WD 98/ 42822

PCT/ US98/ 05655 ' CHLORELLA VI RUS PROMOTERS

Field of the Invention - This invention relates to novel

promot er sWRYY4B%I from Chlorella 5  virus. The novel prdfd{EP803652
useful for expression of heterol ogous genes in host cells.

Background of the Invention . CGenetic engineering all ows
for isolation of a structur SHIQURRLEA JFRIFEPROMOFERSi sm and expressi on of
that gene in a different organism Expression of a gene i ncl udes both

- transcription-of--the nueletc acid into mRNA and transl ation of the

MRNA i nt o -pr ot-ei-m.—+n--order—-for - { Fieldséfrthe tavenkiogene t o be .expressed in a
new organi sm _the gene nust be linked to a requlatory sequence in the
proper |ocation-to Tfusgmge@apnrql%tn%@rnoyglimﬁmgter&lwgafgé#@m Ghlerallagul at ory

St ructur ap oot FhaRehEols e nahP R LS R RRAE AR BB B cc o

transcriptionepd a structural gene. The nucleic acid sequence of the
structural gene is transcribed i-nto nessenger RNA (nRNA) and -~ then
translated into a sequence of am no acids characteristic of a specific

pol ypeptide or protein. Typica a pLopmt seguence is |located in the 5
region of 20 a gene, upstrea#a#%r&“ﬁﬂé’%e:%@ﬁ%miona! start site of the
structural gene. Genetic engineering alfowdy OFRRbRfionBYa SfuchiRalUfeh® F8rildne - '
constitutive. In response to an I nduci ng agent, the activity of an

i nduci bl @0pr onganism and exprassion efithat gane dy different ardanigm. Expressinp of ageneof

transcription_of,a er abl .hi L{hed codi ng, sequ e. Jnc ;&tra the rate
of transcri pf?‘g‘ﬁde(??’oﬁﬂ&a@ﬁc Pélﬁ é’? gg}ypgbqacgqmgoqxgg%ﬂ*ﬂa}xvg BP8hBer is not
regul ated. | nRRA iht preeRd In BRI TR the éthdturdl geRd ol Heldkbie¥RdRA @HRWEr can be

made an inducible pronmoter ..by the addition of an operator sequence.
For exanpl e, orgemismy¢hegrae must be linked de o regulatory sequenee inthepropenlpessionde

PLOTD! o SRyl T AL b P B e et | 0000 DY
Al t hough 150t prdiel6ter deqRen ipstidanOfrora fhe Sifiidfirdl geid) eﬂ_?mnsaéiesea&bnce ganstitutive
pronoters provi de higher |evels of transcription than others. Hi gh
activity prorRNAssquepes/which dirests irpepsripianofn suchiesl gene: shhwayucleid agid can have
;sAiDg SISI |4(2: ggtz sequbncéalgfv #L Etﬁ%%xhpgeﬁg %Jn%&r%edqﬁtg%e%gén%& latIAa(nﬁﬁ\? X) ML duct .
PCT/ US98/ 056 %ken translated into a sequence of amino acids characteristic of a specific 2
| polypeptide or protein.. Typically, a promoter sequence is locatéd in the 5° region of |
20  a gene, upstream from the transcriptional start site of the structural gene.
| A promoter may be inducible or constitutive. In response to an
inducing agént, the activity of an inducible promoter is increased, thereby increasing
- the rate of transcription of an operably linked coding sequeﬁce. In contrast, the rate
of Mcﬂption of a gene under control of a constitutive promoter is not regulated. It
25  isnoted, however, that a constitutive promoter can be made an inducible promoter
- by the addition of an operator sequence. For example,.the lac operator is added to
the T7 bacteriophage promoter, changing it from a constitutive promoter to one -
e ... inducedby IPTG (Rosenberg, et al., U.S. Patent No. 4,952,496).
Although not under the control of an inducing agent, some
30  constitutive promoters provide higher levels of transcription than others. High
activity promoters providing of high levels of gene transcription can have significant

advantage in commercial production of a gene product.



In general, the ability of a pronoter to direct transcription outside of

its natural host varies. Mreover, the transcription rate of a particular
pronoter can al so vary with the particular host in which the pronoter

i s functiwo gsgasziher ef ore, new pronoters capabl e of ppOTWSHSIEF6SE gh -

| evel s of transcription in a wde variety of 5 host cells are needed.

The Chlorella viruses are a group of viraises which infect certain

strains of unicel | ul ary, gikal ¥ad iislity @FaPrethbter tol drBciMEFipRbHdhtside N Et ten,
1995, Mol . Cel I's. 5799-106; Van Etfen, et al., 1991, Mcrobiol. Rev. :
55: 586- 620) . it¥ hateml hostvedes. Moreoverghe fransgriptien faterafdgiarticnlir prasoteroapl ex
-viruses known, generally 150-190 nm 10. . .di ameter. pol yhedrons cantaining
greater than 288 awa’?)‘T d%mcgllagg?séﬁag ichithe promgter 15%“34%”& 3‘?%??%7 us

genone has t heyhetaiteishpdile SHOHEHREN H?éveﬂ%@@&@ééﬁg@&ﬁn&r@ﬂlé%ﬁe of

Chlorel la vi ruse’rret hyItr%nsferase prorrgters have been 1 sol at ed ar% _ _
shown to $unhbsteells arepealedr yoti c and eukaryotic host cell systems. These
methyl transferase prongfers,functiion well in sope bagter.al and. hi gher

plant cells. 15 Seemsffi@féﬁweﬁsews?w YIRS, YL Iegbeertalthy M tr a,

et al., 1994 B apfudibliffer, eukaryotiSiCHlorelid fike gfé-eﬁ%éa& "Mah Eited, 1995, Mol. .
The present i.nvention provides novel pronotel sequences isolated from
Chl orel | a vi ICQedis.t5R8-106 VanEfisocct al. 19, Méorebiob Rey 65865620k sSEhese viruses
prokaryotic or_epkaryotic cells and oyer a wde. r f -

t enper at ur es ArARPRE th °S§¥1déP‘?s§ eompplex yjruses %@wxé,(generaﬂy PSboodnm .

Summar y th ' ' . - : -
25 Ieafarﬂérﬂég%h}h@@mns containing greater thaéx 300 kblo¢ ?&E‘tﬁé déd‘Elﬂ)I. Pk

provi des nov p t'er sequences i sol ate rom orella virus (SEQ
| D NOS: 1-7) .Chldrella wirengenomeihas the petentigte enands severdl bundred genegmyphictsi ng a

.pronot-er sequence of t I nyention operahly linked to a DNA 25-. sequence
~of a structural gene. fore Wﬁ%ﬂgﬁmﬁ%@%WPGQW%é?@rl?%ﬁtﬁﬁaﬂ%st cells
for expressi Rfodn Y RfkEdn iR PrOERMALR YN Bekadfdtid hbt/call spedRs. Thes gene construct

of .t he Invention, and cells transforned with a heterol ogous gene
oper abl y | i niedhyltyatsierase promotersdimxtion well in some bacterial and higher plant cglisonot er s

of the inyentjon.include.i i | a ro rs, rendered

O e b YT Se2 ki OGNS, CBKE55H i, R TRRE P 505
preferred empgli mengs-goheMarhdr el la promoters of the invention are fused to
a lac . operator. The Chlorella pronoters of the invention show very
strong pronoter ThepeBent i®@ation provides novel promoter sequences isolated

PCT/- US98/ 05655 . . . . .
RGtivity ovedim Ghisceliayigs tht e ingare biehLovel of ecms armppesion s BrRkaRGle
21[err]C to pedtaryotic cefld (a8l bér-a wide range of temperatures, e.gl, Ab&t@1€ROSIPCENt , the
structural gene is a non-Chlorella virus.DNA ~ sequence encoding a
protein 20r production in a host cell. According to.this 5 enbodi nent
the non-Chlorella virus DNA squence Caoﬁ E%Bﬁnxﬁsui tabl e structural

gene whi ch encodes a peptide, p YRRy (5 & %‘hzyrre, etc. Exanpl es of

suitable st ruct ur gthe gedReR ihviatibs Brodidés AGRD plomtoterRfiched idolated P- 1) ,
growt h hornone rel easi ng factor (GRF), parathyroid hornone (PTH),
i nterlinki ng fepChipeella vimsd8EQJP NOfetl-7). The invention includes gene constructs

comprising a promoter sequence of the invention operably linked to a DNA

25  sequence of a structural gene. The invention further provides vectors and host cells
for expressing a product encoded by the structural gene of a gene construct of the
invention, and cells transformed with a heterologous gene operably linked to the
promoter.

The promoters of the invention include inducible Chlorella

30 promoters, rendered inducible, for example, by fusion to an operator sequence. Ina

preferred embodiment, the Chlorella promoters of the invention are fused to a lac

operator. ‘The Chlorella promoters of the invention show very strong promoter

i



sequences, carbonic anhydrase, beta-gal actosidase, chloranphenicol 10
acetyltransferase (CAT), glutathione acetyltransferase, and the |ike.
A .gene construct of the invention is introduced into an ap | i
host cel | W28 essi on of the gene product. Host cells aﬁire&?‘?%?%}gs%rsrred
directly or through a vector. In ose enbodi nent, a suitable vector
for a prokaryotic cell such as E. cali strains H%%)Oéz Q{,' Jl\gq’g Is the
pl asni d pKK23tigity oger a wide range of temperaturps, forexamplsy FoprabPP2l (1R AN ar e
useful in a V\_gf,}je variety of prokaryotic. and eucaryotic host cells. In
one enbodi nent’, "t he pronoters of the - invention are used to pronote '
hi gh | evel s of gene exphaemsicmibodiment, e structural lgenk is@ non-Chlonelb ¥guo PNtkeat ,
and ot her plants. The | nvent ie(ﬁn further pr.ovides a

process for prequensesgcading mpretein fog produshignosiachosteellaASPINESOSt hi s |
nbodi t ' | ( ' R f d
oo T AEREALR, B HE R BN bl g o1

wth a gerﬁe C

uct .1 ncludes a
pronot er sequgdieeviaéh édeadéstseptitle proreia) Rirnont, chkte, tetc. Examplsstofiseitabdene
encodi ng the protein to be produced in the host cell. The']]'én\zent i on
al so provi desstmstirelgzenesinclude glucagondiks papfided A GLFol agravgh hormeedelersBg quence

having strong.tra | LI - P tA : <] i : ver si ons
of 'the chi or cffler (pRE: TeleBAridRoRiGs (B, iriclcl ghiBe, knidRiah Este
Brief Descri ptdgaencet, datinidaahydiase, beta-galactosidase, chlorampherfitdure 1 is a
~diagrammmatic representation of the pKK232-8 plasmd . map. -

Figure 2 16 aacttylgensierasei (€A slugthionsacetyltensigus apdthedikGet s using 30
seven Chlorella virus pr,

encodi ng the CAT eﬂggée%rfwh&%‘f%’e sl jBh 56 R0 90050 BlfopRAeNCE

PCT/ US98/ 056580st cell for expression of the gene product. Host cells are transformed ddrectly or
Figure 3 is a conparison.of CAT activities in chloranphenicol -

ol
resi stant E. Subugha vastarolmere enbadiment, asvitablevectghfor aprokaryotigsall spehase

pr onot er Esgﬂgﬁ%i%g%%ﬁg@&%mg isth%é:?ﬁs\;/nﬁil}pﬁﬁi?:%—% and cvp-16. 5

 Figure 4 is a“c pronoter a €s of the Chlorella virus

pronmot er gyp-13 and t he ThaproMce® betheinveAtdwirgrsefuline Wide vatiéty bB101 and
grown in t he presence of varying concentrations of chloranphenicol.

Figure 5 is apukatiotimand pecaryasic daitcels. | Igong embpdimsn the-prmgtery d

map. 10 . . ' ' - ] hﬁm&;ﬁgs' si on of
GP-1 from m"eB%?ﬁii’g-“.a"rfpbﬁ‘é’ﬁ%‘gﬁig}‘s‘-@gﬁlg%gég Eprg%hngg?%%gnper at ur es. '
Figure 7 is atsdaets)wheathawd other plddts.pol yacryl ami de gel of proteins
expressed from expressi on cassettes_containing 3 cgpy G P-1 and YX16.

pr onot er or tac pribgivention fugherprowdes 2 PIoRRSS S PIOQGINGA RIOHY

i nsol ubl e protein, . 2 . ) . . . i a host
Figure 8 38phg?lgapﬁgﬁn'o‘g&%%&légﬁg e%/‘g"c" rd i/‘ﬁ%lrtﬁearoéhgleq prg?iucé %sogrgcll%csed fmafo
‘expressed frogeRphdoamedivians geielceastheneftheidventore dfhe gehednstmet indledesX15,

a promoter sequence of the invention operably linked to a structural gene encoding

the protein to be produced in the host cell. The invention also provides methods for
_ | scréening and isolating a promoter sequence having strong transcriptional properties,
25  including truncated versions of the Chlorella virus promoters shown below.
Brief Description of the Drawings
Figure l isa diagratfﬁnatic representation of the pKK232-8 plasmid
mep. | | L
Figure 2 is a diagrammatic representation of gene constructs using
30  seven Chlorella virus promoters linked to the heterologous DNA sequence encoding

the CAT _protein.



YX16, or tac pronoter, induced and uninduced, soluble and insol uble

protein, at 27[err]C and 37[err]C. 20 ' : Figure 9 is a
di agramatic representation of the plasnm d map of :
pBNO951nk 2 fwd §3/488536) AFAM 8HAE( t ac) . PCT/USos/b¥sbs |-€d
Description of the Invention The present invention is

directed to novel nucleic acid sequences425 I sol ated fromthe genone of
several Chlorella virusgsure #d & Borhsdisah sﬂcmfdcﬁwﬁe@ﬁﬂmoramT%henﬁ;%guences
function as transcriptional pronoter SE[ SEQ I D NCs: 1- 7! : e di scl osed
pronot er sequesistast Farceli tipusforyed withrtke £ Agenesperablyl tpcthe promadér ect
transcription of -t he structural-gene—i-n-prekaryotic.-or eukaryotic
cell's. -The dFeRsEsPPonot er _ sequences provide a high level of gene

expr essi on i nysaRPARL FPMdlGpi8L i ve or other 30 non-naiive promoters, as
shown in the exanpl és below in bacterial host cells. - .

The di scl ésed pronot er Bggadnsesonpasisopef plomptdriactketies of the Shloratiawvinis

I P enCE e ey B i e PRSP hransBirme 1R £ ShP BB 58 b sh "
PCT/ US98/ 05658 presence of varying concentrations of chloramphenicol. S enbodi ment,
the structural gene sequence of a gene construct will be a heterol ogous
sequence. As used her eifiigura 5'ihediegaiopicaeprespntation of the pBNDB-gipplasmide whi ch
S different than that to which the pronoter sequence is operably
l'inked in thé®® Chorella virus. The gene construct preferably -also

i ncl udes ggnhancers, MAIKELS 6 is 2 SDEHAGH§BhSH: EARUIGNGRILPN i eT

regul atory nucl eic acid Sequences. \Wen a Secret protein is to be

produced, t hepBI¥UiSAgipsed pBNE &5-gip/tatat wirioustempatatigesie preferably
i ncl ud | ei i d..sel ' | | tid -,
The di sl osed gene condiFHEr &Puoingam praiss BFec Bidesstoppatsing
encoded by t hgpalstdiChdth Bkpro@ith dagseﬁes%on%hhgs cOPPGEPNCIAONE] 6 pronoltet

i ncorporated into 10 the host cells directlTy or via a vector, using known
met hods. The qurtat promofgerdddered and uninduned, sohible ansldnsdlubileproains tat 2K andsi on or
IS secreted Sﬁ{:acel lularly when a nucleic aci d sequence encoding a
si gnal pelgti s included in the gene construct. Chlorella Virus

Pronoter Sequences 15 Figure8aphotomphﬂﬁnfsﬁﬁdﬁa&d&%rlﬂﬂﬁkéa%f%%@iﬁequences
were isolated fromChlorella viruses and incl'ude a“pronoter sequence
for di recti ngexpressasicirom ekprassisin cassettes fomedawith 8 copyd@liR-1 and the YX15,
YX16, or tac promoter, induced and uninduced, soluble and insoluble protein, at
20 ' Figure 9 is a diagramatic representation of the plasmid map of

pBNOSInk2[GLP(7-36)AFAM]SHAE(tac).

Detailed D'escription of the Invention o
The present invention is directed to nbvel nucleic acid sequences
25  isolated from the genome of several Chlorella viruses, which isolated nucleic acid
sequences function as transcriptional promoters [SEQ ID NOS: 1-7]. The disclosed
promoter sequences are operably l_inked to a structural gehe to direct transcription of
the structural gene in prokaryotic or-eukarybtic cells.-The disclosed promoter '
sequences prov';de a high level of gene expression in comparison to native or other
30 non-né._tive promoters, as shown in the examples below in bacterial host cells.
The disclosed promoter sequences are operably linked to a structural

gene sequence to form a “gene construct” or “expression cassette”. In a typical



cvp-1 [SEQ D NO 1] 20 CCOGGGGATC GCAGGGCATG GGCATTAAAA GAACTTTATG
GAATCAAAAA °  TCTTAGITGAA TTTCCACCAC AGGTATATAG TCTTCAGGAC GCTAACGATG
ATATCAACGA TTGTATCAAA GGTTATCGIT TGAGGCACTC ATATCAGGTA GI. {%C B
AGAAACTTGEO A8/482ECCTG GGAAAAGATC CTGAGCATAG TAACTTATA?CM% T
GITGTAACGA TGCTTTATAT GAATATGAAT 25  TAGCACAACG ACAACTACAA AAACAACTTG
ATGAATTTGA CGAAGATGGG TATGATTTTT TTCAGGCACG TATAAATACA TTAGATCCGT
CGACCTGCAG embodieAlGERtructural gene/yeqodica pE2 gene construct will be a heterologous

PCT/ US98/ 05655 o 6. vp-3 [ S NO 2]
COOGROCATC TRAPFESEadS Upeskhetsipy 4 Cheterplogpus feRusireis A RA &&nﬁgﬁ‘lﬁ‘%m
TGTGCAGCGG THl GRS theft T SWMhChe prbfdict ce is opABTT FERETInMATATCAAA
CCCAGTTAGT CGGACATTAG AAGGATTTGI 5 GAGACCACCA CAT( CGA CACCTAATGG
TGTTGTGAAT GERAFAlIa s, The/gend GIFAGT proagianly edsingydescabansarsomarkssisT TCC
CTTTGCTTGA TTTCTACCTA TACTAATIGA TTGIATTGIA GLGCACGCGG TACT
TGTATTTGCE GP@T?&@( 0?&%85&?&&0;‘&&%%@&&“%@&&%%%@““& MCGAC
CTGCAGCCAA i i oKt teradéde AAGCA
ACTGOCGCAT ?%h%?%e %%%&d’ e ¥edin MOGT TAGT GAMGC ICA:gATTGTAT_GT
TATTACTGAG Tpretdrabiiinicludes atOIEICTRGRISEquents 6B PR 4giEt papida. TGATAAATGA

CAAATGATAC 15 GCTGTAT TCT. GATTAATACG, AAGATCOGTC . GACCTGAGC
CAAGCTT cvp- 10 @%ﬂ%@o&ﬁ%ﬁ@m@é@&e@%@%&%v _
GCATATTTCA %@%ﬁ&m ﬁ‘}@s&‘éﬁ@@%&@ﬁm& _ d G
TACGTATATT TTOGCTCT AGAAGATGCA GATTOGAGAC AACCGAATGG ATCGAATCTA
TTTGTACCIT CAHeHoAT &k dizeetiCIAGE € Vanan QAN R VGADEBOdG The proteGTMOMIHATA

AATGTGACGC AATTAACGCA TT TG ATGACTIGIC .. CTTGACATTC
TAAAAAAATG T@&W#@@%&B@r ?@9&8@@?&%&'@%‘*&%&3‘?& enamefs [seQ 1D

NG 5] COEFIERHTE: LE0RTA B inafhiptial IsihGudGGh He g oBRARGECATT

Chlorella Virus Promoter Sequences

15 The following nucleic acid sequences were isolated from Chlorelia
viruses and include a promoter sequence for directing transcription of a structural

gene.

Cevp-l1 [SEQIDNO:1] .. ... ...

20

25

CCCGGGGATC
TCTTAGTGAA
ATATCAACGA

- GTTTCTACAC

TAACTTATAT

TAGCACAACG

TATGATTTTT
CCAAGCTT

GCAGGGCATG
TTTCCACCAC
TTGTATCAAA
AGAAACTTGA
ACTAGCAGAT
ACAACTACAA
TTCAGGCACG

GGCATTAAAA
AGGTATATAG
GGTTATCGTT
ACAACGCCTG
GTTGTAACGA
ARACAACTTG
TATAAATACA

GAACTTTATG
TCTTCAGGAC
TGAGGCACTC
GGAARAGATC
TGCTTTATAT
ATGAATTTGA

TTAGATCCGT

GAATCAAAAA
GCTAACGATG
ATATCAGGTA
CTGAGCATAG
GAATATGAAT
CGAAGATGGG
CGACCTGCAG



GOCGGGACGT ATACTGAACC TCCAGTCCCT TTGCTCGTCG TATTTCCCAT 30 AATATACATA
TACACTATTT TAATTATTTA CACCGGTTGT TGCTGAGTGA ° TACAATGCAA ATTCCCTCCA
COGAGGAGGA TCGCGAACTG TCCAAATGTC  TTCTTTCTGC AGCTCCATAC GGAGTCGTTA
GGAAACAT TR OASTESATTAT AGGATCCGTC GACCTGCAGC CAAGCTT  pCT/USYERSBSES 42822
PCT/ US98/ 05655 7 cvp- 15 [ SEQ
ID NO 6] COOGGGGATC AGGOCTCGCT TATARATATG GTATTGATGT ACTTGOOGGT
GTGATTGACT m GTTG AAAGCAATCC TTTACAATAC TACAGAACGT
GACTATATTA T CGATCAGCCA AGCTTCGTCG 5 ACCTGCGATC CGTCGACCTG
CAGCCAAGCT T CCCGGGGAEEn TABTITSAGSEDTREFARTTTC TTEAREATEIAARTICVERITCA

CAGTCAACAA ACCARMIGHS CRAECAAAS TroceRAE e ARG AHGRAACAAG
ATGCGAGGTGT AC 10 ATTTACCCTC CCTCTGATCA TCGAAAGCAA CTGCCGCATT

CGAAACTTCG AGATE@GG@@T BERTRRATARACCIFRAATT AR ACRER P T LA RSB AT GAGT

TATTTAATT é Eﬁﬁé’é@@ﬁﬁ&@A%ﬁEﬁ%ﬁ(ﬁG Gﬁ&%@iﬁ&& GATATXYHeNTACG
CTGTATCAA G ATTAATACGA A GCAGCC AAGCTT 15

The net hod bW@?We@@TﬁéWTﬁﬁgnﬁ?@?Ggéﬁ%n@%@c%'l"%c‘al%T:WWA is
descri bed nomgiclzlotTian vake nRr2ER! @@G‘?R‘IQMAB@T@éAd@Cé@%éTKéT‘befPNA

fragments - . were generated fromthe viral genones of five Chlorella

vi ruses, CA- mTMﬂ.lTE&C GICTCARAYG]1 TCCETEATARNBARES TRCAR \RFCERAGTHALG 1091,

M cr obi oI RV colice3e @&@bAE@@AAOGCQQtH ction fragnents were inserted into
pl asm d” pKK232- 8 by a shotgun cloning procedure using known 4ret hods

(Sanbr ool9 et al 1989, Nbl ecul ar d oning). The- pl asnid
vect or pKK23Z¥B- &Sﬁ@éﬂ*@ & :brom)t erless - chl orarrpheni col

acetyl transf pﬂ%mg @Anw:ﬁ:cebecyw;ftem&@ sRstEesfpe  for

i nsertion of restrlctlon ragnents. E. were then transtfornmed with
the 25 cl onSIANAEIGETS TRGT GRRAAGEr SASTETAERT STAETAYTGRAG pT AT BRAERquences

were scr eenedrcenrdci NINCAEE LerehherdiPiantARhred LB ALLAE

activity pronoters, or anpheni col -resi Stant transtormants were
further dér e&@ﬁ'ﬂféﬁ% |QMF€§§|A:‘T¥3 GATTAA&"Bﬁ@eMG%Tﬁ:%%C OFACETGERGHheni col
GO n the grow igum As used herein, the "strength" of
a pronoter refers to the | evel of _ _

cvp-10 [SEQ ID NO: 4] '

CCCGGGGATC GTTTCTCAGG GCGTCCGGGA GCATATTTCA GACTTGTCCA
20 GCCGTATGAG CATCACGTGC GCGTTCCTAG CAAGAGCGTG TACGTATATT

CTTTCGCTCT AGAAGATGCA GATTCGAGAC AACCGAATGG ATCGAATCTA

TTTGTACCCC GATATATATA GAATCTAGTC TARACARRAC GACCGCGGCT

CTTGCCAATA ARTGTGACGC AATTAACGCA TTCGTGAATG ATGACTTGTC

CGCCCCGGTT CTTGACATTC TAAARAAAATG TGGAGTATCC TCGATCCGTC
25 GACCTGCAGC CAAGCTT

cvp-13 [SEQ ID NO: 5] _ .
CCCGGGGATC TGCGTATTGC GGGACTTTTG-AGCATTTTCC.AGAACGGATT
GCCGGGACGT ATACTGAACC TCCAGTCCCT TTGCTCGTCG TATTTCCCAT'
30 AATATACATA TACACTATTT TAATTATTTA CACCGGITGT TGCTGAGTGA
TACAATGCAA ATTCCCTCCA CCGAGGAGGA TCGCGAACTG TCCAAATGTC
" 'TTCTTTCTGC AGCTCCATAC GGAGTCGTTA GGAAACATTC ACTTAATTAT
AGGATCCGTC GACCTGCAGC CAAGCTT



30 transcription directed by the pronoter. A "strong" pronoter provides a

. greater |evel of transcription than a weak prom)ter Thus, the phrase
- "strong'pronoter" is used i nterchangeably with a "high activit :
pronot er "WOS8/438R¢ pronoters are particularly ~ useful f&CT m%ﬁ%ﬁal o
production of a gene product. WO 98/ 42822
PCT/ US98/ 05655 ' _ 8
| t i.s.apprecicapdd [BEXIDINE: €ht i re nucleic acid sequence recited for each
of SEQ ID NO%F i 28 Gh i C gy the
met hods - ESCI’I%@%C ar}'%%e rlllrpi he gxﬁggp?jg?mp%&ﬁ ?EQ@SFEE osed

pr omot.er seq@ﬁ:@ﬂl‘m CAGAWGP& HFESAGRERTG APREFCPATEC TTTACAREACor
modi 1 ed, %;?@eé‘ﬂkgr t@nélinad Remelled COHYCHERICA plesiotace
o ne ©on

Preparation structs According to the
“invention5 a RRCEGCEHES CRECGARGTR GAGHCARGER Tone structural gene
codi ng sequence which is operably linked to a transcriptional control 10
region. A transcriptional control region includes pronoters, and other
regul atory -1@[SEQmNOSG]:h as enhancers, regulatory el enents;

polyadenylatlon seqguences transcri |onal |n|t|at|o .-and
transcripti onGFCEEFRRTat FEAPRRLT h GAG Céﬁ’(ﬁ fr&’;“@g;@% clude a
pronot er SeQUﬁﬁ@@A@ﬂﬁA@WGﬁmAmlmmm Qm&iGAGGTGIr enTASAOTACEl enent s.

Met hods- for operably linkin rormt er_seguence to | gene
sequence Hre 'H'B%Cé‘ﬁ'acd?g% A@CQW%T&CQQC}E#E CG%%*AL&&%&

1977, Sci fncezt\é'%cé@é@'r 1@?§AA1;\]GG%T Acl;TGAAAGcc ATTGﬁrpsnG'MctAmallch on a
gene construct according to the disclosure ode a
protein or poFBBEPRRAET pREETEFCT TPk @@T%%%WG%@
structur al geﬂﬁA‘!\bAQﬂcé nG@dﬁT@Amsmenbmmwmmmmqmooﬂm to a
pr onot er %uence of _the invention using known nethods. Exanpl es of
known struct uAﬁF GCAGCCHBREST i table for use with the promoters of the

i nvention 14 ncl ude those nucleic acid - sequences encodi ng:

gl ucagon- I | ke peptide 1 (GLP-1), growth hornone rel easing fact
(GRF), -par at hyr0| d hor ndhemethesl by SiehoiFse NERHETEMQLEs SSOYERCES JRTeHEP se
chl or anpheni cp ltra e t se,

i nterlinking ?Bd B eﬁd%oge é?tfe ag?g%sube%vgsg}l%dqﬁﬂ&ﬁhéﬁét r caéréal
genes. were generated from 'ﬂ'ﬁ&ﬁﬁf géromeks bf fine Chivbellh virnes, CA-SBOABLAY
sequence: of the invention S operabIIy | inked to_a DNggg_égg

encodi ng car bBBCN-éAﬁdelAag%dediA &¥appitten, 1991, Micrieftigin Rew o8 }lm‘ﬂrase

I n anot he nen y29._ s linked
o a DA SLquEntisiEh Sagfells W Si IR AnR) o2 8 by o ABUEACIAMG S 10

exanpl e of a pihckait asifip khowh meﬂmny(mwcﬁm etdl. ,gessg Mojecugﬁnﬁagmg) li ke

peptide-1 (GLP-1) is disc]osed U.S. Patent No. 5,595, 887.
The plasmid vector pKK23 2-8 contains a promoterless

y3—

'chlox:amphenicol acetyltransferase (CAT) gene and multiple cloning sites upstream
for inserﬁbn of DNA restriction ﬁ'agmenfs. E. coli were then transformed with the
25  cloned pKK232-8 and the transformants carrying promoter sequences were screened
for resistance to chloramphemcol To obtain high activity promoters
chloramphemcol-resxstant transformants were further screened using mcreasmg
concentratlons of chloramphenicol Oin the growth medium. .
_ As used herein, the “strength” of a promoter refers to the levelof .
30 - transcription directed by the promoter. A “strong” promoter provides a greater level |
of transcription than a weak promoter.. Thus, the phrase “strong promoter” is used
mterchangeably with a “high activity promoter”. Strong promoters are particularly

useful for commerc1al production of a gene product.
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Transformati on Met hod ' Once a gene construct -is formed,
it is intwodsazsi2zi nto a host cel I - directly or subol OPETIUB980S655

an- appropriate vector for transform ng g host cel |.
Met hods oftransformng cells are known; and the preferred nmethod 5
vari es with the type dfishapmeciated that theteaﬁtermxnlefocncrﬂtqudhcem&addﬁ&reacm a

“host -cel | " = refers to the eII ..N %lchthe struct %eneo the
gene constr@é§E|QsIQ1N93nﬂt7e?1§yn°t e requlired ‘Piﬁfrﬁ‘ﬁF‘éFK‘ar '@ karyotic

host cells xamé ﬂ?:llte rgg(ﬁe
preferred rredt E&l te%gﬁs ormat.l Eg?’%‘é’?”ﬁ > dlSd se i Pr eeze/ t haw _

“cal ci um chl Qfelfdﬂheﬁlrémmmd,atgt mcamﬂlo:mumﬁﬂdommnmmeﬁmémame 10
plasm ds, protoplast transfornation, |iposome nediated transformation,

el ect ropér amf%fﬁd‘e&ﬁﬂl%‘?her known transformation nethods.

For plant cells, preferred nmethods of transformation include
Agrobacterium madi ated transformation, el ectroporation, mcroparticle
bonbar dnent ,Priepa¥atiohad (Gene Comstructsnbi nat i ons of these and other known 15
transformation nethods. Host .Cel | s

The
pronoters of the .nverﬁqcershrs%fe%wmﬁmna&e%cees%rmeweﬁ“%?m

cells, incly r o cterial
host cel l's g‘wﬁf olgglg%&rée n a en@%%ﬁh%gﬁggﬁ%g&&%@%n |%B'r11 I ncl ude
Escheri gloi a regibh. Aﬁmséﬂpmm control&ﬂﬁ‘ibn iriciudanprofioteef) taadpitesreghlatory and

ani mal host cells, including yeast cells, such as _ . tobacco, wheat and
ot her pl ant q%@mnés smhﬂswhmerst wsﬁlﬁtorsaﬁmtﬁmolﬁﬂmuoeém@m%ﬁnd t he
i ke, are aI \, ttr’aﬁ&rr

Sui tabl e vec rré!n%{g?&% rorkgfra?rlg the gene cons ruc eunrrlﬁeg tﬁQIHost 25

cel I's i ncl UdﬁOSfDﬂe&@i&lﬁpﬂuﬂe api‘cﬂmtuckequenbe ambfay dlbeipeinde additipmdst artifici al
chronmosonmes ( YAC s).. Suitabl &?sm ds fcir transform ng a bacterial host
cel | wit h regulaigripel eraents Victhods fogopembly, g 3 RIPMPISE PEIYENSSHR232- 8 or

pB0304, dﬁ‘t : o% %gné & {J&Ee are known’sdd s@ﬁs&ﬁh

Met hods cing fToreign genes Into plah ge epl?(novvn ang'l can 30 be
used to InserSt77aS'¢gm&e 108:1656-0@63. of the invention into a plant host,

I ncl udi ng -bi ol ogr cal and physical plant tran forntgt | ori g)rot ol s.
See, for exanple, M ki‘ Sgctural geneof a genepggstruchacse ISEIAFB HICi ng

For ei gn DNA / _
PCT/ USO8/ 056 tggftﬁlf érﬁ:gaéa protéin o%él?ﬁéiﬁdé Product. Any%o% ofl?a%%%xscovered Bl ant

Mol ecul ar  Bi sthotyyal genke Bhivhentndes @ desireiprasiuctdn dpeFakdylinket toedsomo'@RC Press,
and B et e dnenfon g ErhBrOR DO (SEBRIa! SL KSR SRR oophat o,
A R A
and biolisti seqbﬂwbammémg glucagon-like peptide 1 (GLP-1), growth hormone releasing
factor (GRF), parathyroid hormone(PTH), carbonic anhydrase, beta-galactosidase,
chloramphenicol acetyltransferase (CAT), glutathione acetyltransferase, interlinking
25  peptides, amidation sequences, and the like structural genes.
. Therefore, in one embodiment, a prb_moter sequence of the invention
is operably linked to a DNA séiluenée encoding carbonic anhydrase, for example,
human carbonic anhydrese. -In another embodiment,.a promoter sequence of the
invention is linked to a DNA sequence encoding multiple copies of a desired protein.
30 An example of a suitable muitiple cbpy structural gene for glucagon like peptide-1
(GLP;I) is disclosed in U.S. Patent No. 5,595,887.



Expression vectors and in vitro culture nethods for plant cell or
ti ssue transformation and regeneration of pl ant s--are known and avail abl e.

See, for mpl e, Gruber et al., 1993, "Vectors for Pl

Tr ansf or mar¢ 8%%?:h: Met hods in Pl ant Mol ecul ar Bi ol ogy&gltn S98/05655

Bi ot echnol ogy, dick and Thorrpson " eds., LCRC Press, 10 Inc., Boca Raton,
pages 89- 119.G e § G thod Exarrpl es

The inventio bed with reference to the foll ow ng

exanpl es, whi Ch are nOtOhébtﬁglﬁle@oﬁﬁubtx@f&mﬁéﬂ%ﬂi‘iﬁﬁﬂ&de@&'zﬂt@aﬁﬂé’cc\éﬂy 15
Exanmple 1 -Generating viral DNA fragnents

Viral DNA ext dizestiy@r subsioned into anhpprepriate vq:crtms‘c‘egtr@sﬂ:gmuma hostcell. PBCV-1;
SC- 1A; and NC- 1A was pr Van th n| v I‘SI t f 20 .
Nebraska. The extract ed%ﬁogf %Kﬁ%"fmgl i’% %%d vi ral
DNA 5 r agTRB LEtHRE %ﬁ@ﬂﬁmwﬂt&% @h@mw nA%&éa h’é@éx@/a\i‘hegd@énfngl and

Bi ol abs, Beverly, in (100 [err]1 volune) 100 vl NaCl, 10 mM Bi s

Tris Propane-fdfirs tolhe cell in Whmh tgGluettal genenafithe gone sohstaict rgmmaatdyloo

[err]g/mM BSA. The i ngubat e 7&‘% 120 m nut es
‘and stopped bfPE WE%F Ei‘%ﬁﬁ% NG PUATEY ‘°h°ﬁfe"regs’23§“ é%q??ﬂﬁ?éf m t he
di gestion m X§uima1 kst Bd1RAFYeTerrRA thedRl O irthdfGinBkiBA lude methods of |

Exanpl e 2 Cloning fragments into pkKK232-8

The Sau3Al vi fred¢zefthawyealeium ghloddepsecipitatines caltibmgphosphaeegipitation, vier e 30

or ocedur ol s BBSEHFURIOPR oL BIoBBRsors LPeOmS O RERGUEP oni ng.

Pl asm d elpcpdeatdn/BRl ik KRSWR trahifOmAAREI®B,. (Piscataway, NJ).. The
map of pKK232-8 WO 98/ 42822 o
PCT/ US98/ 05655 For plant cells, preferred methods of transformation inclide: is

diagramraticall repr.esen 1. .Preparations of , fill-in
reaction 5)/ ba k’dﬁ?"’m@qﬁiﬁ@%‘xﬂaﬁg E aH%EP?rBB%F“F Sanbr ook et

al ., supra or b&ﬁﬁﬁa&bﬁngpmplast ﬁmmecmmitﬁﬁ& 'esfﬁ{esesaxﬁl khOW - .
The Chlorella viral DNA fragments were ligated to 1 [err]g of pKK232- 5

8 whi ch ws ptrensforostipn methoded with BamH and cal f intestinal alkal i ne
phosphat ase (CIP) to yield reconbinant plasm ds pCvP-1; pCVvP-3

pCVP- 6; pCVP-10; pCVP- 13; pCVvP-1 5; and pCVvP-1 6. The seven Chlorell a
virus pronpt eprpsPOelbl Y |1 nked to a heterol ogous CAT gene are

di agrammati calTy shown in Figure 2. (Abbreviations: Sm Snal; Sa,
Sa[err]l-H HndlIl; CAThemmwmgﬁ@nmmqmareuaqf@ltxylathdmmgéh@éne)

Calf intesti ngclells?J k in%eprﬁ)&??&fé%é %Scaryo%c%u rstccréﬁs egmta%i)ergactenal host cells

20  for expression of a gene construct of the invention include Escherichia coli, Bacillus -
subtilis and Streptomyces. Plant and animal host cells, including yeast cells, such as
tobac;.co, wheat and other plant cells, embryonic' tumor, and other ammal cells, and
the like, are also useful with the inventive promoters. |

' Suitable vector systems for carrymg the gene constructs into the host
25  cells include, for example, plasmlds viruses, phages, and yeast artificial
chromosomes (Y AC’s). Suitable plasmids for transforming a bacterial host cell with
_a gene construct of the invention mclude pKK232 -8 or pB0304, as described in the
~ examples below., e _
. Methods for mtroducmg forelgn genes into plants are known and can

30 be_ used to insert a gene construct of the invention into a plant host, including
biological and physical plant transformation protocols. See,'for example, Miki, et
al,, 1993, “Procédure for Inﬁ'oducing Foreign DNA Info Plants”, In: Methods in



Promega (Madison, W). T4 DNA |igase was purchased from BRL (Rockville,
MD) . o ' pKK232-8 is a derivative of pBR322 which contains
pronot orl ess . chloranpheni col acyltransferase (CAT) gene and nmultiple
cl oni ng swoess/a2get ream for 15 insertion of DNA restricti orcirrusgsressss. -E.
coli cells transformed with pKK232-8 arDﬁiﬂ resistant to anpicillin but
sensitive to chl oranphenicol unless a fragment containing a
pronoter is iPigkMdelpBivlegyued Biokehhifidgy Gliek and Thethipsongads!, ERC Presyf

CAT. If 'such_a pronoter is inserted, cells carrying the reconbinant plasmd-

express  IncgAjocadiptan,gegss $7 88 q Jie sathadds shesse yary gvithhihe bastplashiasd) . 20
PRR232-8"1 s grg:ﬁcﬂ'l:%gmicgl {rﬁgﬁ%ﬁo@ﬂﬁﬁgﬁg %{Rﬂ al t:al&ﬂrn?h% A hﬁ&loor
n e C y of screening Stio

ism-
ng pronoters. To

resi stance and 1 ncrease apaci
reduce nivdRit@) gon8 trandfresublids L@robadtériirn bech, Byalg StiendecDt7: 1200433 i pti on
term nators that - bl ock transcriptiaon. into the CAT gene from ot her

pr onot er s5 pr 88 elgefrapqeation duieretinjection, angbiglistie berabaimsentop codons are
introduced in all thre ' . _ : i e cloning
sites and the initiati gﬁ&%g%%n 3¥Jr$%§'&$}%§fe&% %g%rggs(/%ﬁg%{ ée[ﬁ&

transl at i onakisfieasinkfoftgtonand fegensradiCoBilaits are kelown khd@bvailable! Sbe fomt r oduced
by the . cl oned pronoter fragnment. The CAT gene al so contains its own

ri bosone- bi ngkample, Grubexgtghal 9935V estars £ar Plant dmnstormation: Iy Weshedsdr ent

transl ation f . / _

PCT/ US98/ 056 gggﬂpﬂ%&u’?ﬁ%blogy and Bzoygh%oéz, &tk and Thompson, eds., C}{f_P’re_ss,

Exanpl e 30 Inc., BocaRaton, pageki8414por nati on of E. coli and Sel ection of
Transformant s _ Transformation of E. coli strains HB101
and MLO9 was perfornmed 5  as described by Sanbrook, et al., 1989, supra.
The E. coli strains were purchased Promega (Madison, -W). '
Transforned E. coli were screened forEﬂx%{slﬁs%g]ance to anpicillin

i ndi cating transfornat iThe immehtlorisifatze filly desetibead withasfefdnag tethé ollowing

- chl or anpheni col , Jdndicating insertion of a pronmoter. The strength of
an inserted grenples Whigharsgot igepdediodimibiheinveation IMANYSYAY- growth in the
presencelgf i ncreasi ng anounts of chl or anpheni col .

Positive tolonies were isolated on Luria Broth (LB) plates containing

30 [err]g/m anpicillin and various dixwsplerdati ons of chl oranphenicol (5,
10, 20, 30, 100 [err]g/m). E. coli_colonies which were resistant to
100 [err]g/m chl or anpheni col Generating yvirakBNA-fragmemds | nocul ated into LB

medi um cont ai ni ng 200, V‘}g@ NoO QetralblRQ Fro e C rel{aq;éﬁ%%&_@}IAqr_?gpheni col .

Cell growth was nonitored by neasuring err] o ures.
“Several t houPBCV4lt 8CsliArand NG | A vessipsdvaddd HydD3 Wah @tted gt thie University of

chl or anpheni ¢ol , werge obtai ned, nunber of transfornants, resistant to
chl or anpR8ni @Eﬂbr%&gnﬁ'ﬂ‘? ‘E?ﬁ'faf‘ﬂ‘?sﬂgélr-ligﬁée@lgat&?f??@r“@é?@ﬂleggﬂ‘iml on of the
20  anti bi otgc LR épﬁ, i -ﬂ;s%t“ ' 100
[err]g/m tﬂa" C gyea{ﬁ%ﬁg?ﬁtco %l%%ﬁgfﬁlq{/l 3 ?‘?‘m?‘gﬁlglr?tﬁéﬁgﬂ%%d resi stance
t & Kgg(z) ger r ][ g?dvbrly, MA) in:ﬁ:)@ phwqpihme) b0 ml\/?!’hCls 10 m@;imTﬁerc;phm?H&b,ritOr ol
p -8 without. an inserte . I er . e resistan 0
chl or anpheni MMS@!:JH&GH@@W% ag‘ﬂqgg “S”Tlg§ﬁgﬁ’)ﬁ mixture was incubated

at 37°C for 120 minutes and stoppe_d by 10mM EDTA. Sau3Al fragments were

25  precipitated from the diges_tion mixture by ethanol and washed with ethanol.

. Example 2
Cloning fragments into pKK232-8

The Sau3Al viral fragments produced as described for Example 1, were
30 cloned into plasmid pKK232-8 at the single BamHI site by a shotgun cloning
procedure as described in Sambrook, et al., 1989, Molecular Cloning. Plasmid
pKK232-8 was purchased from Pharmacia (Piscataway, NJ). The map of pKK232-8



The 36 transformants that showed a resistance to 500 [efr]g/n1 of 25
chl or anpheni col were further exposed to 500 [err]g, 700 [err]g, and 900

[err]g/m hl or anpheni col . Seven transformants showed,dy9fd5losdksOW h
in LB rredyvmsmzsfz containing 700 [err]g/ m chloranpheni coﬁ, andg%l ower
growh in the presence of 900 [ernig/ M chl oranpheni col (Figure 2).

30 : . AR anple 4 . ari son

of CAT Acti vlsc?agrﬁ%@gﬁalyfe@ﬁf%?egl ip Kigyrs h? an%ﬁ?@rosf DNA, fill-in reatfh

~ The CAT actiyjj ﬁﬁﬂ%%&e‘&n@ﬁ duR 8s 88LAbATR Sambrddk-et 815, sipA dr according@hl orel | a
Vi rus pronoter. %ans ormants of Exanple 3 was conpared.” Four of the

WD 98/ 42822 the manufacturer’s directions. : ' : :

PCT/ US98/ 05655

chl oranpheni col - r esi st ;HF Cplorgllg yiral DNA figements were kiggied tg.1 *t&/%*‘spf%m&geﬁn
and CVP- 146) '8%%%_?%\:{0&318 irﬁ%\%?% SO BEAIP and QA flREdtIngal dlkalRfe phosphatase

chl or anpheni co .was nonitored by neasuring cell density

(0D err]) - at (gm)itoyizld tecerabinatplasimdspCVP-1; pEVRi3g pCdP36; pdieP-8pCVP-
transformants di spl ayed si gl ar |1 growth, indicating that . Siglar
| evel s of CA139E@§'\91‘1{59 m@%@-ﬁﬁe@sa‘% R l_l ﬁwwrgr_nogrs OPCmb?).’ linked "
Example 5 49,2 beterologous CAT gene are dia_%raﬁnmaﬁl:'illyf Sho@hiRPi e 2l asmi d DNA

Pl asm d DNA puri _ t hose coloni es“showm ng tthe highest 10 |evel
of chl or anphqabbrRNiatiens: ShySeal;(SaD8al H, H0ellipCATgéhiormpbenicplt he W-zar d

m ni-prep plasm d DNA purifji.catio 1t (Pro a -Co. di saii, W) or
Q agen DMA  acetylitansferase,gensn Ctéh{m'ie e@w@osnﬁ%semt’w%@%ﬁ .%'°Ehal ysi s of

Lagen o oh : WOT £11," 4 ysis |
the plasnids ﬁé,ae%a%é‘ﬁgnr v&%.' ?&Dﬁ)gg%ebﬁéﬁﬁrfgaﬁ&%mmqﬂbwm% eat a

pl asni ds car I n§er ment .

pl asm.ds werevihygested with Smal and Hi ndl Il and el ectrophoresed on
7.5% pol yacryl am de gel _or_0.8% agar ose ge gge ) el ect rophoretic gel
showed the seven viral %Paf‘gﬁ'ﬁ%‘f‘?t Pbgﬁ &’hi“?b"é’f‘?é“sfﬂrﬁtﬂ?%gess 100 to

400 Dbp, as s m%aﬂkﬁgﬁmlﬁ%ﬁr%ei(ﬁAﬁ gHieCand multiple cloning sites upstream for

Exanple 6 20 _ Sequenci ng pronoter fragnents
The sevenspr dasdrisn 6£IDNAI restriction fragmeDSAE! cadiyvelin transforaed WitheplgK 232-8 are

vertor o P b amria i e R P Bialcrt ool b ol pgment 222 8
pBI uescri pt S@oﬁﬁﬁﬁ%%?&rﬁ%ﬁfﬁ %%glr!ﬁd‘gﬂg&gm R e TP 8Me! 1D tndiie etedsinefd by

the University (UNL) sequencing |ab using an
aut omati ¢ LI GORTSs éfisieh agrometerys dmsered, wellecarrying thelzcembingniplasmid gkpress

Sequence. anal GAT eyt EavEr RN HRAPIE R Phgront o 1 oveal ed
20 pKK232-8 is designed to reduce background of chloramphenicol
résistaﬁce and increase the capacity of screening strong promoters. To reduce
' backéround, the CAT gene is flanked by efficient tranécription terminators that
block transcﬁpﬁbn into the CAT gene from other promoters present on the plasmid.
Translational stop codons are introduced in all three reading frames between the
25  multiple cloning sites and the initiation codon of the CAT gene to prevent
translational readthrough from any ATG start codon that might be introduced by the
cloned promoter fragment. The CAT gene also contains its own ribosome-binding

signal and ATG start codon to allow efficient transtation from CAT mRNA.



‘Sau3Al sites at each end of the Chlorel I.a virus inserts and fl anking the

mul tiple - cloning sites of the pKK232-8 vector. The size of the DNA
sequence for the seven 30 pronmoter fragments coincided with the size of

t he restrwa9spnsRr agnent s det er m ned by pol yacryl am BETH8P8/05655 '

el ectrophoresi s. WO 98/ 42822 12

PCT/ US98/ 05655 ' 14~

SEQ ID NO Chlorella Virus Example 3 :

DN I nsert : " Transformation of E. coli and Seléction of Transformants cvp-1

2 cvp-3 3

ng' 6 'FI)‘ransfonnatxon of E. coli Strains HB101 and JM109 was%\éﬁbﬂ‘t@ed s e
cvp-15 5 as described by Sambrook, et al., 1989, supFa. The E. colz strains were. pmv.hasé@'

Known E. col i pronoter uen contain 3 critical elenents: two

hexamer sequ@ﬁ §°’(“°%asa\a@g ﬁgid 10 regi on) and a 16-18 bp spacing :
between these twor £\l ¥erd Seenb@ Bi¥Othdc oo kiichid PL P oot er
consensus 5 sequences as references 13 - regi on ’putat,l.ve. i

sequences weimdicatisg gaetortmtion with@XKP32+8, tixdfos essivtance tedhigramphénicad, ~“As shown
bel ow-in Table.| .these hex quences are elther I dentical to, or

only slightl V‘Wf‘?&%”éﬁ’ﬁ“@PgﬁP{%ﬂcaﬁgém° an ingezted PFRIARIETVAS fis known E.
| t 40
(Tt T8, “EfimdRl oy aiailify chlfrowiPinifERRNGL bERLRRYEL wmowts (D00

or |ac (TATGiHlpramphenicol. Si x of the seven isol at ed viral .
pronoters of the |nvent|on haye 16- 18 sp g t n the putative
-35 and - 10 regi ons. BBRRHYERO Y@Fﬁ"i%e%ﬁﬂaéq qyrplf}ma%rpaﬂ 5 platet conaini

pronot er havensalk I g@% 5_:@%}1 e I t he
sane spaci ngg? ?g/ng%%%%?%eagﬁ%gﬂe - g@‘ernua &%gﬂgglgl ! Sai(‘ggpyyo mlar .
-10 15 hexao®pg/ady UR ol colbhledAvhidlowere vgsistant wmﬁrﬂﬁl\&m&ﬁmmmicol '

15  were selected and inoculated into LB medium containing 200, 400, 600, 700, 900

" pg/ml chioramphenicol. Cell growth was monitored by measuring ODy, of cultures.
Several thousand transfo;mants, resistant to 30 pg/ml
chloramphenicol, were obtained. The number of transformants resistant to
chloramphenicol dramatically decreased with inereased concentration of the
20 antibiotic. Only about 500 transformants were resistant to 100 pg/ml .
chloramphenicol and only 36 transformants shewed resistance to 500 pg/ml
chloramphenicol. Cells transformed with control pKK232-8 without an inserted
promoter were not resistant to chloramphenicol above a concentration of 5 pg/ml.
The 36 transformants that showed a resistance to 500 pg/ml of
25 chloramphemcol were further exposed to 500 pg, 700 png, and 900 pg/ml
'chloramphemcol. Seven transformants showed normal growth in LB medium
confaining 700 pg/ml chloramphenicol and slower growth in the presence of 900
" pg/ml chleramphenicol_ (Figure 2). ' | '

30 o Example 4
Comparison of CAT Activity Indueed by Chlorella Virus Promoters

The CAT activity expressed by the chloramphenicol-resistant

Chlorella virus promoter transformants of Example 3 was compared. Four of the



WD 98/ 42822 :
PCT/ US98/ 05655 ' : - 15 Pr onpt er

-35 Posi‘'tion -10 Position +position cons
TTGACA WO 98/42822 TATAAT SEQ ID NO 5 c§GT{Usss0sess
CAAAAACAACTTGATGA ATTTGACGAAGATGGGTATGATIBRTTTTTCAGGEC 10 cvp-3

TCAGACGTCLTTGATAATAG TCTCEAACTOGA T i
GCTTATCGT GT T GRAVERTBAeE Géi MP.’“%?V P-13; ‘8\%?15?0

SoXEeT S oy
ATTTTAATTATTTRGA -ﬂé P ROV O e - 15

AAAGCAATCCT T RAGANIAG OGN GACTAg AT AR AR variols imes. Asshows |

ACTGCCTCGT TATAAAGGT TAGT GAAAI T TGTATGITATTA

CACCCCAGGCT TTAEguTy Fhesfopr e%msﬁsm ﬂ%l%&%ﬁm‘“&’l“?d%“ng thac UV5
eezol

AAATGAGE%I I %Aﬁ {an

19 . tac
AAATGAGCCTGT TGACAATTAATCAT CGGCTCGTATAATGIG TGGAATT 20 PL.
TCTGGECGGTGT TGACATAAATACCACT GGGGGTGATACTGAG CACATCA 21 20 “*A" in bold
type indicates the start site of tranEXt®pledn. Abbreviations: lac, the lac

pronoter; |acW5, the |acUVs pm‘?’m to'i‘B}asmﬂﬁNIQ prom)ter tac, the tac

pronoter; PL, bacteriophage |a pronuter

Exanpl e 7 Plasm1d DNAva putifiedfromithese cabhles showinf theiighest and
tac. he tac pronoter is a very strong . E. _cqQli Ppronoter
(de Boer,10et 1&1’31 OfCMOIamPhE%Ql registace (KPR 1o 908 HgfmBusing e g’ 2apd QAP s

been vi del y F%w%ﬂ}ﬁ%?&ﬂ%ﬁé@?%ﬁm% Co. Ml 04 LEBERES oo industry.

To conpare pr erac ronoter cvp- and pronot er

activity of tpgificatiéhkit @Qﬂ@ezﬁl&&@@hmbmmcm) phmhysisaaf the plasthids bf t ac
was constructed using pKK232-8,
restriction endonuclease dxgesnon mdlcated that all plasmlds carried a DNA insert

fragment.

15 The plasnnds were digested with Smal and Hindlll and
electrophoresed on 7.5% polyacrylatmde gel or 0.8% agarose gel. The
electrophoretic gel showed the seven viral prompter fragments ranged in size from
100 to 400 bp, as shown diagrammatically in Figure 2.

| Example6 =

20 ; Sequencing promoter fragments

The seven promoter-containing viral DNA fragments (cvp-1, cvp-3,
cvp-6 cvp-10, cvp-13, cvp-15, and cvp-16) were excised from the pKK232-8 vector
with Smal and HindlII and subcloned into pUC19 or pBluescriptSK(+)II for
seqﬁencing. DNA sequencing was performed by the Uni\}éfsity of Nebraska Lincoln |

'25 (UNL) sequencmg lab using an automatic LICOR sequencer. sequences were |
| determined in both directions using the Sanger d1deoxy cham termination method.

Sequence analysis of all seven Chlorella virus fragments revealed

Sau3Al sites at each end of the Chlorella virus inserts and flanking the multiple

cloning sites of the pKK232-8 vector. The size of the DNA sequence for the seven
30 promoter fragments coincided with the size of the restriction fragments determined

by polyacrylamide gel electrophoresis.
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Two conpl enentary ol i goner.s containing the tac sequence, '
5' - GCCGAAAWGNBAE@ET GACAATTAATCATGGCTCGTATAGTGTGTGGAAGCTT- 3' PCT/US9$/8%663 | D "NO:
8 5 and 5' - CCCTTTACTCGACAACTGT ;SQATTAGT AGCCGAGCATATTACACACCTTCG 3'

[ SEQ I D NO 9] were anneal ed and | rted i n pKK232-8 upstream of the

CAT gene, between Smal -Tlﬂlbmlvwm p(Jg

)

16

asm d, pTAC- cat,
elther pPpTAC- cat

r 600 [err]g/m of
) measuring cel |
at all three
showed hi gher

was transfornmed into E. lcg] ""--ﬂnt aknin
or pCVP--13 were grown ijn 15 rt:
‘chi-oramphenitot & Anti bi ot ststance-
growt h densities at varijous ti m!\s As s
| evel s of chl oranpheni col” concentrati on

THEe Cyqy.gr ONot ef

pr onot er activity tjhan the tac profoter. 1
" Exanpl e 8 ' 3 Constfuctioncgf-6Regul afed Viral Pronoters
The 7 viral pronoter fr ntsisolatedifrom Chlorellavifral genomnes
showed strong pronoter cti_vity4i n E coli. Ho‘%@v’é’r t heijr pronoter, 20
activity was not regul atgt—anmd——zthus; put-d—omit rsttuti vel y direct
protein. expression. An approach f¢r converting a cnstitutive
pronoter to an i nduci bl e Bronot er fby Tusgwpglst he pronoter with the |ac
operator has been devel oped for a few pronoters sugh -as ri bosonal RNA
gene pronoters (Brosius and Hol Y, 1984, |[PNAS c¢vp-16 USA 81:6929-6933) and
ot ar ([ Blalsame A ot al 1099 20

Mot CoT ot =)

the |ipoprotein gene pro
1: 771-775). These nodified hybrid pronoters ar e repressed by the lac |

gene product, |ac repr%1%%5%95&:&&&%&&&1@&9&&93&ﬁuéaﬁaeaeﬁmw_ | -
inhibits the start of transcription and is derepressed by an inducer
such as i soprbepatherisequdnces (-35 regxhn@grhi-léhbglsnmm(almw wlai:ing pr@mnt s the

; EMBO J.

AL LA L LIS =L = R O

repressor prgi\el n from bi

The | ac oper AMGF THALCHIRS

cvp- 15 and C\Bqificdshis3sRRa8es 135608 - [Fvepiofpufativé §
ol i gonucl eoti des co

i nduci bl e. Tvvo conp

| enent ar

|
e

st o doc 2 g ot PL RGOl sy . 1

eﬁ#xeﬂh"e@%fe%éi ﬁ@d&ﬁt be made

erator.

al nin

the | ac operator

WD 98/ 42822 each of the seven viral promoters. As shown below in Table I these hexamer

PCT/ US98/ 05655

and suitabl e SF%'EI“F‘?S@{? §ither fdsptica) tos or arly ghightly Jifereptfromp, t&?ﬁ?ﬁ?ﬁrﬁuﬁ e

sequence
d by

- Oper on TechnqegncdsHT thd KloWHEEl &0li pAOmMOotdRE FELEHABIHEE tHef-35 BRfendR!rkgiBh of hown

bel ow:

o

cvp-10 (TTGACA) or cvp-1 S(TTTACA) is identical to that found in trp(TTGACA)
or lac (TATGTT). '

Six of the seven isolated viral promoters of the invention have 16-18

bp spacing between the putative -35 and -10 régions. Both the cvp-13 viral promoter

and the lac promoter have an identical -35 hexamer sequence (TTTACA), exactly

the same spacing (18 bp) between the -35 and -10 regions, and a very similar -10

15

hexamer sequence (TACAAT for cvp-13 and TATAAT for lac).



5 5
NO  22]

[ SEQ I D NG 23
“resul ting VP P¥E8Bpl ex was inserted
and Hi ndl |1
pr omot er / oper at or

at SAl |
a viral
t ransf or ned
15 of proH
I'ac operat or
cel l-s-to-ghl-
promot er s"by| §
pronoter str
cvp-16 were
Exanple 9
Expr essi on Vi
pBN115-gl p
YX- 15 and0yXjds
restri.ction
were nodifie
fol |l owi ng ol
5' - GGGTTCGAA
5' - TGCATTTCT
08/ 42822 ..
PCT/ US98/ 356"

- TCGACCGGGTACCT CGCGAGGAAT TGT GAGCGGATAACAATTCCTCTAGA- 3

pt er _activity as,d

pr-anp ieni col .

ng
=ngt?ﬁ The | ac rator-fused
ST fned FRAGCCHCTBAIRTAG oA AE Ry _
cvp-6 EXpr essTanceDETTGR TR TR UARATCREARE Pt |GAEAC(@EG’PMITJ~A¢P0 m a2y
bCt or

[SEQ I D

5' - AGCCTTCTAGAGGAATTGT TATCCGCT CACAATTCCTCGCGAGGTACCCGG 3!

10 After denaturati on and anne

downstream of the
sites on pKK232-8: Tig

hybrid upstream of the CAT gene was

erved for oR' sohacki
%Exﬁggsurl ng res?osémbgﬂl g QJ;BEE;@E rILﬁaﬁcj

Promot
conge

s det ect e

Wc&;ﬁhﬂA@ﬁA@&@i@éPDE\TMGACGQLGATMAMQTTW@GG on of
rormt ers %Aém%cc- cé'r cvp-

| Sep-10 GCC&GGTT%%{ E ione &N T Al promoters -(YX-1
afridnt o AﬁﬁTTMTTATT@*ﬁ*%§?W9W5?GW CRRATICFEH 14

rrerase chal actio %Jg
GEs18ynt GG&F% ﬁ?ﬁ“ﬁ%c 578
SATCT. AATTCCCGGGGATC— [ SEQ I D NGO 24] and
WTTGTG%II@-E@EMQ‘M&GJ@GEPCMG%G TGGAATT V\Q.'r

18

I By the pol\ EQC-TG.AGE% ;[hfs

hbacUvs CACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATAATGTG TGGfg.TT '

Plasm d pGEX{
NJ), which c

resi stance gef® and

gene

20

25

30

rries the pBR32 TQQHSE

5@%&8% &’?‘%ﬁ Thi J(:)c%’é:'ﬂgm{ ran erase

TCTGGCGGTGTTGACATAAATACCACT GGGGGTGATACTGAG CACATCA

ic
)b

i

PL 21

-Thi's suggested the mani pul ati on of the

Gﬁ&rk‘é ErRARR IO veqao' ,

L4285 Bal |m@é1ﬂ.r¥@ﬁ‘mfzﬂim@| MAE&QGGT&KER'ATAMATcmm@r frm

£dp Was pm@&m&f@mﬂmmmic&ﬂmtmhMMmcemﬁ pi sca

%&@Fgﬁ’?gﬁ%t ers

pKK232-8 cl ones cont ai ni ng

vel s
hg the
or med
viral

15 and

X- 15

jent s

away,

in
1Si on

"A" in bold type indicates the start site of transcription. Abbreviations: Jac, the lac
promoter; lacUVS5, the lacUVS promoter; #rp, the #rp promoter; tac, the tac
promoter; PL, bacteriophage lamda PL promoter.

Example 7 |
Comparing promoter activity of cyp-13 and fac.

The tac promotér is a very strong E. coli promoter (de Boer, et al.,

1983, Proc. Natl. Acad. Sci. 80:21-25) that has been widely used for gene expression

in both research and industry. To compare pfor_noter activity of viral promoter cvp-
13 and promoter activity of fac in the same assay system, a promoter plasmid of zac

was constructed using pKK232-8.



5  expression cassette. The tac/GST cassette on pGEX-2T was first deleted

by di gested with Fspl and Snmal to rénove the 1.2 kb Fspl-Smal fragnent
and then replaced with a DNA fragnent containing Bglll/ Xbal/Nhel/ Xhol

sites, whwooseagezbe used as cloning sites. The result pogusbsessssl was

desi gned pBN1 15. GLP-1 is_a 29 residue.hornone peptide. A

synthetic 8 copy G.P-1 gene was 10 cor8tructed and expressed in E. coli.

To test GLP-1 expressi wcléeﬂ@enteh@?eelﬁgdn@m &ntaining the\¥¢ deuericey X- 15/ GLP- 1
" expression cassette was constructed by fusing a Bglll-Xbal . f ragnment

contai ning YX-15 to an Xbal - Xhol fragment containing a ribosome

T A i e e g L S 1 PO P

generate pBNI$BQIDENO:8]p (Fig. 5). As a control expression vector, pBNL ™~
15-gl p/tac was constructed by repl acenent of YX-15 at Bglll and Xbal
sites on PBNaudG-glp with the tac pronoter containing | ac operator.

The tac pr Og‘f%"' ?fg%&%&%&&&éﬁ%ﬂﬂ%ﬂ&ﬂ%été%ﬁ%p%}sﬂgg CCTTCG-37 B.

Expr essi on -gl'p and pBN115-gl p/tac
wer e transfor[SEQ IDNNO: & col i host strain HVS 174 (Novagen, tnc.,

- M I waukee, W) in-the_presence  of Lcillin. Expression of GP-1
was i nduced Wegsargealed gn mmﬁeﬁmﬁgﬁ%[@ﬁwqmﬁﬁe S{Tegeng, hetwesaySmal o
wer e harvest 3 u b guUcE § T el pr epar ed
for SDwghgﬁ ‘f/gé.ggﬁ‘?#%%%‘%’ (BTérC o%’%?sg%%qph&@?%aégﬁ eva ulét ed by
gel scanmnd ng C28s contathing eithar pRAG-catar pC¥IPel3 Were piewn mtie présdree phidd®shop and
NI H | mage Anal ysis ' ute rqQgrans. As shown in Table 1, gel
3 gfm ni ]ng Cr ev §9¢{ 86590{1%/“%5?%&3&@?"8&3‘3"& .An?‘EWEP Te5iStanLpWeS POBHOTERRY 15- g !5 E)/ a]E
err Vg, ADkE b ok . r ; .ggmaa:e 00
total cellul an pro ec:aﬁré{(fv%?{nd%&sl{ﬁé%taggl pHng%'Q. éﬁgﬁ%n@l *B00 of cells

produced 40%evelsafchieramphenicoldiidsniratibn thdwp-promotep Sidived highet promot@0  The
results clearly  de n&%rate the potential application of YX-15 as a very

strong agfig &< MPEALF-evel reconbi nant protein production in E
coli. WD 98/ 42822 : : :

PCT/ U898/1%)5655 ' : 19

Table 1 YX-15 -Example8ed GLP-1 Expression in E coli
Readi ng of the intensity the GPL- rotejn,. band

| nducti o o t ac %Tonstructlon of]l{J)gPatg_A(g}m?ﬁromoters Uni nduced
84 (7% The 3%l prontor ts isolated from Ehld?Elg vital

1089 (100% © 154‘51'5( Pi5] Sppegments isolated from Chiorlig ikl -

55 (5% genomes showed stidhgGréridiéphctivity in E. coli. However, their promoter

20 activity was not regulated and, thus, could only consﬁtutiveljf direct protein
expression. An approach for converting a constitutive promoter to an inducible
promoter by fusing the promoter with the lac operator has been developed for a few
promoters such as ribosomal RNA gene promoters (Brosius and Holy, 1984, PNAS
USA 81:6929-6933) and the lipoprotein géne promoter (Nakamura, et al., 19_82;

25 EMBOJ. 1:7711-775). These modified hybrid promoters are repressed by the lac I
gene product, lac repressor, whose specific binding to Jac operator inhibits the start
of transcription and is derepressed by an inducer such as isopropyl b- D-
thiogalactoside (IPTG); which prevents the repressor protein_____ﬁ‘_o:ﬁ bindingtothe lac
operator. ' '

30 The lac operator was fused to the Chlorella viral promoters cvp-1,
cvp-15 and cvp-16 to assess if the Chlorella viral promoters might be made

inducible. Two bomplementary oligonuclgotides containing the /ac operator



21 C ND 830 (76% 5 For
each treatnment, total protein was extracted from0.25 O D.[err] of cells

and " analyzed on a 16% PACGE gel (Fig. 6). After staini ' massi e
bl ue, int‘é’ﬁ’s%z;{ 822 of protein bands were scanned using nggy)ﬁnsgp(’%g?or '
Scanner and Adobe Phot oshop and Nl H7 mage Anal ysi s conputer prograns.

Percentage i n parenthesis re res.entf . ..an expression.level .of G.P-I
relative to tSRaueagpardutitghle resirntiopclaaing sitef we eWa'hﬁéyri esized Y oot er  at
37[err] C I i@kl € i ugh a
-basal expres s(i)%eﬁo g?/ce 01829 gy_ctlb-(ﬁ In ﬁveéx%?zheh%eﬁg%nrcfz r°1§th‘°*‘°-'° ohgg éﬁ&i‘g&gl p was
det ect abl e i veldge absence of | PTG GLP-1-expressi on {|-evet-showed -5 - --
4-fold increase after addition of IPTG In contrast, |PTG induced 13-fold
increase in . GLP-1 production from pBN115-gl p/tac.- This. suggested t hat

GLP-1 expr.essd - dAR dilk&d%@%g ¢ cghon.
Regul atio ofSg %ﬁ0%§%¢%§3| on S romp ﬁ%ggﬁghgﬁg\?\g%?ﬂg%ag | ess
tight than t HSEQIPNOPRRL15-gl p/tac. : - I nducibility of
| PTG at various concentrations (0,0.25, 0.5, 1.0 and 20 2.0 MM were
tested for GLP-1 expression at 37 C. A sinmilar high level of GP-1

producti on was, ¢ AR AR el i e @aAGeRICGRLION range
of 2 nﬁn?‘%@ﬁi(% 'S suggesrl%ecg;éeolf concent rg'ltciegng I'PTG as | ow as

0.1 mMMwas [SE@WINCe28ht to induce GLP-1 overexpression. - WO

08/ 42822 _ ' -

PCT/ US98/185655 S 20

At all tested I PTG ﬁ”ﬁ i ﬂnngaf) LdUEL ek RBNhdRed - - 9lp-
was consistently h‘?‘g er(Ei ggiué%%? pro ctgir%ﬁm#ggg% 1 5- g:ﬁsp/tac, '

suggest i ng hi ghaistean o therviabpromoters &t SAH ¥ Hindild sipssroncpIG23228.: The 5  D.
Ef fect of Tenperature . . Cul tivatjion tenperature _
critically afpk2a2-ficlnepeonianng Pﬁ%ﬁ%ﬁmﬁﬁ'@l’?ﬂ"r oA ‘ERSB'EEPéﬁﬂFr(g@Er e of
37.Cis oMUY WisinlBimefihic®k 2HM101° G IAAS lacl functip®! Sl 16edUCt | ON

in E coli, ereas lower tenperatures, in sone cases,

advant agel ¥ or ofysrofhdter a¢tivatytas et pbseresdrior avidalgraheterigckingthedacreperanr of

i nactive 10 protei n_aggregates., However, at |ower jenperatures, the rates
of transcri ptWanhdeterted by measemaﬁgqsmnsﬁ?ﬁbemsfm@ﬁ @eﬂ%imeﬁ Cowil

be greatly sl @Q,%H : ; ; | IfRdif QAthUhEodetdtoet
protein wll g’éﬁ(r;‘é%ggﬁ. %&rlé\?gt}%{, t %“6%1(?%‘? asp éﬁgol?ger o8 hi ghl y
active at | owdid roeopse edductiom ofiprombter steengtls dihe /foopenitoisfused/pomotars evm

production. Prior to the instant (nv L Qn ch . coli _.pronoter was
not 15  avai leBPeld %%ﬂﬁ?”%é?f‘%eg%%‘grpéwa Eﬁere-ts%?‘g‘?lé?m-t-er and

the T7 pr ggrot er are very active at 37[err] C, but much weaker at
| ower tenperatures, as described bel ow '
S : Example 9

Expression of Glucagon-like Peptide (GLP-1) from a YX-15 Expression Vector
A. Construction of a YX-15 expression vector, pBN115-glp

25 . To subclone the viral _i)romoters (YX-1, YX-15 and YX-16) into an
expression vector (which required restriction sites Bg1II and Xbal for cloning), the
_promoter fragments were modified by the polymerase chain reaction (PCR) using

the following oligos synthesized by the Operon Technology Inc.:
30 5 '.GGGTTCGAAGATCTAATTCCCGGGGATC-3’ [SEQ ID NO: 24] and

5’-TGCAT'I‘TCTAGAATTGTGAATTGTTATCCGCTCA—3’ [SEQ ID NO: 25].



by the data for the tac pronoter. The pronoter
activity of YX-1 5 at -the tenperature range of 37[err]C and 21[err] C
was conpared in controlling GLP-1 production. The results shown in Tabl el
20 (abowé)y 9842823 rm that the YX-1 5 pronpter was able to RATESI8/08655h -

| evel of GP- 1 expression at the Egrrperature range from 37[err]C to
21[err] C. Expression |levels using the YX-15 pronoter at 27[err]C were
even slightly higher than with the tac pronoter at . 37[err]C. The
reduction in the GP- S evel Y by_YX-15 af, rr]C and at
21[err]C as con’par ed wfﬁgfﬁﬁpﬁg?&]vﬁs\ﬁ&?ﬁ% 3@'%“’?@ E‘{f NGely. In
contrast; way QUAPwhidh SEREEHS AR 3YS kdich bRenvpiin |
27[ err] C as .C! rr%g‘rie glt 35? éaéjég tgﬁle(%rlgf expr%gm on tﬁe tac
pronot er “at Zékﬁmnic(‘gmsamdai taclptoamietglutathione S-transferase (GST) fusmn gene

Exanpl e 10 Function_of the Viral moters .in
Plants 5 expression cassette. Thefag/GST Gapsefipgn p@@?%%%wﬁfsaﬂelsﬁeégmdeﬂ%wd

function in p t _ t he
[err]-glucuroni as%h;n g@ﬁ@gﬁ%’?&%%?@? ﬁgﬂ%ﬁﬁﬂ’}?ﬁfeﬁ c%d‘&:ﬁh
Laboratori es, aDmeraEi&ém oéhthmmg@glmﬁbﬂmmmﬁfoltsm whichgembe tsed as -

repl ace CaM/ 358 pr onot The resul ting plas were introduced |nto

t obacco clopipg 5itesy yesulting plasmi ag demgneg‘p%%l

PCT/ US98/ 05655 - 2 d d s and
wheat i mmature enbr;I/‘gs“ga tghrgmrrueet Oneper%uc?o%rs tggttl|§ prGL%O ment .

The transfor n&dmﬁ’ﬂ:ﬁtb@ﬁltdsem&dtlhﬂl cais Shy test GbP-l@:dﬁressqm asder the control of
hi st ochem cal 'gﬁq count i t he.f.ormati on of bl ue W& faci on thm ants
t est ed. -1 \?eYXdﬁ((F 1&%%&%6%%3%9 8y fising i ch

contains the f@%ﬂ{ ! Tt al-Xh tam@% ;E% Ln Table 2,
positive resu ?’?Sﬁ%ﬂtg%?% t rariiusll}%bnt aglsga ment con erved wtht he
| _[I)_ r glm)t Sr cVp- bindingsite and the@rcoph GLF hgenebd ’Iﬂxedﬁbﬂéﬁ(ﬂl}-l :/)épressgj Sc:assette was _
, Fgm /eEX pl ant / theq inserted into pBNl 15 at the unique RglII gﬁn eol%ltes toaggnmat?mg-

\;;\VE]',? ('21'[2 1-v 55 glp (Fig. 5).8&&7 Z?&r(ln%ig Mtf:r@é@n vectg?', f]?,_}ﬁfgég‘l%/%c%vas constructed -b9 ) ’}7'n§3
experinments replacement of YX-15 at Bglll and Xbal sites on pBN115-glpwitipthe #dcipromoter

Low Tenper at ure ressi-on of P Constructs wifh_ pYX16
P contaEli'(xgxg(?ac operator. T%E tac promoter can also {)e ti&xtfs(r regulated by IPTG.

B. - Expression of GLP-1 _

20 Both p’BNl 15-glp and pBN1 15-glpltac were transformed into E. coli
host strain HMS174 (Novagen, Inc., Milwaukee, WT) in the presence of amplclllm.
Expression of GLP-1 was induced with 0.1 to2 mM IPTG at 37° C to 21° C. Cells
were harvested 15 hoﬁrs post induction. Total cellular protein was prepéred for |
SDS-PAGE analysis (Fig. 6). Production of GLP-1 was evaluated by gel scanning

25  usingthe Personal Color Scannef and Adobe photoshop and NIH Image Analysis

_ c_qmpuie_r programs. As shown in Table 1, gel scanning revealed that expreésion
_ level of GLP-1 from pBN115-glp at 37° C was more than 46% of total cellular

- protein compared to 35% 6f total cellular protein from pBN1 157g1p/ta6. One O.D. -
so0 OF cells produced 40% more GLP-1 from pBN115-glp than from pBN115-glp/tac.

30 The results clearly demonstrate the potenﬁal application of YX-15 as a very strong

" promoter for high-level recombinant protein production in E. coli.



15 The expression plasm d pBN115-glp (8 copy GLP-1) descri bed
above for . Exanple 9 drives expression of the 8 copy G.P-1(7-36)
expressi on ette using © the YX15 pronoter (cvp-15 ply )Pg -
oper at or). W&%’Z@Bﬁd pl asm d contai ning the - YX16 pronot E?:T é%l_)ngs pl us
lac operator) and 3 copy GLP-1(7-36) was jgonstructed by repl acenment of
the Bgl |1/ Xbal pronoter fragnent in thﬁﬂl@BNl 15 vector with that 20"
fragnent fromthe YX-1 6 pronoter. The %by GLP-1 cassette was al so

repl aced with the 3yvonR¥ @ifscled @ pel HE)% i L4y ion of the

Xbal «Xhol fragnment. This conestruc1 g%(*uﬂg copy GLP)YX16 contains
the—same-pt-asm-d backbone as : pBN115 except that the-promoter is YX16
rather_than Y)'(]__R_' - — A VY1FLmonnf or rnncf'_r_nr‘t Arivi ng o} copy
GLP-1(7-36) exp| essiofias Al $iReadms omd‘mtemgynﬁtﬁbewﬁowm on
pl asmi d. The YXEfo--pr Tl 0 o T

oned THLo

Bgl 11/ Xbal frag‘rentlnd"ﬁ; sulfying- pk- apptid; PBNGE -'-_ 1 YX16,

i s tetracycline|res| SEaNT andileontal ns - the 1acl alige : 58/ 42822
PCT/ US98/ 05655 ° 2

repress uni nducgd etgginggcsefion The pBNgé ?asm’ dls i dentl é S/to t he pBN53

pl asm-d, except|that ontaifns t b,sgene, frath he | agl g
gene. This changjﬁpgsulw gfq b&e d/f’evel Df exglreégﬂ;i *0f the Lac |

gene product infpBN9 amd cons Iy,. a fower | Q repr PSSi on
of uni nduced pr pt ei n54 \9el s uging thsgt(g‘g vect or. 1233!?114;) Thj '

expressi on vectprs ¢ fransffornmed i E. colT|celTs the nethods
and materials -dnscr;l\ﬁ’el above |f or Exaﬂlﬂﬁe 9. Expyessi oﬁggﬁﬁb 1 wa$
i nduced THh TPTG as _described Tor Exanpre 9, at_tenper at ues of

27[err] C and 37[err]C Protein sanpl es taken from cell
cultures after | ndifot eash trehtnent, tofel pitedn was extactedifionr 0.2 LD g bEetlls andpy

GP-1(7-36 t.ed o . 6% .
Tl sTricine Buipas (% RACE B TR AR Shiite pab gogmassiSuioe, fatensity 7y
data, shown inpg io@éiﬁ 6a17as W@@%ﬁé@ﬁ&% Pdisnal 8l Sl A fdbe PUABERGNS

wel | "at 27[err] while the tac pro is inactive at this tenperature.
The G.P apd @Hmege ésplws:deomputsopmbﬂamsaﬁ’e@a@tegeri,h(pardnthesxsmqutwthe at
37[err]C. 15 . _.Ih S ure 8 .es 1 hat both
The Y1s and Pepression Sl A1 FIEHR b e exfreiortlevtiRT R b by B
pronoter ij§ iqg@lgrbmt@tatg'hi@_ t enperat ure. The data denopnstrates that
YX16 pronoter functions at |ow terrperatures (27[err] O, with two

i ndepenant target peptides. The above specification,

exanpl es—-and - ta vi de Iete descri ption of the manufacture
and use of th m@ ‘Ew&‘nﬁyoﬁpﬁ%e i nvention. Since nmany - enbodi nent s

of the inventi on can be Ardaghh bl éxpésidh lévebof GRPOItih $INS1 74 Rarbdtihg
- scope of the invention, the Invention resides in the clains hereinafter
appended. pBN115-glp was detectable in the absence of IPTG, GLP-1 expression level showed

15  4-fold increase after addition of IPTG. In contrast, IPTG induced 13-fold increase in
GLP-1 production from pBN115-glp/tac. This suggested that GLP-1 expression

pevy

1%

14

from pBN115-glp does respond to IPTG induction. Regulation of GLP-1 expressmn
from pBN115-glp, however was less tlght than that from pBN1 15-g1p/tac
Inducibility of IPTG at various concentrations (0,0.25, 0.5, 1.0 and
20 2.0 mM) were tested for GLP-1 expression at 37°C. A similar high level of GLP-1
“" " production was observed from pBN115-glp within the IPTG concentration range of
2 mM and 0.1 mM. This suggested a concentration of IPTG as low as 0.1 mM was
sufficient to induce GLP-1 overexpression. o



WD 98/ 42822 PCT/ US98/ 05655

23 | SEQUENCE LI'STI NG (1) GENERAL

| NFORVATI ON (i) APPLI CANT: Bl ONEBRASKA, | NC. (ii) TITLE OF THE
| NVENTI Ovo Gsl#8REL LA VI RUS PROVOTERS (iii) NUVBER Qre1ARSdsiobiEES: - 25

(i v) CORRESPONDENCE ADDRESS: (A) - ADDRESSEE: = Merchant, Gould, Snith,
Edel I, Welter & Schnidt (B) STREET20 3100 Norwest Center, 90 South 7th
Street (O ATY: MANesePPTG concenttdbns GIUIE] phiuction ﬁ&ﬁgE@#WRY: USA
(F) ZIP: 55402 . . (v): COVPUTER READABLE FORM A) MEDI UM TYPE:

Di skette  glpeey comiywetyrigher thon G hpraguetion from pBN tBENG SYSTEM DOS
D) SOFTWARE: Fast SEO.for W ndows.Versi 0 (vi) CURRENT . . . ..
,(AP?DLI CATI O FIRBREDE E‘%he’? éf)"mﬂf%ﬁ%?%&%%&s n m&?‘n{’%ﬁf‘ﬁgf\f/’{"? ng) (B) FILING

DATE: 19- MAR- 1998 (C) CLASSI FI CATI ON: " (vii) PRIOR APPLI CATI ON
DATA: (A) APPLI CATI.ON NUMBER: 08/ 821, 559 (B) FI LI NG DATE:
21- MAR- 1997 D.  Effeqt\of Tieypamib@rNEY/ AGENT | NFORMATI ON: (A) NAME:

Kettel ber ger , Denise %ulﬁvation temperature critically affects microbe perfofma.nce. An

induction temperature of 37° C is commonly used for satisfactory recombinaxit
. protein produdtion in E. coli, whereas lower temperatures, in some cases, show the
advantage for producing active proteins and'avqiding the formation of inactive ~
10  protein aggregates. However; at lower tempe_ratm'e's, the rates of transcription and
translation, being biochemical reactions, will be greatly siowed down and, thus, the
final yield of the target protein will be reduced. Therefore, the use of a promoter
highly active at lower temperatures will be necessary for high-level protein
production. Prior to the instant invention, such an E. coli promoter was not
15  available. Commonly used promoters such as the tac promoter and the T7 promoter
are very é.ctive at 37° C, but much weaker at lower temperatures, as described below
by the data for the fac promoter. o '
The promoter activity of YX-15 at the temperaturé range of 37°C and
21°C was compared in controlling GLP-1 production. The results shown in Table 1
20 (above) confirm that the YX-15 promoter was able to drive a high level of GLP-1
expression at the temperature range from 37°C to 21°C. Expression levels using the
YX-15 promoter at 27°C were even slightly higher than with the fac promoter at
37°C. The reduction in the GLP-1 expression level driven by YX-15 at 27°C and at
21°C as compared with at 37°C was 20% and 50%, respectively. In contrast, a 95%
25  drop in expression using the tac was observed at 27°C as compared With at 37°C.
Protein expression of the fac promoter at 21°C was not detected.
| Example 10

~ Function of the Viral Promoters in Plant_s._

To test if the isolated viral promoters function in plants, the 7
30  promoter fragments were inserted into the B-glucuronidase (GUS) expression vector
pBI221 (Clotech Laboratories, Inc., Palo Alto, CA) upstream of the GUS gene to
replace CaMV 35S promoter. The resulting plasmids were introduced into tobécco



(B) REG STRATI ON NUMBER: 33, 924 (C) REFERENCE/ DOCKET NUVBER:

8648. 630 | (i x) TELECOVMUNI CATI ON | NFORMATI ON: (A) TELEPHONE: -
612- 332- 5300 (B) TELEFAX: 612-332-9081 (O TELEX: WO .
98/ 42822 WO 98/42822 ‘ PEET{USEYPIBH 55 -
24 (2) I NFORMVATION FOR SEQ ID N 'l : - (i) SEQUENCE
CHARACTERI 'STI CS: (A) LENGTH:. 358 base pairs (B) TYPE:

nucl ei ¢ aci dleaves and wheg) ingraprepErEosdy the method of microprojesfileropOLOGY: | i near

0 ek Mo BB BRI DA ™ oo

TTTOCACCAC AGGEARARIG 67 ARG IGHAMRR FBTATSANION (I GHRTGABIed; 120~ -

GGTTATCGTT TGAGGCACTC ATAT A GTTTCTACAC AGAAACTTGA ACAACGCCIG 180
GGAAAAGATC CPGAGBATE 0T Artainwers troviaaasdsaith gBI22 anbich craeins thereaMV 240
GAATATGAAT TA%ACAACG ACAACTACAA AAACAACTTG ATGAATTTGA CGAAGATGGG 300

TATGATTTTY TPCAGERARES TATAAATACA TTAGATCCGT CGACCTGCAG CCAAGCTT 358
(2) I NFORVATI ON FOR SEQslshowireTable 2, positivee restftsXibGhe GtSRAGERRE £554)CS:
(A) LENGTH 374 base pairs (5‘3 TYPE: nucleic acid (O
STRANDEDNESS:west nbgeeved with the propjotar@mo1Gayut riot s slre other 6 progoters. MOLECULE
TYPE: . cDNA (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 2:
| Table 2 - .
o " | Range of Mean GUS 'Foci!Eﬁ)'l;n?t/PIht{-'_
“Vestor. .| . Tobacco  |'i- Wheat
pBIZZI(CaMV 358) 26-95 7.6-172
pBI221-YX15 - 07-15 04- 1.6
10 * n=3 experiments o
Example 11

Low Temperature Expression of GLP Constructs with pYX16

15 The expression plasmid pBN1 15-glp (8 copy GLP—I) described above for
Example 9 drives expression of the 8 copy GLP-1(7-36) expreséion cassette using
the YX15 promoter (cvp-15 plus lac operator). A second plasmid containing the
YX16 promoter (cvp-16 plus Jac operator) and 3 copy GLP-1(7-36) was constructed
by feplacement of the Bgl II/Xbal promoter fragment in the pBN115 vector with that

20  fragment from the YX-16 promoter. The 8 copy GLP-1 cassette was also replaced
with the 3 copy GLP-1 cassette by substitution of the Xbal-Xhol fragment. This
construct, pPGEXInk2 (3copy GLP)YX16 contains the same plasnxjd backbone as
pBN115, except that the promoter is YX16 rather than YX15. e

A YX16 promoter construct driving 8 copy GLP-1(7-36) expression was also

25 made, using the pBN53 ex;ﬁression plasrﬁid. The YX16 promoter was cloned into
this construct as a BglIl/Xbal fragment. The resulting plasmid, -
pBN531nk28copyGLP YX16, is tetraéycline resistant and confains the lach gene to



CCCGGGGATC TAATTCAGGG TGCGAATTTC TTGAACATCA AAGGTCTGIT GGACGITTTG 60
TGTGCAGCGG TTGCTGATCG CATTGAATCC ATCAATAAAC AGATTGGGGT AAATATCAAA 120
CCCAGTTAGT CGGACATTAG AAGGATTTGI GAGACCACCA CATCCAACGA CACCTAATGG 180
TGTTGTGAAWOISHRRATTAG AAATGTTACT TATCATTGAT ATTTGCATAA CACBEI/TISeR05655 240
CTTTGCTTGA TTTCTACCTA TACTAATTGA TTGTATTGIA GTGCACGCGG CGTACTTACT - 300
TGTATTTGCC GTCTCAGACG TGCTTGATAA TAGIGT CTCGAGTATG ATCCGTCGAC 360
CTGCAGCCAA Ggdpkess uninduced expression. The pBN95 plasmid is identical to the pBN53 374

T B o s B A o
STRANDEDNESS: chérig’ég%?nlts in a lower le(v@_of-ggrgm\{of the ﬂﬁ@l’ %:nle\zlgoduct(lh' Nz ECULE
TYPE: cDNA SEQUEN SE TC

ATCGAAAGCA A@im@nnmm@el@ﬁ@ambﬁ@fmmmwem Jevel BEITEABEGAAAGT
CATTGTATGI TATTACTGAG TTATTTAATT TAGCTTGCTT AAATGCTTAT 120 CGTGITGATA

TGATAAATGA CABPIPEATAC GCTGTATCAA CATCTCAAAA GATTAATACG 180 AAGATCCGTC

GACCTGCAGC CAACCT ct transf d 1 thod

(2) | NFORMATI ON FORe SRReTisiseiprs were transformed info &eolf gells using Shemethods .

(A) LENGTH: &iﬂ ntm-mlspctescrﬁaed above for E(:ﬁ)pl&'YPExprmdneoﬁﬁbB-lldwas induced” (O
STRANDEDNESS Y: | MOLECULE
TYPE: cDNA H’q' Gas desweggyrjgéy?%t temperaltl?es 0f27°Cand 37°iEII ")

ECE:TQ/JEE?ZE/ gggggl BTl &’Icem sam les taNk(g)n from cell cujtures %er 1&dué_l_on oi?%A C or YX16 ( Xi)
GCATATTTGQA GW:I&EE&HM@E&IH MMP—IU—BG) and 8 copy GLP-1(7-36) were separated on
a 16% TrisTricine SDS-PAGE gel and stained with Coomassie blue.

The data, shown in Figure-7, demonstrates that the YX16 promotor functions

well at 27°C, while the tac promoter is inactive at this temperature. The GLP
precursor peptide is soluble at 27°C, but insoluble at 37°C.

15 The data, shown in Figure 8, demonstrates that both the YX15 and YX16
promoters function at 27°C, while the tac promoter is inactive at this temperature.
The data demonstrates that YX16 promoter functions at low températufes (27°C),
with two indepénant target peptides.

20 The above specification, examples and data provide a complete description
of the manufacture and use of the composition of the invention. Since many
embodiments of the invention can be made without departing from the spirit and

scope of the invention, the invention resides .in the claims hereinafter appended.



CATCACGTGC GOGTTCCTAG CAAGAGCGTG TACGTATATT CTTTCGCTCT AGAAGATGCA 120
GATTCGAGAC AACCGAATGG ATCGAATCTA TTTGIACCCC GATATATATA GAATCTAGTC 180
TAAACAAAAC GACCCCGGECT CTTGCCAATA AATGTGACGC AATTAACGCA- TTCGTGAATG 240

ATGACTTGTCYOEHIB2EGTT CTTGACATTC TAAAAAAATG TGGAGTATCC TCGARCTSE8/05655300

GACCTGCAGC CAAGCTT 23 - 317
(2) 1 NFORMATI ON FOR SEQ I.D NG 5: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGIH:. 277 base pairs (B) TYPE: nucleic acid _ (0O
STRANDEDNESS: si ngl e ( DsebtRFO0srrié Near (ii)
MOLECULE TYPE: - cDNA (xi) SEQUENCE DESCRI PTION: SEQ ID NO 5: -
CCCGGGGATC TCCGRAT TERNEBSGABTIRMRGIAGCATTTTCC -AGAACGGATT GCCGGGACGT 60

ATACTGAACC  TCCAGTCCGT. TTGC TATTTCCCAT AATATACATA TACACTATTT 120
TAATTATTTA CACECGH C‘?%%W%CAA ATTCCCTCCA COGAGGAGGA 180
TCGCGAACTG TORMATERE 57 GRETGNa0r ARG TORARAGCRNGECRIATERAMCATTC 240
ACTTAATTAT AGGATCCGTC GACCTGCAGC CAAGCTT _ 277
(2) .| NFORVATI ON FOR SEg | D NQ 6: | (i) SEQUENCE CHARACTER! STI CS:
(A) LENGTH: 18%1iia8WB5g| 5 SEQUENCES: 25 (B) TYPE: nucleic acid .-

(©) STRANDEDNESS: c8kH@b6NpENCE AppReEss: (D) TOPOLOGY: |inear (i)
MOLECULE TYPE: PNMDDRESSEE: Merch¥hy, SEQIENEH tBESERNPT I SEQ R NO 6:
CCCGGGGATC AGGOBT CEXREET A BAAATIE@: £5T AFTHAT GI0 AGTTHGTOGGEr &HGATTGACT 60

CAGATTACAG AGGAGACTTRY: ARABERPRREE TTTACAATAC TACAGAACGT GACTATATTA 120
TCAAAAAAGG CCATEAGERTACCTIOGTOG ACCTGOGATC CGTCGACCTG CAGOCAAGCT - 180

T (F) ZIP: 55402 . . 181
(2) 1 NFORMATI ON FOR SEQ I D NO 7: I (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 31'%%1?‘-9%&6” Ei gg%g{mg?sigg; (B) TYPE: nucleic acid

(C STRANDEDNESS:. Er: 1BM Compatibid D) TOPOLOGY: |i near g (i)
MOLECULE TYPE: ERATING SYSTEM: DOS |

(D) SOFTWARE: FastSEQ for Windows Version 2.0

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: (new filing)
(B) FILING DATE: 19-~-MAR-1998
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: 08/821,559
(B) FILING DATE: 21-MAR-1997

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Kettelberger, Denise M
(B) REGISTRATION NUMBER: 33,924
{C) REFERENCE/DOCKET NUMBER: 8648.63WOIl

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 612-332-5300
(B) TELEFAX: 612-332-3081
(C) TELEX:




"(xi) SEQUENCE DESCRI PTION: SEQ I D NO 7: CCOGGGGATC GCAAAACTCA

CAGTCAACAA ACCAAAACAC GGAATGAAGA AAGGAGAAAC 60 TGTGATCATG TGGCAACAAG
ATGGAGGTGI CATAGACTAC ATTTACCCTC CCTCTGATCA 120 -TCGAAAGCAA CTGCCGCATT
CGAAACTTCosI42853TCGT TATAAAGGTT AGTGAAAGCC 180 ATTGPATRS8/85655\CT.GAGT
TATTTAATTT AGCTTGCTTA AATGCTTATC GIGITGATAT 240 GATAAATGAC AAATGATACG
CTGTATCAAC ATCTCAAAAG ATTAATACGA AGATEEGTCG 300 ACCTGCAGCC AAGCTT

316 : V@B&NMION FOR SEQ ID NO:1: ,

PCT/ US98/ 05655 _ 26 (2)

| NFORMATI ON FGR 598 . H(;“?“CTERISTICS(Q SEQUENCE CHARACTERI STI CS:

( NG ‘base pai
(A) LENGTH: 52(6 qug dudleic acid tB) TYPE: nucleic acid (O -
STRANDEDNESS: -ScnQJT®aNDEDNESS: 60)g18OPOLOGY: | i near (ii) MOLECULE
TYPE: cDNA (D) ToPPIOBEQUENREE DESCRI PTI ON: SEQ | D NGO 8: GGGAAATGAG
CTGITGACAA TTAATCAT Egr (%(g !%O GIGTGGAAGC TT 52
(2) | NFORMATI B! FESR=8 (i) SEQUENCE CHARACTERI STI CS
(A) LENGTH: 5{;hassuats sescrrprIon: (8o TYRG: 1pucl ei ¢ acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (i1'1) MALECULE
TYPE: CcDRMEGGGGATC G c-‘-’"'w DR SEAACPTTADR: CART %@AWZQAGT TTA%TC
GACAAET c dak Tgcggi%ggﬁgﬁg ﬁg CGA TTGTATCAAA-, 1
AEYE Frga A ARG GTA AAACTTGA ACAACGCCTG 180
(2) ( cFettneEAdlcOrAMOTAPAT ACTAGCAGAT GTTGTAACGA TGCTTTATAT 240
GAATATGAAT TAGCACAACG ACAACTACAA AAACAACTTG ATGAATTTGA CGAAGATGGG 300
TATGATTTTT TTCAGGCACG TATARATACA TTAGATCCGT CGACCTGCAG CCAAGCTT .358
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 374 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
CCCGGGGATC TAATTCAGGG TGCGAATTTC TTGAACATCA AAGGTCTGTT GGACGTTTTG 60
- PGTGCAGCGG TTGCTGATCG CATTGAATCC ATCAATARAC AGATTGGGGT AAATATCAAA 120
CCCAGTTAGT CGGACATTAG AAGGATTTGT GAGACCACCA CATCCAACGA CACCTAATGG 180
TGTTGTGAAT GATATATTAG AARATGTTACT TATCATTGAT ATTTGCATAA CACCATTTCC 240
CTTTGCTTGA TTTCTACCTA TACTAATTGA TTGTATTGTA GTGCACGCGG CGTACTTACT 300
TGTATTTGCC GTCTCAGACG TGCTTGATAA TAGTGTGGAR CTCGAGTATG ATCCGTCGAC 360
CTGCAGCCAA GCTT 374
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 207 base pairs
(B} TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CCCGGGGATC ATCGAAAGCA ACTGCCGCAT TCGAAACTTC GACTGCCTCG TTATAAAGGT 60
TAGTGAAAGC CATTGTATGT TATTACTGAG TTATTTAARTT TAGCTTGCTT AAATGCTTAT 120
CGTGTTGATA TGATARATGA CAAATGATAC GCTGTATCAA CATCTCAARA GATTAATACG 180
ARGATCCGTC GACCTGCAGC CRAGCTT

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 317 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

207



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 49 base pairs (B)

TYPE: nucleic acid (C) STRANDEDNESS: single (D) TCPO_OGY'
1'i near MOLECULE TYPE: cDNA (xi) SEQUEN

SEQ I D No“i%”"‘ CAAC TTGATGATTT GACGAAGATG GGTATGATT'CI':EPI%

49 (2) | NFORVATI ON FOR SEQ bP NO 11: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 49 base pairs (B) TYPE: |
nucl el ¢ 610 ), spousk) oSIAABRRRNESE, 1ol Rle (D) TOPOLOGY: Iinear
(ii) MOLECULE TYPE (xi) SEQUENCE DESCRI PTION: SEQ ID No 1l
TCAGACGTQHCGGG@LWAWTMGTQKGFWC’GA@EF@WB meccemmm 49

T

(2) | NFCRRIVAREIQCFese TG TACGTAT
¥ ?g%c%
CTTG

1@ W CTAGTC R
ST s N

(A) LENGE ﬁx‘gz\ 3 TA TG

STRANDE rrETcNEECRCCGETT CTT TT rE@RTATCC TCGA:

TYPE: cD¥&cTGCAGC CAAGCY® 98/ 42822 . ' 317

PCT/ US98/ 05655 27 (xi) SEQUENCE
DESCRI PTI ON:  SEG? | BNRPREFION ERFTRRCET ACTYGATATGAT AAATGACAAA TGATACGCTG
TATCAACA (i) SEQUENCE CHARACYERISTICS: :

(A) LENGTH: 277 base pairs
(B} TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

CCCGGGGATC TGCGTATTGC GGGACTTTIG AGCATTTTCC AGAACGGATT GCCGGGACGT 60
ATACTGAACC TCCAGTCCCT TTGCTCGTCG -TATTTCCCAT AATATACATA TACACTATTT - 120
TAATTATTTA CACCGGTTGT TGCTGAGTGA TACAATGCAA ATTCCCTCCA CCGAGGAGGA 180
TCGCGAACTG TCCAAATGTC TTCTTTCTGC AGCTCCATAC GGAGTCGTTA GGARACATTIC 240
ACTTAATTAT AGGATCCGTC GACCTGCAGC CAARGCTT 271

{(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1Bl base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: . single
(D) TOPOLOGY: linear .

{(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

CCCGGGGATC. AGGCCTCGCT TATAAATATG GTATTGATGT ACTTGCCGGT GTGATTGACT 60
CAGATTACAG AGGAGAGTTG AAAGCAATCC TTTACAATAC TACAGAACGT GACTATATTA 120 .
TCARAAAAGG CGATCAGCCA AGCTTCGTCG ACCTGCGATC CGTCGACCTG CAGCCAAGCT 180°
T _ , ' _ 181

(2) INFORMATION FOR SEQ ID NO:7:

(i)’ SEQUENCE CHARACTERISTICS:
" (A) LENGTH: 316 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
CCCGGGGATC GCAAAACTCA CAGTCAACAA ACCAAAACAC GGAATGAAGA AAGGAGAAAC - 60
TGTGATCATG TGGCAACARAG ATGGAGGTGT CATAGACTAC ATTTACCCTC CCTCTGATCA 120
TCGAAAGCAA CTGCCGCATT CGAAACTTCG ACTGCCTCGT TATAAAGGTT AGTGARAGCC 180
ATTGTATGTT ATTACTGAGT TATTTAATTT AGCTTGCTTA AATGCTTATC GTGTTGATAT 240
. GATARATGAC AAATGATACG CTGTATCAAC ATCTCAAAAG ATTAATACGA AGATCCGTCG 300
ACCTGCAGCC AAGCTT 316



(2) | NFORMATI ON FOR SEQ I D NO 13: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 51 base pairs (B) TYPE: nucleic acid - (0O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear . (ii) MOLECULE
TYPE: cDNwO 98/42822 (xi ) SEQUENCE DESCRI PTI ON: SEQ | D NO 13: pCBOSOEMIEHESIC -
TTGACATTCT AAAAAAATGT GGAGTATCCT CGAE%‘CGT 51

(2) | NFORMATI ON FOR SEQ I D NO 14: (i) SEQJENCE CHARACTER! STI CS:
(A) LENGTH 51 @a'seNth'SION FOR SEQ IPBYO:BYPE. nucleic acid (O
STRANDEDNESS:  sin D,} TOPOLOGY: |inear (1) MOLECULE
TYPE: cDNA (3 Ségfgél L IESCRI PTION: - SEQ 1D NO. 14:  ATTTTAATTA
TTTACACCGG TTGﬁ) —CCAAATH-CEE T : 51 .

(2) 1 NFORMATI Q¢>Fmam:ssm;§§;¢_ ) SEQUENCE CHARACTER! STI CS:
(A) LENGTH 50(BDa3@PB&FF s Linear (B) TYPE nucleic acid (O
STRANDEDNESS SI n TOPOLOGY: | i near (i) MOLECULE
TYPE: cDNA MgL’?CULf "SYE&JEWE’}E DESCRI PTION: SEQ I D NO 15:  AAAGCAATCC
TTTACAATAC TA%%A@E&C@@E&I%‘EAN TCAOAAGG : 50

(2) 1 NFORVATI ON FOR SEQ I D NO 16: ' é'i ) SEQUENCE CHARACTERI STI CS:
(A) LENGFFRAAZGAG STETTERCAR TTARTCATGG CREGT GTRTRIABFE TAci d 52-( Q)

\ STRANDEDNESS: = s|7}9h@rormarron For Bho TORELGPY: |inear

. (i) SEQUENCE CHARACTERISTICS: : : -
i {B) LENGTH: 51 base pairs L.
{(B) TYPE: nucleic acid
" (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

| (1i) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
CCCTTTACTC GACAACTGTT AATTAGTAGC CGAGCATATT ACACARCCTTC G o 51

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 49 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{xi) SEQUENCE DESCRIPTION SEQ ID NO 10:
CAARAACAAC TTGATGATTT GACGAAGATG GGTATGATTT TTTTCAGGC 49
(é) INFORMATION FOR SEQ ID NO:li:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 49 base pairs
(BY TYPE: nucleic acid
(C) STRANDEDNESS: single
{D}) TOPOLOGY: linear
{(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID N0'11'
TCAGACGTGC TTGATAATAG TGTGGAACTC GAGTATGATC CGTCGACCT 49
" (2) INFORMATION FOR SEQ ID NO:12% '
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 48 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA



(ii) MOLECULE TYPE, cDNA (xi) SEQUENCE DESCRI PTI O\ 'SEQ I D NO 16:

ACTGCCCTCGT TATAAAGGTIT AGTGAAAGCC ATTGTATGIT ATTACTGAGT T 51
WD 98/ 42822

PCT/ US98/ W9@8M2822 0g  PCT/USYOAGSS

I NFORVATI ON FOR SEQ |D NG 17: 21 ) SEQUENCE CHARACTERI STI CS:
g#%AhEESLH 50 base pairs (B) TYPE: nucleic acid (O

ESS | & | near . (1i) MOLECULE

TYPE cDNA <] 9‘9‘% NE §E‘5ff€|\|é@ DE%DCQTPTI o SEQ I D NO 17: CACCCCAGGC.
;r;’;rAlc:QEa' '&?Af&éi@lﬁﬁ@ﬁrmmmmﬁmcmu 50 48
- ORVATH-ON-FOR -SE (I) SECUENCE CHARACTERI STI CS:
(A) LENGTH 50 (Bés’é‘“ﬁ&ﬁgm FOR SEQ 6% NOT nucl ei ¢ acid (O
STRANDEDNESS;; sisB@liice. caracrekBbriEQPOLOGY: I near (ii) MOLECULE
TYPE: cDNA (a) LE N@Tﬁ ENCE216SCRI PTI O\ SEQ I'D NO 18: CACCCCAGEC
TTTACACTTT ATGETTCOEG ﬁﬂ-@@ﬁ-ﬁ:ﬁﬁgl GIGITGGAATT 50

(2) | NEORVATI m)FmAseg ipgie (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 50‘Bas&FPR 72 5

inear
(B) TYPE: nucleic acid
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
GCCCCGGTTC TTGACATTCT:AAAAAAATGT GGAGTATCCT CGATCCGTCG A ) . 51
{2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS: :
{(3A) LENGTH: 51 base pairs
(B) TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
ATTTTAATTA TTTACACCGG TTGTTGCTGA GTGATACAAT GCAAATTCCC T 51
' (2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
_ (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(DY TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTIONé SEQ ID NO:15:
AAAGCAATCC TTTACAATAC TACAGAACGT GACTATATTA TCAAAAAAGG . 50
62) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:.
(A) LENGTH: 51 base pairs
(B) TYPE: nucleic acid _
{C) - STRANDEDNESS: single
(D) TOPOLOGY: linear
(11) MOLECULE TYPE cDNA

_(x1) SEQUENCE DESCRIPTION: SEQ ID NO:16:

ACTGCCTCGT TATAAAGGTT AGTGAAAGCC ATTGTATGTT 'ATTACTGAGT T 51



(O STRANDEDNESS:  si ngl e (D TOPOLOGY: |inear

(ii) MOLECULE

TYPE: cDNA (xi) SEQUENCE DESCRI PT1ION: SEQ I D NO 19: AAATGAGCTG
TTGACAATTA ATCATCGAAC TAGTTAACTA GTACGCAAGT 50

(2) 1 NFORVABB@R$28OR SEQ | D NG 20: (i) SEQUENCE CHARAGIUBEY8/0SG4sCS:.
(A) LENGTH: 48. base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e : (D) TORBLOGY: .| i near (i1) MOLECULE-*

TYPE: cDNA (2) INPSRYATSEQUEBRGEECDESGRI: PTI ON:  SEQ | D

NG 20: AAATGACCTG

TTGACAATTA. ATCATCGGCT CGTATAATGT GTGGAATT 48
(2) |NFOR|VATK c5 SRS agg& (i) SEQUENCE 'CHARACTER! STI CS:
(A) LENGTH: 4 Seic ac‘:d (B) TYPE: nucleic acid (O

STRANDEDNESS: @j)n p@NDEDNEss sibfe TOPOLOGY: i near
TYPE: cDNA (D) TORNDOGSB/ 42832 -
PCT/ US98/ 05655

(ii) MOLECULE

29 (xi)

SEQUENCE DESER'PHPELEE FD P 21:  TCTGGOGGTG TTGACATAAA TACCACTGGG

GGTGATACTG AGCACAZSHENCE DESCRIPTION: SEQ ID H&:17:
SEQ I D NO. 22:
CACCCCAGGC TTTACACTTT ATGCTTCCGG CTCGTATGTT GTGTGGAATT

(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: cDNA .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
CACCCCAGGC TTTACACTTT'ATGCTTCCGG CTCGTATAAT GTGTGGAATT
(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 50 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY; linea;
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
ARATGAGCTG TTGACAATTA ATCATCGAAC TAGTTAACTA_GTACGCAAGT
(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 48B.base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear ’
(ii) MOLECULE TYPE: cDNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
AAATGAGCTG TTGACAATTA ATCATCGGCT CGTATAATGT GTGGAATT
" (2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 49 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(2) | NFORVATI ON FOR

" 507

50

50

48



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 50 base pairs

TYPE: nucleic acid - (C) STRANDEDNESS: single (D) TOPOLOGY:
| i near (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTI ON: .
SEQ | D NOVO28/42822GACCGRGT ACCTCGCGAG GAATTGTGAG CGGATAACAA PETRISPBAXEA

50 - (2) 1 NFORMATI ON FOR SEQg D NO 23: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH."50 base 'pairs -~ (B) TYPE:

(B)

nucleic acid | C [ ngl . (D) TOPOLOGY:
| i near ‘xﬂ('%E?”‘T«?E%E%i?EEMBEP% RoDE1:® (xi) SEQ(JE?\ICE DESCRI PTI ON:

SEQ I D NE%@G%GGT@@@EI&EA% 1HCAHSTEEE B TEAIAGEE GAGACAYEACCTCGCG AGGTACEEGG

50 (2) | NFORMATI ON FOR SEQ | D NQO 24: (i.) SEQUENCE .
CHARACTERI STI CSi2) INFORMATI‘{NAfoﬁ_ER@ﬂq N?’E?zbase pairs (B) TYPE:

nucl ei ¢ acid SE Egﬁigéﬁéé single (D TOPOLOGY:

|i near A 1y 3 Isc (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 24: fﬁlGésAaA'EG' TTCC CGGGGATC |

28 (Q) STRRCERPENSONsFORe SEQ |.D NO 25: (i) SEQUENCE
CHARACTERI STI C$P) TOPOLOGY: Yimpajy ENGTH: 34 base pairs (B) - TYPE:

nucl eic acid

| RANREDNESS:  si ngl e (D) TOPOLOGY:
| i near '

R}E{ECULE TYPE:  cDNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22

(11 MC%E

TCGACCGGGT ACCTCGCGAG GAATTGTGAG CGGATAACAA TTCCTCTAGA _Fiﬂ
(2) INFORMATION FOR SEQ ID NO:23:
{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
{B) TYPE: nucleic. acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii} MOLECULE TYPE: cDNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
AGCTTCTAGA GGAATTGTTA TCCGCTCACA ATTCCTCGCG AGGTACCCGG _ . 50.
(2) INFORMATION FOR SEQ ID NO:24:
(1) SEQUENCE'CHARACTERISTICST
(A) LENGTH: 28 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
.(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
GGGTTCGAAG ATCTAATTCC CGGGGATC 28
12) INFORMATION FOR SEQ ID NO:25:
- (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
.(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

TGCATTTCTA GAATTGTGAA TIGTTATCCG CTCA . : _ 34



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 25: I’l[“l“ﬂ GAA TTGITATCCG
CTCA , 34 2822.

30 PCT/ US98/ 05655 * © WE &LAFM * S 1.
An i sol at w 9842B22 ¢ aci d sequence accordgng to Sequence | D BEI/US98/056555 - -

2. An isqlated nucleic acid sequence according to Sequence I D No. 2.

3. An is | ei-.c acid sequence according to Sequence |ID No. 3.

4, An isol-ated nucl eic acid sequence according to Sequence ID No. 4. 10
5. An isol ated, nucl gi ¢ | rdi.ng.to uencep| . 5.
o, Anisol at ednuci o BoRSEPRIEERE SeREiA He M SREREIOIDNE. ¢

15 7. An i sol at ed nucl ei ¢-aei-d-segquenee-accordi ng to Sequence
I D No. 7. 8. A pronpter conprising a nucleic acid
sequence5of Sequehce |4n Motated nucleic acid sequencedaccarding todiequence IPMNo. 2.

9. A gene construct conprising a pronoter operably linked to a
structural gene, said pronoter conprising a nucleic acid sequence of
Sequence | D .3.NOS-Q%is%lat§d thuclele add s@c{u@nce according to SequenctdD No. B gene
construct of claim9, erein sald structural gene encoges 5 .carbonic
anhydr ase. 11. The gene construct of claim9, wherein said

car boni c anhydfase.i S . Vo )
: 4, An isolated nucleic acid sequence according to Sequence ID No. 4.

-~

0
| 5. * Anisolated nucleic acid sequgnce according to Sequence ID N;:. 5.
6. .An isolated nucleic acid sequence acédrding .to Séqﬁencé ID No. 6.
15 7. An isolated nucleic acid sequence according to quuence ID No. 7.
8. A promoter comprising a nucleic acid sequence of Sequence ID Nos.
1,2,3,4,5,6,0r7. |
20 9. A gene consfmct comprising a proﬁoter operably linked to a

structural gene, said promoter comprising a nucleic acid sequence of Sequence ID
.Nos. 1,2,3,4,5,6,0r7. '

- 10.  The gene construct of claim 9, wherein said structural gene encodes
25  carbonic anhydrase.

11. The gene construct of cl_aim_ 9, wherein said carbonic anhydrase is
human carbonic anhydrase. - ' |
30 12.  The gene construct of claim 9, wherein said structural gene encodes
glucagon-like peptide-1 (GLP-1), growth hormone releasing factor (GRF), or -
parathyroid hormone (PTH).



human car boni ¢ anhydr ase. : The gene construct of claim

9, wherein said strﬂﬂlﬂlﬁﬂ“!wﬂu m gl ucagon- i ke peptide-1
hor s (%‘f"rﬁ)vyg)h’ﬂQr "Wo"98] 42822 Org(EF o) PR Rloess
PCT/ US98/ 05655 A'host cell containing a gene
construct conprising a.pro operably linked to a structural gene,

sai d pronoter compisi Aot ?Fik‘?%?‘&é 2 LSRG EMBITUCt comprisingScpyomoter | D Nos.
1,2,3,4,5,6, ? erably linked to a structurél?efxf syaeprt}&%{erggmpngl];xg %lgl%cl@o%sq\ahaé{c%g; |

sai d host ce Is”a pro otic

of cl ai m 14, oﬂ\ﬂ;&;uendeIBaNds ﬂgmj@mysm orgelt-i-s E coli. 10 : 16.

The host cell of ‘claim 14, wherein said E. coli conprises HB101, JM :
109, BL2P or HVB174. . : 17. A process for producing a protein
conposition conprigi P ost cell with a
nucl ei ¢ acid sequ«Lf?ic nsl%POt el of glaim 1-%0%??185%%3{9%‘{%@%@“3@&%& o
operably linked to a het er ol ogous DNA sequence, sai d pronoter _
conprising a nucl eoti de sequence of Sequence ID Nos. 1, 2, 3, 4;-5,:6,

or 7; and 15.  The host celbafeletss | hgvhereinsaidaroltapgaicceDNE\ESEsIEIENCE i N

the host cell to produce a protein conposition. 20 18.

A process for producing a protein conposition conprising:

ex ressijpgg a nucl géc a erein sai XRAr,essi on
P Ibgrl ven b§6 a p%%%?%?aggg?gﬁm %&BgﬁdEc T ero SSﬁgt?goﬁu‘ﬁYdei c

aC| d sequencm9 84di2d or HMS1Ptf.onot er conpri sing a nucl eot i de sequence of
Sequence ID Nos. 1, 2, 3, 4, 5, 6,.0r.25 7. . _

17. A process for producing a protein composition comprising: -
transforming a host cell w1th a nucleic acid sequence, said gene
15  construct comprising a promoter operably linked to a heterologous DNA sequence,
said promoter conipﬁsing a nucleotide sequénce of Sequence ID Nos. 1,2, 3, 4, 5, 6,
or7; aqd ' _
expressing the heterologous DNA sequence in the host cell to
produce a protein composition.
18. A process for producing a protein composition coxﬁprising:
expressing a nucleic acid sequence in a host cell, wherein said expression is
driven by a promoter operably' linked to a heterologous nucleic acid sequence, said
promoter comprising a nucleotide sequence of Sequence ID Nos. 1,2, 3, 4, 5, 6, or
25 7.
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PCT/ US98/ 05655 u!!“!”uujmmm | nuclei ¢ aci d sequence conpri sing:

a pronoter conpri si sequence set forth as SEQ ID NO.
1, 2, 3, WO95'42w2 or7; . a | ac oper at or ; PERASHB/05655 .

a structural r@ e| N t he prormter operator, and
structural gene ldre dApBP%}FHC\?E’Idfequcnce F‘?rﬁkré% 20.  The

nucl ei ¢ acid sequenc | glhﬁéle tggﬁi Q5RE 86t forkR ngl ses the
nucleic acid sequencgdﬁs:}gltn%#%rc?hﬁnsmg N &E oras An

I nduci bl e NOM2EE, At,oi;rﬁ;ms’l ng a nucl ei c aC| d sequence set forth
asSEQ DNO ' 1, 2, 3, 4, 5, or7. . 22. An i nduci bl e pronot or
conpri SI ng a nucl ei ¢ aalé‘FcPP§ eF‘R,de set forth as SEQID NO 1, 2, 3,

4, 5, - or 7 operatiy, ﬁh%ﬁuﬁ%l to a |ac oper at or. 23.
The i ncam bl e prormter %ém 22, conprising the nucleic acid
sequence set forth a&nﬁﬁnlt&ﬁi@ﬁb‘&rmpi:rith@ah@mﬂﬁhgémare%beratwely

24. A host cell conpri si ng the inducible pronotor of claim 22
25. The Hodkedcel | of claim?24, wherein the host cell is a plant cell.
25 ' 26. . The host cell of claim 24, wherein the host cell is a
prokaryotic cell. 27. The host cell of claim?24, wherein
the host cell ig@n Ehemiclei€&did sequence of claim 1, whesdin the plomibgk ei ¢, acid
sequence conprising: 30 a Chlorella pronoter; -

- a lac dfer compmises the nucleic acid sequence set foahgs SEQIDNO: dene, wher e n 't he
pronoter, operon, and structural gene are operably | i nked.

WO 98/ 42822 33 ' . PCT/ US98/ 05655
' 21.  Aninducible promoter comprising a nucleic acid sequence set forth

- as SEQID NO: 1 2,3,4,5,6,0r7.

15 22. - An indﬁcible promotor comprising a nucleic acid sequence set forth
as SEQIDNO: 1,2, 3, 4, 5, 6, or 7 operatively linked to 2 lac operator.

23.  The incucible promoter of claim 22, comprising the nucleic acid
_ sequence set forth as SEQ ID NO:15 and the lac operator.
20 '

24. A host cell comprising the inducible promotor of claim 22
iS. " The host cell .of claim 24, Wherein the hosfc cell is a plant cell. )
| 25 '_26. The host cell of claim 24, whereie the host cell:is a prokaryotic cell.
'.27. The host cell of claim 24, wherein the host cell is an E coli cell.
'28. A nucleic acid sequence comprising: '
30 | a Chlorella promoter;

a lac operon; and _
a structural gene, wherein the promoter, operon, and structural gene
are operably linked.



29. The nucl ei cTacid sequence of claim 28, wherein the structural gene

conpri ses a nucl ei ﬂmmﬂmfmlmﬂtmmncodl ng glucagon-|like peptide 1, growth
hor none rnmone, carbonic an ta- 5
gal act osygég%ﬂs?% | oranmpheni ool sacetyl transf erase, or gl ut a?ﬁqlé‘%i’g"’s&? T

acetyl transferase. 30. A plant carrying in its genone the

nucl ei ¢ acid sequence_of claim ﬁé : ) 31. . A plant carrying
inits genome th-i ndliks Mcleispedsepienes ofglaim?8 wherqin the structural gene 32. A

method for e Aeudeibid Bhudbe Bndeble ABLdzon COMIIRADG, LGB! o0

of : transform ng the ho nucleic acid

sequence cdmWsmose rrjeasing factor, pataghyspidhopmens carbonig anbydrasepbeteor , and a L
st ruct ugal ncubat i ng
the tr aﬁsf cé go %L%?@g%g?ﬂgegng?%%gﬂﬁ fla}eg% ut%ﬂnog%%%qt%lms’flems%xpr essi on

of the protein fromthe structural gene. 33. -The net hod of
claim32, whereiJf sai

temperature in the rd ’gé’i of ijﬁn & 5%?%}0&%??58310 acid s sequcnce °§4’t1a1m2|%e

nmet hod of claim 33, wherein said transforrred cells are incubated:- - - at a

tenperature | ess, than,3 The met hod of “claim
32, -wherein sai Ftrand® @ﬁﬁﬁ&&%“ﬁ%@%‘bﬁ&d@a%mmm@ fickaigedZat ure in
t he range of 21 to 30[err]C ' : The pronoter of claim 28,
whi ch pronoter operates i ternperature: e of 21 to 37[err]C

30 37.32. The & Prosiucing 2 prptien lw@hce& eompusingthe stepss i n a
t er nper at urgg: range of Iess than 37[err]C.

transforming the host cell with a nucleic acid sequence comprising a
Chlorella promoter; a lac operator, and a structural gene encoding the proteiﬁ; and
15 - incubating the transformed cell under conditions sufficient to enable

expression of the protein from the structural gene.

33.  The method of claim 32, wherein said transformed cells are incubated
at a temperature in the range of 21 to 37°C. |
20
' 34.. The method of claim 33, wherein said transformed cells are incubated
at a temperature less than 37°C.

35.  The method of claim 32, whersin said transformed cells are incubated
25  at a temperature in the range of 21 to 30°C.

36.  The promoter of claim 28, which promoter operates in a termperature
range of 21 to 37°C. '

30 : 37.  The promoter of claim 36, which promoter operates in a termperature

- range of less than 37°C.



