emggombmanieenybicy| Nosdngimpexaowss arrdudeagmeng qthers,(rg@gibjnant c@lsct er i ol .
173: 3397 - 7 peciflic.. I - [ ' an i nhA
pronnte%xvgéé%€$3%ﬂ$&1|%ﬁ%éﬁ ?Wéﬂﬁ%P%E%nggﬁgr%%?%%ﬁ%ﬁé%??ggﬁégggsing a
native Bxgkuonsidases thef & otdrvise apréSeddiataniiffatimdereh | NhA pronoter is
operably linked to a heterol ogous pol ynucl eoti de encodi ng a native
exocel | phgag ref earqdst@nas <R lthat hhbOBEBIPaBilRPIRuCPA 4 hZHVARS cxprRQEH MENt S,
the enzyne is a protease, such as a serine, metallo, thiol or acid
pr ot eas &chiplg fargneccomiobthic rgserf inyopeor Ay (s fagmed hpe cell ghidavanyrmsegase, such
as but %R%%ﬁinited, to subtilisin. [0069]1In sone enbodi nents, the coding

|

seqguence ch is operably linked to the i nhA pronoter of the invention

w il be otei n ot her, than .an enzype, for, ex le the protein na

ncl ude B3 nones AT SN heidio 3 E (1B 614 HF APPHEE ROFHEFE e b R oPB FalTH,

i nsul i ncrady thatdsiciR)wiser eceptors, growh factors (e.g., epiderml growh
factors, cytokines, fibroblast growh factors and the |Iike), antigens and

ant i bodi e.g., « . .M. » . [ [ ents,
the pr ot[(g?‘r? i may bgﬁ%ﬁ?{gp%‘?@am% Ofﬂ{gi IIFI:S c?%‘?‘ﬁés:%é BsuetLi qggltglrllﬁcrlr? S?\(;EESS e?%?ﬁﬂ{ £r

11- gal akgevdagdo (Heaed) | iRelgding Uadnisdasespo@UBY codnatesr escent protein (GFP),

chl oranpheni col, and acetyl transferase (CAT). [0071] I n sone enbodi nents,
especially when the codi ng sequence codes for an extracellular protein, a
signal sequence will be linked to the N-term nal portion of the coding
sequence to facilitate the secretion of the protein. The signal sequence
may be endogenous or exogenous to the host organi smand further the signal
sequence may be one naturally associat&® with the codi ng sequence or

het er ol ogous to the codi ng sequence. In sone enbodi nents, the signal
sequence conprises a Bacillus signal sequence such as those derived from
(e.qg., B. stearothernophilus, B. licheniforms, B.subtilis or B.
megateriun). In sone enbodi nents, the signal sequence will be derived from
a Bacillus negateriumstrain. (Mallen et al., (2005) Biotechnol. Bioeng.
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[0072] I n sone enbodi nents, the signal sequence will be a signal sequence of
a cellulase coding gene. In sone enbodi nents, the signal sequence will be a
si gnal seyoenve20f09a pr ot ease codi ng gene such as a neurcaluspoionzese or a
serine protease. In some enbodi ments, the signal sequence will have the
sequence as illustrated by the signal sequences illustrated in Figure 1 and
incorporated into SEQID NO 8 and SEQ ID NO 10. [0073] Additionally,

ef fective signal peptide sequences may be obtained fromthe genes for
Baci |l us NC1B 11837 nul t ogeni c anyl ase, Bacillus stearothernophil us

al pha-anyl ase, Bacillus lichen iforms subtilisin, Bacillus lichen iforms

bet a-| act anase, Baci a -l r es (nprT, nprS,
nprM, and BaciIIusI%%ﬁgﬁﬁﬁg)%Eégﬁiﬁﬁﬂghg#ﬁ%?gﬂ%ﬁﬁkgﬁgfhﬁgsare descri bed by
Si mronen and Pal va, M crobiol Rev. 57: 109-137 (1993). WO

2010/ 121009PCTntyeduckin(31210 [ 0074] Ef f ecti ve signal peptide coding regions
for fil ous f | | . | . j odj regi ons
obt ai ned b e B e idsiR R B8 Bnah gL AR G CRR Qi D) O

ni ger nembodimcatsythasthA pometeys mhyibe imdgableghrametansy TlasiehA Rhonzaons can benuseliei
aspartig@g&gteinase,f um col a i nsol ens ¢ Llulasgp ag%{HunLc | a | anugi nosa

| i pase. PEICSSIgR VT B ER LSO BRI HR IS EAMRY 4L TSR R BRodict it ng t he
expr ess @artie @i P aPbdcteial KsPcdlRSuSLLEREDRY aRBStpYm@desa host cell of choice
may be used in the present invention and one skilled in the art is well
awar e of numerous signal sequences that may be used depending on the

pr ot ei nlbei ng Theduowaters AbthiaVeRtio® + n a host organi sm [0075] Many

pol ynucl eoti de sequences can be cloned froma source organi smor genom c or
CDNA |'i bgaigy, usi RGr&RbeREIANAEL BIRIDAES A WA AsheRR)sYIRIASEDLE BRinTorhR@es | ON
(PCR)-based.cIonlnP met hodol ogy. Alternatively, they can be obtai ned by
chem calkndyst #ukip dlusttedsdSEQ D & whkicin thy pethbed Hhasgmp bindmgdrgion pste

sequenc 8 ] i Dyt t . e0., the solid phase phosphoram dite
trieste? ne%ﬁgﬁﬁb$?§@8%@%%??%@§mg95§8§hcage and Caruthers, Tetrahedron
Lett. 22: 185S8:CI8ERR IFIEFGAESTHYT CAMT AUt STt ETTESYITERESP2EYICRas described in
Van Devant er retaanatcrraNu@heierdeicdsnRescrci2rTethr0dtdcfdd4) . Basic texts

oct 028, Se0EEak, TRLADUS A O M L oLl ecort e

genetics inc anbr oni ng, Laborat ory
Manual (3rd EETT2OFEFTAKEPEHICEr, T TGN A T AN ST e Tard A EX°essiT™én: A Laboratory

Manual (1990rrrandriAnstbehceirTatccaradsract@ariantc@rotoeat=cacn Mol ecul ar

Bi ol ogy (1994} @048l £ak10n, PfrcRolRNEleotide - Seauences is perforned
usi ng any art-recqgg%zed stratg%é_ native acr¥lan1de el

, €e.g.,
el ect r ophor est $T6F 4R b eXCHaNge  MPEC A A ESCH TR M *Pedr'son and Reani er,
J. Chrom 2552cx3Zrr40TACRI83RAAMTITTTAROAETTOE TSR NTdTRETTSApOTTYAUC] eot | de
sequences camber¥eintiQdaMSiaRgsTT8ctharat e cLBIrR-reRRdaRkdden Met hod for
sequenci ng doubl e-stranded tenpl ates of Wallace et al~, Gene 16: 21-26
(1981). [0077TA&Xce(SERIDNG bt er sequence and codi ng sequence are obt ai ned
and verified, they can then be ligated to produce a vector (expression
casset t €0049h whi ch ¢rieenhodmingranamch piloenoketvell olchgloulse oethingidsguerncef ar e

[ Paat i ndur kA ERs -Cad sERERY LRI e Ret e Bioul Sel BcBiRa

l'i gati ofe gBthesswirdi ghethy . var). alsnld @aodind®s, @n inhPagibSbice phiassnrtke
| igase). The pronpter used to direct _expression of a heterol ogous sequence

i s opti dialuclpiqrsd sasened ohBBYIDIHE: Sahich dncdiden e nuelsin acklescrtnes of Jefedis
tr anscrivgd.l (0fdthdfolloR I uBRofides! STACATM B3 GANTSECMID QD gtart site in its

natural setting. nown I n e ar owever, sone variation in this

di st anc be accommpdat ed wi thout .1 oss of onpter .f.unction. 1.0078] To
obtarn BEAT ever renprectegm et ¥ iHerureRefsudl BRBHERBH% himirtdon
casset t 8 aid éfiBe ProgDe! fot ERGEIHIE SNinh APRoMBYr @hy hciude|udes icn7ide, exanessi on
cassette a transcription/translation term nator and a rjbosone binding site
for trardsi by pomare nusleptigasi omegmbadinenisnthe snhharopiognetil inclydsdheax pr essi on
cassette optionally contains all the additional elenments required for the
expression of the heterol ogous sequence in host cells, such as signals
required for efficient polyadenylation of the transcript, ribosone binding
sites, translation term nation, enhancers, and a cl eavabl e signal peptide
sequence to prompte secretion of the pblypeptide by the transforned cells.
If genomic DNA is used as the heterol ogous codi ng sequence, introns with
functional splice donor and acceptor sites may al so be included. [0079] The
el enents that are typically included in expression vectors also include a
replicon that functions in sone bacterial cells, a gene encoding antibiotic
resistance to permt selection of m croorgani sns that harbor reconbi nant

. o, o v S " Y



[ 0080] The particular vector used to transport the expression cassette into
the cell is not particularly critical. Any of the conventional vectors used
for expresei2on/izmopr okaryoti c or eukaryotic cells may becwasdolossendar d
bacterial expression vectors include plasm ds such as pBR322 based

pl asm ds, pSKF, pET23D, and fusion expression systens such as GST and LacZ.
Epitope or affinity tags can be added to reconbi nant proteins to provide
conveni ent methods of isolation, e.g., c-nyc, H S-6, MBP, and FLAG

| V. Transf ormati on and Reconbi nant Gene Expression WO

2010/ 121009PCT/ US2010/ 031210 [0081] In sonme enbodi nents, a transfornmed host

co | soleBB UL SRR RN QT ar kR plsbI Bl o

[ 0082] SthNa(b)Ip fungal host cells | ncl ude yeast cells and fil anmentous fungal
cells. Some preferred filamentous fungal host cells include but are not

lim tedéé{cgl\;r gill YRAHRA, HID 0 Vom&%ll’ln&ﬁ&qfdngmongﬁ%%%ces)

Hypocr ea, celiop t ra, Miucor, NeuroSpora, Pen icillium cor,
Rhi zopusfromfhaISécIum/ch@Q ID Nlﬁlerlnﬁlé@dﬂé\JO:TEhoreSFaMIaNOrrkfmteeanpleTnisclhodenna or

t el eonor npn onQ nts,t

{00831 ¢ AP LaiaRBRaRaTRER L i WA RROE R0 Blerl FHRU AR AEPhA Rl ga NSEY

cel | i s ngéledthies, BbbwiBad@nfteotidee cibest, 306 ngeleotldes,| HOG A76 awbleaddes) abdut 2601 i de
(e.g., ATCC 32098 and _32086) pocrea jecorina or T. reesei %NRRL 15709,
ATTC 13@9(1160@6@7@houtr?é?@scle%%@ D98 P . 9 TN AUEERTdratb9ws 0ner eof -
See SheiyficINRIRS, Bbutabs nuﬁ@cpudes "é]bGﬁtql@b%cleﬁidéE L0906 RIY nudPot{dt984 stiP 46 -
53), In addition, the term"Trichoderma” refers to any fungal strain that
was pr e@D@QSlWOmb'@S@tﬂVItEd as Trichoderma or currently classified as
Trichoderma. In sone enbodi nents of the invention, the fil anentous fungal
host ceI[(bOS|2$ of thﬂsoﬁ&pﬁﬂ@ldidldiﬁs smﬁmesimleAg)romd%er\amaﬁmde led.thirusoogat us, A

j aponi cus, ni_dul ans, eat us foeti dus yzae, A
soj ae, &H%le%dekal%&ﬁn 459@@?189%1%&6%11 4@8 n&l&l%qewesgﬁ%ﬁm—kﬁﬁé@cf?&@%g)leﬁwso J.
4, 47547 Qs G ALd:Rlcs AR kD40 QueiRARAL. 1o A 300926 R3 i JiEb e 1561

aI (1984) Proc. Natl. Acad. Sci. A, 81 1470-1474; Tilburn et al
(1982) @ﬁeotzi@,sszb@ezmnot@rmfsmlti@n,l . et al. (1985) EMBO J. 4, 1307
-1311). In sone enbodi nents of the inventi on, the filamentous fungal host
cel | is[@f53]1 he ChFyisaap@lel Limns pebbisnenearginhA @rorhateksfaliens entionivi @o®prise

enbodi nent s fep he invention, the filanmentous fungal host cell is of the
Fusari ufisspeiert S SC@UYISY °F. bactri dioi des, F. cereal is, F. crookwellense, F.
cul morum F. gram nearum F. gram num F. ox orum F. roseum and

F. venenatum TATSHTECEIOHHE CE"%“B‘FATTH%TTTﬁ HtT CITATEHer+19%E /et ous f ungal
host cel |l is mrrthervoeriophtdorarcpesiresTaeaTgraaThcdrhsrmeaphi lia. 1 n sonme

enbodi nent s ozICAtc@ﬁ‘cmﬂyﬁ%h%mTla@ﬁphlcéﬁ&&%%&%@mﬁeﬁémg@ziI is of the
Neur ospora speci es sa. Reference is made to se, ME. et

al ., (1979) #?G&éTT%EFZPC’%CN&%PJAA@&TCA%%AA%AA%Q%@A@%%@TAW&T 486, 553; and
Ki nsey, J.A ZETATACAATATRAATOSAKT (PLOSAT TMNABEANAARCTRAYATGERGTIGALC Bi ol ogy 4, 117
- 122, I n sonecefhedrenk saahaiheatdeftia0s T8 shirt@art ous fungal host
cell is of the Hum col WO 2010/ 121009PCT/ US2010/ 031210 species, e.g., H
i nsol ens, H GESEANOafd H 1anuginosa. In some enbodinents of the

i nventi on, the filanmentous fungal host cell is of the Penicillum species,
e.g., P0Gt pur oghmmther embedimystothe mhfy pramgtdP of (herineotibwwilheonipriss thee
enbodi Meng;s, ¢ d,fe SE uence Ofentl on, the filamentous fungal host cell is of the
Thi el avia speci e : T. terrestris. In sone enbodi rrents of the

i nvention, the fllanentous host anetes speci es,
e.g., T. vil F%AsAaTTg%C&Aﬁ%AA\%éFAsﬁAEgTCATATP[Tc?B%TAﬁGFTTTG TTAT S%TeTHFG? Hvention a yeast
host cel | ma?AWT‘éCPéféWTPéﬁAPa}G%%T@%GA@ﬁTTTEa%TTﬁéﬁAqGIAMPtGéaA%CﬁACand| da,
Hansenul a, Sa@@lmaﬁmm@mcﬁ@h&i@&@@ﬂmnmﬁmﬂ@hhmmmver omyces, and

Yarrow a. §ﬁ| LR phodi \ﬁg{ st cell is an
al gal cell such as, GSF%E%G% donﬁﬁ}gds%?m%%ﬁﬂ%&% el n qugngA}A?g%Tﬁg Phor m di um ( P.
sp. ATCCZ9409§AAA[P®@1&6Mn(SJEQéDWb€Od| ments, the host cell is a prokaryotic
cell. Suitable prokaryotic cells include gram positive, gram negative and
gramvari abl e bacterial cells. In sone enbodi ments, the host cell is a
speci es of "4grobaci erium, Acinetobacter" Azobacter, Bacillus,

Bi ticlobacierium Buchnera Geobaci | i u$2- Canpvl obact er, Costridium
Corynebact eriunt’ Escherichia, Enterococcus, Envinia, Fi avobacteri um

Lact obaci | lus, Lactm:occus, _Pantoea, Pseudom)nas, St aphyl ococcus,

Sal nonel | a, Streptococcus, Streptoinyces, and Zyttw nonas, |In yet other
enbodi nents, the bacterial host strain is non-pathogenic to humans. I n sone
enbodi rrents t he bact eri aI host strai n is an industri aI stral n. Nuner ous

T . I o, - . N 1 T T T T



[0087] I n sone enbodi nents, of the invention the bacterial host cell is of
the Bacillus species, e.g., B. thuringiensis, B. anthracis, B. negaterium
B. subtilwe,20B/120@nt us, B. circul ans, B. pumlus, B. |awrCtugs28o08egul ans,

B. brevis, B. firmus, B. al kaophius, B. lichenifonnis, B. clausii, B.

st ear ot her mophi | us, B. hal odurans and B. anyloliquefaciens. In particular
enbodi nents, the host cell will be an industrial Bacillus strain including
but not limted to B. subtilis, B. pumlus, B. licheniforms, B.
megaterium B. clausii, B. stearothennophilus and B. anyl ol i quefaciens.
Some preferred enbodi ments of a Bacillus host cell include B. subtilis, B.

i chenif 1s, B. negateri . B. stearothernophil us and B... anyl ol i,guef aci
ens. In [@dé% embolll ar‘rr’gﬁieg?mﬁ?r?émggcﬁlﬁnﬁ? RPOMQf O\Ehelm‘beélg%n gyl %ﬁ%ﬁ%@r ain,
for examptleotdicReQicaaser del etion strain such as an exoprotease deficient
strain (Wttch et al., (1995) App!. Mcrobiol. Biotech 42:871-877 and

I\/anLt g_n et al rrrdc20GhaApRbaTdEaYiNARccVrEATRREQlnr TR 2654 Erd0AR) . I N sone
enbodi nent s, species, e.g.,
S. anbofacieﬁ§Qgéeﬁ%%ﬁé%ﬁ%ﬁ%ﬁ%&?&gékgtg?%ﬁ€%ﬁ§§$%%§9%%%¥%§%For, S.

aur eof aci ens MASAARPETISAAS THCHRGICET i CaS T TS g P a8 TAZARAT™SC | i vidans. In

sonme enbodi mept-s the hacteriak Qgﬁglﬁﬁﬁb:gﬁ of the Zynononas species, e.g.
Z. nobilis, and Z lipolytica. [0088] Strains which nmay be used in the

practice t he ipvention jngludi .hot h_prokaryot.i ¢ _and kar yoti.c strains
B et eadPyohcoes B ERLL BopRlnmHh AE Pt BoRet SRt R g p BB | ons
such as Amidotidaseqhyfe o€ul ture Col | ection (ATCC), Deutsche Sanm ung von

M kroor gani smen und Zel | kul turen GrbH (DSM), Centraal bureau Voor

Schi mrel cul t nees»CGBS) rrianchAgrdedridinataResearciniaeratircenRat ent Cul ture
Col | ecti on, M&&@S&&TE@&’A?MT ﬁ%%%@iﬁ%&ﬁ%@fec&%!ﬁ%@we Z%'TE%C. exanpl es of
het er ol ogous expression 0 cel T'ul ase genes can be tound i n Bacillus,
E.coli, StreptromydL) IRAND:Th.i choderma (See, for exanple Lejeune et al

Bi osynt hesi s and Bi odegradati on of Cellul ose; Haigler, C. et al Marcel
Dekker, [0067] NY 1980othg cBb3dmdsl) truhQQIThISE prudadtel dftianial @nioR i Bompiidods
may be used to produce reconbi nant host cells harbori the expressjon

vect or & RUSISOtidRASATSGR .ﬂhastsfflte(éipaﬁ%l?NQit2r3o§|E@t1P&lp{ﬁ'4?gEQel&18@r thtsl a host
cel | cargbeirehbest et RYerGRE N MRPPSRRALe transfecti on, DEAE-Dextran

nediate§ transfection, electroporation, PEG nediated protoplast

t ransf or i on or othe 0 t echni ques..{.See Davi s Dihn and
et t oy I905) 3956y MR ER < HORRRECT A oL e i RO SE 1504,
Cur r ent Ney:01 SIS NO 3\ SEQUIRN OBR 0a€i@y,; thdGaamdedrd crebmhss vadf@andCur r  Genet
16: 53 - 56; USP 6,255, 115; USP 5,264, 366, USP 5, 364, 770; USP 6, 022, 725;

Bri gi d, t@Rcasions ofrggR TR WSERJR! BY: 4.E IENO: D3EQ N 39): 498 SEQFRLNR: &t al .,
Geneti c Smb@_ﬁﬁ,%%{g 5§U: 9@% %E(g %NO:&S%Q‘S’E@I@MONQ@%&%@&@%&&W_ | nnes

Foundati on, Norw ch, [O Production of the heterol ogous protein by
t he tr ansd elsoraglude pronewérs bauamatdeastiBd‘ecat dapsteido.cid ehiti9Rtd ablpasti Ao, at least

i mmunoa S, kn in;th t, €..CGho | SA pon nf i tion, the protein
can't hon Bo T RP Y R Ee R quie Do sl es LA SO IR Rye LRERY Y 5!

Bi ol . Cl&qQ IIRG: 1,118 I N(B B2 SEQIBNQ: LANBIEIN NOPS0$EQ MDD f; ISEQt iNO: 7N

Met hods _i n Enz o] vol . 18 Deut sche e 199 .

2010/ 12 S50URLAPLS LS B X018 (e I N cdar IR NG i Sbhi 18 B 8s 2 dmena
ConStrU%hh&ﬁmn§@@m@Nﬁw@%ﬂ%&&H&%a&ﬁﬂ%ﬂﬂ%@ﬂ@%nﬁ@&ﬁkhﬁ!ngﬁpxhﬁaﬁkpronbter and
a heterol ogous codi ng sequence may be chronosonally integrated into the
host gesemBriyuE progwtductifayoyidduetisatl easb i nH’s.GH 7. chPOrmsedivate identdy) fathe on
may res i t-qi ver 1 d- r Lans.
[0092] Tna S A S BN e RS B o O RN SRARE
convent icomatisimgida DN $cquexdic having af et 95% saqpenopide@ite td SEQ ADINW:alt, SEQ 1D

Cempor atre, Spn e heord ARG SR T e sE B b e N 2k quPar

and in tNe me§EOEDES: 1; Sed INENE! 16 of SED WOINT,2 {0 in8¥& S ctor nRROR Q0K 2,
Ausubel and Berger, as well as, for exanple, Freshney (1994) Culture of
Ani mal  8etil55 0, B MBNYAT ngfre)Bhgnges T ethisi tg sEd SeicRE- edi tion, Wley- Liss, New
York; Payne et al. (1992) Plant Cell and Tissue Culture in Liquid Systens
John Wley & Sons, Inc. New York, NY; Ganborg and Phillips (eds) (1995)
Plant Cell, Tissue and Organ Cul ture; -Emdanmental Methods Springer Lab
Manual , Springer-Verlag (Berlin Heidel berg New York) and Atlas and Parks
(eds) The Handbook of M crobi ol ogi cal Media (1993) CRC Press, Boca Raton,
FL, all of which are incorporated herein by reference. Sone preferred
culture conditions nmay be found in Harwood et al. (1990) Ml ecul ar

Bi ol ogi cal Met hods For Bacillus, John Wley and/or fromthe Anerican Type
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[0094] I n sone enbodi nents of the invention, it will be desirable for the
i nhA pronoter to be active under | ow carbon-substrate conditions.

Car bon- suvetznaviesooased during the cul turing of reconbi naot/usesw/oseié s may
include but are not Iimted to organic acids (such as, but not limted to
acetate, succinate, propionate, benzoate, hydroxybenzoate, pyruvate and
gl uconat e), nonosacchari de and di saccharide sugars (such as, but not
limted to glucose, gal actose, fructose, mannose, ribose, rhamose,

sor bose, xylose, |actose, trehal ose, saccharose, naltose and sucrose),

al cohol s (such as, but not Ilnlted to inositol, nethanol, ethanol, and

gl ycerol arch ceII EIOSG sses, and t EBQ% I.n artl Iar t he
0Ly oer ol B 2 o1 ngobl 9B 28 e ARl sk B DR b ¢ e
sugar, SBEQNDANOYB & aSEbtaifrl fréns Bapl/ias m'egbt@rnfr@ dapabab bé ea'aanyl talqiak@mtosmtoem t he
| evel of carbon-substrate and ﬁartlcu arly ucose be maintained at a

rel ati vekKilin gy aéf@ﬁ%r&afSr%tSﬁ&qlD R: é@ﬁé@;}?ﬂ‘éﬁ%ﬁ @%tmr@aéfi seffucpges s it | be
kept at rétﬁﬁ%r&rﬁ'&@r e;ctlgltyg{:% bel i 1f teﬁ'@ 1(Q:n'gf}5yu£g étqué éssthat%@mgnﬂtpto é%lﬁ €ss

t han 0. 05 L and also less t I'n sone enbodi nents,
the i nhNCbrlmr&Eé?rH)ND Bheoihnx/mwrl@hsmlbf’s arb?eoaatamiavla atirl Bacillieseitser ment at i on
conditions and further may be active without the addition of exogenous

i nduci ngo@@eNt s sUtddn@Senebodiiedtits ah inhAdie@bicr 6f Be invelIda willHRYdk kimt some
enbodi nents,. the invention enconpasses ocess for produci a protein in
2 i cr oby BidiFsndedyeh QHERehh tHBEHGE copbiansie the staieahberafid IBAKE SraTal cel |

(e. 9., #uRasdd éelﬁen@@]{ﬂere‘a? “Bybf@LAdonM3h &R0 SO TP} B8 Re Eiég%‘b%ff%t%@&qc&h 6f the

m crobl al host cel a vector conprising an inhA pronoter enconpassed
by the |cnnﬁbfmcmsmnd@pfehldbhxbridmk@rdIStrmeaaurpdﬂxhima@om p@tehtcmﬁel cargbd kascdim teqrzy me
of intere u rans m b| r r
R i D T e A R

sonme pr ¢faw7r @dide mobidreiat €lonideaeccnigype Mah@dsaeEhzyrﬁﬂegy, &oprice eaaaﬁcm&n
is a bacterli

| d t he .host | 1.
2gyrrea2ﬁ‘gg‘?r§? %ﬁ@gg%? ?}5 eﬁ%ﬁgﬁﬂg&y qogﬁap%irwgﬁtwcmét ﬂm&g‘?sa g‘ﬁ L‘?F]PWeP
i sol at eghd TAMMIEIRIISMbA BERitBRE Indhy aldRWREDn[PRABL Thdifiadsl Bwisgdaxanpl es are

provi ded by way of illustration only and not by way of limtation. Those of
ski |l i hybidizasion apknaw wehe aﬁy Foe exsgmile.digh siamdeaeyycaplitivpnredarite egtting with

par amet grsgluhgl% (f?%!'s%xcl?@l %79& |I£fn§g to yield essentially the sanme

or simlar resu soI a ion an sequenC| ng of an inhA pronoter
from B. teriumchro [[0097 The rotein is an
extracel%qir met ﬁOBﬁreg‘%%@gg%e%B%@hé&HP 54 B’HF a"% El—{-‘:l.i‘AdPi?‘?‘ﬂ@rl ate
expone ntS'tz@&hal‘drl1@4@%&&%5&0%@@8&(@Eh are RicQ&ASWh inl@84st cd88e ukd fordhe)

(M crobiology; 2001, 147, 1805-1813). The inhA pronoter was anplified from

the chr Gassetealof DroMQser VBflalﬁﬁéd:anfé?ﬁamiﬁﬁ,etlmtageégftl%@%@PW@@VQMXBOW\B’#}I@@W genes
di bt d
codi ng beEeaﬁﬁ% 18 %o ﬁcﬂ%ﬂﬁﬁﬁ%u Q(}?u&%@efo é° HQ »Uﬁc?ﬁlgggtﬁﬁ ﬁ&ﬁ&ep ai ne

from Azospiri m 1 rakense an |gnate Aandt r was an
exogl ucaapsecegeige Stk B N@dl)‘S@mpShﬁmbllyoerchmgsq:t ahntAesdchesatb EINAbhI | .

Genom ¢ DNA Pre 0098] To, i ate c ) fromB. nmegaterium 3 m
of over AGHEISET i BRSPS BR S R LBy Wod Th TRl st e 60085 for 5
mn at rnce:@mdtmrcaiewea nﬁﬁ@eﬁ@%ﬂ%ﬁﬂ@ﬁolmeﬂa@@cnﬂn Rhct WM N di €H cilfORGM

Sucr ose, te, nv MgCl12, Lysozynme (chicken egg white,

6.5).
Si gma) éaﬂéﬂ |6éf'|5 wéé (h%c%dmfiédaésmlﬂrmﬂt aréd?ﬁf&élﬁtlzaélop@ﬁ heferologeyy sanegivpICEEN s
were i “?ﬁb@bﬁ éﬁ) il B8 recIi jSZ) 030( é\f M% 6%9@()15&9&5?6%%%1 re?é?%:]r{c%s Wehle Yl@%ﬂid

once Wt er and res e genom c
was ext fabveng Dabmttahe"(l’ly@ozglccmdbfdaattedireclébmsnlbygmap@m@thphmwherotﬂimeof orm

b e Ve B R DR R A A T M AN et
pr onot eiGeAXt, rnacs.a62 @m@ 5% (B'bftsltélff&it laD n'Strb@@féQhH@pnaetﬂon@ of 1ﬂh1@trcpﬁ1@fﬁgér%ﬁlsv‘/as

arrpllfledfromthevm % 3. megat eri um gen
i | £y g 360 DS RA Bdgin SIS GaH] BRoERE AEI Ao nhR3anG usi ng

priners (Rkepndaier, Al Boidd MishARIhR cbair," Cell, 38:879-887 (1984); Wells, et al.,
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WD 2010/ 121009PCT/ US2010/ 031210 Name of the primer Sequence (5 -> 3')
Restriction site SEQ ID NO Pl ccttcatat gagct ggaaaagaaagggaaat ccgt gag Ndel
12 P2 ggtwoghacragioaaacccct ccattttagaattttcaaac BsrGl 13PP3/US2010/031210

t act gt acaat gaaaaagaaaaaacaggctttaaaggta BsrGl 14

"

"Cassette mutagenesis: an efficient method for generation of multiple mutations at defined sites,
Gene, 34:315-323 (1985); Minshull, et al., "Protein evolution by molecular breeding," Current
Opinion in Chemical Biology, 3:284-290 (1999); Christians, et al., "Directed evolution of
thymidine kinase for AZT phosphorylation using DNA family shuffling," Nature Biotechnology,
17:259-264 (1999); Crameri, et al., "DNA shuffling of a family of genes from diverse species
accelerates directed evolution," Nature, 391:288-291; Crameri, et al., "Molecular evolution of an
arsenate detoxification pathway by DNA shuffling," Nature_Biotechnology, 15:436-438 (1997);
Zhang, et al., "Directed evolution of an effective fucosidase from a galactosidase by DNA
shuffling and screening," Proceedings of the National Academy of Sciences, U.S.A., 94:45-4-
4509; Crameri, et al., "Improved green fluorescent protein by molecular evolution using DNA
shuffling," Nature Biotechnology, 14:315-319 (1996); Stemmer, "Rapid evolution of a protein in
vitro by DNA shuffling," Nature, 370:389-391 (1994); Stemmer, "DNA shuffling by random
fragmentation and reassembly: In vitro recombination for molecular evolution," Proceedings of
the National Academy of Sciences, U.S.A.,91:10747-10751 (1994); WO 95/22625; WO 97/0078;
WO 97/35966; WO 98/27230; WO 00/42651; and WO 01/75767.

[0062] In some embodiments, the promoter encompassed by the invention is a variant
promoter or a truncated variant promoter comprising a nucleotide sequence of any one of the
sequences selected from SEQ ID NOs: 27 — 63 (e.g. those variants listed in Table 5) when said
sequence is aligned with the ribosome binding site of SEQ ID NO: 1 or a truncated sequence
thereof, for example but not limited to SEQ ID NO: 23. In some embodiments, a variant inhA
promoter or a truncated variant inhA promoter will include 1, 2, 3,4, 5,6, 7, 8,9, or 10 different
polynucleotides as compared to the inhA promoter of SEQ ID NO: 1 or SEQ ID NO: 3. In some
embodiments, a variant inhA promoter will include substitutions, additions and/or deletions in
the -35 to -10 region of the inhA promoter depicted in SEQ ID NO: 1, SEQ ID NO: 3 or SEQ ID
NO: 2. In some embodiments, the variant will include 1, 2, 3, 4 or 5 substitutions, and/or
additions in the -35 to -10 region. In some embodiments, a variant promoter of the invention
includes a substitution, addition or deletion (e.g., 1, 2, 3,4, 5, 6, 7, 8,9 or 10 substitutions,
additions or deletions) between the start codon (ATG) and the RBS (e.g. TGGAGGGG). In

some preferred embodiments, a variant promoter of the invention will include between 1 and 5
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P4 ccat act agt cgcggcact gct cgt at gt gcaaaagcaaa Spel 15 P5

ttact gt acaat gaagacgaagt ggct aat at cagtcata BsrGl 16 P6

t act act agvacoesgeamaaact agatttt gaggaaaaat Spel 17 [ 0100pCTnas@diosech
Advantage HF 2 PCR kit containing Advantage 2 enzyne bl end of TI TANI UMIm
Taq DNA Pol ynmerase and a small anpbunt of proofreadi ng enzynme was used to
PCR anmplify the inhA pronoter. PCR was done in 50 pul volune as follows.
Advant age Buffer: (5pl); dNTPs: (5pl); 20 pMFwd priner: (1.1); 20 pM Rev
primer: (1.1); Polymerase: (1.1); Genomic DNA: (0.5 .1); and H20: (36.5
pl). PCR conditions 940 C - 2 mn; 28 cycles of (94C - 30 sec, 55 C - 30

o andar digRerReRtihy Oéégle%%srwh}e Sabt ShBr Tl Sy Pl WL BT

di gest edoray %Bd)@ﬂf%ntw atxkarﬂélﬁaarmstef bEtht aivesivryinBigddNdaubaneidassdditidh MEB buf f er
4 and BSA. PCR product was cloned into the Ndel/BsrGl digested shuttle
vect or pPssie(cEHMVESRZ: SHbdaS - ScordRstbstitutions,cd diRanser, deﬂq_l))ns)é’eg’t‘ﬁ??rl% vect or

that repldiGalRSnd ﬁB§Q£ % @ Mféﬁ aFed Wit dhe Pmt%%@@ueeﬁggf; E@ED was

sequence confirned 'S ne y constructed vec
Exanpl e NO: 1 or a truncated sequence thereof for example but not limited to SEQ ID NO: 23.

[0063] In some embodiments, a variant, a truncated variant or a truncated inhA promoter
will have at least the same level of promoter activity as the activity exhibited by SEQ ID NO: 1,
SEQ ID NO: 3 or SEQ ID NO: 2. In some embodiments, the promoter activity will be greater,
for example at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at
least 40% and at least 50% greater promoter activity as compared to the activity exhibited by
SEQ ID NO: 1, SEQ ID NO: 3 or SEQ ID NO: 2. In some embodiments, the promoter activity
will be greater, for example at least 5%, at least 10%, at least 15%, at least 20%, at lcast 25%, at
least 30%, at least 40% and at least 50% greater promoter activity as compared to the activity

exhibited by SEQ ID NO: 1, SEQ ID NO: 3 or SEQ ID NO: 2.

[0064] In some preferred embodiments, the inhA promoters of the invention comprise the
same ribosome binding region (RBS) as set forth in SEQ ID NO:2 (e.g., an inhA promoter of
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26 or a sequence having at least
97% sequence identity thereto). In some embodiments, the RBS may be different than the RBS
of SEQ ID NO: 2.

III. Constructing Expression Vectors

[0065] To produce a vector such as an expression cassette utilizing the inhA promoters of
this invention for gene expression, a variety of methods well known in the art may be used to
first obtain the polynucleotide sequences for the promoter and the coding sequence of interest,
and subsequently join the two sequences so that they are operably linked for gene expression.
The coding sequence is heterologous to the promoter. Typically, the coding sequence is from a

source different from the source of the promoter.

[0066] In some embodiments, the coding sequence encodes for a protein such as an

enzyme, a therapeutic protein, a reporter protein, a receptor protein and the like. In some
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Construction of Plasm ds Conprising the Pronoters, Signal Peptides and
Genes Plasm d construction: [0102] Two plasm ds were constructed. Plasmd
Bl - PG ceWw@ 2000m21008i ng t he i nhA pronoter, signal pepti deCtRSa@Gp/oarzdo

het er ol ogous gene cel A (SEQ ID NO 8) and plasm d pBml-NMcbhll conprising
the i nhA pronoter, signal peptide (NprM and heterol ogous cbhll (SEQ I D NO
10) and used to determne the activity and the strength of the inhA
pronoter. WD 2010/ 121009PCT/ US2010/ 031210 [0103] Vect ors pBmX- PG cel A and
pBmMX- NM cbhl | were previously synthesized by first cloning signal peptides
at the BsrGl and Spel sites of pBnX-e vector and foll owed by cloning genes
(cel A or_cbhll) .at.th el and oMV sites. These,vectors were further
lsed. ‘as PTEAnRYieH, TR G 5 oSSR G5 P o HACDY onot or

st udi es hedignabscpe phuctesylNe! M andaReB e Medlphabiyaise e a bemiylee W pBtease

megat eri um ( DSM319) genonic DNA by PCR anplification using priners (P3, P4)
and ( P5(c-pp¥n pcid prodaasy an plkatr ainteas, b nepies® PAHSE fIcesiti RERUIASEHBPS MaYIVEW as

descri bgg?dﬂﬁliﬁﬁ%%%aée, alPFQHT 0% 58! A@Ms&% 'o%cid%‘eﬂﬁcé&%‘ﬁ@&%@ aftifase,

obt ai ned from the génonme sequences of ospirillumirakense and o
St r ept ory ceseEpe (T8 spglotise edoyerasodonxdptd iemaase).arpuBakindseuspleandl eydizingsi zed

by GenScript, Piscat - NJ. [0105] To build, the inhA/cbhll construct, the
ot~ gerl SRR e e e R g Sl S EPREE I SIS ng
f ragmentyge @) pricag: Ivie or abuiolpitaadt @ibosgkis®| ONBd chayines pRMSriMattffidnh  vect or

at the Ndel .and BsrGl sjte éepl acing the xyl A pronoter.. The resultigf;

pl asmi d PREFHE NNERE niv addiion jae Brof s ONBRKME BRY (be gaiE af QA St gmapal nhA

pronot el ecufAk &z¢me. Vari ous vectors used in the exanples Nane of the vector
pronoter Signal Peptide Gene pBnX-e xyl ose None None

[0067] In some particular embodiments, the enzyme is a cellulase. Cellulases are
enzymes that hydrolyze the B-D-glucosidic linkages in cellulose. Cellulolytic enzymes are
generally divided into three classes of enzyme activities and these enzymes work in coordinated
fashion with each other to break down cellulose. The endoglucanases (E.C. 3.2.1.4 also called B -
1,4 endoglucanases) cleave B 1,4 glycosidic linkages randomly along the cellulose chain.
Exoglucanases (E.C. 3.2.1.91, also called cellobiohydrolases (CBH)) cleave cellobiose from
either the reducing or non-reducing end of a cellulose chain. B-glucosidases (E.C. 3.2.1.21 also
called cellobioses) hydrolyze aryl and alkyl-B-D-glucosides. Numerous cellulases are known and
described in the literature, for example cellulases described in USP 6,287,839; USP 6,562,612;
Jung et al. (1993) Appl. Environ. Microbiol. 59:3032-3043 and Lao et al, (1991) J. Bacteriol.
173:3397 - 3407. In two of the specific examples of this disclosure an inhA promoter is operably
linked to a heterologous polynucleotide encoding a native B-glucosidase referred to as CelA and
also an inhA promoter is operably linked to a heterologous polynucleotide encoding a native

exocellulase referred to as Cbhll.

[0068] In some particular embodiments, the enzyme is a protease, such as a serine,
metallo, thiol or acid protease. In some embodiments, the enzyme will be a serine protease, such

as but not limited, to subtilisin.

[0069] In some embodiments, the coding sequence which is operably linked to the inhA
promoter of the invention will be a protein other than an enzyme, for example the protein may

include, hormones (e.g., follicle-stimulating hormone, erythropoietin, insulin and the like),
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pBm -e i nhA None None pBnX- PG cel A xyl ose PenG cel A pBm - PG cel A i nhA
(GPl) PenG cel A pBnmX- NM cbhl | xyl ose NprM cbhll pBm - NM cbhll inhA (GPl)
Npr M cbhlWwoO 2010/121009 PCT/US2010/031210

receptors, growth factors (e.g., epidermal growth factors, cytokines, fibroblast growth factors and
the like), antigens and antibodies (e.g., class G, A, M, or E classes).

[0070] In some embodiments, the protein may be a reported protein such as but not
limited to B-galatosidase (lacZ), B-glucuronidase (GUS), fluorescent protein (GFP),
chloramphenicol, and acetyl transferase (CAT).

[0071] In some embodiments, especially when the coding sequence codes for an
extracellular protein, a signal sequence will be linked to the N-terminal portion of the coding
sequence to facilitate the secretion of the protein. The signal sequence may be endogenous or
exogenous to the host organism and further the signal sequence may be one naturally associated
with the coding sequence or heterologous to the coding sequence. In some embodiments, the
signal sequence comprises a Bacillus signal sequence such as those derived from (e.g., B.
stearothermophilus, B. licheniformis, B.subtilis or B. megaterium). In some embodiments, the
signal sequence will be derived from a Bacillus megaterium strain. (Malten et al., (2005)
Biotechnol. Bioeng. 91:616 — 621). A foreign signal peptide coding region may be required
where the coding sequence does not normally contain a signal peptide coding region.
Alternatively, the foreign signal peptide coding region may sumply replace the natural signal
peptide coding region in order 1o oblain enhavced secretion of the enzyre relative to the natural

signal peptide coding region normally associated with the coding sequence.

100721 In some embodiments, the signal sequence will be a signal sequence of a cellulase
coding gene. In some embodiments, the signal sequence will be a signal sequence of a protease
coding gene such as a neutral protease or a serine protease. In some embodiments, the signal
sequence will have the sequence as illustrated by the signal sequences illustrated in Figure 1 and

incorporated into SEQ ID NO: 8 and SEQ ID NO: 10.

[0073] Additionally, effective signal peptide sequences may be obtained from the genes
for Bacillus NCIB 11837 maltogenic amylase, Bacillus stearothermophilus alpha-amylase,
Bacillus licheniformis subtilisin, Bacillus licheniformis beta-lactamase, Bacillus
stearothermophilus neutral proteases (npr'T, nprS, nprM), and Bacillus subtilis prsA. Further
signal peptides are described by Simonen and Palva, Microbiol Rev. 57: 109-137 (1993).
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[0106] To build the inhA/cel A construct, the pBnX-PG cel A vector was
digested with BsrG/NgoMV and the resulting fragnent containing PG signal
pepti de cwoizog/ne@pon and cel A was litigated into the pBeTAS200081210
digested with BsrGL and NgoM V. The resulting vector pBm -PG cel A included

t he PenG cel A gene downstream of the inhA pronoter. Cenerally known

| i gati on protocols were followed for introducing vectors into Bacillus. WO
2010/ 121009PCT/ US2010/ 031210 Exanple 3

Transformati on and assay Protoplast preparation and transformation:

[0107] Protopl ast preparation of a B. rregat erium st rai n deri ved from WH320

cont ai ni r ot ea el eti An ) sf ormati ons
Cor e BT oL PR dtRe S pir il Bille e RRE B FfFBRl S BBt ol RBR B 1080y
142(2) : tfe08ehLpdptidSkiing te@at | b@tamea %6/ meg@et fanshaLee odizeeTAKA i nto the
B. rregat errumstrains, tr ansf ormant s cont ai ni ng cel A constructs were

est abl | SRyl Begiis glgfon%rah@nﬂaffe@ﬁf%glélwg@t gvgpamylasq Riyzogpcor miehei
sem - defy] ﬂ&% &§tefﬁ%§é YN z:éﬁ(glegojn éﬂuﬁlg@ 984 HMn&ro Zan%;lzésa 'ﬁ%gste Hawe ‘3@ )a

shake flasks for 16 hrs at 37C 220 a series of n?eps
out | i nedigheliowid] @108 ]reerxmcaawpk@éﬁu cmmgm@t »swﬁeﬁlwﬂvma@iune@s‘m adrdyy

ggg![ é?: ép ;vlf%?- p@lﬁg g% Uégli‘i%‘v %]E“I“ég/‘kgk%" éi ‘sc’:i'i 111%»12‘;1@%}#3 og 1I?Qd1 éhev\allart lsadd d
to 80 ulwetifawpaNR(E rﬁlﬁietthis@@nél‘k@i}ﬂeﬁib@%ﬁ@ndﬁ%epﬁé@&@ehﬂﬁh@h@ﬁﬁhﬁét@mbﬂdfnfger pH 7)

in a 96 wellqsgjlcrotltg {)ate The plate was incubated at 50C for 1 hr and

scanned PHRAVABEANGIFSTRCSH (PSéREﬁmﬂingh Thr oughput M cropl ate

Spectrophot oneter. Positive clones were ascertained to be the sanples with

absor bah®¥51 hr ee Mamégolbfhmle(tbifdeswemkgrbﬂmqned'lf?@E@swcfeorgmiﬁrh@r confirmed

by sequ a I nor narﬁ?Nil{H)sr Shr}éJ %68%11%1 a%l%q tflonds sSch as po%m?eras]p chacljm reactlo

[0109] T anst I'ons 0 Const ructs” were Wer romng 6 to
8 col OnI(E(SR)SBaBad aloeing matholillogly. Altcragivickyd éciy madbeﬁ&tmeﬂlwé}mmdaﬂismlsesat 37C.

Protein |ona ecretion fro ch sanpl e was confi.rmed by r mng
the shaklf dﬁ@? vy fReienmpy st e gt AL GBI B a8t 621

onto t h%olwﬁﬂia%fjﬂgﬁ?h&arﬁldﬂm&@@r 8Rtho@ Mt rdk!ﬂ:rr%éd PEBeARA Aflth@hers,
instructions. Positive sanples were identified as those that displayed a

vi si bl e Teaalerdsen 1431 123: 1§Pe58241 BHegsingraa apipmatrssyabedizarmsdletsyibségu¥sti ng
and a”a'ﬁ’%&rgeﬂé? J( pgg?zgzlgé&dsl}%?aﬁ% 61%5’%%%'§§@'h| AicFEéﬂéTﬁ’%c%stugggQ&te{a Cts as

descri bed' above
f er ment ercshodd amdteplaiidqics imehe éietcbdfeecoanﬂha&u gectiat iacldsSampbresk drrdoRossdis

fermenter e.frun o DS- PACE. Base p ' .anal SIS ure 2) cells
secr et e?ﬁ?@t\a@i’tﬁlﬂﬁ%s&)‘f SlEry ?&ﬁg ?lfl 2&?187 73& ntations.
| n addi Eprsdrbig W BabdrdibhUahmial €9 90 18n$RGEBE] QM. Oédsc@luhreﬁf pﬂo%cazsaﬁ measur ed

by pNPG hydrolysis. WO 2010/1 1009PCT/ US2010/ 031210 Exanple 4 Pronoter
Tr uncat iMsHecular Biology (1994)

[0076] Purification of polynucleotide sequences is performed using any art-recognized
strategy, e.g., native acrylamide gel electrophoresis or anion-exchange HPLC as described in
Pearson and Reanier, J. Chrom. 255: 137-149 (1983). All cloned or synthetic polynucleotide
sequences can be verified using, e.g., the chain termination method for sequencing double-

stranded templates of Wallace et al., Gene 16: 21-26 (1981).

[0077] Once the promoter sequence and coding sequence are obtained and verified, they
can then be ligated to produce a vector (expression cassette) in which the promoter and the
heterologous coding sequence are operably linked. A number of known methods are suitable for
the purpose of ligating the two sequences, such as ligation methods based on PCR and ligation

methods mediated by various ligases (e.g., bacteriophase T4 ligase). The promoter used to direct
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[0111] Four truncated pronoters were constructed using the Bm -PG cel A

pl asm d described in Exanple 1. The plasm ds, designated Bm 386, Bm 301,

B 251 arwioBnie2Q100gonpri sed i nhA pronot er sequences SEQPCDUNN10881216EQ | D
NO 25, SEQID NO 24 and SEQ ID NO 23, respectively. The pronoters were
constructed using the reverse prinmer and the relevant forward priner |isted
in Table 3 below. [0112] The priners were first phosphorylated at 37C for 2
hrs as follows: (100uM prinmer, 10pl; T4 Lizase Buffer, 5pl; T4 PNK, |pl;
H20, 34pl. Phosphoryl ated priners were then used to anplify the plasmd

vviththefollovving protocol: Forward priner, |pl; inhA rev | pl;
B - PG cel A Buf f SMO,
B P el R R S B AT P O i 0.

m n; 32 heell@®udfrafsBfbftion st SRGs it3S filbmr tﬁ@tr&rﬁ@mpt?o% sGart sitkQn §€BYtural etag. S
mn. [0113] The PCR products were Dpnl %Jested for 1 hr at 37C and then
puri f i edsdskprysinahat. é‘oiﬁe‘é&ﬁeﬁ?ﬁlﬁcﬁﬂﬁféﬁ itz dissRchrAnthsdscommedaig ity
product $,ef frohloddtrgfiber 4 hrs at 16C using Pronega’s T4 |igase. Ligation
m xtures were directly transformed into B. rregaterlum strains and t he

constru res verified. Ta I\{? ence(5'
T2 BT o TIORE AT SR STy PR e ATyt e SR8 251 1 e
aat t aac ghRtgoTanehragac ink edloal adel hiyt #Asolicld30d inf thwvblkpression cassette a
aattaacatatgttttgtttttatataatagtaata

transctiption/franslation terminator and a ribosome binding site for translational initiation. In

addition to the promoter, the expression cassette optionally contains all the additional elements

required for the expression of the heterologous sequence in host cells, such as signals required

for efficient polyadenylation of the transcript, ribosome binding sites, translation termination,

enhancers, and a cleavable signal peptide sequence to promote secretion of the polypeptide by

the transformed cells. If genomic DNA is used as the heterologous coding sequence, introns

with functional splice donor and acceptor sites may also be included.

[0079] The elements that are typically included in expression vectors also include a
replicon that functions in some bacterial cells, a gene encoding antibiotic resistance to permit
selection of microorganisms that harbor recombinant plasmids, and unique restriction sites in
nonessential regions of the plasmid to allow insertion of heterologous sequences. The particular
antibiotic resistance gene chosen is not critical, as any of the many resistance genes known in the
art are suitable. Similar to antibiotic resistance selection markers, metabolic selection markers
based on known metabolic pathways may also be used as a means for selecting transformed host

cells.

[0080] The particular vector used to transport the expression cassette into the cell is not
particularly critical. Any of the conventional vectors used for expression in prokaryotic or
cukaryotic cells may be used. Standard bacterial expression vectors include plasmids such as
pBR322 based plasmids, pSKF, pET23D, and fusion expression systems such as GST and LacZ.
Epitope or affinity tags can be added to recombinant proteins to provide convenient methods of

isolation, e.g., c-myc, HIS-6, MBP, and FLAG.

Iv. Transformation and Recombinant Gene Expression
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20 386 frwd aattaacatatgtaaaatttatttgtatacagagat 21 i nhA rev

Cat at gacgat agattttaatggacccaa 22 [0114] The sequences of the truncated
pronot er woresgRowdi ng to SEQ I D NOs: 23, 24, 25 and 26prarascétoestnat ed

bel ow, wherein the RBS is in bold and underli ned:

TTTGCATGTGTAAGAAGGGT TTATCAGACATTTTAATTGT CAGGAAAAGAAAACTAGT TACATACTATAA
AACTATTTTACATTATCTACTAGAATCAAAAAATTTTAATAATATAGTAAAATGTAGT TGACCTTCCTAG

TI TTAGAATATAAAATAAATCTTGCTAATAG TTGAAAATTCTAAAATGGAGGEE TTACT ( SEQ I D NO
23); AAAAATACACTI CATATATTI TTAGTI TTGA TATCGATTTGGCATGGAATTTGCATGTGTAAGAAGEGT
TTATCAGACATI TTAATTGA CAGGAAAAGAAAACTAGT TACATACTATAAAACTATTTTACATTATCTAC

'Ic':_/lﬁ_\%'ll: AACWATI TTQQTAATM AAAATgI Aﬂ @%gf Tl AGT TTAgAAéIiﬁWTAAAT

TI TTGT T e daAJATABIACTAN L AGSBM A @OT At d GHARhE m&%&%&ﬂﬂiﬁ&@ dOQTAIATT
TTTAGTI TTGGA TATCGATTTGGCATGGAATTTGCATGTGTAAGAAGGG TTATCAGACATI TTAATTGT

CAGGAAARBAIISNST AGT TACATACTATAAAACTATI TTACATTATCTACTAGAATCAAAAAATTTTAAT
AATATAGTAAAATGTAGI TGACCTI CCTAG TTTAGAATATAAAATAAATCTTGCTAATAGI TTGAAAAT
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PNPG hy &10pY iRl derivatives thereof — See Sheir-Neiss et al., Appl. Microbiol. Biotechnology, 20
(1984) pp 46 — 53), In addition, the term “Trichoderma” refers to any fungal strain that was
previously classified as Trichoderma or currently classified as Trichoderma. In some
embodiments of the invention, the filamentous fungal host cell is of the Aspergillus species, e.g.,
A. awamori, A. fumigatus, A. japonicus, A. nidulans, A. niger, A. aculeatus, A. foetidus, A
oryzae, A. sojae, and A. kawachi. (Reference is made to Kelly and Hynes (1985) EMBO J.
4,475479; NRRL 3112, ATCC 11490, 22342, 44733, and 14331; Yelton M., et al., (1984) Proc.
Natl. Acad. Sci. USA, 81, 1470-1474; Tilburn et al., (1982) Gene 26,205-221; and Johnston, I.L.
ctal. (1985) EMBO J. 4,1307 -1311). In some embodiments of the invention, the filamentous
fungal host cell is of the Chrysosporium species, ¢.g., C. lucknowense. In some embodiments of
the invention, the filamentous fungal host cell is of the Fusarium species, ¢.g., F. bactridioides,
F. cerealis, F. crookwellense, F. culmorum, F. graminearum, F. graminum, F. oxysporum, F.
roseum, and F.venenatum. In some embodiments of the invention, the filamentous fungal host
cell is of the Myceliophthora species, e.g., M. thermophilia. In some embodiments of the
invention, the filamentous fungal host cell is of the Neurospora species, e.g., N. crassa.
Reference is made to Case, MLE. et al., (1979) Proc. Natl. Acad. Sci. USA, 76, 5259-5263; USP
4,486,553; and Kinsey, J.A. and J.A. Rambosck (1984) Molecular and Cellular Biology 4, 117 —

122. In some embodiments of the invention, the filamentous fungal host cell is of the Humicola
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Tabl e 4: Secretion of CelA Truncated inhA pronoter Fold I nprovenent over
Bm positive control () Control (Bm) 1.00 ( .09) Bm 201 1.15 ( .14) Bm 351
0.90 ( .O8P201022®90/ 121009PCT/ US2010/ 031210 Bm 301 0. 92C{/US2010/031210

species, ¢.g., H. insolens, H. grisea, and H. lanuginosa. In some embodiments of the invention,
the filamentous fungal host cell is of the Penicillum species, e.g., P. purpurogenum , P.
chrysogenum, and P. verruculosum. In some embodiments of the invention, the filamentous
fungal host cell is of the Thielavia species, ¢.g., T. terrestris. In some embodiments of the
invention, the filamentous fungal host cell is of the Trametes species, e.g., T. villosa and T.

versicolor.

[0084] In the present invention a yeast host cell may be a cell of a species of, but not
limited to Candida, Hansenula, Saccharomyces, Schizosaccharomyces, Pichia, Kluyveromyces,

and Yarrowia.

[0085] In some embodiments on the invention, the host cell is an algal cell such as,

Chlamydomonas (e.g., C. Reinhardtii) and Phormidium (P.sp. ATCC29409).

[0086] In other embodiments, the host cell is a prokaryotic cell. Suitable prokaryotic cells
include gram positive, gram negative and gram-variable bacterial cells. i some embodiments,
the host cell is a species of, Agrobacierium, Acinetobacier, Azobacter, Racillus, Bifidobacterium,
Buchnera, Geobacillys, Campviobacter, Clostridium, Corvaebacterivm, Escherichia,
Enterococcus, Erwinia, Flavobacterionm, Laciobaciilus, Lactococrus, Pandoea, Pseudomonas,
Staphviococous, Salmonella, Streptococcus, Sreptomyces, and Symemmonas. In yet other
embodiments, the bacterial host strain is non-pathogenic to humans. In some embodiments the
bacterial host strain is an industrial strain. Numerous bacterial industrial strains are known and

suitable in the present invention.

[0087] In some embodiments, of the invention the bacterial host cell is of the Bacillus
species, ¢.g., B. thuringiensis, B. anthracis, B. megaterium, B. subtilis, B. lentus, B. circulans, B.
pumilus, B. lautus, B.coagulans, B. brevis, B. firmus, B. alkaophius, B. licheniformis, B. clausii,
B. stearothermophilus, B. halodurans and B. amyloliquefaciens. In particular embodiments, the
host cell will be an industrial Bacillus strain including but not limited to B. subtilis, B. pumilus,
B. licheniformis, B. megaterium, B. clausii, B. stearothermophilus and B. amyloliquefaciens.
Some preferred embodiments of a Bacillus host cell include B. subtilis, B. licheniformis, B.
megaterium, B. stearothermophilus and B. amyloliquefaciens. In some embodiments, the

Bacillus strain will be a deletion strain, for example a protease deletion strain such as an
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|l i brary construction techniques. (See Hensley, A et al., (1989) Nucleic
Acids Res. 17(16):6545-51 and Matsunura, |. et al., (2001) Biotechniques
30(3):474 -6). [0116] The libraries were screened using either the cel A or
cbh construct described above which were transfornmed into the B. negaterium
strain. Protein expression was neasured by SDS-PAGE and/or enzymatic
activity. Detailed descriptions of the assays are described above. |nproved

variants_of the p are |] din Table 5,. S urt her
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initalics. SEQ
T%Amwﬁmghtbactenal host cell 18 of the Zymomonas species, e.g., Z. mobzlzs and Z.

lipolytica.

[0088] Strains which may be used in the practice of the invention including both
prokaryotic and eukaryotic strains are readily accessible to the public from a number of culture
collections such as American Type Culture Collection (ATCC), Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH (DSM), Centraalbureau Voor Schimmelcultures
(CBS), and Agricultural Research Service Patent Culture Collection, Northern Regional
Research Center (NRRL). Specific examples of heterologous expression of cellulase genes can
be found in Bacillus, E.coli, Streptomyces, and Trichoderma (See, for example Lejeune et al
Biosynthesis and Biodegradation of Cellulose; Haigler, C. et al Marcel Dekker, NY, NY 1990 pg
623 - 671).

[0089] Standard transformation methods may be used to produce recombinant host cells
harboring the expression vector of the invention. For example, introduction of a vector into a
host cell can be effected by calcium phosphate transfection, DEAE-Dextran mediated
transfection, electroporation, PEG-mediated protoplast transformation or other common
techniques (See Davis, L., Dibner, M. and Battey, 1. (1986) Basic Methods in Molecular Biology,
Ausubel et al., 1994, Current Protocols in Molecular Biology; Campbell et al., 1989, Curr Genet
16:53 — 56; USP 6,255,115; USP 5,264,366, USP 5,364,770; USP 6,022,725, Brigid, et al., 1990
FEMS Microbiol Lett. 55: 135 — 138 and Hopwood et al., Genetic Manipulation of
Streptomyces: A Laboratory Manual (1985) John Innes Foundation, Norwich, UK)).

[0090] Production of the heterologous protein by the transformed host cells can be
detected and confirmed by any immunoassays known in the art, e.g., ELISA. Upon
confirmation, the protein can then be purified by standard techniques (see, e.g., Colley et al., J.
Biol. Chem. 264: 17619-17622 (1989); Guide to Protein Purification, in Methods in
Enzymology, vol. 182 (Deutscher, ed., 1990)).
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28 TA TAAAATAAGCCATGCTAATAGITTG AAAATTCTAAAATGGAGGEGECTCGATGTACAATG 1.5
29 TATAAAATAAGGCCATGCTAATAGTTTGAAAATTCTAAA ATGGAGGGGCTCGATGTACAATG 1. 4 30
TA TAAAATMOCHOARGOIAATAGT TTGAAAATTCTAAA ATGGAGGEGT TTATGEATTAANE 031240

[0091] In addition to plasmid-based DNA construction, the DNA construct or sequence
comprising an inhA promoter and a heterologous coding sequence may be chromosomally
integrated into the host genome such as by homologous recombination. Chromosomal integration

may result in certain advantages over plasmid-based constructions.

[0092] The recombinant or engineered host cells can be cultured in conventional nutrient
media modified as appropriate for activating promoters and selecting transformants. Culture
conditions, such as temperature, pH and the like will be apparent to those skilled in the art and in
the references cited herein, including, for example, Sambrook, Ausubel and Berger, as well as,
for example, Freshney (1994) Culture of Animal Cells, a Manual of Basic Technigue, third
edition, Wiley- Liss, New York; Payne et al. (1992) Plant Cell and Tissue Culture in Liquid
Systems John Wiley & Sons, Inc. New York, NY; Gamborg and Phillips (eds) (1995) Plant Cell,
Tissue and Organ Culture; Fundamental Methods Springer Lab Manual, Springer-Verlag (Berlin
Heidelberg New York) and Atlas and Parks (eds) The Handbook of Microbiological Media
(1993) CRC Press, Boca Raton, FL, all of which are incorporated herein by reference. Some
preferred culture conditions may be found in Harwood et al. (1990) Molecular Biological

Methods For Bacillus, John Wiley and/or from the American Type Culture Collection (ATCC).

[0093] In some embodiments, cells comprising a inhA promoter and expressing a coding
sequence are grown under batch, fed-batch or continuous fermentations conditions. Classical
batch fermentation is a closed system, wherein the compositions of the medium is set at the
beginning of the fermentation and is not subject to artificial alternations during the fermentation.
A variation of the batch system is a fed-batch fermentation which also finds use in the present
invention. In this variation, the substrate is added in increments as the fermentation progresses.
Fed-batch systems are useful when catabolite repression is likely to inhibit the metabolism of the
cells and where it is desirable to have limited amounts of substrate in the medium. Batch and fed-
batch fermentations are common and well known in the art. Continuous fermentation is an open
system where a defined fermentation medium is added continuously to a bioreactor and an equal
amount of conditioned medium is removed simultancously for processing. Continuous
fermentation generally maintains the cultures at a constant high density where cells are primarily

in log phase growth. Continuous fermentation systems strive to maintain steady sate growth
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31 TA TAAAATAAGGCATGCTAATAGITTGAAAATTCTAAA 1. 3 SEQID NO FI AT
GGAGGGGCATTAT GTACAAT G 32 TA TAAAATAAGGCCATGCTAATAGTTTGAAAATTCTAAA AT
GGAGGEGT GV RAIARABAATG 1. 3 PCT/US2010/031210

conditions. Methods for modulating nutrients and growth factors for continuous fermentation
processes as well as techniques for maximizing the rate of product formation are well known in

the art of industrial microbiology.

[0094] In some embodiments of the invention, it will be desirable for the inhA promoter
to be active under low carbon-substrate conditions. Carbon-substrates used during the culturing
of recombinant host cells may include but are not limited to organic acids (such as, but not
limited to acetate, succinate, propionate, benzoate, hydroxybenzoate, pyruvate and gluconate),
monosaccharide and disaccharide sugars (such as, but not limited to glucose, galactose, fructose,
mannose, ribose, thamnose, sorbose, xylose, lactose, trehalose, saccharose, maltose and sucrose),
alcohols (such as, but not limited to inositol, methanol, ethanol, and glycerol, starch, cellobiose,
molasses, and the like). In particular, the carbon-source includes a C5 or C6 fermentable sugar
and particularly a C6 sugar, such as glucose. For example, in a fed-batch fermentation system the
level of carbon-substrate and particularly glucose may be maintained at a relatively low
concentration. In some systems the level of glucose will be kept at less than 1.0 g/L, less than
0.25 g/L, less than 0.10 g/L, less than 0.05 g/L and also less than 0.025 g/LL of media. In some
embodiments, the inhA promoters of the invention will be active under these fermentation
conditions and further may be active without the addition of exogenous inducing agents such as a

chemical inducer, e.g., IPTG.

[0095] In some embodiments, the invention encompasses a process for producing a
protein in a microbial host cell wherein the host cell is a recombinant bacterial cell (e.g., a
Bacillus cell or E. coli) which comprises transforming the microbial host cell with a vector
comprising an inhA promoter encompassed by the invention operably linked to a polynucleotide
coding for an enzyme of interest and culturing the transformed microbial cell under culture
conditions suitable for the expression and production of the enzyme. In some preferred
embodiments, the enzyme is a cellulase, a protease, an amylase or a xylanases enzyme and the
host cell is a bacterial cell. In some embodiments, the enzyme that is produced by the process is

further isolated from the culture media.
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33 TA TAAAATAAGGCATGCCTAATAGT TTGAAAATTTAAGA GAT GGAGGGATTC GIAT G 1.1 34
TA TAAAATAAGGCATGCTAATAGT TTGAAAATTTGATA TTTGGAGGGAATAAAATG 1. 2 35 TA
TAAAATAAGBOARIBORARIAGT TTGAAAATTATGTA GGAGGEEC CATACTCTAT@CT/U32010/031210

EXAMPLES

[0096] The following examples are provided by way of illustration only and not by way
of limitation. Those of skill in the art will readily recognize a varicty of non-critical parameters

that could be changed or modified to yield essentially the same or similar results.

Example 1

Isolation and sequencing of an inhA promoter from B. megaterium chromosomal DNA.

[0097] The inhA protein is an extracellular metalloprotease whose expression is induced
during late exponential or stationary phase (Eur J Biochem; 1984, 139, 247-252) (Microbiology;
2001, 147, 1805-1813). The inhA promoter was amplified from the chromosomal DNA of B.
megaterium and tested against two different genes coding for cellulase enzymes. One gene was a
B-glucosidase gene obtained from Azospirillum irakense and designated celA and the other was
an exoglucanase gene obtained from Streptomyces sp and designated cbhll.

Genomic DNA Prep:

[0098] To isolate chromosomal DNA from B. megaterium, 3 ml of overnight cell culture
in Luria Broth (LB) was harvested at 5000g for 5 min at room temperature and resuspended in
100 ul of SMM buffer (0.5M Sucrose, 20 mM Maleate, 20 mM MgCl,, pH 6.5). Lysozyme
(chicken egg white, Sigma) solution was added to a final concentration of 1 mg/ml and cells
were incubated at 42°C for 30 min. After the incubation, cells were washed once with SMM
buffer and resuspended in 100 pl of water. The genomic DNA was extracted from the lysozyme
treated cells by repeated phenol-chloroform extraction and precipitation with 70% isopropanol.
Precipitated DNA pellet was re-suspended in 100 pl of warm water and used as the template
DNA.

InhA promoter extraction and confirmation:

[0099] The native inhA promoter was amplified from the wildtype (WT) B. megaterium
genomic DNA by PCR amplifying a 500 base pair region upstream of the native inhA gene using
primers P1 and P2 (Table 1);

Table 1
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36 TATAAAATAAGGCATGCTAATAGITTGAAAATTCTAAAA TGGAGGGGTTTATGGGACAATG 1. 4 37
TATAAAATAAGCCATGCTAATAGT TTGAAAATTCTAAAA TGGAGGGGCAACATGTACAATG 1. 3 38
TATAAAAT ARCGCRATIGODDAATAGT TTGAAAATTCTAAAA TGGAGGEGGT CTTATGPATART@GID3R210 39

Name of the Sequence (5 — 37) Restriction SEQ ID
primer site NO:
P1 ccttcatatgagctggaaaagaaagggaaatccgtgag Ndel 12
P2 ggtatgtacagtaaacccctccattttagaattttcaaac BsrGl 13
P3 tactgtacaatgaaaaagaaaaaacaggctttaaaggta BsrGl 14
P4 ccatactagtcgeggcactgetegtatgtgcaaaagcaaa Spel 15
P5 ttactgtacaatgaagacgaagtggctaatatcagtcata BsrGl 16
P6 tactactagtaccagcaaaaactagattttgaggaaaaat Spel 17
[0100] The Clontech Advantage HF 2 PCR kit containing Advantage 2 enzyme blend of

TITANIUM™ Taq DNA Polymerase and a small amount of proofreading enzyme was used to
PCR amplify the inhA promoter. PCR was done in 50 pul volume as follows.

Advantage Buffer: (5ul); dNTPs: (5ul); 20 uM Fwd primer: (1ul); 20 uM Rev primer: (1ul);
Polymerase: (1ul); Genomic DNA: (0.5 ul); and H,0: (36.5 ul).

PCR conditions: 94° C — 2 min; 28 cycles of (94° C — 30 sec, 55° C — 30 sec, 72° C — 30 sec); 72°
C — 10 min.

[0101] PCR product was purified using standard Qiagen PCR purification protocol
supplied by the manufacturer and digested overnight with NEB restriction enzymes Ndel and
BsrGlin NEB buffer 4 and BSA. PCR product was cloned into the Ndel/BsrG1 digested shuttle
vector pBmX-¢ (pMM1522- Boca Scientific, Boca Raton, FL), a shuttle vector that replicates in
both B. megaterium and E. coli. The inhA construct was sequence confirmed from this newly

constructed vector pBml-¢ (Table 2).

Example 2
Construction of Plasmids Comprising the Promoters, Signal Peptides and Genes
Plasmid construction:
[0102] Two plasmids were constructed. Plasmid BmI-PG-celA comprising the inhA
promoter, signal peptide (PenG) and heterologous gene celA (SEQ ID NO: §) and plasmid
pBmI-NM-cbhll comprising the inhA promoter, signal peptide (NprM) and heterologous cbhll
(SEQ ID NO: 10) and used to determine the activity and the strength of the inhA promoter.
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TATAAAATAAGGCATGCTAATAGT TTGAAAATTCTAAAA TGGAGGGEGTTTACTCCATGATG 1. 2 40
TATAAAATAAGCCATGCTAATAGT TTGAAAATTCTAAAA TGGAGGGGT TTACTGTACAATG 1. 3 41
TATAAAAT AVOCEHOTIGODDAATAGT TTGAAAATTCTAAAA TGGAGEGGT TTACTGPATAATGIM3R210 42
TATAAAATAAATCTTGCTAATAGT TTGAAAATTCTAAAA TGGAGGGGTTTACTGTACAATG 1. 3

[0103] Vectors pPBmX-PG-celA and pPBmX-NM-cbhll were previously synthesized by
first cloning signal peptides at the BsrG1 and Spel sites of pPBmX-¢ vector and followed by
cloning genes (cclA or cbhll) at the Spel and NgoMIV sites. These vectors were further used as
base vectors to build the desired plasmids for inhA promoter studies. Signal peptides NprM and
PenG were obtained from the WT B. megaterium (DSM319) genomic DNA by PCR
amplification using primers (P3, P4) and (P5, P6) respectively (Table 1). PCR amplification
method was used as described in Example 1.

[0104] The celA and cbhll gene sequences were obtained from the genome sequences of
Azospirillum irakense and Streptomyces sp. respectively, codon optimized for Bacillus and
synthesized by GenScript, Piscataway, NJ.

[0105] To build the inhA/cbhll construct, the pBml-¢ vector containing inhA was
digested with Ndel/BsrGl1, the resulting fragment containing the inhA promoter was cloned into
pBmX-NM-cbhll vector at the Ndel and BsrG1 site replacing the xylA promoter. The resulting
plasmid pBmI-NM-cbhll included the NprM-cbhll gene downstream of the inhA promoter.

Table 2 — Various vectors used in the examples

Name of the vector | promoter Signal Peptide | Gene
pBmX-¢ xylose None None
pBml-e inhA None None
pBmX-PG-celA xylose PenG celA
pBml- PG-celA inhA (GPI) | PenG celA
pBmX-NM-cbhll xylose NprtM cbhll
pBmlI- NM-cbhll inhA (GPI) | NprtM cbhll
[0106] To build the inhA/celA construct, the pPBmX-PG-celA vector was digested with

BsrGI/NgoMIV and the resulting fragment containing PG signal peptide coding region and celA
was litigated into the pBml-¢ vector digested with BsrG1 and NgoMIV. The resulting vector
pBmI-PG-celA included the PenG-celA gene downstream of the inhA promoter. Generally

known ligation protocols were followed for introducing vectors into Bacillus.
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43 TATAAAATAGGGTCTGCTAATAGI TTGAAAATTCTAAAA TGGAGGGGTTTACTGTACAATG 1. 4 44
TATAAAATAAATCAATAGTTTGAAAATTCTAAA AT GGAGGGGTTTACT GTACAATG 1. 2 45
TATAAAAT AROCAOTIGODDAATAGT TTGAAAATTCTAAAA TGGAGGEGGT TTACT GPATAATGIN3 210

Example 3
Transformation and assay

Protoplast preparation and transformation:

[0107] Protoplast preparation of a B. megaterium strain derived from WH320 containing
protease deletions (AnprM, AspoOA, AspolVB) and transformations were carried out as
described by Brown and Carlton (J. Bacteriology, (1980) 142(2): 508-512). Since ligation mixes
were transformed directly into the B. megaterium strains, transformants containing cclA
constructs were established by growing 10 to 15 colonies separately in 10 ml of semi-defined A5
media (Yang et al., (2006) Microb. Cell Fact. 5: 36) in shake flasks for 16 hrs at 37°C and 220
RPM, followed by a series of steps outlined below.

[0108] CelA expression and secretion was measured by monitoring its pNPG hydrolysis
activity. (Faure et al., (1999) J. Bacteriol. 181:3003-3009) 20 ul of shake flask supernatant
sample was added to 80 ul of pNPG solution (4mM pNPG 50 mM potassium phosphate buffer
pH 7) in a 96 well microtiter plate. The plate was incubated at 50°C for 1 hr and scanned at 405
nm in SpectraMax High-Throughput Microplate Spectrophotometer. Positive clones were
ascertained to be the samples with absorbance three times that of the background. These were
further confirmed by sequencing and subsequently analyzed in fermenters.

[0109] Transformations of the cbhll constructs were verified by growing 6 to 8 colonies
separately in 10 ml of semi-defined A5 media for 16 hrs at 37°C. Protein production and
secretion from each sample was confirmed by running the shake flask supernatant sample on
SDS-PAGE. 30 ul samples were loaded onto the Invitrogen 1.5 mm SDS-gel and run as per
manufacturer instructions. Positive samples were identified as those that displayed a visible band
at 45 kD. These clones were further confirmed by sequencing and analyzed in fermenters.
Assay:

[0110] The inhA promoter constructs as described above (pBmI-PG-celA and pBml-
NM-cbhll) were tested in 2L fermenters. Time points were taken and supernatant samples from
the fermenters were run on SDS-PAGE. Based upon gel analysis (Figure 2) cells secreted
heterologous protein with the inhA promoter in 2L fermentations. In addition Figure 3 illustrates

the secretion of CelA protein as measured by pNPG hydrolysis.
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46 TATAAAATAAAGGCGGCTAATAGI TTGAAAATTCTAAAA TGGAGGEGGTTTACTGTACAATG 1. 2
SEQ ID NO FlI 47 TATAAAATAAATCTGCCTCATAGITTGAAAATTCTAAAA
TGGAGCGGCWOACIERAMGAATG 1. 5 PCT/US2010/031210

Example 4

Promoter Truncations
[0111] Four truncated promoters were constructed using the BmI-PG-celA plasmid
described in Example 1.The plasmids, designated BmI386, BmI301, BmI251 and BmI201
comprised inhA promoter sequences SEQ ID NO: 26, SEQ ID NO: 25, SEQ ID NO: 24 and SEQ
ID NO: 23, respectively. The promoters were constructed using the reverse primer and the
relevant forward primer listed in Table 3 below.
[0112] The primers were first phosphorylated at 37°C for 2 hrs as follows: (100uM)
primer, 10ul; T4 Lizase Buffer, Sul; T4 PNK, 1ul; H,O, 34ul. Phosphorylated primers were then
used to amplify the plasmid with the following protocol: Forward primer, 1ul; inhA_rev, 1ul;
BmlI-PG-celA, 1ul; 10x Herculase Buffer, Sul; ANTP’s (100mN), 0.4ul; DSMO, 1ul; Herculase
Polymerase, 0.5ul; and H,0, 40.1ul. PCR conditions: 95° C — 4 min; 32 cycles of (95° C — 30 sec,
55°C - 40 sec, 72°C - 10 sec); 72°C - 5 min.
[0113] The PCR products were Dpnl digested for 1 hr at 37°C and then purified using
standard Qiagen PCR purification methods. The purified products were ligated for 4 hrs at 16°C
using Promega’s T4 ligase. Ligation mixtures were directly transformed into B. megaterium

strains and the constructs were sequence verified.

Table 3:

Name of the Sequence (5 — 37) SEQI
primer NO:

201 frwd aattaacatatgtttgcatgtgtaagaagggtttat 18

251 frwd aattaacatatgaaaaatacacttcatatattttta 19

301 frwd aattaacatatgttttgtttttatataatagtaata 20

386 _frwd aattaacatatgtaaaatttatttgtatacagagat 21

inhA rev Catatgacgatagattttaatggacccaa 22

[0114] The sequences of the truncated promoter corresponding to SEQ ID NOs: 23, 24, 25 and

26 are illustrated below, wherein the RBS is in bold and underlined:
TTTGCATGTGTAAGAAGGCTTTATCAGACATTTTAATTGTCAGGAAAAGAAAACTAGTTACATACTATAA
AACTATTTTACATTATCTACTAGAATCAAAAAATTTTAATAATATAGTAAAATGTAGTTGACCTTCCTAG
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48 TATAAAATAAATCTATTTTATAGITTGAAAATTCTAAAAT GGAGGEGGTTTACTGTACAATG 2.0
TATAAAATAAATCTCCCCTATAGT TTGAAAATTCTAAAA TGGAGGEGGT TTACTGTACAATG 2. 5
TATAAAAT ACOCHBTIGODDAATAGT TTGAAAATTCTAAAA TGGAGGEGGT TTACT GPATAATGIN3 1210
TATAAAATAATCGATGCTAATAGT TTGAAAATTCTAAAA TGGAGGGEGT TTACTGTACAATG

TTTTAGAATATAAAATAAATCTTGCTAATAGTTTGAAAATTCTAAAATGGAGGGGTTTACT (SEQID
NO: 23);
AAAAATACACTTCATATATTTTTAGTTTTGGTTATCGATTTGGCATGGAATTTGCATGTGTAAGAAGGGT
TTATCAGACATTTTAATTGTCAGGAAAAGAAAACTAGTTACATACTATAAAACTATTTTACATTATCTAC
TAGAATCAAAAAATTTTAATAATATAGTAAAATGTAGTTGACCTTCCTAGTTTTAGAATATAAAATAAAT
CTTGCTAATAGTTTGAAAATTCTAAAATGGAGGGGTTTACT (SEQ ID NO: 24);
TTTTGTTTTTATATAATAGTAATACGGAAAAGATAGTTCTAATTCCCTAAAAAAATACACTTCATATATT
TTTAGTTTTGGTTATCGATTTGGCATGGAATTTGCATGTGTAAGAAGGGTTTATCAGACATTTTAATTGT
CAGGAAAAGAAAACTAGTTACATACTATAAAACTATTTTACATTATCTACTAGAATCAAAAAATTTTAAT

AATATAGTAAAATGTAGTTGACCTTCCTAGTTTTAGAATATAAAATAAATCTTGCTAATAGTTTGAAAAT

TCTAAAATGGAGGGGTTTACT (SEQ ID NO: 25); and

TAAAATTTATTTGTATACAGAGATTATCGCTTCTCGTCTATTGAGAAGTGATTTTTTTATCTTTCTGTAT

CCATAATGGGGAATTTTTTGTTTTTATATAATAGTAATACGGAAAAGATAGTTCTAATTCCCTAAAAAAA
TACACTTCATATATTTTTAGTTTTGGTTATCGATTTGGCATGGAATTTGCATGTGTAAGAAGGGTTTATC
AGACATTTTAATTGTCAGGAAAAGAAAACTAGTTACATACTATAAAACTATTTTACATTATCTACTAGAA
TCAAAAAATTTTAATAATATAGTAAAATGTAGTTGACCTTCCTAGTTTTAGAATATAAAATAAATCTTGC

TAATAGTTTGAAAATTCTAAAATGGAGGGGTTTACT (SEQ ID NO: 26).

[0114] Transformants were grown overnight in semi-defined AS media with 1% glucose.

250ul of the overnight culture was used to inoculate Sml of fermentation media. The samples
were fermented for 24 hrs in a u-24 device from Microreactor Technologies. CelA production
was determined by pNPG activity assay as described above in Example 3. Table 4 illustrates the
secretion of CelA protein under the control of the truncated inhA promoters as measured by

pNPG hydrolysis.

Table 4: Secretion of CelA.

Truncated inhA promoter Fold Improvement over Bml positive
control (%)

Control (Bml) 1.00 (+.09)

BmI201 1.15 (= .14)

BmlI351 0.90 (+.05)
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52 TATAAAATAAATCTCCTGTATAGITTGAAAATTCTAAAA TGGAGGGGTTTACTGTACAATG
53 TATAAAATAAATCTTCGCCATAGI TTGAAAATTCTAAAA TGCGAGGGGTTTACTGTACAATG

SAWOARTANAAMDAAAT CTCCCCAATAGI TTGAAAATTCTAAAT GGAGGBGT/UBAGIGIRCAATG 1.

BmI301 0.94 (£.04)
BmI386 0.96 (£.08)
Example 5

Variant Promoters

[0115] Promoter libraries targeting (a) the region between — 35 and -10 and the RBS and
(b) the RBS and the start codon of SEQ ID NO: 1 were constructed using standard library
construction techniques. (See Hemsley, A. et al., (1989) Nucleic Acids Res. 17(16):6545-51 and
Matsumura, 1. et al., (2001) Biotechniques 30(3):474 -6).

[0116] The libraries were screened using cither the celA or cbh construct described above
which were transformed into the B. megaterium strain. Protein expression was measured by
SDS-PAGE and/or enzymatic activity. Detailed descriptions of the assays are described above.
Improved variants of the inhA promoter are listed in Table 5. SEQ ID NO: 1 further including
the nucleotides GTACA at the 3° end was used as the positive control (SEQ ID NO: 2). The
variants listed in Table 5 are depicted in the 5° to 3’ direction starting from the TATAAA box.

Table 5: InhA variant fold improvement over the positive control (FI). The RBS for cach
sequence is in bold and underlined. The start codon (ATG) is in bold and the TATAAA box is in

italics.
SEQ ID FI
NO:

27 TATAAAATAAGGCATGCTAATAGTTTGAAAATTTAAAA 1.5
TGGAGGGGCGAAGTGTACAATG

28 TATAAAATAAGGCATGCTAATAGTTTG 1.5
AAAATTCTAAAATGGAGGGGCTCGATGTACAATG

29 TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAA 1.4
ATGGAGGGGCTCGATGTACAATG

30 TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAA 1.4
ATGGAGGGGTTTATGGACCAATG

31 TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAA 1.3
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55 TATAAAATACTCAGIGCTAATAGTI TTGAAAATTCTAAAA TGGAGGGGTTTACTGTACAATG 1. 9
TATAAAATACTCAGTGCTAATAGT TTGAAAATTCTAAAA TGGAGGGGT TTACTGTACAATG 1. 9
TATAAAAT AR RCIDTICOMATAGT TTGAAAATTCTAAAAT  GGAGGGEGT TTACT GT RCAATRE 10/081210

SEQ ID
NO:

FI

ATGGAGGGGCATTATGTACAATG

32

TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAA
ATGGAGGGGTCCTATGTACAATG

1.3

33

TATAAAATAAGGCATGCTAATAGTTTGAAAATTTAAGA
GATGGAGGGATTCGTATG

1.1

34

TATAAAATAAGGCATGCTAATAGTTTGAAAATTTGATA
TITGGAGGGAATAAAATG

1.2

35

TATAAAATAAGGCATGCTAATAGTTTGAAAATTATGTA
GGAGGGCCATACTCTATG

1.2

36

TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAAA
TGGAGGGGTTTATGGGACAATG

1.4

37

TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAAA
TGGAGGGGCAACATGTACAATG

1.3

38

TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAAA
TGGAGGGGTCTTATGTACAATG

1.2

39

TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAAA
TGGAGGGGTTTACTCCATGATG

1.2

40

TATAAAATAAGGCATGCTAATAGTTTGAAAATTCTAAAA
TGGAGGGGTTTACTGTACAATG

1.3

41

TATAAAATATAGGCTGCTAATAGTTITGAAAATTCTAAAA
TGGAGGGGTTTACTGTACAATG

1.2

42

TATAAAATAAATCTTGCTAATAGTITGAAAATTCTAAAA
TGGAGGGGTTTACTGTACAATG

1.3

43

TATAAAATAGGGTCTGCTAATAGTTITGAAAATTCTAAAA
TGGAGGGGTTTACTGTACAATG

1.4

44

TATAAAATAAATC- - - - - AATAGTTTGAAAATTCTAAA
ATGGAGGGGTTTACTGTACAATG

1.2

45

TATAAAATAATGACTGCTAATAGTTITGAAAATTCTAAAA
TGGAGGGGTTTACTGTACAATG

1.3

46

TATAAAATAAAGGCGGCTAATAGTTTGAAAATTCTAAAA
TGGAGGGGTTTACTGTACAATG

1.2
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58 TATAAAATATTCGGIGCTAATAGTI TTGAAAATTCTAAAA TGGAGGGGTTTACTGTACAATG 1. 9
TATAAAATACAACTGCTAATAGT TTGAAAATTCTAAAAT GGAGGGEGTTTACTGTACAATG 1. 8
TATAAAAT AROCCBIIGODNAATAGT TTGAAAATTCTAAAA TGGAGGEGGT TTACT GPATAATGIN3R10

TATAAAATAAATCTCCTTGATAGT TTGAAAATTCTAAAA TGGAGGGEGTTTACTGTACAATG

SEQ ID FI
NO:

47 TATAAAATAAATCTGCCTCATAGTTTGAAAATTCTAAAA 1.5
TGGAGGGGTTTACTGTACAATG

48 TATAAAATAAATCTATTTTATAGTTTGAAAATTCTAAAAT 2.0
GGAGGGGTTTACTGTACAATG

49 TATAAAATAAATCTCCCCTATAGTTTGAAAATTCTAAAA 2.5
TGGAGGGGTTTACTGTACAATG

50 TATAAAATACGGGGTGCTAATAGTTTGAAAATTCTAAAA 1.9
TGGAGGGGTTTACTGTACAATG

51 TATAAAATAATCGATGCTAATAGTTTGAAAATTCTAAAA 1.8
TGGAGGGGTTTACTGTACAATG

52 TATAAAATAAATCTCCTGTATAGTTTGAAAATTCTAAAA 1.9
TGGAGGGGTTTACTGTACAATG

53 TATAAAATAAATCTTCGCCATAGTTTGAAAATTCTAAAA 1.8
TGGAGGGGTTTACTGTACAATG

54 TATAAAATAAATCTCCCCAATAGTTTGAAAATTCTAAAT 1.9
GGAGGGGTTTACTGTACAATG

55 TATAAAATACTCAGTGCTAATAGTTTGAAAATTCTAAAA 1.9
TGGAGGGGTTTACTGTACAATG

56 TATAAAATACTCAGTGCTAATAGTTTGAAAATTCTAAAA 1.9
TGGAGGGGTTTACTGTACAATG

57 TATAAAATAAATCTTCCAATAGTTTGAAAATTCTAAAAT 1.4
GGAGGGGTTTACTGTACAATG

58 TATAAAATATTCGGTGCTAATAGTTTGAAAATTCTAAAA 1.9
TGGAGGGGTTTACTGTACAATG

59 TATAAAATACAACTGCTAATAGTTTGAAAATTCTAAAAT 1.8
GGAGGGGTTTACTGTACAATG

60 TATAAAATAATCCGTGCTAATAGTTTGAAAATTCTAAAA 1.8
TGGAGGGGTTTACTGTACAATG

61 TATAAAATAAATCTCCTTGATAGTTTGAAAATTCTAAAA 2.0
TGGAGGGGTTTACTGTACAATG

62 TATAAAATACACATTGCTAATAGTTTGAAAATTCTAAAA 1.8
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2.0 62 TATAAAATACACATTGCTAATAGTITTGAAAATTCTAAAA 1.8 SEQ ID NO FI
TGGAGGGEGT TTACTGTACAATG 63

WO 2010/121009 PCT/US2010/031210
SEQ ID FI
NO:

TGGAGGGGTTTACTGTACAATG
63 TATAAAATACCAATTGCTAATAGTTTGAAAATTCTAAAA 1.8
TGGAGGGGTTTACTGTACAATG
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TATAAAATACCAATTGCTAATAGTTTGAAAATTCTAAAA TGGAGGGGTTTACTGTACAATG 1. 8 VHAT
IS CLAIMED I'S: 1. An isolated pronoter conprising, a) a nucl eotide
sequence WO 280Q20@9INO. 1 or SEQ ID NO 3; b) a truncat egCmask@onseo
sequence of SEQID NGO 1 or SEQID NGO 3; c) a nucl eotide sequence having
at | east 90% sequence identity to a) or b); or d) a variant

nucl eoti de sequence or a truncated variant nucl eoti de sequence of SEQ ID
NO 1, wherein said variant or truncated variant has between 1 and 10
substitutions when aligned with SEQID NO 1 or the corresponding truncated
sequence thereof. 2.The isolated pronoter of claim1l, wherein the pronoter

conpris I i e sequence of SEQ ID NO 1 or a sequence having at
| east 9%@?&3&@#@%&% ty thereto. 3. The isolated pronoter of claiml,
wherein the pronoter conprises a truncated nucl eoti de sequence of SEQ I D

NGO 1 or a tnuncahﬁdsdmgd@@hgoﬁec&ﬁgm@qg:e havi ng at | east 90% sequence
identity to SEQID NO 1. 4.The isolated pronmoter of claim3, wherein the

truncated nuél eot f‘l‘ﬂéd%(éﬁﬁé%lén@dﬁﬁﬁ%&l\]pné oRQERdB N@e3:sequences of SEQ I D
NG 4, SEQ IR NO atri'un%% dlug %@ s%gueig&}ﬁﬁ@"ﬁa NO: 15('3%13'(2106'5‘30 43, SEQ 1D NO

24, SEQID I 25 or e Isolated pronoter of claim 3,
wherein the ty uncatedeatide sepenaehasmgue ves icieguese ideutiydd npor hyom t he 5
end of SEQ ID NO 1 and incl Jddes about 200 nugl eot{' def. .
a varant nuciSotide Séquence or a fruncated variant nucleotide sequence of SEQ
ID NO: 1, wherein said variant or truncated variant has between 1 and 10 substitutions when

aligned with SEQ ID NO: 1 or the corresponding truncated sequence thereof.

2. The isolated promoter of claim 1, wherein the promoter comprises the nucleotide

sequence of SEQ ID NO: 1 or a sequence having at least 90% sequence identity thereto.

3. The isolated promoter of claim 1, wherein the promoter comprises a truncated
nucleotide sequence of SEQ ID NO: 1 or a truncated nucleotide sequence having at least 90%
sequence identity to SEQ ID NO: 1.

4. The isolated promoter of claim 3, wherein the truncated nucleotide sequence
comprises the nucleotide sequences of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
NO: 7, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25 or SEQ ID NO: 26.

5. The isolated promoter of claim 3, wherein the truncated nucleotide sequence

includes truncation from the 5° end of SEQ ID NO: 1 and includes about 200 nucleotides.

6. The isolated promoter of claim 1, wherein the promoter comprises a variant
nucleotide sequence or a truncated variant nucleotide sequence of SEQ ID NO: 1 and wherein
the variant or truncated variant has between 1 and 10 substitutions when aligned with SEQ ID

NO: 1 or the truncated sequence thereof.

7. The isolated promoter of claim 1, wherein the nucleotide sequence has at least

95% sequence identity to the sequence of a) or b).
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6. The isolated pronoter of claim1l, wherein the pronoter conprises a
variant nucl eoti de sequence or a truncated variant nucl eoti de sequence of
SEQ | D NGwoXoswitioeber ei n t he variant or truncated vari amrCThsgolbeseen 1 and
10 substitutions when aligned with SEQID NO 1 or the truncated sequence
thereof. 7.The isolated pronoter of claim1, wherein the nucleotide
sequence has at |east 95% sequence identity to the sequence of a) or b).

WO 2010/ 121009PCT/ US2010/ 031210 8. The isolated pronoter of claiml,
wherein the nucl eoti de sequence has at |east 97% sequence identity to the
sequence of a) or b). 9. The isolated pronoter of claim1l1, wherein

the variant nucl eoti de sequence conprises any one of the sequences sel ected

fromSEQ ID : - 63 when id,seque 1.8 ali t i.bosonme
o o Ceor oFf R GRS RS RSS9
conpri sony seheencs tleaditgdo hecsdpicate efa)ot B). m 1 operably |inked to a

het er ol ogous codi ng sequence. 11. The vector of claim 10 further
conprising a signal seguence. 12. The vector of claim 10, wherein
the coding sequengg: koR pfr&ﬁot@r ARl 1IN wherein the vardint Aigeoti@E kQfuede cl ai m 12,
wherein the protein is an enzy 14. The vector of claiml

wher ei n cemprisen 2yyrend &f the @lque@awlleagé froan SEQIDN@S: 2 &3 When saiheausace i
cellula I ti nase, a phytase,
2711 pagarend EHERLLAI R, i AITAD A0 13 SEOTBNG B | it anace: 2
phenol oxidizing enzyne, a mannase, a catal ase, a gl ucose oxi dase, a
transferase 9. a Apas®r comprising & jsolfikeel prebter ofoflaig aoperdbly livkediten t he
enzyme %tmok) IISuIdase.e N 16. The vector of claim 15, wherein the

cel | ul ad&€T%°8h° ENdSyiUtEfSse, a cel | obi ohydrol ase or a P-gl ucosi dase.

17. A transforned m crobi al host cell conprising the vector of claim10.
18. The transf.or nEhe wcoarolcaim hosirtheetdm@isig) adignal foquadver ei n t he

transformed cell is a bacterial cell. 19. The transfornmed m crobi a
host cell of ¢l ai 18, wherein.the bac }erl cel S Bac s cell or an
E.coli cell. 5 iﬁ?fﬁf@ﬁ%ﬁ%ﬁ§ﬂ§56T61§ gﬁﬁse@mnma“%eS%rap“g n.

13. The vector of claim 12, wherein the protein is an enzyme.

14. The vector of claim 13, wherein the enzyme is a glucoamylase, a protease, an

alpha amylase, a cellulase, a hemicellulase, a xylanase, an esterase, a cutinase, a phytase, a
lipase, an oxidoreductase, a laccase, an isomerase, a pullulanase, a phenol oxidizing enzyme, a

mannase, a catalase, a glucose oxidase, a transferase or a lyase.

15. The vector of claim 14, wherein the enzyme is a cellulase.

16. The vector of claim 15, wherein the cellulase is an endoglucanase, a

cellobiohydrolase or a B-glucosidase.

17. A transformed microbial host cell comprising the vector of claim 10.

18. The transformed microbial host cell of claim 17, wherein the transformed cell is a

bacterial cell.

19. The transformed microbial host cell of claim 18, wherein the bacterial cell is a

Bacillus cell or an E.coli cell.
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20. A process for producing a protein in a host cell, conprising
transformng a mcrobial host cell with the vector of claim10 and

cul t uri ngwoheiwranwsf or med host cell under conditions pergirdaseiobasf2er t he
expressi on and production of the protein. 21. The process according
to claim20 further conprising recovering the protein. 22. The
process of claim21l, wherein the protein is an enzyne.

20. A process for producing a protein in a host cell, comprising transforming a
microbial host cell with the vector of claim 10 and culturing the transformed host cell under

conditions permissible for the expression and production of the protein.
21. The process according to claim 20 further comprising recovering the protein.

22. The process of claim 21, wherein the protein is an enzyme.

38



