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WO 2005/078109 PCT/US2005/004245 EXPRESSION OF
PLASMINOGEN AND MICROPLASMINOGEN IN DUCKWEED FIELD
OF THE INVENTION 5 The present invention relates to recombinant

Q@E@jﬁ,@;ﬁgyction systems. More specifically, the invention i?ééifﬁﬁgoq /58 1245
t

methods and compositions for use in the expression of recombinan
plasminogen and recombinant microplasminogen in duckweed. 10
BACKGROUND OF THE INVENTION The duckweeds are the sole
members of the monocotyledonous family Lemnaceae. The five genera
and 38 species are all small, free-floating, fresh-water plants whose
geographical range spans the entire globe (La'ndolt (1986) Biosystematic
Investigation on the BBy SONEKWeSdsSVHR Gy ofldmnaceae A

Monograph 15 Study GaNRIaRISFARSIRRIN T ifng Rubel, Zurich)

Although the most morphologically reduced plants known, most
duckweed species have all the tissues and organs of much larger plants,
including roots, stems, flowers, seeds and fronds. Duckweed species

have been studied extensively and a my rature exists detailing
their ecology, systematics?ﬁggﬁe?ﬁfe , disease and pest 20
susceptibilityréheir iepiomuctivecbiolegyniénetipsiteictpradaribrejitens.
biology. (Hillman (1961) Bot. Review 27: 221: Landql : .
oA o 5 R B e e ata Soiblipns o n he
ofbpmsdce abricMdriographsBindgerGedbetanibishenmevrRIBETRL Sk ithg

R 15)0? égich). The growth habit of the duckweeds is ideal for microbial

culturing methods. 25 The plant rapidly proliferates through vegetative
budding of new fronds, in a macroscopic manner analogous to asexual

propagation in yeast. ghisrormifrrativorocEw srbyregetative budding from
meristematic cells. The meristematic re ioc_rtn is small\%{n?ifs foun(iim%rgl the
ic Te g s

ventral st BF RESHGH SRR SIEM $ TR Y
20Q6/07R109HE Tikd S2005 04y cpes ket s srealin fegeficsidez ofrekle- water
frond midvein. The small midvein region is al 1 [ i
O RS S TR AT B e g i B AT S0 e

frémasiTgvaionaristeerfativiporkendsysrdte dea iy dlvied befags criortidlpergraph

alternatelydrom: thesernaskeisriP QuplingG HMRs, vaniday. SReRIRS MM Afsas
shortas 20 5 24 hours (Landolt (1957) Ber. Schweiz. Bot. Ges. §7: 271;

Cﬁ%l@{o@ic@gmpﬁgqﬂﬁ plants known, most duckweed species have all the tisstes
and organs of mmch larger plants, including roots, stems, flowers, seeds and fronds.

Duckweed species have been studied extensively and a substantial literature exists
detailing their ecology, systematics, life-cycle, metabolism, disease and pest
susceptibility, their reproductive biology, genstic structure, and cell biology. (Hillman
(1961) Bot. Review 27: 221; Landolt (1986) Biosystematic Investigation on the
Family of Duckweeds: The Family of Lemnacene—A Monograph Study
Geobatanischen Institut ETH, Stiftung Rubel, Zurich).

The growth habit of the duckweeds is ideal for microbial culturing methods.
The plant rapidly proliferates through vegetative budding of new fronds, n a
macroscopic manner analogous to asexual propagation in yeast. This proliferation
occurs by vegetative budding from meristematic cells. The meristeratic region is

small and is found on the ventral surface of the frond. Meristematic cells lie in two
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Inst. Chem. Acad. Sin. 24:19; Datko and Mudd (1970) Plant Physiol.
65:16; Venkataraman et at (1.970) 7. Pflanzenphysiol. 62: 316). Intensive
culture of duckweed results in the highest rates of biomass accumulation
BB HiLtme (Landolt and Kandeler (1987) The Family ofLe% g%%-sfilj&zﬁ
A Monographic Study Vol. 2: Phytochemistry, Physiology, Application, .
Bibliography, Veroffentlichungen des Geobotanischen Institutes ETH,
Stifelsaly. Ruber 2ohiside Withe dpdatgheieclrsumaab midrgng senisE8dhe
of fresbweiahi (Tiibere-aliatidlhiOh-RiysinisByant: GifsdandaltclRng)its
Ber. Schweiz. Bot. Ges. 67:'271;§tom§, unﬁg Iishted dag%.? Plgote(i:{1 bud
cOIRBRT P AR OTARRR G B S S E SR RidEr 15 ParyiRg™ ™
cahelitinely has: biean peponte dtaising 6rfremat s 1b9tediss welght (CHrmgpe0-
al, (1977).Bull. n. Acad, Sin, 24519, g I
Al Sl e
Al Siom. etcad( 3082y BRy dPrdle. amhyBidd @HARL k7 DepiotdinkPthese
valuasheleva! af Qrote)ipEacialion Bey éer sakmedium in duckweed is

on the same order of magnitude as yeast gene expression 20 systems.

DuckweipiisitatrRimvsk s ars it ibe Bistsbratnd fgpiass
traisiatmesh Withuanexp RSSO cas el dantaismMurAnuaieBlige.cmnaceae—

sequence of interest y one gf a.nu r of methods. including Agr
R e e
eleeirtioiations Stabie BubkiasischtrahsiinaREFtibaisRatel Byis), with
transformi .cel i |
in%evrg’él”%“%é“%ﬁ%%%%%ﬁ%%Z°’ﬁé§?§?§é%§%%ﬁ%”§éi%?§£ﬁ%%ﬁ?’?§fi3&%”?

by sustairiBtgthdotahstetoiicd Cell B Sefedink ofetifing the™¥Bition
ageNinIRGE ety PASBENSn e PG 4R IRIIOMBIR R HElikyerd arRre

expression system provides the pivotal teclmolo?gx that 30 waou
a

Id_be
UEERIPRT R SRS P e’ Seatied fo teBRTHaR AT A iB"ﬁég}E&d?%’rBﬁtet al
motegy B hiplegyreseaeh asa yholeC Badiffeie Miated IBNE syStemathitsiol.

cap be manipulat ith the labgratory, cogvenience of ye vides a
B ey F O b o e
aitdjyie. tFiéadeVeldEmonEbadishy sitogidat tolebadbisttaadoganiés: Forliter
COFRIGIRtPERGUE IR O LYalARIE NAbRGRILES: R AHEkead:BRSE M ression
system has a number of advantages over existing microbial or cell culture
SY$Hams. Plants demonstrate post-translational processing that is similar

to mammadianece fiam OV ICRIIRYRABINAINEREJIER: asRachedaibrthed

microbial cell production of . .
with an expression casseite containing a nucleotide sequence of interest by any one of

a number of methods including Agrobacterium-mediated gene transfer, ballistic
bombardment, or electroporation. Stable duckweed transformants can be isolated by
transforming the duckweed cells with both the nucleotide sequence of interest and a
gene that confers resistance to a selection agent, followed by culturing the
transformed cells in a medium containing the selection agent. See U.S. Patent No.
6,040,498 to Stomp ef al,

A duckweed gene expression system provides the pivotal technology that
would be useful for a number of research and commercial applications. For piant
molecular biology research as a whole, a differentiated plant system that can be

manipulated with the laboratory convenience of yeast provides a very fast system in

e



biologically active mammalian polypeptides, and it has been shown by
others (Hiatt (1990) Nature 334:469) that plant systems have the ability to
assemble multi-subunit proteins, an ability often lacking in microbial
mMIg78eale-up of duckweed biomass to levels necessarydors2005/004243
commercial production of recombinant proteins is faster and 10 more cost

effigiRnthanisiniar SeAGHR-ALMARFRMIBL £RUS @RI ke: AhBes. For

suggested plant production systems, e.g., soybeans and tobacco,

dURIERE RSB B RhY HERS ROKPIKESaR FHsPsHdd BHMsise: has a
Praguetpsr vesselsenakinexiben systesisliolegintign ot/ uistingipiatein

production industrial infrastructure far easier.. 15 Accordingly, ther.
o Bt OB e BRI 8 ShLesing

5 proteinsmihintecastiorguckimeeds SAMIMARYNO FiTHB IN¢E NDHOM dthel
prisgt.icrgie' i . met c iti f r ion-
L R L L
thé HEBPIVaHUEKIVERED BprosyicrrsyatdmcThr bl eposyignsubunit
system.ef themiesentinvantiominrpimizeddonrsdueapighilessisaibiomass

plasminogen, micre(')é)lasminogen, and fragments thereof. The

dubKIFEd BT EAREeT SRASFTTEERT Aht IR OPHASR R Rig & faster and
10 acti@atadio-preducs & RRIRE RHsle-havingpieisase ety ubhils other

invention encompasses methods for the expressjon of plasminoge
B AL SO B G ey AR a? O
traMMﬁW@mMWWSSMB§MM@remimﬁseﬁpta@mm@@ien
ok %}@é&[@ %l?e%g%w éﬂ%ﬁ&%?&&&?@&ﬁ%&lﬂ@ﬁﬂiﬁnﬁ? cleatidS tre fur

ences e ing plasminogen and microplasminogen, where these

nuésistide sequences are modified to enhance their expression in

15 duckweed, .30 AcaQreiRely. iR 006 arMaeinenLilke ReseRtINYeptiRasitions
* provides a method for producing plasminogen in duckweed, wherein said

meticaEeHipEsETHs afdpesrt Buttritra duckweed plant or duckweed

plant cell, where the duckweed plant or -3 duckweed plant cell is stably

transformed with a nucl '%ﬁﬁiﬁi g I rirtﬂ P‘mﬂ ?91 ucleotide

sequence encoding pla;%mlnogen;qéiédgc% ecting the S%Eminogen from

said ducKepdspiamontioshweddspiantbedi ahd sompedsithivsdimBateragiection
20 NUGIEQNIAGR AROHIERGGS Oding HASHRLENIRoRerablyinkedig.a

nuclrioggrg sréqu nce en(‘%}é)lng ac%ignal peptlc?e. In anothér embodiment,

thelprbwepd MVEREOR pYoved Aorfetktactbeisaieiny Sk A pesihirdgen
in duckineed suhersdhe methed KRMRHISRS R SieRS Rh ChfétipBsminogen, and
fragments thereof. The duckweed-produced plasminogen and microplasminogen can
be activated to produce a polypeptide having protease activity. Thus, the invention
25  encompasses methods for the expression of plasminogen and microplasminogen in
duckweed, duckweed plants that are transformed with expression cassettes for the
expression of plasminogen and microplasminogen, and nucleic acids comprising
nucleotide sequences encoding plasminogen and microplasminogen, where these
nucleotide sequences are modified to enhance their expression in duckweed.
30 Accordingly, in one embodiment, the present invention provides a method for
producing plasminogen in duckweed, wherein said method comprises the steps of

culturing a duckweed plant or duckweed plant cell, where the duckweed plant or
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within a duckweed culture medium a duckweed plant culture or a
duckweed nodule 10 culture, where the duckweed plant culture or the
duckweed nodule culture is stably transformed with a nucleic acid
molecule comprising a nucleotide sequence encoding microplasminogen
and an operably linked coding sequence for a signal peptide that directs
secretion of the microplasminogen into the culture medium; and collecting

RO RT O P AR S HAPOH TS et St A M Ao Ea Yl SPrmidrne @
efmleginepiqthaederesant nvenrtisnmpvicasia sietiod fae pregueing:dighn said

levels of stable microplasminpgen in duckweed, saigd method comprising
58 BT A A & e SEROTE e HERed
Rignfesedteies diduskwant plank cplt:a a tuakiveechneduteieytiyience encoding

wherein said duckweed 20 plant culture, plant cell, or nodule culture is
ASHHAHRRRISed with a nucleic acid molecule comprising a nucleotide

sequenge £ b RatiiapASINNge e aind aiticapstaidedinkesieatlivg producing
sequence for a signal peptide that directs secretion of the ‘ y
RSPASROEEH RS CHRABR AR B B BEE s o culturing
kR Remegandinndhecduakwerdicuitt elah madiem: 4 HecRresenbodule

A S HEBLRE LT B SH RS S SUetal o B
greufeensising ohud}ihecamindeacid seaydsee sehidehiteSkRdie encoding
0 S o e St o 2 e L L PP
sHeuense ridientity hithibe pmingragichdequencesatfartdimB R Bdllecting the
RRERIAO AL B AR G 4 VS U e AR Blasminogen. sequence
shown it Sféht DGl wberalie saidaatianihias prdeaiseseguenpetucing
R TR LR THGE BT HGES BLANRBH 70 003 5EaRe HERa e
a*,té;gqifgncy o_f at _Ieast 17% in duckweed. A further embodiment of the
eI 1 g1 8 SN LI U0 o
follnwiag: dpekakiydiplsad @lénneatsduedeadensaquenttara whemotenid duckweed
plant culture, plant cell, or nodule culture is stably transformed with a nucleic acid
molecule comprising a nucleotide sequence encoding microplasminogen and an
operably linked coding sequence for a signal peptide that directs secretion of the
microplasminogen into the culture medium; and

(b) collecting said microplasminogen from the duckweed culture
medium.

The present invention also provides an isolated nucleic acid molecule
comprising a nucleotide sequence encoding an amino acid sequence selected from the
group consisting of:

{(a) the amino acid sequence set forth in SEQ ID NO:4;
(b} the amino acid sequence of a variant of the plasminogen
sequence shown in SEQ ID NO:4, wherein said variant has at least 95% sequence

identity with the amino acid sequence set forth in SEQ 1D NO:4;
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sequence, a nucleotide sequence encoding plasminogen, and a
transcriptional termination sequence, wherein said leader sequence, said
promoter sequence and said termination sequence all function in
duckweed. The invention also encompasses duckweed plants, duckweed
nodules, and 15 duckweed plant cells transformed with expression
cassettes capable of expressing  plasminogen or microplasminogen in
duckweed. Ald&)provided B ?@%ﬁﬂcerﬁﬁéeméé“cﬁr%}gi \z0: and

nucleotide sequgnce @pGadingRiasiminesanArisrapiasminegedpibeigogen
the nucleotide sequences comprise duckweed -optimized codons. 20

TRESHAGINRIRSHELID A ¢he praetHt L HAHAM AR RIdRISEd ke Tispence
detaiiip Whe desetplicnpf bainenier.given betow BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 shows the level of

PMSHIRCEEh RIS HetHERRSRBY HRsA GG By /43 Epsrdpnsgised with a

Wg@p dingsdhat\were tragiossaed with the plasminogen expression
construct BAPOL1. The level oflflasmino%en is expressed as a percentage

of the total BRI MR IHBHIRTEHEIRARLI O84S 1 RERYpTE AR

Experimantalsastion anrdditiosal detadis:I30cEintiR 2 sbownthe astiityct
of plasmin produced by activating duckweed- pro%tléced plasminoé]gten with
PSR e T R RGP SUt o 5P SRR kST Mt

Wi RA05/Q 73 2291RE TéIR2005/04245 [iguie Sahaws:tierguaptitaion
of plasminogen by ELISA compared to plasmin activity after streptokinase

AR TSI SRR A GUARTRA B By = DI HHR S efstiaRas and said
aetivili-8ssai gavR Campatale ivaluebwindicating that Lernna-produced

plasminogen has a similar specific actjvity to the contrql protein. 5 See
Eampld R RO e BESTOA T AT AT CREATS LR and
showsctoe stakiinothumamplashiinogessspikedsiattt ensBldisseepressing
extract. See Example 1 in the Expe#;niﬁntal ectjon for additional details.,

FRRTFBIBOSRBWE THE SRABTITNP B TR AR DR in oY S RRNILe RS FEt

fragrelintawasphaasuradinoafcasiivien assay Saedrxaiiedt i the
Experimental 10 section for ad itio,r&al details. Figure 6 s ows th%_ Gimized
fﬁhﬁt%??%%?ﬁ%ﬁaiﬁiﬁ%m%% SARIGPHACAEER SRIBRIGYe duckweed-optimize

Lesima-produced plasminogen. "BAP" designates the Lernna-produced
lasminggen. . . . . o
P These and other aspects of the present invention are disclosed in more detail in

the description of the invention given below.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the level of plasminogen in tissue homogenates measured by |
ELISA in 56 duckweed lines that were transformed with the plasminogen expression
construc.t BAPO1. The level of plasminogen is expressed as a percentage of the total
soluble protein in the homogenates. See Example 1 in the Experimental section for

additional details.

Figure 2 shows the activity of plasmin produced by activating duckweed-
produced plasminogen with tPA. See Example 1 in the Experimental section for

additional details.
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The left panel shows activation with tissue plasminogen activator (tPA)
and the right panel shows activation with urokinase (uK). See Example 1
in the Experimental 15 section for additional details. Figure 7 shows the

%ﬁﬂgﬁiw of microplasminogen as measured by ELISA %%%ﬁ%gf&%;s

weed lines that were transformed with the microplasminogén
expression construct BAMPOL1. See Example 2 in the Experimental
section fBizwaditbmes dexansnFotivyotelsssrpagsa farfrEmaigeiRof
LepanarPsosiseshlicraplasminogenafier eativatiandxdRa qhheifigieby
shows the presence of an active proteolytic band that is not present in
oS A RO B AR S IS E T R E S B R
for adeitiprabdelailss2HRETAN ED D ESCRIBTION D Fo EEIMNUEMTION
The presenhInvention s arawn. o, eiads and sampaifions for the
pro Lction o recom%lngn]f%]lasmmogen, microplasminogen, and
fragmeni§ghisréd shinvsstitusskiida o Expressitmsysien siikedhiatn byeina tissue

finding.ofherptesaatiny aptan thalad ekivaad:saiession-syaiem may
be used to produce high levels of plasmlno?en and 30 microplasminogen.
The duckieesSoTeriticly HRsHYEdernan 8 ATIRFBRRER M HeTE T Eset BEcT
agtivatethio Rrduss RS RaRNR ARG PretBRgaAEIMihe BV mental
2005/078109 P,CT/l{ 20(15/004245 Plasminogen is the inactive precursor
fof AT PRI TR ﬁﬁﬁ’& Bal fibrinolytic enzyme in mammals. Plasmin

also plays and it giartenthealeim et ofptpatiomn tissuekieaodetiy aetitchtion of
bacterial invasion. .Plasmin is ing_pr g il
T e R i,

PlEkeiirfoparcbdtivatces siitn adthisisee plasmirragenabvenol apmyldhe right
UroklRSE FeaMe RURANRIASIINeo R decwie.ah e A aRESVa LG al

bond to produce active plasmin. The two resulting chains of plasmin are

‘herrtsgetieftiiany deithain disulphide bridges. The light chain (25

kDa) carfigsiihe galalytic cemerriuhiciT comprisesithecatalytisstiiat) pBUISA

shares sequence similarity with trypsin and 10 other serine proteases. The
N TR S Rt R e A
cadiquieksing losisBorn 8 AMRB1Krifvg EsacaritalritytbmBxipidirgtadisedithafor

mg&l&g&gﬁaﬁh&%@sminogenlplasmin interaction with fibrin. Plasmin belongs

to peptidase family S 1. Microplasminogen consists of the proenzyme
domain dligiaesntheyen witkpgram analysis of Lemna-produced microplasminogen

after activation by tPA. The figure shows the presence of an active proteolytic band
that is not present in concentrated control media. See Example 2 in the Experimental

section for additional dstails.

DETATLED DESCRIPTION OF THE INVENTION
The present invention is drawn to methods and compositions for the
production of recombinant plasminogen, microplasminogen, and fragments thereof in
a duckweed expression system. It is the novel finding of the present invention that a
duckweed expression system may be used to produce high levels of plasminogen and
microplasminogen. The duckweed-produced plasminogen and microplasminogen can

be activated to produce a polypeptide having protease activity.
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15 stretch of connecting peptide and a few residues of kringle 5 attached

at its N-terminal end. It is produced by the action of plasmin on
plasminogen. See, for example, Shi et al. (1980) J. Biol. Chem.
‘%33:&}29%{(?9. Like plasminogen, microplasminogen is actival;[(e:%{? 2555%04245
ARd UroKinage to form a proteolytically active molecule. Humah
microplasmin has a molecular weight of approximately 29 kDa and has a

lower 2@ lasinitggor fistin ndnsivepemyarecfovithop RIS M8 SRS BHd
MiGIRIRNINAS PEORASSA-Cr UBRIRIAIQRGIY IS thetnvire Rwaber of

applications inCluding the treatment of myocardial infarction, occlusive that
STOREL RS RETSTS U HBISHS B2 e BTBRERa HARHE G aHEeP e Tor
exaRRleatlyI BN oA 613, (X5 foatentiNciigHB5SsR48yiy: Sian
Patent Application No. 25 20030175264, Lapchak et al. {:

iy e e S R
eanfimhyehichis mmgmmpoga@cwm@téhwxgsasV@hshrétyl.d@h@'gB&P
Ol A0 RIASTIRADCNIEORIAS T sHE B AR BN BiEoNde
effecisort erapy using plasminhogen activators such as tPA, urokinase,
aierstreipteiinbise SudgesidEhsrlbischitiide RakeAHES fhraFaiptic conter
ir@@ﬁ?&ﬂ@@hﬁﬁ@@fﬁ@%&lﬁﬂ: HAWEMRS sthf s eplagmimadvith trypsin and
microplasmin as therapeutic age 5@2 }gﬁ n Iimltt%d P}eagibmthe .
dRHRIIBHIHEURRSHY @Pﬁé"?ﬁ‘ﬁ&ﬁﬁ j %a a%l%oﬂf EHTinogen and oHer
migreplaspinegar-pansidotnieieBansoNE ROOSIEBH0 lysine binding
PCTIUS20051004245. Although ressiqn of. . t :
SRR (e QI P e g B AHOMR S min belones
plasraptidgenfforilyselin thrombolytic therapy, there have been great

difficu '“%%H%o%’f%@ﬁﬁﬁ&&&%ﬁﬁ%&t SR RIBSRNOGERI PINSSRIQEN with a
oS A T LA (T el o) SOEE P P PebE e oYl
pl i :

?%ﬂuat% F@&éﬂ&arbmeq@%mﬁgm' yafite ﬁzlraéduﬁﬁgb4 o plasmitageauBReshi ef
or example, Busy et at ibrinolysis 2:64. The present invention

N LT BT oA 2o A BN oy A LA o
eﬁﬁfﬁa&im gﬁighllfxgem@ﬁﬁiéaﬂe plas minogely and nicivp astoinby ema:
Thus, in one embodiment, the present | At i :
o B B e e
steffimity Gty vehahuskweeel prithtndgssizkweed plant cell., where the

d UCkwe%qa&%ﬁtﬂdMﬁ%%m%% ﬁ%@%@ lystrangfemetnith@apy in a

nucleic acid molecule comprising a nucleotide sequg%nce ncodin st
pIBSRhAOREPRAR AL oBdRRHG T SEATRBY O Tonatiel Huetea gecusive

stroke, deep venous thrombosis, and peripheral arterial diseases. See, for example,
U.S. Patent No. 5,407,673, U.S. Patent No. 6,355,243, U.S. Patent Application No.
20030175264, Lapchak et al. (2002) Stroke 33:2279-2284, and Nagai ef al. (2003) J.

Thromb. Haemost. 1:307-13, each of which is herein incorporated by reference in its

entirety. One goal of using plasmin and microplasmin in such therapy is to avoid the
side effects of therapy using plasminogen activators such as tPA, urokinase, and
streptokinase. Such side effects include gastrointestinal and intercranial hemorrhage.
However, the use of plasmin and microplasmin as therapeutic agents has been limited
in part by the difficulty of producing large quantities of stable plasminogen and

microplasminogen precursor proteins.
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15 plant or duckweed plant cell. The nucleotide sequence encoding
plasminogen may be operably linked to a nucleotide sequence encoding

a signal peptide. The methods of the invention may be used to express
hi(();h I%ygls of plasminogen in duckweed. Thus, in some embodiments of
%ez%’eﬂw%’?at least about 1%, at least about 2%, at least abblt'388 474245
least about 4%, at least about 5%, at least 20 about 6%, at least about

7%, or ahlémshiospi8sowdie soinbientrofatiniminesduckaweeeimanbor
dyugkweed:plant celbisRicamiRaasN. Jhe Qe eRtiV eNiPMAlsR REANiFES),

an’improvement in a method of producing stable plasminogenin
ol ese/aw, Rep rERAL ARG BrespTe Rt RSB Bttt g Arainogen m

plagrrinagesy it fidciy eethe Hherlyamnapiadiieas.plasminegeinlis slabitnogen
and Joses less 25 than 10% of its activity when stored avernight inla.
|_ gﬁ%}ﬁ?ﬁ(ﬁﬁ%%%’l é{f_)@ﬁ?nihﬁr%r SGHC& O{Z [l actwatcaﬁg Tesuits i the

uced plasminogen also undergoes
legepthéntid08F tie pradatiahpiashenvgentisSue fextraotsléo Bwing &. (1988)
fr% e-tf kaw cygle. In another embodiment, the present invention provides

a'method for producing microplasminogen in duckweed, where the

method Ebpsrsses ineriiepsOT eLlbF PGP BONRIHIP dduSIaR sspreisii eYstem
megin @f@slgi‘éfé@ﬁg m?n%cylﬁwies%@ gsknrRednatuia Guliike bR
u

the duckweed plant culture or the duckweed nodule cultyre i stabla/ )
traHsfo i ﬁmhoglm?ab@%aasmafa&n&%%‘f@lﬁ%@ PR Eoducing
SeUBNEEceN GO diREwokI\h2QAb{RIdEEAAJACIpH2B0DABARAT culturing a
microplasminogen an pperably, linked ¢oding, sequence for.a signa
R R R SRR PR MIEET Gl s RS (R A SR pram
mexdidisnsiabiitcoliéetingl thish mivd plasviinogerviroventng due kweedotidure
g}%ﬂ&%&ﬁg@iﬁ dsmahihenventianmay Be HssdiR sxpeess Biahdeyglsa

Icrop ogen in duckweed. Thus, in some embodiments of the

mizlear thekverseiavirss gt tlie THElSRIdEEsAYAITS shediatatiinqagma be
le gt ahgUng 0 ehle Ricl@AslabauRdRatb ARIC IORRSIBPERN, at least

about 10 mg/L microplasminogen, at least apout 15 m

/L
iorop ISP HEOME 8 AT BB PR R TAL HARIGER 88
d@uegmiﬂ@ghbmqmamaﬁverw_eshesnﬂa&cﬁmgdﬂ:ﬁbifﬂs@mmpﬂm&mﬁmt about
P deS A mBtiod o Podneing a AR TUNOGEN. IO MERLID QUK e
whereln said method comprises %he Steps of cuftlurlng a daucf(twee plant
orbosiitest ptahttvell, TheratheasabkeSd plake srichlenmieia plam cell

isﬂ%ggaﬂig@gp%m@@%g%@qg' argﬂgilggégg_ comprisi_ng a nucleotide

sequence encoding the plasminogen fragment; and col,lectlng[ﬁhg Foroducin

pl asmlng@érh’resent invention also provides an improvement m a method of pro 2
stable plasminogen in duckweed, wherein the improvement comprises producing the
plasminogen in duckweed. The Lemna-produced plasminogen is stable and loses less
than 10% of its activity when stored overnight in a Lemna tissue extract. The Lemna-
produced plasminogen also undergoes less than 10% degradation in Lemna tissue
extracts following a freeze-thaw cycle.

In another embodiment, the present invention provides a method for producing

microplasminogen in duckweed, where the method comprises the steps of culturing
within a duckweed culture medium a duckweed plant culture or a duckweed nodule

culture, where the duckweed plant culture or the duckweed nodule culture is stably

transformed with a nucleic acid molecule comprising a nucleotide sequence encoding
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15 fragment from the duckweed plant, the duckweed plant cell, or the
duckweed culture medium. The nucleotide sequence encoding
plasminogen may be operably linked to a nucleotide sequence encoding
%gi ngll0 8e gide. In some embodiments of the methods of theé)re_sent

mnve ?lén, e nucleic acid molecule comprising the nucleotil gﬁﬁ{?&ﬂ% J245
encoding plasminogen, 20 microplasminogen, or fragment thereof is
madlifigd:tménizancedtsepsreskidiniind debkeeeticEsafpiasmpbpatiide that

medifications;incleds. the.use.gfduckiverdmicianed - cadRRS: ik i cadiBthe

sequence for the plasminogen microplasminogen, the use of an operably

Ii@@@oﬁlﬁéfém@a@éhéé?%ﬂﬁ%?ﬁ% Yitron that is inserted
upstreanyigf theneadiTaIsaauancs: aadiuhessseoaialeadersreeienge that
increases the 25 translation of the nucleotide sequence engodin
it S AR e G SRR
th&s&w&diﬁcﬁﬁ@nﬁeafenms_eﬁﬂnsmaﬁom IWgébeaiﬂieanﬂﬂhe@it_wmg/L, at
SSaNencs. e0coding PASINGRSILIS QREIAUINED AR gecn, o
sequence encoding a signal peptide, the nucleotide Sequence encoding
thisasiighe g mug s besis 67d Sarieth e rédshE Y BYeisRksggnogen
The lavention alsq.aReemRaARasRALakwaged plants, duckweed nodules,

and duckweed plant cells transformed with expression cassettes capable

of expresdnBrHRLRHBHER PEHHRS B BSOS BIP TR RS AI8E
proyigedharediueiaieeitlerdnM 200640 28109 RCTALEPO05 0DAAAE a
molecules comprising, a nucleotjde. sequence encoding plasmi n or.
ARt 2h e LR STl P i e Jha o el plant
duekviesdbbptimidforhebddihs: HuDefinitidnsolteoly peptidsingdarecteciidy
monomeric or.multimeri in..Of. ' . igall i

e o e R0, ARG A oGO W Bl en.
orfepmend feoniShsgleeirfiead . dhedudeupalaimicshamibnguditvent et ige

thg, palvReRtide s RiRsicaheonisxty fhismthe gentextiof s armaseddio a
precursor such as plasminogen or microplasminogen, biological activity
eTRGHRpAA SRS TSR Aot anal B ptide to be activated to produce

a proteoltically astiveinmeaiestibe koo ddydiciachirdtyro iplasininagemoleic acid
microplasminogen following activation may be.measured by any assay
kﬁgﬂ?gcﬁ%tﬁg f%}ﬁlglécﬁr%%?%aﬁé}gssg eg%%gncgﬁh lise 1&0% (I:hromogenic
substrepérasitesribe f aiseniibeechBisimdified to enhance its expression in

duckweed. Examples of such modifications include the use of duckweed-preferred
codons in the coding sequence for the plasminogen microplasminogen, the use of an
operably linked nucleotide sequence comprising a plant intron that is inserted
upstream of the coding sequence; and the use of a leader sequence that increases the
translation of the nucleotide sequence encoding plasminogen or microplasminogen.
In some embodiments, two or more of these modifications are used in combination.
Where the nucleotide sequence encoding plasminogen is operably linked to a
nucleotide sequence encoding a signal peptide, the nucleotide sequence encoding the
signal peptide may also comprise duckweed-preferred codons.

The invention also encompasses duckweed plants, duckweed nodules, and
duckweed plant cells transformed with expression cassettes capable of expressing

plasminogen or microplasminogen in duckweed. Also provided are nucleic acid
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15 The terms "expression” or "production” refer to the biosynthesis of a
gene product, including the transcription, translation; and assembly of
said gene product. The term "duckweed" refers to members of the family
m . This family currently is divided into five genera and 38
é’g)e%{f@s%) Ec‘;ﬁ]‘?%ckweed as follows: genus Lemna (L. aequinoc]t)l(éﬁéﬂ,sﬁ?oz” 004245
disperrna, L. ecuadoriensis, L. gibba, L. japonica, 20 L. minor, L.
minidewrkes cosipsising AlnupepydsitequenteseradingniagsnagenMonifera, L.
valgiyignalngenus SaRIsSiiieinedites: RAbHRFZ&RwRMICHRIR)zed
genus "Wolffia (Wa. angusta, Wa. arrhiza, Wa. australina, Wa. borealis,
WeedBPssiliensis, Wa. columbiana, Wa. elongata, Wa. globosa, Wa.
inicroscopica, Wa. neglecta);genus Wolfiella (W7. caudata, W.
djgt'i%ult?te,_w. gladiata, Wt. hyalina, WI. lingulata, M. 25 repunda, WI.
r : WI. neotropica) and genus Landoltia (L. punctata). Any other
genera dPsheeissiof tedmmtaceaendbtiestiexisnaldnmdso proputiesr pkbphide.

present igyspliany SR e BEa0he oSSR uning ihe RNy

scheme descri y Landoll’(1986) Biosystematic Investigation on the
Fakisromirkarssisnrdialealloineinpaceasshalrsog e sty
Gephalanisshen sttt bl o« StiffoneaRudpedx BOwRiahnd Pehtetdf a protease

"duckweed nodule culture” as used herein refers to a culture, comprisin

o RERTVERSH isisat PlasETn A Te S5 PUHS ISR 8O IB B Soh VR BpRssos

-Ot VY Ch 2D 4 BHR D HCHEAU B2 00R/ Q024G B0 dB0ee, B0%mI9hdd pictive
100%0 of thePc s, are di];feren' ed cells. A "differentiated cell,".as used
acyle. r? %l rz

0 eolvtic activily oI plasminogén .or INICTORIASIITOgZER 10 ﬁ‘)wm
hePaiRTis a callhith af ieast Sné pﬁ%no%yplc charabteristic e.g., a 5

distircitien calyrhomtrsiogy or thie s dvsion iof therarr kel pdiniibeasid obased
Profeiy) At dist ggﬁé it fromundifferentinted G8Us aeftgm cells found

in other tissue types. 5 The differentiated cells of the duckweed nodule

culture dERe SR TERIFOROA thEWusHgoTSE it Bianmthsiniasane

C%ﬂ%cf_H&?ﬂu@&?mﬁ%ﬁgﬁ&%%ﬁﬁﬁﬁﬂoﬁﬁﬁsimmﬁ@ﬂlﬁﬁﬁﬂgﬁtJ}Bsuﬁikg@%&:ﬁr&@uca
Organlze Into rorl prlmor "lum scattered thro out the_tissue. .
surface SRS SOUCT RS TG T AR B SR bt

edbhilgtberadd pladinkidé snnafave By ekah@% chpretesiabhdodasts dsliesed
T e
refergitonddonsishdehbvebsofredueaayoficoloinesage vtsydnagionifera,
Leinpa ol AregieEiierh bx i kerna-aikha Braleyrer £L090ns: AR S8thus
herein refers to codons that have a i o
Wolffia (Wa. angusta, Wa. arriiza, Wa. australina, Wa. borealis, Wa. brasiliensis,
Wa. columbiana, Wa. elongata, Wa. globosa, Wa. microscopica, Wa. neglecta),genus
Wolfiella (W1 caudata, WI. denticulaia, WI. gladiata, W1, hyalina, Wi lingulata, 1.
repunda, WI. rotunda, and WI. neotropica) and genus Landoltia (L. punctata). Any
other genera or species of Lemnaceae, if they exist, are also aspects of the present
invention. Lemna species can be classified using the taxonomic scheme described by
Landolt (1986) Biosystematic Investigation on the Family of Duckweeds: The family
of Lemnaceae—A Monograph Study Geobatanischen Institut ETH, Stiftung Rubel,
Zurich.
The term "duckweed nodule culture” as used herein refers to a culture

comprising duckweed cells wherein at least about 50%, 55%, 60%, 65%, 70%, 75%,

-9-
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15 frequency of codon usage in Lemna gibba of greater than 17%.
"Translation initiation codon" refers to the codon that initiates the
translation of the mRNA transcribed from the nucleotide sequence of

ﬁ%e{&%%:/g%gnslation initiation context nucleotide sequence"lgsr}ﬁ?&ym 4245
e of the

rein refers to the identity of the three nucleotides directly
translation initiation codon. 20 "Secretion" as used herein refers to

tréR&oBatio P e ptydieHife aldhsss e piiEmentibsiisilive Of 4 ogptated
plagt cell ulasnmemetnbodimant stoédheps pienstypientianctthictpdlypeptide

is retained within th oplast, the region hetween the plasma, membr
R L S s S e R e o
actisssgoédhovat Mrﬁmplﬁmehﬁsted@wﬁgﬁf'@per@bﬂyﬁmkédﬂ a@x@rs'@duqéveﬁs-
'”fﬁé%ﬁ&?&%%t@&'% tb%fﬁﬂﬂﬁ@&@é&?&%éé&ﬁ%‘é%ﬁ%@%{g form a tiled

sequences that are placed in a functional relationship with each other.

GenerHljudpsrabmreresric dbigientdhais ¥Brtighesls UMl WiBrodules
NYEAISAYHIRIR ¥R RIAISHICRHAGBMIRTEH RELREAIAGHRABIR S thé\tissue.

ssion Cassettes Accordin ent .icrgven io stabl}(c3 .

Expre o the pres
AT SIS 1 EBERIET BRSBTS SRS SH
cassettdcelmpriginghatnucleotide sequence -10 WO 2005/078109

PCTI1S20 0 2a 0424 2A600IN0 RININ00eR.of & ORI have
sequence eReoamg mi-cropiasminogen. The expression cassette
cdmprisey aftradscriptisrialdnitiaten ebgiesictked {0 the nucleic acid or

gene of intgrest, SHCR AN RXALESS N FRSSGHR IS PIOWRRA Witk Rplyality

of restriction sites for insertion of the nucleotide se'%uence encoding the

gRilti6n of the

regulatory sagippssi e fexBIaSSION CassalithBey rieede aaingldgenaesef
interest. In particular embodiments,, of the inventjon, nucleic acid to be
trAFFSRTREY L SHEAR S BrrHBre g@?{?ﬁe‘% %atslé%ggt}?g"each of which

encodes"ﬁtdﬁasﬁammgbﬁermqmg‘resferfkrethmcmmiﬂﬁmh'aiii@itéammmlemn
(9.2 PioTICIEN A% bR RN LA Talogous Prlaiglon or _
heteroﬁogous to the host, or coulléluge the _na ral sequence or a jsynthetl.c
sequencéBylgieignitisipimerideidtsiaotide getvseaplishiadohmgeefers to
re@l@raéﬁmtofﬂﬂ@%i@é%c\ﬂéﬁﬁéyp&@ag& e pRigh D8 A RSEHRERBSkon.

e

initiation_region is introduced, As used herein a chimeric gene comprises
a coding SRS ST LRGSO AT GRoP T
is feleroingabsiie sne adifignieiseilenteembodiments of the present invention,

the polypeptide is retained within the apoplast, the region between the plasma
membrane and the cell wall. In other embodiments, the polypeptide is translocated
across cell wall of the plant host cell.

"Opetably linked" as used herein in reference to nucleotide sequences refers to
multiple nucleotide sequences that are placed in a functional relationship with each
other. Generally, operably linked DNA sequences are contiguous and, where

necessary to join two protein coding regions, in reading frame.

Al Expression Casscties
According to the present invention, stably transformed duckweed is obtained

by transformation with an expression cassette comprising a nucleotide sequence

-10-
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Any suitable promoter known in the art can be employed according to the
present invention (including bacterial, yeast, fungal, insect, mammalian,
and plant promoters). For example, plant promoters, including duckweed

MRS, Pay be used. Exemplary promoters include, but t
ﬁ{nite% to, t]he Cauliflower Mosaic 20 Virus 35S promoter, the‘?‘éﬁiﬁgz“"s’“"“‘s

synthetase promoters (e.g., nos, mas, ocs, etc.), the ubiquitin promoter,
thenaedinppdroterseneTibits e s FRosprha R trRIiBE THsItIxHEeeEm Ahe

5L@E%Eﬁéﬁ%&%&e@%ﬁlﬂ%ﬁe@E%ﬁ&&%ﬂ@%ﬁ@ﬁ@nﬂ@gﬁﬁﬁ@ﬁk&t@ the nucleic
duckweed RubP carboxylase small subunit promotergelén\gmn in.the art
r

(SIREARETHE VriTTeLo st R ERISTSISIbF 3 4ol RS0 LAY Rk Of
virdsertbakiniet plaatsy2 bfphe iarabyi dusionend, aredisptbaitaiiten of
includin ut not limited to, promaters Jisolateg fro MOSa

Vi Eﬂ%ﬁrﬁﬁ%reﬁlgn\(}tﬁiﬁrtgﬁerﬁ?ﬁf?@%ﬁog Fgﬁ?il %III? U sozz{fléhe6 n%kég%%%e. h@%ﬁ%%f?r%se
promuisioMinsctic aba198BlPiamaltacBiol PeBs), Ipts spondpdiments
vitysin[ARAGALFAHIE YithSc IRBRRS ORISR MBI AADRREQ F INBrSRRbEYEN

tomato ring spot virus, cucumber mosaic virus, S,eanut stump virus, alfalfa

mERHRISD AR S shaseIsa el PBRE i5Fdtthe like. Finally,
promotersyean-he-chpsanitaidie aarsiraddevelehgyationemative or
example, in some instances, it may be adyantageous,to use a promoter
i o e S S S e
expressieiv (@qyethe. Byriopine isM@ ltbm_ Gte frinpxripigrotlaotasiiom

e laciens) el IARhdn DR BN, IR08 AERAIAGEAIR ©
use promoterslﬁ%a are activated in response to specific environmental
stirpeilinés dniiedugedhdskrepsreeysio mOlERST G e OTHBLII R (gEHE sequence
PropRples PRI R0S BRdLGR genfiaiiQRateRs vRUad iUl g8REng

promoters, and light/dark-inducible gene promoters) or plant growth
regfi{atoYS: (e.g., promoters from genes induced by abscissic acid, auxins,

cytokiningsangigthberetistacidhbaheihes campadssoghi ascatinana i
ethylene. As a.further alternative, promoters can be chosen that giv
e R e T A e S A L plge
1Gpidaeotrexdibstrengteofiengivemprombidndag deinfredmred dyrhaay be
cambinalion, 409 sRAliaka aaNgaNan Abas: ARG ACIRAUAR; SBAULIRRS
SUCEi'I as upstFea actlvatl_ng sequences. For example, actlvatlng
NUEiSEHiS seeue et Lt ive BRI A IAGRIBA feti ATl aERe RS ); the

OClAR| IS YRRSE IRDSEADRRNARC Bl BBERIR I AERFhaIBERUP) carboxylase
Agrobacterium tumefaciens mannopine lﬁépthase promoter ﬁﬁ;{f? 1
PATERAY FePBISTHGENYY, AR 8&?%1}@. RO AVSIRion, fhanckwee
eXRIBPSIOnEassaienaRubunit promoter is known in the art (Silverthorne et al.
(1990) Plant Mol. Biol. 15:49). Other promoters from viruses that infect plants,
preferably duckweed, are also suitable including, but not limited to, promoters
isolated from Dasheen mosaic virus, Chlorella virus (e.g., the Chlorella virus adenine
methyltransferase promoter; Mitra ef al. (1994) Plant Mol. Biol. 26:85), tomato
spotted wilt virus, tobacco rattle virus, tobacco necrosis virus, tobacco ring spot virus,
tomato ring spot virus, cucumber mosaic virus, peanut stump virus, alfalfa mosaic
virus, sugarcane baciliform badnavirus and the like.
Finally, promoters can be chosen to give a desired level of regulation. For

example, in some instances, it may be advantageous to use a promoter that confers
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V%%%%%%}%ee upstream activating sequences derived from the
gro

contain activating nucleotide sequences inserted upstream of the
promoter sequence to enhance the expression of the nucleotide
sequence of interest. In one embodiment, the expression cassette

actérium tumefaciens octopine synthase gene operabﬁ?Ti’Wé‘H]%%éms

promoter 20 derived from an Agrobacterium tumefaciens mannopine

SYPHiBE gemeresserU €, Histenns wos; suehae elamien foratder yclerium
refRrence ks | NeIHEARSCHRIANaeR S ARG IRCuERS, L the, At 3o dlitgeliQReof

transcription, a transcriptional and translational initiation region, a

RICRBGRIS Raie ATV BicthiB regOsA P SRASHEC AP HE R Hmufbifomalieat
teratiRatien reaiotf Rebionalin plasissAnyrdmstitaetiepaitatiosibic gene
sequence known in the art may be used in acc ce with the present
R A A e S e
ipitiaticterse gigrauh gy e megiveioviticthe provletstis Eap @eevicadicritdrest, or

'ﬁéyceg}&%{H{%ﬁﬁﬁ%g};ﬁaﬁﬁhsﬁg,%%urgﬁb&@ﬁl\mﬁ@%ﬁﬁ@pe&&%a&aﬁga&ﬁa@

available from the Ti-plasmid of A."tumefaciens, such as the octopine
ssthemelasettento phiindisthsnratersa e miomAtD FrFdRf GheswdBahmiye

Guehingdiat alkl99d) Mel, GeNi1aensl 2631 pde Ry priieai]991) Cell
64:671; Sanfacon et al. (1991) Genes Dev. 5:141; Mogen et al, (199 )
Plant CAR%CHSTIL RHHHBS LR & (1 GE0T RS 0 b8 HERAL L cprgion

- 3Rd\WE2 2006/ 8P PCTS2Q0hdedR kS chiunlaic sicids: Resrehi# 7891,
ana. Joshi &t Al (138 NUClelg AGIES Res 1219941 « ANAIONaL SXeMmRIAN,
tEFiRaton gearlljen'ces are the pea UbP Car oxylase sma Fsu unit
tagnmwnimqmq@gimm@aaﬁﬂmmm vmgcswtmmﬁ&ﬂm
SRAURNGSE AR IS ARSI, SRR TOMLEIR YRR SRRAIES. RIBEY

suitable 5 termination'sequences will be apparent to those skilled in the
ahtd ThededproskiBretasi b s e S8BT grdh aPERE Jefiessintileic
agidiseaLents ia hadsansiermas anduexne ssaidmihe apsiaisraddtanice to .
Thus, each nucleic aciﬁ se}%%%nce will be oper%:y Iinki[(!jlcto 5' agd(ﬁﬁ"é .
rERARESP S ERTEFRAT O it © RIS SAEES o LI SRR
baepeapidadbn thisandrriyddhtexpnessian easeaite valjieorepdsevad from the
selectable marker gene for the selection of transfor, of fi
Rl R e R AR
siiivad fieoserefoodingereoniyeiiasios phomaniie pstae @ergyee U.S
negmyei AospReiANSIaiRseHanABasm)cin phosphotransferase

(HPT), as well as genes conferring resistance to herbicidal compounds.
Herbicideiq 5essiipiineel ganedgeriarianytide for dRmdamet tanisittein

im&ibtﬁ)ﬁﬂlthﬁi translational initiation region, a nucleotide sequence of interest,
and a transcriptional and translational termination region functional in plants. Any
suitable termination sequence known in the art may be used in accordance with the
present invention. The termination region may be native with the transcriptional
initiation region, may be native with the nueleotide sequence of interest, or may be-
derived from another source. Convenient termination regions are available from the
Ti-plasmid of 4. tumefaciens, such as the octopine synthetase and nopaline synthetase
termination regions. See also Guerineau ef al. (1991) Mol Gen. Genet. 262:141;
Proudfoot (1991) Cell 64:671; Sanfacon et al. (1991) Genes Dev. 5:141; Mogen et al.
(1990) Plant Cell 2:1261; Munroe ef al. (1990) Gene 91:151; Ballas et al. (1989)
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herbicide or for an enzyme that degrades or detoxifies the herbicide in the
plant before it can act. See DeBlock et at (1987) EMBO J. 6:2513;
DeBlock et al (19,89) Plant Physiol. 91:691; Fromm et at (1990)

j y 8:833; Gordon-Kamm et at (1990) Plant Cell, 2:603:
%&%ﬁg@t’}%}ﬁgg%) Plant Mol. Biol. 27:405-9. For 20 examplg),grlggsz %%2:%4245

to glyphosphate or sulfonylurea herbicides has been obtained usin&
g¥nekicatiidy Ror-the 1hditamddeght @mlythe&5Varisieyiidy IBRIKIMERES-

pRasphala syaihase (ERER®hangeseivlascialesyniieseddbDlase small
Resistance to glufosinate ammonium, boromoxynil, an

d o
A I BTALBIEEE S RSy HAVE LB EaIEt By LSy et
baetesirkganeaniaditoighispbinbthricimaedtylicpaskeradéa @biable
njtrilase,.or a 2,4-dichlorophenoxyace e, which detoxify
B e A e,
selectablbanapkessigoressiticiudey bertaiemest o eECHRPIEAUES DY

n géﬁ@éfﬁ@ 18 rﬂ)%%@%%ﬁ%@%ﬁplﬂe@é@lﬁyt@ @&I@i%ﬁﬁ%d%ﬁg @H{E?Each nucleic

Reviews in Plant Science 4:1), neomgcindphosphotransferase [l (Frisch.

36eit #OREDOS Pl e mRIRbBI diniser i 8y & AHANHAR Ry aTaRsEs Altematively,

(Mg e einesesatatdAR hiRyas Mathadcad. Sci. USA 88:4250);

aspartate kinase; t?‘i%ydrpdificolinat 'S ﬂthase (g%rl e}t %l'b 1%%%@ ene for
BioTecHHESE) 1L B BERE Lo AP EEs) BISnr e ¢
200R5/07Z81A0PTIh 5200 5406 42 45 vehySidéc Ol 1508\ eaghecledagenes
(1996).Crop, 3¢i..36:1.36 7). trypto, decar I (@P‘}igl :
(f&@%%lﬁaar%%ﬁg}gé%ﬁ%%%’m%n%gﬁ%giﬁﬁgf%%%ﬁ%%ﬁansferas&eglf.litlng%sfferase
SBIRBM. arcan(dos 2hapinsiarsiprscBhand dpeyoryejfophgsphotransterase

pﬁ%’ﬁ@j‘ qrangferase iR gt G BiRkaLAAGMak e H Bigdid
6:107 3; dihydrofolate reductase (DHPR; Kwok et at (1986) Proc. Natl.
AFAIETEE 2ERSA BB AGESOGHEE SHIMGHNTE e RIRFSHSRSALSEYB BERSck et
ahdh28d) ENBOnknSi2R18) &2Zdichinrepsapienit abithitehalogengisst before
(Buchanan-Wollatron et at ( | . Bio n.130D:330);
S Sehc AR AL (1) BN a7 ke LB B
Halgii. €t 269 LIB 8l @ &h9 B RétT 221 266Y, B8hofyronyKagm et al
shsgats DI YIDARE(ALOAY; GORRRERL ALILIRLNGIUIGS I Tidd L);
hglggir} #Effﬁﬁ%%?%@%%ﬂﬁ to Stalker eitl al.); acetyl-coenzyme A
carsoasesitRasré? stvaheston) @ aHfPrYER bbbk optairste
it o o s
ap otosystem olypeptide (psbA; Hirschberg et al. ! clence
29%%@%%1%@&?@1@%@5}&%@@%ﬁ%%ﬁ%ﬁ%m-&ﬁ% 13:
geniantein {eugom@aromoxynil, and 2,4-dichlorophenoxyacetate (2,4-D) have
been obtained by using bacterial genes encoding phosphinothricin acetyltransferase, a
nitrilase, or a 2,4-dichlorophenoxyacetate monooxygenase, which detoxify the
respective herbicides.
For purposes of the present invention, selectable marker genes include, but are
not limited to, genes encoding neomycin phosphotransferase II (Fraley et al. (1986}
CRC Critical Reviews in Plant Science 4:1), neomycin phosphotransferase III (Frisch
et al. (1995) Plant Mol. Biol. 27:405-9), cyanamide hydratase (Maier-Greiner ef al.
(1991) Proc. Natl. Acad. Sci. USA 88:4250); aspartate kinase; dihydrodipicolinate
synthase (Perl ef al. (1993) BioTechnology 11:715); bar gene (Toki et al. (1992) Plant
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alédk mmé%ﬂa&%momﬁmf@rﬁ%m&r@é% (thS. Rafsl*g&éﬁe

Wohlleben et al. (1989) Mal. Gen. Genet. 217:202-208); chloramphenicol
(Herrera- Estrella et at (1983) EMBO J. 2:987); methotrexate
(Herrera-Estrella et al. (1983) Nature 303:209; Meijer et at (1991) Plant
Mol. Biol. 16:807); hygromycin (Waldron et at (1985) Plant Mot. Biol.
‘g(ﬁﬁ? %ulgn et at (1995) Plant Science 108:219; 20 Meijer BT éﬁi‘@@f?ms
Plant Mol. Bio. 16:807); streptomycin (Jones et at (1987) Mol. Gen.
GEBhistoR 108608 pitstabenytin (BYetaGrnerSagridrd 6l attryoghan

T A o I I | Biol.
7 (%?%% sulfo%ﬁ%ﬁ? Sé}r%ﬁé%@g 5;1'?;(%}4 @9%%@%%%5)3%% 127);

pRAvBRHMES s FSEQ: CRoBTISEbridd S 2-44e) 4rrlri ety kidet al.
(h%%%ﬂeﬂiqm@pﬂ@gﬁﬂsﬁﬂa@ (25 phesntinahiricin: (D eBlack&tiabl (L1987 Fiol.

AR S S e R Bt

' g|mmm@mmdwmwsmmmeﬁﬁm PHETHIGR Hidlbidiide,

2 %ﬁ% like, ARIRLS, u@@ﬁ&ﬁ% pihguseleciablepmarkers Walaid e vaed)

e Vector constructs |nc but are not limited to, the 30 pat 9%n§73
to
p

imidazQlinengresistanees ANQ ey s HY&. RRR AR DYBOMYEHd Ipyruvyl-

reS|stance the EPSP synthase gene far Iyphos esistan he Hml
gehigiRt rORORTHCE HIE AT GmOmT Sorgte 1T

P&M@S@@Qﬁd@(}@ﬂ%&nmm&m@mmﬁg&m used:mmtm(etymgﬂase
K t ' fill in ton (19 2 o
e oL En bt DL DR e FRIBIRNAD A e
8WESItaY avubt APYURGRITHIY Bi6B 1 Ré2AIKkeMI(ADEDR Mmtommkibl
65%1%@ :pRACKISH &L @]&1@0%@91‘%3?5[ QR 272395 gt abddps?) Cell 5

Brown et at (1987) Cell 49:603; Figge et at (1988) Cell 52:713
Deuschlalee iaptpdoBasersmses mdw&a{aﬂ%w@@/xg%mmn Ereniiet ke

g—%@)lgﬂ’zﬁﬁgﬂd\f&gé 19@@@&[0‘5@6@%}% Zﬁ?ggﬁﬁgmtﬂgbﬂbﬁbﬂéﬁ&ﬁ)@enﬂa
clence e (0]
o P R T T R S S B B i s b s

NM&m@«eadB 30h; VA B88:50 129W)yBhwskilel. diz@l%l&ﬂhdwgmd@dzﬁ feégddion
19:4 pi ruc

16r 23&9559 %%y\ft afr?lgé]%q i&crggz den gfizﬂlemciteﬁg?% %15991

K e st et éké@tlx&’my@io&redﬁsw}zmmmn@mﬂ@pat @919259%@{@
2:297: 595501 $5 & Ch99 RIS (NAll. AGE S%Q}dlé% BRSO ﬁz@kes

at (1992) Antimicrob. Agents Chemother. 36:913; Hlavka et at (1985)

Harldbe smxsﬁ%&ﬁiéﬁﬂ@r{é?ﬁ@é’é%wo{s%l Anld Birdfonardss)
Natueisddh 2241 89ob)drsaiosegiare Hereintraamentestdiyer e al. (1988)

Science 242:419); 2,4-D (Streber et al. (1989) BioTechnology 7:811);
phosphinothricin (DeBlock et al. (1987) EMBO J. 6:2513); spectinomycin (Bretagne-
Sagnard and Chupeau, Transgenic Research 5:131).

The bar gene confers herbicide resistance to glufosinate-type herbicides, such
as phosphinothricin (PPT) or bialaphos, and the like. As noted above, other selectable
markers that could be used in the vector constructs include, but are not limited to, the
pat gene, also for bialaphos and phosphinothricin resistance, the ALS gene for
imidazolinone resistance, the HPH or HYG gene for hygromyecin resistance, the EPSP

synthase gene for glyphosate resistance, the Hm1 gene for resistance to the He-toxin,
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reference. The above list of selectable marker genes are not meant to be
limiting. Any lethal or non-lethal selectable marker gene can be used in
the present invention. 20 B. Plasminogen and Microplasminogen The
resent invention is directed to methods and compositions for the
‘E)?pir(ggé}l@r\{ogf plasminogen, microplasminogen, and fragmer?thljlli]é’?g%w
duckweed. The plasminogen to be expressed in duckweed may be from
aaydmtiersediciivs ogeuts. uindsomadmbudmmemgotpee plberhinmy ehilsin the art.

hyman, gL Rox T@)ﬂ@ﬂ?%@f@é&%@%ﬁ%ﬂ&t&@ﬁe@&%Q}iﬂpgﬁgﬁ)ﬂ%—oa

the amino acid sequence of the human plasminogen shown in % ID
N, Acskiest SRSBTthdsY Ieintadhfitoder!id hioRsgrakadt ddhorior
varianimt e amine.aais, seau et sImps SEQ1DANQH4 SimilaeT)thel!

microplasminogen t ressed jn duckwe ., an
R SIRESBEF D S DOk A FIAh sl
hum@ess) Bpaoieihelcn aSpatisd|86: se0bptierent; tid AR oBlasmindgérad.

has.t inQ acid sequence ee' ' iRso1
o R g R 000
ebbdirplenfs? 1He; Flawhinbgealis18Bbigicdigtadive Vafidit-bBhe afmpym
agid,/SEAYENEEShowN IR sE R DIN0Ss Fragmeps:obiasMiINSRs IVRE, Acids

i Aot Gt v O e T S
lepst8Rons deast §9) 19tdenstHob.al deastl;dakde st 150, AllieashADD .ot/
le 50, at least 300, at least 350, .at.least 377 east 400, at |
oD e bR R P TR Gl
atheasiVaB0eentiftio USARNIFG 4iGiOdivefeadl dsMiheteivprotbid gBXamples
OldiBameNIS IGMARE PIPAN ERA RO AY e INABIION MM ology

miniplasminogen and angiostatin. Non-limiting éxamples of 10
plASmMSGare o niciEDI dsrmiisogér Fagiriisdrs grrchanerRdifp@rsted by
(1,984),6ell 79:315-28; Sim et at (1997) Cancer Res. 57:1329-34; U.S.
Patent 5,972,896, and_U.S. Patent Publications 20020164%5Ci ..
200200378470 ShtisoBOTOTTRBA M ABRIF RIS ARAPIPIERER R BPset By
referengentinitsientiediyidilconmiee prhodimentsecha fhagrentsnetalivthe
enzymatic activity, for example the protease activity, of 15 plasminogen or
microplasminogen. A "biologically active variant" of plasminogen or
mizroplddmsinbgeenistal dadygeptidieatsrived from these polypeptides by

demtion"ﬁﬁ@ ia(f@élﬂﬁlq SYDGAHPR)@Acted to methods and compositions for the

expression of plasminogen, microplasminogen, and fragments thereof in duckweed.

P]4245

The plasminogen to be expressed in duckweed may be from any mammalian source.
In some embodiments, the plasminogen is human or porcine. In a particular
embodiment, the plasminogen has the amino acid sequence of the human plasminogen
shown in SEQ ID NO:4. In other embodiments, the plasminogen is a biologically
active variant of the amino acid sequence shown in SEQ ID NO:4.

Similarly, the microplasminogen to be expressed in duckweed may be from
any mammalian source. In some embodiments, the microplasminogen is human or
porcine. In a particular embodiment, the microplasminogen has the amino acid

sequence of the human microplasminogen shown in SEQ 1D NO:6. In other
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addition of one or more amino acids to the N-terminal and/or C-terminal
end of the native protein; deletion or addition of one or more amino acids
at one or more sites in 20 the protein; or substitution of one or more amino
&ﬁigﬂsﬂse}{tw%%eg or more sites in the protein. Biologically active variant
plasminogen and microplasminogen polypeptides encompggs'réﬁsﬁgf'ﬂ?
present invention are biologically active, that is they are capable of being
actipatbuh¢oinibd obsainretsiiv haiohuzieilp potemseEeth T HHEI91a8ihin
famil QfRiRieASe 8 KENTYRAEClass 3.4.21.7). Such biologically active
variants may 25 result from, for example, genetic polymorphism or from,
human ﬁféﬁi?ﬁﬁ’l*éﬁgﬁ’?a%?é‘i‘&éR?aﬂ&%%‘%?&ﬂ%%%“df‘%ﬁ%ﬁﬁ?ﬁg&gﬁc&r e

miceplrsminpgeniaac Yeindhethatdnvenionpwit boleesas leastealicilt at least
50%, 60%, 65%, 70% erally.at least 75%. -30%, 859

o R A AR et ik Gove Dot oL b g0 gfast
s06h, aslatsles; ablout 9896201094t 7 et &atdienud e Mt b lgaet ating
a%?s? £/ %@ﬁzﬁs@g(ﬂ?%\f@a&@ ég,%tlBaN@%,%%%épi MRBIRUS Bnino acids

biologically active variant of plasminogen or microplasminogen of the
il BrH R TR FEN B m B0 Hin ol SEmenis B BY it espreppsting to

) X ) resiaues, as [ew. - ami |
gifgﬁl 7 a@%ﬁ? S

X &I BLE B RHIREA OB S SRR G-

4743

INO
residueNISas few 459973 2nasrausnsladis3acid SeBiders . SEARPe sndf

bialagjcall ive vari i NOWNR, HA £

St P R T SR S R e

bietogidahastivityscapy St institiaioms wilitprafarablibeasrsehodimenis the
naire ARdirungations.ane sukstituticas.wiliosnsiiv.seadgdnesidues

that are not required for protease activity. The residues and domains
URHEARG her JEGUMB BFPRERTN/plasminogen and
microplagmin/Riissaplasmisegemarefinaniisethe ariang hevmbeaeris a

described, for example, in Kolev et a 97).J,.Bial. Chem. .
27Tt e SR B L0 19 B SR dygion) o
232066017 61 Bieisanioat @hikoa9) BiotharristnyiB8 AULB0-14 488 and of the
THIROL Sk 20021 BI0kahR T AETPH R AL LRI WIUGR AR RELRI in
mcorpo?a e Yy rererence in I?S entlrety. . e c_omparlson of sequer]ces
atie greatsimiprtidativtey o8 notduritieycareing aLidheltae IR PSR vo

SeAMERCaS GARDN AECorRRlshEhusine 3 malhe MAtcA HEIAQ BaMp dptes

preferred embodiment, the percent identity between two aminp acid

SEHERIARESGS RiEteTRIFEH! HRTRE L iR ARHN AR Vo e (ARY767 SRR

Biglbc48i44dv4e3 lgaiithm : whirhisdnegrperpiseadntacthetGARhp dasain in

thf%n%gf%f proteases (Enzyme Class 3.4.21.7). Such biologically active variants may
result from, for example, genetic polymorphism or from human manipulation.
Biologically active variants of a plasminogen or microplasminogen according to the
invention will have at least about 50%, 60%, 65%, 70%, generally at least about 75%,
80%, 85%, preferably at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
such as at least about 98%, 99% or more sequence identity to the amino acid sequence
shown in SEQ ID NO:4 or SEQ ID NO:6. Thus, a biclogically active variant of
plasminogen or microplasminogen of the invention may differ from the amino acid

sequences shown in SEQ ID NO: 4 and SEQ ID NO:6 by as few as 1-15 amino acid -
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software package (available at www.accelrys:com), using either a
BLOSSUM62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12,
10, 8, 6, or 4 and a length 20 weight of 1, 2, 3, 4, 5, or 6. In yet another

e bodiment, the percent identity between two nugle tg%?,v
‘géqggé%wﬁ(’:qgg&g determined using the GAP pro grain in the G ] élé AT 245
package, using a BLOSUM®62 scoring matrix (see Henikoff et at (1989)
Prosddi¢athsAeads $el 098mee: kDo) e dughyeiiwighiet i 55ides.ag few
o1, 80 And P IRNANMRIAN RNy 25 3, 4, B, R0\ RALIG Ha1ly RiRIRIT ¢ A8lcs

of Earameters (and the 25 one that should be used if the practitioner is .
ufi

Bielngietibutch Y B RABRSSRIAER B kPpTidntd astbmaerifgerbed
melesula s withisarseqyenss iomity. imitabionefde bveptiah)dsusingy

a BLOSUMG62 scori atrix with a gap weight of 6Q and a.length. weight
T e S
sedjueingiecanilbisocalbaaieter e bingthed igpgriitedch fof BoMegers
and.W. Miller 105:4.11- i ' Fp\ {0 W
A B e o e A
aapdpisnepepeinancsrleninesey ar fasuyobe at mhlevsdesicirsadsd
P%BI&MQ%Q%%@IQZ Modificatiosy af Nucleptidesseausneern{®antos et al.
Enhanced Expression in Duckweed In some e odégbe_nft%the)%?gqrﬁgo
IO oA RTEE S OO B e bR PR e T 0
saquesGRAorenkaBLELITE BOE IHIeN (M CKWesdo$OhD; such oBwhich is herein
modlflcatlon%lg :r{%esrggthes&%%%hetnucleotlde seqguence encoding

pIRERHEYE SESinoge

|crop|3asm|nogeﬁ }G‘sing duckweed-preferred codons.
MethodS heeavaitble of theueacefomsydrtvonizirityn of kot Weniiferrods
withh plant j in¥OSmathematical
S e T P e e A Pahea
18lg@dmadnacsrieiet sMpedTrybIdResrIBigraky AtV e RN A7id
ebafuéhdB) MR ACKERm RESNEéHbhlh @I WinEeEROsA J. DiyaeBegnce.
The preferred codons may he determined from t odons of.high (EG
frééiﬂ@‘ﬁb@fﬁ#ﬁ@“m&ﬂ?ﬁkﬁ%‘g@@?ﬁcﬁﬂf&tﬁvg]éee ATHIEEHE ?Fe%%?ncy of
usage ot partisglabealdslent invduckeeted.may, beietéimindil OB dai2ing

codon usags | oup of duckweed cadin _ v :
e S A b

foweighhule, 2hd debuerfcel oohtainber irefreralemmwdicreghidib asecpiHimtity
may.he aesEsser thrrughdhe websiiefonthe. Nationab £eBISERh in the GCG

Biotechnology Information, a division of the National Library of Medicin%,
wHIEN R Sesteas P Bt RS VMRA AR MERIE s RS RANTH rEetfubndy of
CQEOR WsRA0S RASEE: aNstN89:10915) and a gap weight of 40, 50, 60, 70, or 80 and a

length weight of 1, 2, 3, 4, 5, or 6. A particularly preferred set of parameters (and the

one that should be used if the practitioner is uncertain about what parameters should
be applied to determine if a molecule is within a sequence identity limitation of the
invention) is using a BLOSUMG62 scoring matrix with a gap weight of 60 and a length
weight of 3).

The percent identity between two amino acid or nucleotide sequences can also
be determined using the algorithm of E. Meyers and W. Miller (1989) CABIOS 4:11-
17 which has been incorporated into the ALIGN program (version 2.0), using a
PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of 4.
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sequences contained in the most recent GenBank(r) release may be
found on the 20 website for the Kazusa DNA Research Institute in Chiba
Japan; see www.kazusa.or.jp/codon/. This database is described in

kam t al. (2000) Nucl. Acids Res. 28: 292. It is recogpi .
Yemyag e

genes that have been optimized for expression in duckweed an
monocots can be used in the methods of the invention. See, e.g., 25 EP 0
359472, EP 0 385 962, WO 91/16432; Perlak et at (1991) Proc. Natl.

Acad. SeiiddiiRa88i332¢udrnnac SRR &leat OB RlRatiMpleBioh id448bieed

and Murray et at (1989) Nuc. Acids Res. 17:477, and the like, herein .
incorportEaTy FERIREE": 1a° RipHTAY %fé&&ﬂ&@@ﬂéﬁséﬁf&%ﬁ?ﬁﬁa&?n of

thengeneseglantetiaysmapimizetarcdyntkpticsimath@rcivecad, fitly such
optimized or partiall timized sequences may also 30.be used..For
AR et bpoh S N O o S en

8 7948045018692 98%10k s 8504665107908 ighwils v d B0k ik tinhe
COFpR3 mx&&&%@%ﬂa&@g&%&%@g@wl%di(sh&ow@, for

embodiments, the'-18 WO 2005/078109 PCT/US2005/004245 nucleotide
ST Breddisgtprasmin86ER dithifopiadmaldrreahdiAgbs roc. Natl
ge;wt@@Bﬂ5m§)@3/mgwmmc@ﬁafar&em@dwsﬂ bla@ww@m_ m-:ﬂasc?aﬁd
ckweed prefer odons, In one embodiment, hetween nd 96 %
N HEEES o AL B ST LA S T RO Ca R BB
th&yoidetidé ceguency bé ikieresheddyob chenprisescddogis:sisedveithyan the
frequency of at least 17%.in du S ' th
(S R AR M R IR R, LA R oo
erbaikvestsrTzbedtionagid 2 s8alsdneeoderBspsdRIcBRNp e ced
CadRAS: BqRAHISUIRTRMPOdIMERISyE0E Sckeed£RE0R ORINZRS those of

sequence encodinE%plasmino en is the sequence shown in SEQ ID
N Bribed dekb Sl adReIE BisTRTE AT ClfiEndbeH © database
MigkpasRipe geRdscthouglentidebe gL Ce: SNaiknainC S D IN&Xkbhnology

. : *, -
ARSI RO AEr MG VAR Sl G Gl Sotod Steid 35
CBetieaa3 e 406 0.0H 16 Ish GG 3100 9521602 cBlyrGSEI8:60 47 he
O'?quuences contained in the most recent GenBank® release may be found on the
website for the Kazusa DNA. Research Institute in Chiba Japan; see
www kazusa.or.jp/codon/. This database is described in Nakamura et al. (2000) Nucl.
Acids Res. 28: 292,

It is recognized that genes that have been optimized for expression in
duckweed and other monocots can be used in the methods of the invention. See, e.g.,
EP 0359 472, EP 0 385 962, WO 91/16432; Perlak et al. (1991) Proc. Natl. Acad.
Seci. USA 88:3324; lannacome ef al. (1997) Plant Mol. Biol. 34:485; and Murray et al.
(1989) Nuc. Acids Res. 17:477, and the like, herein incorporated by reference. Itis
farther recognized that all or any part of the gene sequence may be optimized or
synthetic. In other words, fully optimized or partially optimized sequences may also
be used. For example, 40 %, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
87%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% of the

codons may be duckweed-preferred codons. For example, in some embodiments, the
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20 Glu GAG 123.00 62.34 0.95 Glu GAA 6.00 3.04 0.05 Asp GAT 6.00
3.04 0.08 Asp GAC 72.00 36.49 0.92 25 Val GTG 62.00 31.42 0.47 Val
GTA 0.00 0.00 0.00 Val GTT 18.009.12 0.14 Val GTC 51.00 25.85 0.39

“%)A{ L(5618s 44.00 22.30 0.21 Ala GCA 14.00 7.10 0.07 A

710 0,07 Ala GCC 139.00 70.45 0.66 35 Arg AGO 16.00 Ec%onglgé}’ﬁ“ggz“s
AGA 11.00 5.58 0.10 Ser AGT 1.00 0.51 0.01. Ser AGC 44.00 22.30
onsgleaiie yeqnaee BRERC DS 817nin0een JRIANANRININAGO0COmPALTS Agyeen

2500 4091 Ry O Rrcd QA BPef 8BxRén 4D- W/&Eﬁ@k@%&@[ﬁ&&&ﬂ- 00
lle ATA 4.00 2.03 0.06 -19 WO 2005/078% ? PCT/US 00510{1%‘%?,5e
92

APoEdHo88 THedIREFE B 4 @4 800z ol

TheRfA $0d06rQ. STHe filding sequence of the nucleotide sequence of interest may
comprise codons used with a frequency of at least 17% in duckweed. Codon usage in
Lemna gibba (Table 1) and Lemna minor (Table 2} is shown below. In some
embodiments, Table 1 or Table 2 is used to select duckweed preferred codons. In
particular embodiments, the duckweed codon optimized sequence encoding
plasminogen is the sequence shown in SEQ ID NO:3, and the duckweed codon
optimized sequence encoding microplasminogen is the nucleotide sequence shown in

SEQ ID NO:5.

Table 1: Lemna gibba codon usage from GenBank® Release 139%

Amino Acid Codon Nuamber /1000 FPraction
Gly GGG 57.00 28.89 0.35
Gly GGA 8.00 4.058 0.05
Gly GGET 3.00 1.52 0.02
Gly gae 93.00 47 .14 g.58

: f

¥
Glu GAG 123.00 62 .34 0.95
Glu GAA 5.00 3.04 0.05
Asp GAT 6.00 3.04 0.08
Asp GAC 72.00 36.49 ) 0.92
Val GTG 62.00 31.42 0.47
Val GTA 0.00 0.00 0.00
val GTT 18.00 g.12 0.14
Val aTc 51.00 25.85 0.39
Ala GCGE 44 .00 22.30 0.21
Ala GCA 14.00 7.10 0.07
Ala GCT 14,00 7.10 0.07
Ala GCC 132.00 70.45 0.66
Arg AGG 16.00 8.11 0.15
Arg AGA 11.00 5.58 0.10
Ser AGT 1.00 0.51 0.01
Ser AGC 44 .00 22.30 0.31
Lys BAG 116.00 58.79 1.00
Lys AMA G.00 0.00 0.00
Asn ARMT 2.00 1.01 0.03
Asn AAC 70.00 i5.48 Q.27
Met DTG 657.00 33.96 1.00
Ile ATA 4.00 2.03 .08
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Thr ACT 6.00 3.04 0.08 Thr ACC 50.00 25.34 0.66 Trp TOG 45.00 22.81
1.00 10 End TGA 4.00 2.03 0.36 Cys TGT 0.00 0.00 0.00 Cys TGC
34.00 17.23 1.00 End TAG 0.00 0.00 0.00 15 End TAA 7.00 3.55 0.64

.00 2.030.05 Tyr TAC 76.00 38.520.95 LeuTT 5;
‘g}gﬁzﬁ%’éﬁ TA 0.00 0.00 0.00 Phe TTT 4.00 2.03 0.04 F%e"?%“&g%ﬁ‘“
46.63 0.96 Ser TCG 34.00 17.23 0.24 25 Ser TCA 2.00 1.01 0.01 Ser
TCT 1.00 0.51 §:01 Ser FEE 59.00 2909%;0.42 A%g‘j@GG 2330@011.66
0.22 30 Arg CGA%3.00 1.570.03 Arg =612.00 £:010.02 Arg ¢eC 50.00
25.34 0.48 GInBAG 59.00:29.90 0.86 85 Gin CAA.49.00 5.070(:14 His
CAT 5.00 2.53 1126 His GAE 14.00 7.200.74 Le®-ETG 43.00%1.79 0.35

40 Leu CTA 2.G871.01 0.0  eu CTT 2508%0.51 0,91, Leu CTE FL.00
35.99 0.58 Pro CCG 44.00 22.30 0.31 45 Pro CCA 6.00 3.04 0.04 Pro

CCT 13.00 6.59:@®.09 Pro@€C 80.0040.85 0.5622-81 1.00
End TGA 4.00 2.03 0.36
Cys TGT 0.00 0.00 0.00
Cys TGC 34.00 17.23 1.00
End TAG 0.00 0.00 0.00
End TAR 7.00 3.55 0.64
Tyr TAT 4.00 2.03 0.08
Tyr TAC 76.00 318.52 0.95
Lieu TTG 5.00 2.53 0.04
Leu TTA 0.00 0.00 0.00
Phe TTT 4.00 2.03 0.04
The TTC 82.00 46.63 0.96
Ser TCE 34.00 17.23 0.24

. Ber TCA 2.00 1.01 0.01
Ser TCT 1.00 0.51 0.01
Ser TCC 5$.00 29.90 0.42
Arg elelc 23.00 11.66 0.22
2rg CGA 3.00 1.52 0.03
Arg CGT 2.00 1.01 0.02
arg elcis: 50.00 25.34 0.48
Gln CAG 59.00 25.90 0.86
Gin CRA 10.00 5.07 0.14
His CAT 5.00 Z.53 0.26
His CAC 14.00 .10 0.74
Leun CTG 43.00 21.79 0.35
Lew CTA 2.00 1.01 U.02
Leu CTT 1.00 0.51 0.03
Leu cTC 71.00 35.%9 0.58
Pro cee 44.00 22.30 0.31
pro CCA 6.00 3.04 0.04
Pro cer 13.00 6.59 0.069
Pro cee 80.00 40.55 0.56
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-20 WO 2005/078109 PCT/US2005/004245 Table 2: Leinna minor codon

usage from GenBank(r)O Release 139* AmAcid Codon Number /2000

Fraction 5 Gly GGG 8.00 17.39 0.22 Gly GGA 11.00 23.91 0.31 Gly

GT 1.002.17 0.03 Gly GGC 16.00 34.78 0.44 10 Glu GAG.25.00 54.35

V%Gf_)ﬁe ARG IS ApsIona23s
16.00 34.78 0.67 15 Val GTG 21.00 45.65 0.53 Val GTA 3.00 6.52 0.07
Val GTT 6.00 13.04 0.15 Val GTC 10.00 21.74 0.25 20 Ala GCG 13.00
28.26 0.Bablkld: Geme. 00T S8ionpast-ion GemirasD Regse Mi'GCc

i GAA 7.00 15.22 0.22 Asp GAT 8.00 17.39 0.33

14.00 30.43 0.34 2?
0.30 Ser AGT Z-

Y

13.00 28.26 0.681:Lys Aé# 6.00 13.04.0832 Asry
AAC 12.00 26.0941.00 35>
Gily GGT

Gly

Glue
Glu
Asp
Asp

Val
Val
Val
Val

Ala
Ala
Ala
Als

Arg
Arg
Ser
Ser

Liys
Lys
Asn
Asn

Met:
Ile
Tle
Ile

Thr
Thir
Thxy
Thr

Trp
End
Cys
Cys

End
End
Tyr
TYY

Leu
Leu

GGC

GAG
GAR,
GAT
GAC

GTG
GTA
GTT
GTIC

GCG
GCA
GCcT
GCC

ACGG
AGA
AcT
AGC

ARG
AAR
AAT
AAC

ATG
ATA
ATT
ATC

ACG
AChH
ACT
ACC

TGG
TGA
TeT
TGC

TAG
TAR
TAT
TAC

TTG
TTA

1l.
.00
.06

16

~ oo -1 o

W

00

.00
.00C
.00
.00

.00
.00
.00
.GG

. GO0
.0G
.GO
.C0

.00
.00
.00
.00

Qo
.00
.00
.00

.00
.00
.00
.00

.00
.00
.00
. GG

.00
.00
.G0o
.C0

.00
.00
.00
.00

.00
.00

w21

34

54.

15
17
34

45

6.

i3

21.

28.
17.
13.
30.

ig.

a3
4
23

28

26.

9.00,19 567r0.24/i°ér(g)AGA];L

17
.78

35
.22
.38
.78

.65
52
.04
T4

26
38
04
43

57
.81
.35
.91

.26
i3.

04
.00
09
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35

40

Met ATO 9.00 19.57 1.00 lle ATA 1.00 2.17 0.08 lle ATT 2.00 4.35 0.15
lle ATC 10.00 21.74 0.77 40 Thr ACG 5.00 10.87 0.28 Thr ACA 2.00
4.350.11 Thr ACT 2.00 4.35 0.11 Thr ACC 9.00 19.57 0.50 45 Trp TGG
%p ‘%9%%% 00 End TGA 1.00 2.17 1.00 Cys TGT 1.00 2.17.0.12. Cys
¢"7°0615.22 0.88 50 End TAG 0.00 0.00 0.00 End TAAP&W%?‘%S@?“M"‘“
0.00 Tyr TAT 1.00 2.17 0.12 Tyr TAC 7.00 15.22 0.88 55 Leu TTG 3.00
6.52 0.08 Leu TFA®L.00 17 0.03 -28WO 2009078109 ©-25
PCT/US2005/004285 Phé 1T 6.00 13:64 0.25 PhérTC 18°00°39.13
0.75 Ser TCG 1.8 23.948.26 5 SerTGA 4.0%:8.20 0.09 SerdCT 6.00
13.04 0.14 Ser TGE 9.00719.57 0.21 ArgCGG 4%00%.70 0.21020 Axg
CGA 4.00 8.70 05EE Arg CE5T 0.00 o.ogj_%)goo Arg,CGC 9.0001457 0.24
00

ATy CGG 4. 8.70 0.11
Arg alerY 4.00 8.70 0.1l
Arg car 0.00 0.00 0.00
Arg (elcls: 9.00 18.57 G.24
Gln CAG 11.00 23.91 ¢.73
Gin CAR 4.00 B.70 0.27
His CAT 0.00 0.00 6.00
His CAC 6.00 13.04 1.00
Leu TG 9.00 19.57 0.24
Leu CTA 4.00 8.70 6.11
Leu CTT 4.00 8.70 0.11
Leu CTC 17.00 36.96 0.45
Pro cea 8.00 17.39 0.29
Pro CCA 7.00 15.22 0.25
Pro cor 5.00 10.87 0.18
Pro cee 8.00 17.39 0.29

Other modifications can also be made to the nucleotide sequence of interest to
enhance its expression in duckweed. These modiﬁcajcions include, but are not limited
10, elimination of sequences encoding spurious polyadenylation signals, exon-intron
splice site signals, transposon-like repeats, and other such well characterized
sequences which may be deleterious to gene expression. The G-C content of the
sequence may be adjusted to levels average for a given cellular host, as calculated by
reference to known genes expressed in the host cell. When possible, the sequence
may be modified to avoid predicted hairpin secondary mRINA structures.

There are known differences between the optimal translation initiation context
nucleotide sequences for translation initiation codons in animals and plants and the
composition of these translation initiation context nucleotide sequence can influence
the efficiency of translation initiation. See, for example, Lukaszewicz et al. (2000)
Plant Science 154:89-98; and Joshi et al. (1997); Plant Mol. Biol. 35:993-1001. In
the present invention, the translation initiation context nucleotide sequence for the

translation initiation codon of the nucleotide sequence of interest may be modified to

D7



- 10

GIn CAG 11.00 23.91 0.73 15 Gin CAA 4.00 8.70 0.27 His CAT 0.00 0.00
0.00 His CAC 6.00 13.04 1.00 Lou CTG 9.00 19.57 0.24 20 Leu CTA
4.008.700.11 LeuCTT 4.008.700.11 Leu CTC 17.00 36.96 0.45 Pro
CCG 8.00 17.39 0.29 25 Pro CCA 7.00 15.22 0.25 Pro CCT 5.00 10.87
V@288 ®cc 8.00 17.39 0.29 30 Other modifications can BT ATAAEHS
to the nucleotide sequence of interest to enhance its expression in
dutknestpidhsse inddifisatidndhincle dabbditrams.ribt limitedide saefirmination
%ﬁ&%ﬁ@ﬁ&%ﬂ%@'ﬁ%&%&’ﬁ QuRdSIMBLRR. IRl X Riation

Ice site S|gnas transposon-like repeats, and other such well

m%@ém@bquéﬁémﬁfm%%l&%u%@m SBROSERAL,

T@&@;&;@@n&@gh@ﬁtﬁ@ﬁ& sequence may be adjusted to levels average

for a given cellular host, as calculat by reference to_know

expresSediFFHE ﬂé@tt‘i?a‘l;gWﬁghdﬁ &ﬂ%"%ﬁ%@&ﬁ&ﬁ% @gbg 8uffed

t@b@d@lﬁb@ﬁ&dﬂ@ie dhdirpinisecondans mkbtAistenbtncesrabskteoardkaonmore
rences between the optimal tra latl n | n le

S R R e ar PR A e Speeh oHe R

mmmsmmmath@mﬂmémlmmaﬁmmm i erebeg b de due pganot

canlvense e alclencro b EarsiatenRibals 8&@&1 RAREER'S,

aszewicz et at. (2000) Plant Science 154:89-9 oshi et at

(rourrylipadRERmI EBRI- S5iv g3t (BB ife Hresdiserhvishion. $o126)
IRAiatienelutalion. cmbex&m@%@a@ww@g‘omn@mmﬂlm@ms)

initiation ¢o f the nucleotid f inter t ified t
67 S50 SRS A R R L BRI i

. damksweﬁdmtnmeﬁmMM) thetmosdieetibie de duen deeiso snpdifatnsRibiA

15

20
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30

Tt e SO R e S ey W o tnt
e nucleo | sequence or Iinterest are a second
SlbogimentiotiesslmiseBHIes Gl e Hoksrdarsibialonnaf RAEHAASO);
in duckwees fanaiee @esaRaneed by e sl Sen. virol 74:2717-2724),
Fed-1 5" untranslated region (Dickey (1992) EMBO J. 11:2311-2317); RbeS 5
untranslated region (Silverthome et al. (1990) J. Plant. Mol. Biol. 15:49-58); and
maize chlorotic mottle virus leader (MCMV; Lommel er al. (1991) Virology 81:382).
See also, Della-Cioppa ef al. (1987) Plant Physiology 84:965. Leader sequence
comprising plant intron sequence, including intron sequence from the maize
dehydrogenase 1 gene, the castor bean catalase gene, or the Arabidopsis tryptophan
pathway gene PAT1 has also been shown to increase translational efficient in plants
(Callis et al. (1987) Genes Dev. 1:1183-1200; Mascarenhas et al. (1990) Plant Mol.
Biol 15:913-920). In one embodiment of the present invention, nucleotide sequence
corresponding to nucleotides 1222-1775 of the maize alcohol dehydrogenase 1 gene
(GenBank Accession Number X04049), set forth in SEQ ID NO: 1, is inserted
upsiream of the nucleotide sequence of interest {o enhance the efficiency of its
translation. In another embodiment, the expression vector contains the leader from

the Lemna gibba ribulose-bis-phosphate carboxylase small subunit 5B gene (Buzby et
al. (1990} Plant Cell 2:805-814).
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leader sequences. Such leader sequences can act to enhance translation.
One or more leader sequences may be used in combination to enhance
expression of the target nucleotide sequence. Translation leaders are
%o%%@th? art and include, but are not limited to, picornaviru1§ Ieglders,

y Vieader (Encephalomyocarditis 5' 10 noncoding rE&idH;S 005/004245
Elroy-Stein et al. (1989) Proc. Natl. Acad. Sci USA 86:6126); potyvirus
leaders JiegrschEN Aubiliet {Tobadeol Ristogft axprriison @b angrggsycleotide

Virglogy L unan-inmunasiobuin heawrshain hindingeatein, (BiP;

Macajalc and Sat-now (1991) Nature 353:90), untranslated leader from
tRBCREHP S EtER SRR L atieaing AR SRR DG SRR RN AL B BRI R T2e
Gahske(A98 A Nauuenarb62)rdbisahnacckmestiasines leadar-(T\o a
Gallic (1989) Molecular Biglogy of RNA, 23:56); ,.potato virus |
e A T L
untranslated region (Dickey (1992) EMBO J 11:2311-2317); RbcS 5'
uptranslated r gé%aegSilverthorne et al. (1990) J. Plant. Mol. Biol.

15:49-5 f,g%arll aize chlorotic mottle virus leader (MCMV; Lommel et at
(1991) \Arology BDiSBR pro 0By rens ped L eTopsa st arigap isra that
PhYRIAIOgY:B4:96 8t &AARESBANARCE HEQI RRIIBHAG PRI BH it SREHBREE of
including citron sequence from the maize deg)yd 0 er%agﬁe 1o%ﬁrrle, the fide
R PR AP B o U AT GBS SIS BAg et
P&k has & 50 beerbshewnd inioateasd dpbnsiati onaubfficiontdarpiant§om the
(Callis et at,(1987 nes Pev..1:1183-1200; Mascar .

B A SR 50 e S Ei iR i Pobtce o
inestiios, pupleptide séque Hivesi port pspidsdvdity 30 srobidongeiof dxpptepay

of the maize, al : RGREsSIOM
R e he
novietidls setseprtherimoprsatioliskrhied tershridrcyaenee encoding a
t@%ﬁﬁ?%ﬁh% anethecemkadinest b eapressidRyeriautoniailBgithe Plant
leader from 30 the Lemna gibba ribulose-bis-phos (&?ée carboxylase amall
ISR B o IS0 PR ST o 1ot
20054368 LABRETT WS 20060044 h the edodiigelithatraply,df e atent No.
duc expression-enhancing nucleotide [ ifications :
o e R R R A A R b s
sifvgie targetifichtiontisicanyrpeisitie tho FinkRemefomberfRatsn S1oTHE

p re%?ﬁé"f@?ﬁé%%%ﬁﬁ?m&%%&%&&%@%&g&%@ﬁi&%b@i%in
refers to a 5 nucleotide sequence that contalngbgé%){}one or any

cotahthaepite (et shedificafdRént X digndl gethe rice a-amylase
signal peptide (SEQ ID NO:8; amino acids 1-31 of NCBI Protein Accession No.

AAA33885). In another embodiment, the signal peptide corresponds to the signal
peptide of a secreted duckweed protein.

Alternatively, a mammalian signal peptide can be used to target yecombinant
polypeptides expressed in genetically engineered duckweed for seeretion. It has been
demonstrated that plant cells recognize mammalian signal peptides that target the
endoplasmic reticulum, and that these signal peptides can direct the secretion of
polypeptides not only through the plasma membrane but also through the plant cell
wall. See U.S. Patent Nos. 5,202,422 and 5,639,947 to Hiatt et al.
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Secreted proteins are usually translated from precursor polypeptides that
include a "signal peptide" that interacts with a receptor protein on the
membrane of 10 the endoplasmic reticulum (ER) to direct the
Waasioeatigh of the growing polypeptide chain across the mg, ??dwz 45
Into the endoplasmic reticulum for secretion from the cell. This signa
peptide is often cleaved from the precursor polypeptide to produce a

"mature'Ip &N praedimRghPaasigridosaherca asndbrgiotisBrRIPEHE 1S
preseticinierinmaddiologisallyiaativesRely REpide; e Reegaeadn or

duckweed.from a 15 nucleotide sequence that is operably linked with a
BB Lo AL B G o S SRR LIS RELFEREh of
thespaoiypepfitéeinto the eultupdéematiickweRlanptisigodbppptide sttvatitgriet
protein translocation to the endoplasmic retj for etion outside
LB e s e Raaes RSN (RS ACHE PR
6,020:18Gposeretdy B e gresehpintrersdomdany: plant signal peptide
can be U?EQ%&%%&%%%M‘XB?Q&'%@@%&%%%@ BRER BRSNS any

embodiments, the signal peptide is the Arabidopsis thaliana basic

eaBERiTasE ARt e e AeTH s dalpepatnsieshtel et al.

(198 Plant&elhidyds-dIRnoidheniiegractialy ase usignal peptide (SEQ
ID NO:8; amino acids 1-31 of NCBI Protein Accession No. AAA33885). In

-~ another embodiment, the signal peptide corresponds to the signal 25

péhtide Ghranskensiédotickwee @dhprotethDAdemadi vl Mdmrealian signal
peptide can be.used tq.target.recombinant polypeptides, expressed.in.
T!I%e OER1? Bans ca'mgg duc%v&fee%l NARLR%Y: ﬁné) Rt L b ob&él%gcé by

genetica Yy engleere uckweed 10or secretion. as been demonstr
thatprasibod kaweroyiizerham melimbsidjnenp aheidebliharasigatethduckweed

quepéaﬁg&%;%%%me and haltiesehiond: Replides eag direqt the
secretion of p%}/peptldes not og\ggt}hrou h the plasma membrane but

0 po ; No
alSS R A tHeS platrot Eiblicatios S Lk 05 93 933 0410
5@@@3@6@3%7:'@é@éﬁhﬁ%?@&fﬁ%?ﬁi@&?@%&ﬂ@&ﬁ%@%ﬁ%ﬂﬁ@
same embodiment, the nycleotide sequence encading the signal pepti
SR Ao T e R A e G g o Wit a
moutifidatioid oongoisbinditiondéstidd HigatiorsodisctosedermsatisiarBabove
for,the nucleotid uence of interes [, exam I(,-:;u%e
oG, EuE SRR IS ERh S0 XA o BRI p veotor
shownis SEL IOt e Trig g eé Hdercsbniaivsnasprbdimmely teggably
dyclwesd Rrefeirededonsinkh %iﬁ%@eéﬁg cﬁqy@ﬁgﬁ%&é@&ﬁﬁé’dﬁﬁed

from the culture medium by an)f\T conventional means known in the art and
.

pﬁ?ﬁ%ﬁ%f@ﬁ%&%&&pﬁ?‘eﬂt 6,040,498 to Stomp ef al. The Agrobacterium

used is Agrobacterium tumefaciens or Agrobacterium rhizogenes.

Stably transformed duckweed plants may also be obtained by chloroplast
transformation. See, for example, U.S. provisional patent application number
60/492,179, filed August 1, 2003, entitled "Chloroplast transformation of duckweed.”
Stably transformed duckweed lines may also be produced using plant virus expression
vectors. See, for example, U.S. Patent Number 6,632,980 and Koprowski and
Yusibov (2001} Vaccine 19:2735-2741.

1t is preferred that the stably transformed duckweed plants utilized in these
methods exhibit normal morphology and are fertile by sexual reproduction.

Preferably, transformed plants of the present invention contain a single copy of the
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electrophoresis, dialysis, solvent-solvent extraction, and the like. 10 E.
Transformed Duckweed Plants and Duckweed Nodule Cultures The stably
transformed duckweed utilized in this invention can be obtained by any
method known in the art. In one embodiment, the stably transformed
WEHIREEE 1 obtained by one of the gene transfer methods BfEIEEaE #4245
U.S. Patent No. 15 6,040,498 or U.S. Patent Publication Numbers
20086145640 REOBH03IBE30s brn2BOR0088BRT72@d bhsofomvichlis herein
mt}@_ﬁ&%ggﬁfmx fRSREANCA s BEsGDEIRAIR IRELIAR ARG WARK Sl Vansforred

ballistic bombardment with microprojectiles coated with a nucleic acid
comiphikingite rgtsabiide s cqui RER b iriche 80 Bt thastelvpfopics, no
elegdre ﬁ%ﬁgﬂ@ﬁt @é}ﬁg@ﬁ&ﬁxﬁﬁ@ﬁfﬁﬁm@é@ﬁ@b,@t&%@@@%%&e&ﬁmﬂﬁﬁg
a vector 20 comprising the nucleotide sequence of interest. In some

o ST THE S YA T BE R B UG & ore
of thaesAgueldaciriu;n-mediated methods disclosed in U.S. Patent No.
6,040,498 to Stomp et al. The Agrobacteriuns used is Agrobacteriuni
tumefaciens orAgrobacteriutn rhizogenes. Stably transformed duckweed
plants may also be obtained by BRIIEBIBN DA ransformation. See, for
exampleh. SoRfQuis! (ept BPRHSAHRDHIYRLE b ORI hdiled way of
August 1, 2003, entitled "Chloroplast transformation of duckweed." Stably
traHE#ARd duckweed lines may also be produced using plant vims
eXBOESIAnN VREIMS:ISRE o rexamiie, dg SR ateat NAHD DEk A 386k anth
Kapsiekvakddand Yusibov (2001) Vaccine 19:2735-2741. 30 It is preferred
that the stably transformed duckweed plants utilized in these methods
exhibit nGimakpnesgholegivandsdie fertitesbyt sexumpleeprodustibpd version of
Prefar, , tran h td i | i

o e TR O R D o A B L By
nuksisiessid Thnbraprsintivsterras riisaéibarsgtaeontsinetdbiee copies of a
regARasmenisdhesin Alsedpriespdcradvsiovasd plants iavhich-ihe

transferred nucleic acid js present in low copy numpbers (i.e., no more |
th&HGIRE-cRpRLs ihare %ﬁ%ﬁ%@ﬁ*ﬂ%ﬁﬁé&f&%&?@%ﬁi@%&ﬁ%@m

altesnaiely dagvetofedhanr et eopiasyasiacuithanaleinatvediswegne, a
than three copies, of the nucleic acid per transformed cell). :
e TR R b ST th DS o Bmepias Shese
il estratiopg Inblsy wayfofinsertion of the nuclectide sequence encoding the

polypeptide of interest, and a termination sequence derived from the Agrobacterium

tumefaciens nopaline synthase gene (see, van Engelen ef al. (1995) 4:288-290; Ni et
al. ‘(1995) Plant J. 7:661-76; and Luehrsen ef al. (1991) Mol. Gen. Genet. 225:81-93,
gach of which is herein incorporated by reference).

The expression vector also contained a nucleotide sequence coding for
gentamycin acetyltransferase-3-I, aacCl, Wohlleben ef al. (1989) Mol Gen. (Genet.
217:202-208) encoding gentamyein resistance as a selectable marker. Transcription
of the selectable marker sequence is driven by a promoter derived from the
Agrobacterium tumefaciens nopaline synthase II gene.

The expression vector additionally contains the leader from the ribulose-bis-
phosphate carboxylase small subunit 5B gene of Lemna gibba (nucleotides 689-751
of NCBI Accession No. S45167, Buzby et al. (1990) Plant Cell 2:805-814) and a
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10 limitation. Iression Constructs for the Production of Plasminogen and

Microplasminogen in Duckweed The expression vector used in the

present examples is a modified version of 15 pBMSP-I, which is

\g_ﬁsz%lgﬁz%{ U S. Patent No. 5,955,646, herein mcorporatedp(lg;éfdg € ({565]042
e transcriptional cassette of the vector contained three copies 0

transcriptional activating nucleotide sequence derived from the
Agratiaetigr seduenpredacemsdiesopineckptitradd 2hd 7 hoddestioniak alcohol

trafgsrpsional activaiing Braleotidesi SR aHeNGe steryes) e e etween the

Agrobacterlutn tunaefaciens mannopine synthase gene, a 2 H%romoter

re IO EH TR HOR MBSk bR ARSI éﬁ%“ﬁ%éﬁﬁﬁgﬁ Nthed the
genreda pojylinket siexaidseaimebibe nucleotide sequence encoding
the polypeptide of interest, and a termination sequence derived from the
Agrobacterlutn tumefamens nopaline synthase gene (see, van Engelen et

B {riekdal. (1995) Plant J. 7:661-76; and Luehrsen et

Al (1991 iol, Gerh G612 503425 Saeta T

incorporated by reference). The expression vector also contained a

nuttfaBis déy thene excauiley forry el %@Wﬁﬁﬁ@%@@@ﬂﬁé@
Wahilehen giat (3989 HMivhennGenthied 142021308 LAcaHINg

gentamycm resista ge as a selectable marker Tr nscrlpt on of the

B AR SR dRA% By & B BRI e Boain
Ag{ﬁ)dqﬁmtaraam ETadiens: napalbe Syl th@)es dd ﬁ)mfeﬁﬁlﬁmatmn
vect additionall ntalns the leader from the.ri se-bis-
car %lxy fage st e%/ cﬂb Ergﬁgwene oﬁ}le%’?]aneeﬁc& &Ja%r%rgleofld %TOA
of w@mm@éssmmOmmm Burbyetreatal 1080)RimseGel 2&BQS 844

anGrR2 940 M08 2RARABEA F N %%ﬁ%eﬁétﬁkecqtlﬁe(m?@ﬁﬁm

corresponi%g to nucleotides 1222-1775 of the maize alcohol

DY EEMBENK RE edidtiaduisbrSK0Ab A8 inddiid
b%slﬁéwll)glﬁrém@%@igﬁfﬁg tﬁ&zamwméomﬁdﬁta@&ﬁeg&ém(? 5 iﬁg&k@amz : ed
in t ader s s shown in
S e M Y st
cumé)S)(dnﬁGQBl érdiB hexdina (ipar ysteaiex 868275 n/Ihosef exampleg)were

| structs . described abov in
A B R S LB AR P S,
spectmomycm at 50 mg/L and kanamycin sulfate at 50 mg/L and grown overnight at

28°C.

Duckweed nodule cultures for transformation were produced as follows.
Duckweed fronds were separated, the roots are cut off with a sterile scalpel, and the
fronds are placed, ventral side down, on Murashige and Skoog medium (catalog
number M-5519; Sigma Chemical Corporation, St. Louis, MO) pH 5.6, supplemented
with 5 pM 2,4-dichlorophenoxyacetic acid, 0.5 uM 1-Phenyl-3(1,2,3-thiadiazol-5-y1)
urea thidiazuron (Sigma P6186), 3% sucrose, 0.4 Difco Bacto-agar (Fisher Scientific),
and 0.15% Gelrite (Sigma). Fronds were grown for 5-6 weeks. At this time, the
nodules (small, yellowish cell masses) appeared, generally from the central part of the
ventral side. This nodule tissue was detached from the mother frond and cultured in
Murashige and Skoog medium supplemented with 3% sucrose, 0.4% Difco Bacto-

agar, 0.15% Gelrite, 1 pM 2,4-dichlorophenoxyacetic acid, and 2 1M benzyladenine.
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10 Agrobacteriiun tumefaciens strain C582707, a disarmed, broad host
range C58 strain (Hepburn et al. (1985) J. Gen. Microbiol.
131:2961-2969) is used for transformation in these examples. The
expreSS|on constructs described above were mobilized into A.

WS by electroporation, or by a triparental mating procBESrRYEME*S
E. coli MM294 harboring the mobilizing plasmid pRK2013 (Hoekenia et at

(1983) NRtevEsi3pgiuie7oliges Pimtenalo(is’0)sFedewlallhAgatoBaite
U%@TZE&J%JHJ%@%Q@@QQK @3@%@&%&%&9&&&95@@%&9 YEB or LB

constructs described above are streaked on"AB minimal médium (Chilton
et 4 gy 2§ iyl vmrnernd dOUSH Foptosgringone 7a) apstsES G B

medinih(deGhaxaastextach 2.9M-hralexiact & o Maﬁﬁmﬁaﬁ v
sucrose, 0.5 g/L MgSO4) containing streptomycin at 500 mg/L, 20

SpRSEHRTSHRAIAS t%%in%fgmﬂaﬁa YeHaiciRcstipsted B BorpnsindhgrewHion of

O\Aesn@hﬁc&td BacGribaskweetnned Weauitisesion iransfiQrmadionMaked on
produ {% Ifloljlllc(% s. Duckweed nds were % arated, the roots are cut
off With & Sterla Scapel AR e ‘H&%ﬁ mﬁ% g BT PRI B

M&m&shmg;mamd @koioglqummd@at@h@gaaﬁ nuﬂnttengvﬁﬁéxﬂl Bigpa
C C ti St. L
Y i G Lt RN e S U

urd®thidiazuron (Sigma P6186), 3% sucrose, 0.4 leco Bacto-agar

(Fisher SGientific)or20d il 2058l féﬁé@%s? rﬁ)&fi D Ye e%eg:)l 1‘(’)vnnr;1%(rh§1 6

weeks. At this time, the nodules (small WIS masses appeare

géhraisirak ALk dbamdh e ?F&P@Wéh't%sﬁ‘ﬁ@@ﬁﬂ@ g4 Uifco
wasdetaghed.iroyn dRe-meatieniond R EIuRdsIR, (;)%@ﬁmgﬁ Mflcuttured

l%g g medlum s plemented with 3% sucrose, 0.4 Ifco,Bacto- agar,

BRI B RN R L AQehFrpivec). The nodule
bennyladertingsfeRZMQ200RIATE ERSHRGITINSRNFA0G R4 ClHERE:

nodule uItur were trﬁnsformed as follows. The appropriate

Sroba nSS ane g@ﬁfﬁ%@é‘“ﬁ%\% 5 15 ?8?816%%&%% agar or

Agrobac erlum fumera
YEB or LB agar with 50 mg/L kanamycin and 100 M acetosyringone, and

resuspe@ﬂ@%ﬁbgf’%’g %ﬂgﬁe@%ﬂ?&%ﬁ%&ﬁgﬁx@mﬁ#ure MGOLS: dc\gflllty agﬂve

Mannitol and 10 osyringone. NoO Issue
inREFIERAB By 2RA PEFIR BSm pRegbiD topkafesdsuspended bactena for 1-2
minutes, blotted to remove excess fluid, and plated on co-cultivation

nﬁglum cansijsting of Murashige and Skoog medium supplemented with
Aaplg Ly brashelisn af2astsipegttote nodule growth and 100 M

acetosyHhgemepSeenyamamoigaisald @Atk nddko ealkRew Bighdkant

Bﬁﬁ%ﬁ\%éedwodon optimized sequence encoding human plasminogen was inserted into
the expression vector described above. The amino acid sequence of the encoded
plasminogen is given in SEQ ID NO:4, and the duckweed-optimized coding sequence
is given in SEQ ID NO:3. The expression vector also contained a duckweed
optimized coding sequence encoding the rice alpha amylase signal peptide inserted 5’
of the plasminogen coding sequence. The nucleotide sequence encoding the signal
peptide was operably linked to the nucleotide sequence encoding human plasminogen
such that the two coding sequences would be translated as one protein. The

duckweed optimized coding sequence encoding the rice alpha amylase signal peptide
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10 353. For selection, nodule culture tissue was transferred to
regeneration medium; 0.5 X Schenk and Hildebrandt medium
supplemented with 1% sucrose 0.4 % Difco Bacto-Agar, 0.1.5% Gelrite

Q 6[789&fotaxime, and 6 mg/L geneticin and cultured for
‘gg)pr&g]ﬁmately 6-8 weeks under continuous light (20-40.M1mP2(;§g§5?Q??1/%04245
nodule 15 tissue was transferred every 7 days to fresh culture medium.
Séfegiien s THHRO Vi the meeadnd pife dhaivenviySFSUSyPoth diis
thgiselaatiom agenbsibhe fellwdneraxanmp lassleronstatethpgypression

of biologically active plasminogen and micr IasminogﬁP in duckweed.

20 Exampi Y SRS YPBTeLntitG e BTESHI SERA WAL
exgg@@aeﬁ 3 demhﬁhraeﬁbasgfonmuso ﬂuesmgae;_ﬁim dudlﬁxm%gdgmdm_primaxy
opimized st Uegcem%'l‘:%%gl%@&e aﬂﬁ'%%@%%%ﬁn WAs inserted into the. ..
expressi veclo escriped a Ove.ajil amino acl S(_equence of tﬁe i
enBociet2Bapasymh ogersiodivervin SEGHNROMhafidstfe A total of 81 lines

d%Q%%%Qépﬁéﬁ%@glmmﬂagésg%%‘ed%&ié@ﬁlﬂa%@mm%tmgzuble

expression vector also contained a duckweed optimized coding sequence
e RS RS BT AT RYFASE L i et & e letpress e lovel of

Pl3smiNaeeh sadingeaaduBnTahd hensualRotiss sTruRNee-RNcodiopihRd from
signal_peptide w soperabg%hnkcﬁd to the cleotldeﬁeg‘gaeiﬁ%?ee codin

hUPHS STRSMiFS GRSt 40 SRR RE RS CoUiRg LAt AL W RIS pRnosen
translated asthoetprdieim THeadagkweed optimized coding sequence

dingthe rice al i ide. -
i S S A e
is Given drseQiEnNGigemhisngtashders denserpielsmsn Veeticlesisterred

tBo i&)ﬁé@ﬂﬁa@rﬁﬁ@g@%Wﬁ%ﬁ%ﬁﬂ?ﬁfbﬂf&%ﬁ%@f HARELWHRRR: complex.

)1 expression vector were generated as_described above. Due to the
largeHispiieB DY sEsRIRbigats dRes AThiRrg B ooy BR HEREFRfc it @scurs by 8
inclhiieehanahsiset bothenadiaanddissiiehomogepaiesasdhesmasiogen
majority of expressed protein was retained in the,tissue. A total of 81 line
e s e SRR et A G e
totdbsolpbte tbe@iﬂmﬂngaiamsmtﬁﬁ@a@mebw@&b@a@ﬂ@k)ﬁﬁgurg 1
reRIFRENPSaHER O PIBSTUBRARRREAS AR RRAHIRAANSERNIH No-o

se levels

lines. T were obtained from 10 plants growh for 2 weeks'in

reéedlferPvdiseasilidoyahdorciany dvanablendi demmintgdn TWaisdiemafie 53,
stanrdarship Hai$) aggalobbins, K.C. Semin. Thromb. Haemost. 13 (2), 131-138

(1987)). For each of the seven transgenic lines tested, the activity level was closely
correlated with the protein expression levels as determined by ELISA, indicating that
the plasminogen produced in Lemna had a similar specific activity to that of the
commercially available control protein.

It was noted that many of the duckweed lines that were engineered to over
express plasminogen underwent rapid senescence. However, it was determined that
senescence in these lines could be reduced by increasing the aeration and media
volume during plant culture. In addition, altering the inoculum density can also
influence the plant health. The culture of eight transgenic duckweed lines was scaled-
up, and one of these lines, BAP01-B1-95, was selected for further analysis. This line

was selected based on biomass accurnulation, plasminogen expression level (3.3% of
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The activity of the duckweed-expressed plasminogen was determined for
tissue extracts from 7 different independent transgenic lines. The
duckweed- expressed plasminogen was activated by streptokinase to
RosssAmactive complex. 15 Activation by streptokinase dp@ﬁ,ﬁ%%’ 1004245
involve the formation of plasmin, but occurs by a conformational shift that
results from formation of a streptokinase/plasminogen complex. The
actRitl SerHhie Peleit iy el MsTe vl farr adterniirienmine d Sk ddrand
clesnvageptiditegiiromogenic substrate Glu-Phe-Lys-pNA (available from
Chromgenix Instrumentation Laharator, [ taly) shown in SE
1D NG IO THREED i SRR Bk Ok LTS BPeSChErGor e
Thiochiyetibgmpstas Bor2&temd 581 tB8Hed g Rabifnsti6:C fiBeminbrough a 0.22
TRk AEMOP b ok Bodcki8, AR L2 86 ah 1S 3B¥R rom Dow
ev ted with t

transgenic lines tested; the activity level was closely correla e
pré&tsaisshdadionh My Jasrdehemmiisd by S v distivRpiaesahe
plagreinegenpeducaddmbenera had AaimiaT SRaeifiGiactivitmiQtaat 8hino
the 25 commercially available control protein. It was noted that many of
thEBIRRAREY AL i /aree i eRItitors s AR oAl imdturmosen
under 3ensiipichee selnbbneeidiowaeneisitadas termined that

senescence inthese lines, could he reduced increasing, the aeratio

ot mad R e e B e o o
defﬁsityl'e_bjm@ks@@bsmehoesmqa lakat Hetzithi®de Auttvity of p_)@muinogen
UrasYERIC HHC kMRS PN GP WAS RERIGa bR aORE ARG P ABERENES wh in Figure

BAPO1-B1-95, was selected for further analysis. This line was selected

based 61 Bk RIS IEOYE Dbk fenhexprasdibatetiai e of

-291 MBI 2HRaIR 8 HOARCA VIR 0RRA4ed priatab splublaRis b lauslsin
crud&plant extracts as deé%r{%]ined by ELISA), and overall plant health.

PIZLHRIRE GER A AT A Y R SIS BRP &5 A PR L Bhon & EiRn with
dugtapeiihtissisopasihori ageniegd elatifiegthycanivifuaaion, Mfiltded. In this
throsg h a}ag.zz SBMiE‘tilatC o'} edgttrgrg h angwe 1J_ilon exfg:chag e resin Hich
colum Favéjfllgﬁlge?romegow emi alﬁi%ﬁf)cﬁand?ﬁ?ﬁcﬁ?)?%n&?her?% |{r31}|[fyW 1
pufifiedleny ipsinbrsapperssubehitmieeistiy bBod mdpemdtegdah kias b hiadma,
frogrethe RifipiNOsa UMB W EARING: FRARERIGAGIL IR AR S B RG R A
obtained from these plants contained plasminogen as 3.3% of the fotal

sotB PO S A TRAS ARSI EL rERPABbIhElsviiseting that Lemna-

dyskaesd-predicadplasminegensdallondngiacivation iR Ardtakinase,

nd str kin | rmjned. Activjty of pl inogen
and st eqlge &%ng { %Sdgc?cgvge%t—%mduge% placs:[mﬁ%gerp “?ass etg gmed by Western

blotting using an anti-plasminogen antibody available from American Diagnostica,
Inc. Greenwich, CT. This analysis showed that 60% of the plasminogen produced in
duckweed was full length N-terminal sequencing of the duckweed produced
plasminogen showed further processing producing a polypeptide missing the first 74
amino acids. In human serum, plasminogen is isolated as a mixture of unprocessed
‘glu-plasminogen’ and several processed versions defined as ‘lys-plasminogen’ where
69, 77, or 78 N-terminal amino acids are removed. Such a cleavage has no effect on
activity.

Because references in the prior art have reported difficulty in producing stable

plasminogen in recombinant systems, the stability of plasminogen produced in the
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activated with either tPA or urokinase produced activated plasmin as

shown in Figure 2. Western blotting analysis showed that both the heavy
and light chain of the plasmin produced by activation the
Vgé.;%M%%il-‘fgroduced plasminogen co-migrated 15 with the CP&‘HE@{E@}M 4245
available plasmin used as a control (Figure 6). Activation with

streptokinase also produced activated plasminogen as shown in SEQ ID
NGBS Rigmasalpsishs Hiney dd saetiaies dusysishdrok husete praduesn

anReive £2mnieRicRribeMeleayes AGHFAMMABRNIESUE AL plasminogen
(Coamatic(r) brand plasminogen kit, DiaPharma, West Chester, OH).

. )
FIGEPEcs SHBsEANAL 157 e I S¥ R afis A ORI FPEYPRYTR A Sy dritye
steephokindserastidiyoassaygavetddiitpaldevalpredniedightninteh in
Leaina; r&%“é%é%rda% o‘I’P'K‘V%%eVQ 0258 a&c}'@f&;%é‘:ﬁa%g 110,10, CONtEQlin e
protein. The size of the duckweed-pro uce&'pasmlno en was detarmined
by 4nesteredusisttmeiusisgablaimliprasminetres-thiaibedyeavailable from
American Diagnostica, Inc. Greenwich, CT. This analysis showed that
60% of the plasminogen produced in 25 duckweed was full length

NItErmiHe 2 eBsitsratk i geelavedecgradudiucisrssthinogen showed
further presRSsINBRIISIGING e RAlYRepUde Misangthedis fdlfbwamino

acids, In human sg_rum?}fla minogen is isolated.as %mixture of —

ufipt ’8&%@& fittpiad iﬂ%%‘&%%e R EURT ST PS Ees SaH B R B RRE™
asvaly sxplaednino gentyyheseo® 9¢ciar, @Sﬂﬂ)b&lﬁ]’mmal‘ miminacicds smence of
"SRetaSHaR A SlemiAdadias o e TeSpmI%eck iy ReGhec.
references In the prior art have Feported difficulty in’producing stable

plaginiizsd sadingscansbisaneispoants]id Sibbititylbp staspnrsyesstor also
Pregugadhin dh8c30:\WiAR 00 102 REI/VR200RO0A R 4SNBRylase

system was tested. Figure 4 demonstrates the stability of human

pESAHTsEERe dadete 21 BRMATLEas B PIHS P HRTGre demyHR R s

thatihadumadiplegRnage pepatrined alaasiyalhpédsoastvilylevele sétflence
an ov rniqht incubatioq in the Lemn% tﬁétﬁg . If)i%ure 5 demonstrat%fdtgee

St MR AP SR B S E R O G T S T B R S ST RS At
foltewwingdafrerz erthew (inteluThedidw@idemdostiaesguatthencoding the

L%&m@@@%&%ﬁ %@éﬁ&@‘?&f&é@%ﬁ@ﬁ%ﬁ?{%‘ﬁ VLSS

2: Production”of Micfoplasminogen in Duckweed Human .
it EbPTASIIRGY EP Was exbie ss6pMagiEse: SXREfSIRECIRTES Is{RitRé fie as

dyckreedigadanr.optimized sequence encoding human microplasminogen
was inserted into the expression vector described above. The amino acid

sequendSEHREAAHES aBS RIS H LR HENE YissRT SR FRPRNETS,
agenhetdliokiesatbed above. The majority of the expressed microplasminogen was

secreted into the culture medium. 79 transgenic lines were screened to determine
microplasminogen expression levels. Figure 7 shows the levels of microplasminogen
expressed in these lines. The first set of 42 lines were grown for 7 days, while the
second set of 37 lines were grown for six days. It should be noted that duckweed is
unique in that it grows in very dilute aqueous media inorganic media with a very low
protein content, distinguishing it from type fermentation based systems and
mammalian cell-based expression systems. The duckweed growth media typically
contains only 30 mg/L. of host plant proteins. This low level of host plant protein

provides advantages for the downstream purification of the secreted protetr.
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optimized coding sequence is given in SEQ ID NO:5. The expression
vector also contained a duckweed optimized coding sequence encoding
the rice alpha amylase 15 signal peptide inserted 5' of the plasminogen
§RAing ssguence. The nucleotide sequence encoding the silg@ghggd%gg&us
was;operably linked to the nucleotide sequence' encoding human
microplasminogen such that the two coding sequences would be

translate@aa YribegrdddR0 Thangfrerm dechpand iagsc BdinPSé dilehBewas

encqeing e rHaRARRE aMINARRSISNALRERHS 8 s, SiNeNB PR N N dia
and the encodedé)eptl e 20 is given in SEQ ID NO:8. This

miCfpramiticeh exprassts i ahestsr i reieirae Mydia YEARPSISH his
exalnpietivokane edhfitesitiansdahmeshwid dhe BAMRR loakdss@iresin
vector were erated.as describe e. T jority of the expressed
) mig??)p as{%‘fra]%%%% V\?z]anslslsoé\%r%%gﬁufcn ogﬁgyﬁ‘:ﬁ&%"rﬂ:g{ |l§errﬁ.mf§ (r)%sgoéﬁ%ar
linesighirplatrociwbdlisd ciémmineeRE atiorbpfarsmimogaiatrprassion levels.

Fi%&o%lﬁtlﬂﬂﬁ HEYS S RACUGIORISHIBIRCAEE XRIETREH R NG SR, Ines.

The first set of 42 lines were grown for 7 days, while the second set of 37
lind&temiBcgronar % gaesterarituifinBe noted that duckweed is unique

in that it gieyesovery dibke RAULAIEFIeiadpRERRISBAeHa WHAINE Yy
10 Io&zgrote' cantent, distinguishing it from tlﬁe ferment tir%n based .
systemehAg SOEHEHIRI LR Rosa bl sa g erican

dubkazeedicp duethGoediaityp ICally Thdntaihss o d@digit raddnostiplant

proteins.. This. low level of host.nlant protein. provides advant for.the
e R A ST RE wes
P seaoEso by M einslofedisBmN POl transformed duckweed lines,
BAMPO1481 08, Wasesslesied /iUt stiudye MG R RN 4R WdSined for

harvested from the culture media of the BAMPO1-B 1-58line as follows.

15 ThbChRIE Mt & gansesrissingyolnransratisplian dy rmprakiBiss fo Rrmsce

pagsecliovesagiaveydeniBseprgsisesiRmieolnn ay ailslie-fopRawd
Chemric I, Midland, Mich.) to remo eéow.mtolecgiar weight plant  _ . 4
BT RS SRR STER BLAh 08 MU At A P R e SrRio e

in gregoriicambigueassinmediv tywad lapprgxitiatebn 29 shgfitchmadetermined
by quantitativ blotti i t d-produced )
mic:roplas.E r{%E i!englévsgﬁ%v%é] %i é(t?ééryr%%a(;%l%]yg %% %elﬂs%te%z%\g%%%a ?Jrséljlr%él an aglrﬁlt itPA’

20 plswpveyenldfibBahavanandyremn [hererichiet Diakrisswedimed the
Gregnudsh Sk His AR sissahpwedWhdt Reesknliie snuicrapiasminegen

produced in duckweed was full length. An intact N-terminus was
mcroplasminogen with either urokinase or tPA.

To confirm the activity of plasmin from Lemna-produced microplasminogen, a
gelatin zymogram was run on concentrated media following activation by tPA.
25  Figure 8 shows the presence of an active proteolytic band that is not present in

concentrated control media.
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confirmed also by N-terminal sequencing The activity of the
duckweed-expressed microplasminogen was determined for 15 the
BAMPOI-B1-58 transgenic line following activation by streptokinase to
‘p{) Hg%dq&actlve complex as described above for plasmlnﬁgfﬁs 0 004245
ckweed-produced microplasminogen showed some level 61 activity in
the absence of streptokinase, and a significant increase in activity
followingfdpiviationidy stepibhingsdickikeptasitneden the specification are
MiGERRSIIPAASOEAT R LA PR Re AR EAL AR MENR! an

only the B-chain is produced. Western blot analysis confirmed the
prodlirE AT FRirRi R anP begsiarnans heIBliRePRIR Rty apference to the same

d l-!ﬁlﬁéﬁ»ie @ﬁﬂ%ﬁﬁ@;&%&%ﬁ?&ﬁ@%&%ﬂ%@él&hﬁﬁ% %ﬁlecﬁiad?@ 2h@
t smin from produced microplasminogen, a
%ﬂﬁ% ﬁ%ﬁ?’a Efﬂ%ﬁ%ﬁ?ﬁ%ﬁ%ﬁfg rﬁf@&ia following activation by
tPA 25 BijregB shows thiepiesaiicon b&seimacﬂvﬁspbeﬂamlymdsémmgtw&y of
nt in tr, control
PR A e mo e oty Bl Re povious
intheé espasifibatiors and melqhﬁgv@m ey les/plastited Seitbie g sacreodtheo
whichthis inyentigrpertains. All publications and patent applications are
herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and 5 individually
indicated to be incorporated by reference. Although the foregoing
invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, it will be obvious that
certain changes and modifications may be practiced within the scope of
the appended embodiments. -33 WHAT IS CLAIMED IS: 1. A method for
producing high levels of stable plasminogen in duckweed, wherein said
method comprises the steps of: (a) culturing a duckweed plant or
duckweed plant cell or nodule, wherein said duckweed plant or duckweed
plant cell or nodule is stably transformed with a nucleic acid molecule
comprising a nucleotide sequence encoding plasminogen; and (b)

collecting said plasminogen from said duckweed plant or duckweed plant
cell or nodule.
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2. A method for producing high levels of stable plasminogen fragment in
duckweed, said fragment retaining the protease activity of plasminogen,
wherein said method comprises the steps of. (a) culturing within a
duckweed culture medium a duckweed plant or duckweed plant cell or
nodule, wherein said duckweed plant or duckweed plant cell or nodule is
stably transformed with a nucleic acid molecule comprising a nucleotide
sequence encoding a pla t; and (b) collecting said
plasminogen fragment fro?&}{fxl'gzgté}ar‘%ﬁ%%ﬁze Sselected from said
duckweed plant, said duckweed plant cell, said duckweed nodule, or said
1. duckwertheultureroedin hhTibecmmethadHof glalmike? iWBRIRI6&Idherein
Sa]g%é%pgogﬁ)qggpﬁ% encoding said plasminogen or plasminogen

fragment is operably linked to a coding sequence for a signal peptide that

directs secftion SHHE g O AmEY e Fad mERE iktd the nodule
wherdtoreshddiliweet! et methddvetcialimil wti Zrwhéuinssaad puclesidecd w;th
a ni&@%ﬁlﬁ@ @@%&u@e@amﬁg&?ammgﬁme@&1@%@&&%@1@ (Q@ﬂéﬂ%@@natand
east one ute ted fro e grou isting 0 odons use
with a freqL&e)ncy o g% %t f%l‘g; in Cﬁ%&kwgé% in the %oélngase(‘fuegnc q
dugienp ol RS Y sminogen fragment; 34 (b) an operably linked
nucleotide sequence comprising a plant intron that is inserted upstream

2. of thg Goding %CEI%B@&JQ%ﬁﬁ!de&@§%‘ﬂ@%¢@;@éwgﬁ%§g}né@mweed

n 0 linked nucleoti equence comprising.a lead
Saigegu(gncé][ tﬁg%liri}gﬁ atges nqeﬁsaensgwﬁl o] F Sﬁﬂ%](éﬁ%e‘%ecﬁﬂélné%ld method

Co‘é‘ﬁlféﬁiﬁbepﬁt&gﬁﬁﬁogen or plasminogen fragment 5. The method
according teclaimdiwingreiththe: nucleotice seque neaiencadingksaie plant or

duBlRRTUNAGRNCLY) QJ@%HHG}%G%JFQWEW SRRESESHREMLAN AU LAY an¢ cell or
nogu ons ust}ald with r{mguen y of Ie?st 17% in d ckweed. 6. The method

SECORIING 10 CHEIRS A IS il <hiB St e %‘H%ﬁ”ﬂ’@ﬁ‘ﬂﬁ% ‘in%‘i’ﬂ?oude
se%éwwﬁyw@gém@mgﬁeﬁ@g@%mﬂﬂhe method according to claim 6,

wherein saithplant it gonsistsi assenigally rebthesaeenae isglfemh Khurce
selef&d YANQ: duckweed plant, said duckweed plant cell, said duckweed nodule, or
said duckweed culture medium,

3. The method of claim | or 2, wherein said nucleotide sequence encoding said
plasminogen or plasminogen fragment is operably linked to a coding sequence for a
signal peptide that directs secretion of the plasminogen or plasminogen fragment into the
culture medium.

4, The method of claim § or 2. wherein said nucleotide sequence encoding said
plasminogen or plasminogen fragment has at least one attribute selected from the group
consisting of’

(a) codons used with a frequency of at least 17% in duckweed in the
coding sequence for said plasminogen or plasminogen fragment;



8. The method according to claim 4, wherein said leader sequence is

derived from the ribulose-bis-phosphate carboxylase small subunit 5B

gene of Lemna gibba. 9. The method according to claim 8, wherein said

leader sequence consists essentially of the nucleotide sequence shown

in SEQ ID NO:2. 10. The method according to claim4, wherein said

nucleotide sequence encoding plasminogen is the nucleotide sequence

shown in SEQ ID NO:3. ethod according to claim 1, wher

said plasmifoger!’ fé%ﬁﬁaijgh Lﬁ‘gg%% e‘?%‘gfz%ﬁ}-ﬁg“ﬁ?e‘tﬂ%l&%%%ﬁj 6“30mtmn
thag|gimmeried hprirgaif Phastaihogcpanascat ieasridavesednpasncer igatitinogen
fragvitinthendmino acid sequence set forth in SEQ ID NO:4. 13. The method

according Clamﬂnl dl[:{j 'b‘?{n %L%ﬂs%ﬁ’e& ga§ ﬂ?he%cgr %rlg g}n%% of ieader

the sol ble roteln e duckweed plant or duck ant
SeAHhI ﬁ%tglaﬁr%&#h%im%iﬁbfafhe &mﬁw&%ﬁ%ﬁf%%sm%% plasminogen
or plesmiinegedgagmient comprises at least 80 contiguous amino acids of a
mature plasminogen amino acid sequence. 15. A method for producing

3. high’['ﬁg%%t c"i"tfct%c%*cm{g J:?aﬁ 'QO\%S n%n'g dmc eotl eas%lr?rc%keo%%odm%sald

comprising t esteps of. (a) cu uring within a duckweed cultire me
PlagRERFER P pRIACRME Rk WeBPpRsAtEE et Atidpcadtiding with 2
frequinaepblendhé@nisdictBSeddckweed plant culture, plant cell, or nodule

culture is stably transformed with a nucleic acid molecule comprising a

6. Nucleptide 56 %”é?c”?%?d‘?”‘:? g migropla 'asm'”o ”1a% da éﬁn DAY the
codlng sequence for a r? peptlde ifects Secre |ono
&

majgt e RS GRS sHS A ture medlum and (b) collecting said
microplasminogen from the duckweed culture medium. 16. The method of
claim 15, wherein said microplasminogen is secreted into the duckweed
culture medium. 17. The method of claim 16, wherein said duckweed
culture medium contains at least 1 mg/L, at least 2 mg/L, at least 5 mg/L,
or at least 10 mg/L microplasminogen as determined by quantitative
Western blotting. 18. The method of claim 15, wherein said nucleotide
sequence encoding microplasminogen and an operably linked coding
sequence for a signal peptide has at



least one attribute selected from the group consisting of: (a) codons used
with a frequency of at least 17% in duckweed in the coding sequence for
said microplasminogen; 36 (b) codons used with a frequency of at least
17% in duckweed in the coding sequence for said signal peptide; (c) an

7. operghiyninked AUGIRRHE SEAHE B EORIRIisHICHa: planton e thatiSentially
inserted upstream of the coding sequence for microplasminogen; and (d)

of the SRy TrKeE hItRISHdY S&5tknce comprising a leader sequence
that increases the translation of said nucleotide sequence encoding
micro Iasminogen. 19. The method according to claim 18, wherein the

8 nucld O LBghEITER e Mo fing 2HTasnBTEH i NS h Bt 7 & A5t ved
fro eeAdens sises withhepfteaguensyofat least dutfmin TRickwesd] anwhersin.

the nucleotide or wherein the nucleotide sequence encoding said signal
peptide comprises between 70-100% codons used with a frequency of at

9. leastrhé%migrshiclineeding0 +d heamethoadvassardingdaelaim kBuwhereimnsists
said plant intron is as defined in c¢laim 6 or 7; or wherein said leader
essggaaﬁ‘ﬁeiﬁ AVHEANES TS ST %Sﬁr@e?%% according to claim

18, wherein said nucleotide sequence encoding microplasminogen is the
nuclegtide sequence shown in SEQ ID NQ:5. 22. The method according ..
100 o 5 COHGTERSERS BB NGBk T MR e R B eine
plaShdidothés thethesd ekiereiggdeceldiowadnvaiiedin saicsmicroplasminogen
has at least 95% sequence identity with the amino acid sequence set
forth in SEQ ID NO:6. 24. The method according to claim 15, wherein said
11 signdieepiidids the:nickralpha caiylase pabperptidel 2Basthiedspethad human
i according to claim 24, wherein the coding sequence for the signal peptide
PIEEBHSIEEEs the nucleotide sequence set forth in SEQ ID NO:7; or wherein
said signal peptide has the amino acid sequence set forth in SEQ ID

NO:8..26. Tlﬁk%énetho ag:cor(iin clajm l.or 15 hereinasai duchwee
12D o B OO SHOANE S ok & B LB TS st sve
sequansisithgfythety dnsmSpiradelssqencts M ddfd, eFRe WoNi@lla, genus
Landollia and genus Lemma. 38
13. The method according to claim 1, wherein at least 2%, at least 3%, or at least

4% of the soluble protein in the duckweed plant or duckweed plant cell is

plasminogen.

14. The method according to claim 2, wherein said plasminogen fragment
comprises at least 80 contiguous amino acids of a mature plasminogen amino acid
sequence.
5. A method for producing high levels of stable micropiasminogen in duckweed,
said method comprising the steps of:

(a) culturing within a duckweed culture medium a duckweed plant

culture, a duckweed plant cell, or a duckweed nodule culture, or wherein said
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27. A stably transformed duckweed plant, duckweed plant cell, or
duckweed nodule according to claim 1, 2 or 15. 39 28. The stably
transformed duckweed plant, duckweed plant cell, or duckweed nodule
according to claim 27, wherein said duckweed plant, duckweed plant cell,

du&x@é@%ﬁ@uﬁﬁ%{ |§i£§nf rem, @&%ﬂ%ﬁesﬁiﬁﬁié%fé@mﬂh@a%%&@n%@ REigting
of the genus Spirodela, genus Wolffta, genus Wolfiella, genus Landoltia

el AERARA NSO TP SaBREAHASRSANER B GERIEEE TifHtplasminogen
andie ke planterlqa dusknent 1oL 8 . AOCRSHING 18:4181RBCE8; ARSI b

said duckweed plant, duckweed plant cell, or duckweed nodule is a

the U R AR PBRIR QAL IBLO SBR ey SRTHRE G ASdp consisting of Lemna minor,

Lemna minisgula, degiiiimh aedlidi ngetisiiasaneh bemmang b ah AR dAiture
isolated nucleic acid molecule comprising a nucleotide sequence

medifBding an amino acid sequence selected from the group consisting of:
(a) the amino acid sequence set forth in SEQ ID NO:4; (b) the amino acid
sequence of a variant of the plasminogen sequence, shown in SEQ ID

16N O:A G RSERf! s o Maffaht nE AP 1B 24t OBYETOBTEHES B i i Bt the
du@riag agid:seqidanae set forth in SEQ ID NO:4; (c) the amino acid
sequence set forth in SEQ ID NO:6; and (d) the amino acid sequence of a
variant of the microplasminogen sequence shown in SEQ ID NO:6,
17whetgin srido@danri Has B, |edsh 89 %astquehsesddentilyewitbdthe amingns at
acid sequence set forth. in SEQ ID NO:6; wherein said nucleotide .
leage f ite @ Fiée‘%‘%{zw?éé%a%‘ogﬁé% BdEAs é Wﬁ(ﬁﬂf’é&ﬂéﬂ@%ﬁeﬂ
as astteashdd % inudutiaeedy3demhisidtualeic acid molecule of claim 30,
wherein said nucleic acid molecule comprises a nucleotide sequence

selected from the group consisting of: (a) the nucleotide sequence set
18 forthiiReSEHXHBINOE 3 chnah (D) thelnuteleotisid saqtientdesaltarthdn SEfdding

.ID NO:5, 32. A stably transformed duckweed plant, wherein sajd .
R B BHLEY & BRAD LA et oA SRR S St B o
lealinkeseighents] aleddens aguence, @npiemgiet sequence, a nucleotide

sequence encoding plasminogen, and a transcriptional terminatio .

Sequence, Bhereirt ClPTaTe. SHlp SN Ao Ao At LA e in
thesaidirige sajnatianisespiensealpfrciiendn; duckweed. 41
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33. The plant of claim 32, wherein said leader sequence is the sequence
set forth in SEQ ID NO:2 and the sequence encoding plasminogen is the
sequence set forth in SEQ ID NO:3. 42 WO 2005/078109
PCTIUS2005/004245 SEQUENCE LISTING <110> Biolex, Inc. Spencer,

David Dickey, Lyneodors asetaskiah 0h8gRen¥Vastariagmveio Coxae@viBed in
M. Peele, Charles G. <120> EXPRESSION OF PLASMINOGEN AND
th%ﬁ%@ﬁ%éﬁﬂ@é@ﬁ%”ﬁ@é@%%m <130> 40989/288596 <150> US

60/543,487 (515122 0@8H1 1irik@0mR 153482 FRpISER fomMRIQWS plant
Version 4.0 <210> 1 <211> 554 <212> DNA <213> Zee mays <400> 1

indRagy I Sy gtRe e g hib R ot R AR Ch ekl Ep en: and
tatgattcgt tgagtaattiggeeaaadenkegicnacangliitityoentoaanaprkdth a lcader
tgccgcagtg gegctgatct tgtatgetat cetgcagteg tggtgaactt, atgtctttta 180 _

Se%ﬁ?@?ﬁcﬁé&aé&%@%ﬁﬁ efggc?&?j}§ﬁt’tﬁﬂtc?%gﬁaf§(a‘é‘é el fecagaustg 2 4acoding

mictajiReaghgiggiccatc cgacagtctg gctgaacaca tcatacgata ttgagcaaag 300
atctatcttc cctgttcttt aatgaaagac gtcattttca tcagtatgat ctaagaatgt 360

tgcaacttgc aaggaggcgt ttctttcttt gaatttaact aactcgttga gtggecctgt 420
19tictcgdrcgdaadoacitt dielg cicdatacalgibeatiicgastiitacctdtgtiaged89 encoding

ca cgaa aagtttgcat ctt aft tagcttgact atgcgattgc tttcctggac 540
plasw?iﬂggelg comp seéJ %etwee%a’t?%—fbb 97(()3 g{%cons %scgc? ngfh a freggency of at least
17% in duckweed; or wherein the nucicotide or wherein the nucleotide sequence
encoding said signal peptide comprises between 70-100% codons used with a

frequency of at least 17% in duckweed.

20.  The method according to claim 18, wherein said plant intron is as defined in

claim 6 or 7; or wherein said leader sequence 1s as defined in claim 8§ or 9.

21, The method according to claim 18, wherein said nucleotide sequence encoding

microplasminogen is the nucleotide sequence shown in SEQ ID NQ:5.

22. The method according to claim 15, wherein said microplasminogen is human

microplasminogen.
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ccgtgcagct gecgg 554 <210> 2 <211> 63 <212> DNA <213> Lemna gibba
<400> 2 gaaactcccg aggtgagcaa ggatccggag tcgagcgcga agaagagaaa
gagggaaagc 60 gcg 63 <210> 3 <211> 2376 <212> DNA <213>
Artificial Sequence <220> <223> Duckweed codon optimized sequence
encoding human plasminogen <221> CDS <222> (1)...(2376) <400> 3
gag ccc ctg gac gac tac gtg aac acg cag ggc gcc ace ctg ttc agc 48 Glu

P A Tyr Val Asn Thr GIn Gly Ala Ser Leu Phe Ser | WO
23 o B B BB DR 10 S SR B Sl B e
9> YRe s G agd ardtly By gadngeciticgeengs sedpTthin SEQYHGIRben Gly
Ala Gly Ser lle Gin Glu Cys Ala Ala 20 25 30 aag tgc gag gag gac gag

24929 H#6AL0100 GIG6.H80 HHECATIRG §,aafﬂe%mtyaia€§{§1%ig>é§wdéﬁ° 20481 pha
[pe Thr, Cgsté(reg Ala Phe Gin Tyr His 35 40 45 agé aag dag Gag cag tgc

P
am& ﬁsgt%ogfa €e gag aac ego aag tee tee 192 Ser Lys Glu GIn GIn Cys Val
lle Met Ala Glu Asn Arg Lys Ser Ser 50 55 60 ate ate ate ego atg ego gac

25gtg Jeeetie:iiogagantacg gigiat240viadie e AmiNetAraAspiainalional
pefn‘?&é %Bﬁqﬁ%é‘ﬁ’?‘ehﬁ]\égﬁﬁé’ rsequence set forth in SEQ ID NO.7; or wherein said

signal peptide has the amino acid sequence set forth in SEQ ID NQO:8.
26.  The method according to claim 1 or 135, wherein said duckweed plant or

duckweed plant cell is from a genus selected from the group consisting of the genus

Spirodela, genus Wolffia, genus Wolfiella, genus Landoltia and genus Lemma.
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65 70 75 80 ctg tee gag tgc aag acg ggc aac ggg aag aac tae cgc ggg
acg atg 288 Leu Ser Glu Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arg Gly
Thr Met 85 90 95 tee aag acc aag aac ggc ate see tgc caa aag tgg tct tee
acg age 336 Ser Lys Thr Lys Asn Gly lle Thr Cys GIn Lys Trp Ser Ser Thr
Ser 100 105 110 ccg cac cgc cog cgc ttc tee cct gee acg cac ccc tee gag
gga etc 384 Pro His Arg Pro Arg Phe Ser Pro Ala Thr His Pro Ser Glu Gly

Lau 0 125 gaa ac tac.tgc cgc aac
706 So e 1B R AR R A R R A I A W e
3008191%6W6“Igb 335 10 tgc tac acg acc gac ccg gag aaa egg tac gac tac
tgc gac att ctc 480 Cys Tyr Thr Thr Asp Pro Glu Lys Arg Tyr Asp Tyr Cys
Asp lle Leu 145 150 155 160 gag tgc gag gag gag tgc atg cac tgc agc
ggc gag sat tac gac ggc 528 Gin Cys Glu Glu Glu Cys Met His Cys Ser
Gly Glu Asn Tyr Asp G1y 165 170 175 aag ate tee aag act atg tee ggc
ctg gag tgc cag gcc tgg gac tec 576 Lys lle Ser Lys Thr Met Ser Gly Leu
Gin Cys GIn Ala Trp Asp Ser 100 185 190 cag age ccg cac gee cat ggg
tac ate ccg tee aag ttc ccc aac sag 624 Gin Ser Pro His Ala His Gly Tyr
lle Pro Ser Lys Phe Pro Asn Lys 195 200 205 aac ctg aag aag aac tac tgc
agg aac ccc gac cgc gag ctt cgc cog 672 Asn Leu Lys Lys Asn Tyr Cys
Arg Asn Pro Asp Arg Glu Lou Arg Pro 210 215 220 tgg tgc ttc acg acc gac
ccg aac aag cgc tgg gag ttg tgc gac ate 720 Trp Cys Phe Thr Thr Asp Pro
Asn Lys Arg Trp Gin Leu Cys Asp lle 225 230 235 240 ccg egt tgc acc
acg cct cog ccc tee agc ggg ccg acc tat cag tgc 768 Pro Arg Cys Thr Thr
Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gin Cys 245 250 255

36



ctg aaa ggc acg ggc gag aac tac cgc gga aac gtg gcg gtc acc gtg 816 Lau
Lys Gly Thr Gly Gin Asn Tyr Arg Gly Asn Val Ala Val Thr Val 260 265 270
tcc ggg cac acc tgc caa cac tgg agc gcg cag ace cog cac acc cac 864 2
WO 2005/078109 PCT/US2005/004245 Ser Sly His Thr Cys Gin His Trp
Ser Ala Gin Thr Pro His Thr His 275 280 285 aac cgg acg cog gag aac ttc
Ccc tgc aag aac ctg gac gag aac tac 912 Asn Arg Thr Pro Glu Asn Phe

Pro sL AsnL uAp nAsnT 300, tgc cgc aac co C

2499 gé/legscl: 4 “S(f fid]c %eg(?é % Ié@)%[ A ﬂ%%ufg[???gf?gé?d‘OdU]e
aasryhvsgstw@mm%mﬁr@rmwﬁu@mrhww mlghtaégckweeg 18app0clhgy daglweed
no@ilcHoton gagias igedatiaim ahy §06uidoogsiston tef HQBnher aindvial cenus

Wd‘?{{%@é’n@é%ﬁe WS deVim s IR RIRE LY SP [T 325 330 335 ccg

too act gag cag Ctg gcg ccc acc gcg cog ccc gas ctc acg 1056 Pro Val
Ser Thr Glu Gin Leu Ala Pro Thr Ala Pro Pro Glu Lau Thr 340 345 350
29cog iy grebbagapstrrgedatusiey eyt aet gy bagedgdaic g ogls el nodule
ac&miyakyaﬂaﬁimgsw&y@nmm@@dw&appﬂm GincRebypiavig 1y, 3paueed

nod 2 ‘E‘%Céﬁ? %?r e%?ecs ®ddf 23,200 (gf%l%? Qgsg%tg %’ 11$2no;,

Thr r Thr Thr Thr Lys Lys Cys

Lemge migis Sedlepderse GGG Y B8 F YR aac tac cog aac goo
1200 Met Thr Pro His Arg His Gln Lys Thr Pro Glu Asn Tyr Pro Asn Ala
385 390 395 400 ggc ctg acc atg aac tac tgc agg aac cog gac gcc gac
aaa ggc coo 1248 Sly Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp
Lys Sly Pro 405 410 415 tgg tgc ttc acc acc gat ccc ago gtc cgc tgg gag
tac tgc aac ctg 1296 Trp Cys Phe Thr Thr Asp Pro Ser Val Arg Trp Gin
Tyr Cys Asn Leu
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420 425 430 aag aaa tgc too ggc acc gag gcg ago gtc gtc gcg cog cca
ccc gtg 1344 Lys Lys Cys Set Sly Thr Gin Ala Ser Val Val Ala Pro Pro Pro
Val 435 440 445 gtc ctg ctt cog gao gtc gag acc cog tcc gag gag gac tgc
atg ttc 1392 Val Leu Leu Pro Asp Val Glu Thr Pro Ser Glu Glu Asp Cys
Met Phe 450 455 . 460 ggg aac ggg aag gge tac cgc ggc aag cgc gcg acc
act gtc acc ggg 1440 Sly Asn Sly Lys Sly Tyr Arg Sly Lys Arg Ala Thr Thr
Val Thr Sly 465 470,475,480 acc cog tgc cag gac tgg gcc got cag gag ccc

30cac 2 AUSYB Sl 288 MHPEIE CYRPENTASY T AIdeARAESHE RIS an
amiie &id HisSer el 4851480408 groupcmusigtigagace aac cog ego geg gge

ctg gag aagaqac tﬂfé@ﬁﬁé@@id%@@@:ﬁ&%&@@ﬁ%S@éﬁiﬁ’Wg Ala Sly
Leu Glu Lyshsn Tyt G5 000005 530,500, 305,660 096 00 gac dada . .

gc coo t tac act acc aac

'*h%’rg) BYo %r W@ﬁrsa@nvsrwlsées@@%baﬁc/gts@wm w@@@cwah the
amigo gad stqueogecagitgthigo§geticoy @632 Pro Arg Lys Leu Tyr Asp Tyr

Cys Asp Vgl pro @%l@&ﬁd%&ﬂéqﬁéﬁc‘é%@t%é}ﬁ@sﬁd\@ ROOB73109

PCT/USZO? / tea ttc ct c 9 %? af cca.cag g\agaa cog%

aag tgc cct g Iy Lys BHEEITVAF IR g nogen
sequpaQSysh Fwelpy % %%d%é 5"6@6@@% §téf grevda §ay tdegry §ébocarguence
idencgyoadlionetggicoatgyseqaaeio?&:t Asgivial SF) GiyNelhwCys Val Ala His Pro

wHeliSi PR fIeTiIR %Ea&@{ééz&éﬁ BB AUCGIIRIRES CHEME %gdaW1tll 2
cac ttc t 1776 Val Ser Leu Arg Thr Arg Phe Gly M

ce
frepiienshe c?y%g’(‘fg%”fa ’ﬁﬁ‘ﬁ 580 585 590 ate the ccg gag tgg gtt ctg ace
gcc get cac tgc etc gag aag tee 1824
31. The nucleic acid molecule of claim 30, wherein said nucleic acid molecule

comprises a nucleotide sequence selected from the group consisting of:
(a) the nucleotide sequence set forth in SEQ ID NO:3; and
(b) the nucleotide sequence set forth in SEQ 1D NO:3.

32. A stably transformed duckweed plant, wherein said duckweed comprises a DNA
construct containing the following operably linked eclements, a leader sequence, a
promoter sequence, a nucleotide sequence encoding plasminogen, and a transcriptional
termination sequence, wherein said leader sequence, said promoter sequence and said

termination sequence all function in duckweed.
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lle Ser Pro Glu Trp Val Lau Thr Ala Ala His Cys Lau Glu Lys Ser 595 600
605 ccg agg ccc tee tee tac aag gte ate otg ggc gee cac cag gag gtg
1872 Pro Arg Pro Ser Ser Tyr Lys Val lle Lau Gly Ala His GIn Glu Val 610
615 620 aac etc gag cog cac gtt cag gag ate gag gtg too age ttg ttc ctg
1920 Asn Leu Glu Pro His Val GIn Glu lle Glu Val Ser Arg Lau Phe Lau
625 630 635 640 gag ccc sag cgc aag gat ate gcc ctg etc aag etc tct age
cog gec 1968 Glu Pro Thr Arg Lys Asp lle Ala Leu Lau Lys Leu Ser Her
33 pro Al GHECEOEE e BISRE B SO METSG HEE et o teelerth in
SEEGLadtdmnd 16> MeabacT snspnigys avalitlegPrdsile: Gygibaee Beo foielr RrSEQ
IDAEN:Tyr 660 665 670 gtg gtc get gac age ace gag tge tte gtt acc ggc tgg
ggc gag ace 2064 Val Val Ala Asp Arg Thr Glu Cys Phe Val Thr Gly Trp
Gly Glu Thr 675 680 685 cag gga acg ttc ggc gag ggc etc etc aag gag
gee cag etc cog gtg 2112 Gin Gly Thr Phe Gly Ala Gly Lau Leu Lys Glu
Ala Gin Lau Pro Val 690 695 700 att gag aac aag gtg tge aac cgt tac gag
ttc ctg aac ggg ego gtc 2160 lle Glu Asn Lys Val Cys Asn Arg Tyr G1lu
Phe Lau Asn Gly Arg Val 705 710 715 720 cag tee ace gaa etc tgc gee
ggg cac ttg gcc ggc ggc see gac age 2208 Gin Her Thr Gin Lau Cys Ala
Gly His Lau Ala Giy Gly Thr Asp Her 725 730 735 tgc cag ggc gac age
ggc ggg ccg ctg gtg tgo ttc gag aag gac aag 2256 Cys Gin Giy Asp Ser
Gly Gly Pro Lau Val Cys Phe Glu Lys Asp Lys 740 745 750 tac ate ate
caa ggc gtc acg tee tgg ggc etc ggc tgc gca cgce cct 2304 Tyr lle Lau GIn
Gly Val Thr Her Trp Gly Lau Giy Cys Ala Arg Pro 755 760 765 aac aag
CCg ggc gtc tat gtg cgc gtg tea cgc ttc gtg acc tgg ate 2352 Asn Lys Pro
Ply Val Tyr Val Arg Val Her Arg Phe Val Thr Trp lle

42



770 775 780 gag ggc gtg atg age aac see tea 2376 Glu Gly Val Met Arg
Asn Asn + 785 790 c210> 4 <211> 791 4 WO 2005/078109
PCT/US2005/004245 <212> PRT <213> Artificial Sequence <220>
W& 3/ ence of mature human plasminogen <400> 4 GlhRIdB8Mo4245
Asp Asp Tyr Val Asn Thr Gin Gly Ala Ser Leu Phe Ser 151015 Val Thr
Lys Lys Gin Leu Gly Ala Gly Ser lle Glu Glu Cys Ala Ala 20 25 30 Lys
Cys Glu Glu Asp Glu Glu Phe ThrfEys:4g Alacfae Gin Tyr His 35 40 45
Her Lys %I%gcl’n (%Ir] Cys Val lle Met Ala Glu Asn Arg Lys Ser Ser 50 55
60 Ile Ile:ﬂﬁﬁcléiglwé&é\rg Asp Val Val Lou Phe Glu Lys Lys Val Tyr 65 70
75 80 Lé&krkrer GlwCys Lys Thr Gly Asn Gly Lys Asn Tyr Arg Gly Thr Met
85 90 Qﬁﬁﬁﬁ/ﬁ%ﬁ?fys Asn Sly lle Thr Cys GIn Lys Trp Her Her Thr
Her 100-365%F1@P¥o His Arg Pro Arg Phe Her Pro Ala Thr His Pro Her
Glu Gly E&U°1138%26°125 Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp
Pro Gin Gly Pro Trp 130 135 140 Cys Tyr Thr Thr Asp Pro Glu Lys Arg

TYLASD TyLGYS ASR| %&quo]@ééééo 155 160 Glu Cys Glu Glu Gin Cys
Met Hlisbaysdiansty GltbAsaziyr Asp Sly

<130> 40989/288596

<150
<1l51>

Us 50/543,487
2004-02-11

<l60> 9

<170> FastS8EQ for Windows Version 4.0
<210> 1

<21l> 554

<212> DNA

<213> Zea mays

<400> 1

gatcaagtge
tatgattcgt
tgoogoagty

50
120
180

aatctbggtt
cgatgaacay
atgtctttta

ctetgtetot
ttegtecaca
cotgeaatog

tgatetgact
gbttttttkt
tggtgaactt

aaaggtecge
tgagteattt
gogetgatol

cttgttteta

tggggaaagc
tgtatgetat

tatccttoac
ctattacegt
atctatctic
tgcaacttge
ttcteggacy
caagygogas,
cegigeoaget

«210> 2
<211l> 63
«2L2> DNA

taccatgaaa
gtggteoeate
cetgticttt
aaggaggcgt
taaggoettt
aagtttgeat

gogy

<213> Lemna gibba

<400> 2
gaaactoeog
gcg

<2l0> 3
=211> 237§
<212> DNA

aggtgagoaa

agactagtaa
cgacagtcty
aatgaaagac
ttetttettt
gotgetocac
ckttgatgatt

ggatcooggag

<213> Artificial Sequence

tettteotoga
gotgaacaca
gteattitea
gaatttaact
acatgtecat
tagecttgact

tegagegoga

tgtaacatcog
tcatacgata
tocagtatgat
aactegkttga
tegaatttba
atgegattge

agaagagaaa

<223> Duckweed codon coptimized segquence encoding human

<220

plasminogen
<221> CD8
<222> (1}...{2376)

<400> 3

tocagoacty
titgagceaaayg
ctaagaatgt
gtggecectgt
ceghtgtttag
tttectggac

gagggaaage

gag cec ctg gac gac tac gtg aac acg cag ggce goco tee ctg the age
Glu Pro Leu Agp Asp Tyr Val Asn Thr Gln Gly Ala Ser Leu FPhe Ser

1

246
300
360
420
480
540
554

69
63
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165 170 175 Lys lle Her Lys Thr Met Her Giy Leu Glu Cys Gin Ala Trp
Asp Her 180 185 190 GIn Her Pro His Ala His Gly Tyr lle Pro Ser Lys Phe
Pro Asn Lys 195 200 205 Asn Leu Lys Lys Asn Tyr Cys Arg Asn Pro Asp
W9 48 Arg Pro 210 215 220 Trp Cys Phe Thr Thr As E 9.@@“%’0\%45
Arg Trp Glu Leu Cys Asp lle 225 230 235 240 Pro Arg Cys

Pro Pro Her Her Sly Pro Thr Tyr GIn Cys 245 250 255 Leu Lys Gly Thr
Sly’Glu Asn Tyr Arg Gly Asn Val Ala V%/ﬂ Thr Val 260 265270 Her Sly His
ThrCysGlmHiss Teg:Her Ala Gin Ty Ryo His Jdy s 245280285 sAsn
Ar‘gaarﬁ"P’P%é’se‘rg oA Pi PYo EYS TS ASH B STrASH GE ASh i 290 295
300 Cys Arg Asn Pro Asp Gly Lys Arg Ala Pro Trp Cys His Thr Thr Asn
3038 LEF3TT 320 FeETIFas 9@ gHq"éalﬂ F—Ier@ffs
Asﬁ—l%r agég 3%% %3;)0 %&ég lﬁ?(%i/aq 1§e Ei‘h rGin tfaie% A“i%f fo Thr Ala
Pro Pro Glu Leu Thr 340 345 350 Pro Val Val GIn Asp Cys Tyr His Giy

ASTCIGISEE TIRAT Gl E@&i@%@%@iﬁfﬁgﬁﬁ%@g £ 3E ThHFhr

Gly Lystys Cys Gin Ser Tsp Her Her 370 375380 Met Thr Pro His Arg

His, Gl G P 8 95400 Gl
T ke T Oy B Ao ek e Sy PReOR 410 415

TrP€ys Phe Thr Thr ASp Pro Her Val Arg Frp Glu Tyr Cys Asfi%ou 420
425 A30-Lys s Gys 81 daty=IhrdalAlaskierMakdal Ma.ByaRro Bse Val

Leu S8er Glu Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arg Gly Thr Met
g5 90 85

tce aag acc aag aac gge atc acc tge caa aag tgg tet toc acg agc 336
Ser Lys Thr Lys Asn Gly Ile Thx Cys Gln Lys Trp Ser Ser Thr Ser
100 105 110

cog cac cge ccg cge tbe tee cct gee acg cac coo tee gag gga cka 3g4
Pro His Arg Pro Arg Phe Ser Pro Ala Thr His Pro Ser Glu Gly Leu
115 120 125

gaa gag aac tag tge cge aac cocc gac aas gac ocg cag ggo cog bgy 432
Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Pro Gln Gly Pro Trp |
130 135 140 :

tge tac acg acc gac ocg gag aaa ogg tac gac tac tge gac ath cte | 480
Cys Tyr Thr Thr Asp Pro Glu Lys Arg Tyr Asp Tyr Cys Asp Ile Leu
145 150 158 160

gag tge gag gag gag tge akg cac tge age gge gag aat tac gac ggo 528
Glu Cys Glu Glu Glu Cys Met His Cys Ser Gly Glu Asn Tyr Asp Gly
165 170 175

aag atc tee aag act atg tee ggo ctg gag tge cag goe tgg gac tco 576
Lys Ile Ser Lys Thr Met Ser Gly Leu Glu Cys Gln Ala Trp Asp Ser
180 185 150

cag age ceg cac goc cat ggg tag ate cog toc aag tto coo amc aag 624
@ln Ser Pro His Ala His Gly Tyxr Ile Pro Ser Lys Phe Pro Asn Lys
195 200 205

zac cktg aag aag aac tac tgc agyg aac C©CC gac <ge gag ctt cgoe ooy 672
Asn Leu Lys Dys Asn Tyr Cys Arg Asn Pro Asp Arxrg Glu Leu Arg Pro
210 215 220

tgg tge tte acg acc gac cocg aac aag cge tgg gag ttg tge gac ato 720
Trp Cys Phe Thr Thr Asp Pro Asn Lys Arg Trp Glu Leu Cys Asp Ile
225 230 235 240

ceg cgt btge ace acg cot ecg cee teoe age gy cog ace tat cag tge 768
Pro Arg Cys Thr Thr Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gln Cys
245 250 255

ctg aaa ggo acy ggc gag aac tac ogo gga sac gty gog gtic ace gtg BlE
Leu Lys €Gly Thr Gly Glu Asn Tyr Arg Gly Asn Val Ala Val Thr Val
260 265 270

too ggg cac aco tge caa cac tgg ago gog cag acc oog ¢ac act Cac 864



435 440 445 Val Lou Leu Pro Asp Val Glu Thr Pro Her Glu Glu Asp Cys
Met Phe 450 455 460 Sly Asn Gly Lys Sly Tyr Arg Gly Lys Arg Ala Thr
Thr Val Thr Giy 465 470 475 480 5 WO 2005/078109

E,%‘%ég&ég&ﬁ/%ﬂ% Thr Pro Cys GIn Asp Trp Ala Ala Gin 9&1&%%%}30 1245
rg His

er lle 485 490 495 Phe Thr Pro Gin Thr Asn Pro Arg
Lau_Glu Asn Tyr Cys 500 505 510 Arg Asn Pro Asp Gly Asp Val Gly
Glysﬁﬁo#%/p% A s&f y?y‘f’h%]'?h}{rliéiﬁﬁﬁ éﬁ)%%“ﬁ@fgrﬁgﬁy%};féﬁsr yr Asp
Tyr Cys Asp Val Pro GIn Cys Ala Ala Pro 530 535 540 Ser Phe Asp Cys

GlyLys: B EIiRalCId Lo S EVECYE RS Gl g@g@g@;ﬁﬁm Aty

Val Val®Bty Gly Cys Val Aladdis Pro His Ser TrmPro Trp Gln 565 570 575

Val ger.Lea Arg Thr Arg Phe Gly Met His Phe Cys Gly Gly Thr Lau 580
5B Bot e Eb o o abeels e NN LB Gk Ly e
595600 605 Pro Arg P8 Ser Ser Tyr Lys¥al lle Lea Gly Ala #ig GIn Gin

Val:63 Qb 15:620 Ash deuluRratdisMalGin Gl le GluVal Ser Arg,
LeFEhE LelaloRs 630 BISBATYS P 1 <T hrcAsg:L yss/rep HezAfarl ea Len
Lys Leu Ser Ser Pro Ala 645 650 655 74l lle Thr Asp Lys¥al Ile Pro Ala
CysdanPro:SerPpoAsn Tyt 660 665670 atMatAlgAsp-Argd hr Hin
CySPhEVEPTHE R TR G GRATHE 675 B0*685 SR GiPTRFPhe Gly

Ala Gly Leu Lau Lys Glu Ala Gin Leu Pro Val
ccg gtg gte cag gac tge tat cac gge gac ggg cag age tac cge ggoe 1104
Pro Val Val Gln Asp Cys Tyr Hie Gly Asp Gly Gln Ser Tyr Arg Gly
355 360 365

acc tot teeo ace ach ace acg gge aag aag tge cag teo tgg tece age 1152
Thr Ser Ser Thr Thr Thr Thr Gly Lys Lys Cys Gln Ser Trp Ser Ser
370 375 380

atg ace cct ¢€ac cgg cac cag aag acc cCy gag &ac tac ceg aac geo 1200
Met Thr Pro His Arg His Gln Lys Thr Pro Glu Asn Tyr Pro Asn Ala
385 350 3585 400

gge cbg ace atg aac tac tgo agy aac ©Cg gac goo gag &aa ggce coc 1248
Gly Leu YThr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp Lys Gly bro
405 410 418

tgg tge tte ace ace gat ceoc age gte cge tgg gag tac tge aac ctg 1296
Trp Cys Phe Thr Thr Asp Pro Ser Val Arg Trp Glu Tyr Cys Asn Leu
420 425 430

aag aaa tgc toc ggo ace gag gog age gte ghte gog cocg coa coco gty 1344
Lys Lys Cys Ser Gly Thr Glu Ala Ser Val Val Ala Pro Pro Pro Val
435 440 445

gte ctg ctt ceg gac gte gag ace cog tec gag gag gac tge atg tte 1382
Val Leu Leu Prc Asp Val Glu Thr Pro Ser @lu Glu Rsp Cys Met Phe
450 455 . 460

899 aac gyg aag ggc tac cge ggo aag cge geog ace ack gtc ace ggg 1440
Gly Asn Gly Lys Gly Tyr Arg Gly Lys Arg Ala Thr Thr Val Thr Gly
465 470 475 480

acc cog tge cag gac tgg gee geb cag gag oee cac agg cac age ate l488
Thr Pro Qys GIn Asp Trp Ala Ala Gln Glu Pro His Arg Hip Ser Ile
485 490 455

tbe ace ¢og gag acc aac cog cge gog gge otg gag aag aac bac tgo 1536
Phe Thr Pro Glu Thy Asn Pro Arg Ala Gly Leu Glu Lys Asn Tyr Cys
500 505 510

cgc aac coyg gac ggce gae gttt gga gge cec tgg tge tag act ace sac 1584
Arg Asn Pro BAsp Gly Asp Val Gly Gly Pro Trp Cys Tyr Thr Thr Asn
515 520 525

ceg cgt aag cte tac gac tac tge gac gtc ceg cag tge gog got oy le32
Pro Arg Lys Leu Tyxr Asp Tyr Cys Asp Val Pro Gln Cys Ala Ala Pro
530 535 540



690 695 700 lle Glu Asn Lys Val Cys Asn Arg Tyr Glu Phe Leu Asn Gly
Arg Val 705 710 715 720 GIn Ser Thr Glu Lea Cys Ala Gly His Leu Ala
Gly Gly Thr Asp Ser 725 730 735 Cys GIn Gly Asp Ser Gly Gly Pro Leu

Q/@L@ggé@g Glu Lys Asp Lys 740 745 750 Tyr lle Lou GIn gﬁé)?ég%{))ggﬂzﬁ

Ser Len Gly Cys Ala Arg Pro 755 760 765 Asn Lys
Tyr Val Ar% Val Ser Arg Phe Val Thr Trp lle 770 775 780 Glu Gly Val Met

ArgASHASE 7 8D 152005 B3 AL 07Bar 212 S INACSH s ANificRA

Segdence <220> <223» Duckweed codossgptimized sequenes encoding

hu a ‘ QB S Q 52 >cchSc<%§g> gg') 7§c9c) <4Og§ 5 ga.’»!%
cw%tggggm%a%gtg{%a%%é%cagsﬁ cog @&tﬁ:fgégagotgtéggﬂfélﬁlu Pro
Len Asp Asp Tyr V&t Asn Thr GIn Gly%Pfo Ser Phe Asp C¥%1 5 10 15 ggg

aag €CaEagolgaa: Cg A8y RR0MGC &Rt 8gC CacHlogic gga 26 Glylkys
PrWGﬁ?VéPGE(g%D?éILWL% Cys lgﬁa*b Bly Pug Wal al Giy20 26130 ggg
tgc gtg gcc cac cog can tcc tgg ccc ?gg can gtc agc ct?j; %gc 144 Gly Cys
ValrAladdisPreriiszS et T ipdProcTy ccgflt\fralcs{:@b L;}e:a %fg 5@4?(45 Qa0
a & 18 5 211 u =3
2005/678109 PCTRISZ0050342 ys Leu Glu Lys Ser

ccg agg coe bee too tac aag gte ate ¢k gge goc cac cag gag gtg 1872
Pro Arg Pro Ser Ser Tyr Lys Val Ile Leu Gly Ala His Gln Giu val
&10 615 620

aac cte gag cog cac gtt cag gag ate gag gtg tee cge ttg tie ctyg 1520
Asn Leu Glu Pro His Val @¢ln Glu Ile Glu Val Ser Arg heu Phe Leu
625 630 635 640

gag coc acg cgc aag gat atc goe ctg cte aag cte ket age ceg geo 1968
Glu Pro Thr Arg Lys Asp Ile Ala Leu Leu Lys Leu Ser Ser Pro Ala
645 650 655

gteo ate ace gae aag gttt ate ooy goo tge ckt coc toco Cocg aad tac 2016
Val Ile Thr Asp Lys Val Ile Pro Ala Cys Leu Pro Ser Pro Asn Tyr
660 565 870

gtg gbc got gac cge ace gag tge tte gtt ace ggo tayg gge gag acc 2064
Val Val Ala Asp Arg Thr Glu Cys Phe Val Thr Gly Trp Gly Glu Thr
875 680 ) 6885

cag gga acg ttc ggo geg gge ctc cte aag gag goo cag cte cog ghg 2112
Gln Gly Thr Phe Gly Ala Gly Leu Leu Lys Glu Ala Gln Leu Pro Val
650 695 700

att gag aac aag gtg tgc aac cgt tace gag btc ctg aac ggg cgoe gte 2168
Ile Glu Asn Lys Val Cys Asn Arg Tyr Glu Phe Leu Asn Qly Arg Val
745 710 715 720

cag teo acc gaa chte tge goc ggg cac ttg goco ggo gge ace gac age 2208
Gln Ser Thr Glu Leu Cys Ala Gly His Leu Ala Gly Gly Thr Asp Ser
725 730 735

tge cag gge gac age ggc ggg ccg ctg gtg tge tte gag azg gac aag 2254
Cys Gln Gly Agp Ser Gly Gly Pro Leu Val Cys Phe Glu Lys Asp Lys
740 745 750

tac ate cte caa gge gtc acg tco tgg gge cte gge tge gea cge cot 2304
Tyr Ile Leu Gln Gly Val Thr Ser Trp Gly Leu Gly Cys Ala Arg Pro
755 760 765

aac aag ccg gge gte tat gty cge gtg tee cge tie gtg ace tgg akc 2352
Asn Lys Pro Gly Val Tyr Val Arg Val Ser Arg Phe Val Thr Trp Ile

770 775 T80
gaqg ggc gtg atg cge aac aac taa 2376
Glu Gly Val Met Arg Asn Asn *
785 750
<210> 4
<211> 781



ace ego ttc ggc atg cac ttc t9c gge gge acc etc ate tee ccg gag 192 Thr
Arg Phe Gly Met His Phe Cys Gly Gly Thr Leu lle Her Pro Gin 50 55 60
tgg gtt ctg ace gcc get cac t9c etc gag aag tee ccg agg ccc too 240 Trp

wish [ Arg Pro SrR,Reird9

Ql-Lhj,Ala Ala His Cys Leu Glu Lys Ser Pro SRR 0RE s

tee (tlge glagggtc ate ctg ggc gee cac cag gag gtg aac etc gag ccg 8§ Ser
Tyrlys Yal lle Lou Gly Ala His GIn Glu Val Asn Lou Glu Pro B5 90 95 cac

ott-caggagate gaggig-tee cgc ttg ttc ctg gag ccc acg ego 336 His Val
Ginz%lu lle Gin Val Ser Arg Les Phe Leu Glu Pro Thr Arg 100 105 110
< >

aaggal ateudee-Cle RlC.AGGIL-IChadg ceg.gee gic ate ace gac 384 Lys
Asp lle Ala Lou Leu Lys Leu Ser Ser Pro Ala Val lle Thr Asp 115 120 125

40 4
aag Ot Ale.600.906406,A1PGIEC £90.20G 198,00 dtc get gac 432 Lys Val
lle Pro Ala Cys%ew%?(})gSer Pro Asn Tyr Va? Val Ala Asp 130 S:L§5 140 cgc

ac&ydgide HeGtSee Yot d'gut  yasadescaty ffa &ty 2486 Arg Thr
GlwEysPhe \dak Ths Gly rp Gly Gl Ty Gin Gly HhrSheh45,150 155

16 C c efc etc a g.gcc cag etc cogrgtg att gag aac aag 528
Géﬁ%&%ﬁ%ggﬁ?fﬁ c‘é%gg‘ge dﬁ%ﬁ et Pro 323%‘& 1% A&h £$%s 165 170
17 eglértgéadraclittdecgaspticG:tigsaasggyegbugiescagsteeiace-gas 576

6 75 ;
VaLCys Asn, Al Tyt Gl Bhe LauAsn, A, Yal Gip, Ser THEGlu 180
185 190 etc t9c gec ggg use ttg gcc ggc ggc ace gac agedgc cag ggc gac
6747 L& EYs Wi By Hits L6sAIa gy Bly Thi A F Sef<Cy&GHvGly Asp
195260:205 agerggrRgg-LCce-6tgigiggatic agaad:0asaaglac atc et

1 s Tyr lle Leu

c52 577, S81 GIY Gly Pro Leal Cys Phe Clu Lygsp Lys Tyr
Gin 2160215 23 ggc gt% 260 too ggc etc ggc t9c gca égo tet aac aag
Cd‘gp@gﬂg@ Thr Asp Pro Glu Lys Arg Tyr Agp Tyr Cys Asp Ile Le.u

A 150 158 180

Glu Cys Glu Glu Giu Cys Met His Cys Ser Gly Glu Asn Tyr Asp Gly

165 176 175
Lys Ile Ser Lys Thr Mst Ser Gly Leu Glu Cys Gln Ala Trp Asp Ser
180 185 196
Gln Ser Pro His Ala His Gly Tyx Ile Pro Ser Lys Phe Pro Asn Lys
188 200 205
Aszm Leu Lye Lyg Asn Tyr Cysg Arg Asn Pro Asp Arg Glu Leu Arg Pro
210 215 220

Trp Cys Phe Thr Thr Asp Pro Asn Liys Arg Trp Glu Leu Cys Asp lle

225 230 235 240

Pro Arg Cys Thr Thr Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gln Cys

245 250 255
Leu Lys Gly Thr Gly Glu Asn Tyr Arg Gly Asn Val Ala Val Thr val
260 265 270
Ser Gly Hig Thr Cys Gln His Trp Ser Ala €ln Thr Pro His Thr His
275 280 285
Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asan Leu Agp Glu Asn Tyr
290 295 300

Cys Arg Asn Pro Asp Gly Lys Arg Ala Pro Trp Cys Hig Thr Thr Asn

365 310 315 320

Ser Gln Val Arg Trp Glu Tyr Cys Lys Ile Pro Ser Cys Asp Ser Ser

325 330 335
Fro Val Ser Thr Glu Gln Leu Ala Pro Thr Ala Pro Dro Glu Leu Thr
340 345 350
Pro Val Val Gln Asp Cys Tyr His Gly Asp Gily Gln Ser Tyr Arg Gly
355 360 365
Thr Ber Ser Thr Thr Thr Thr Gly Lys Lys Cys Gln Ser Trp Ser Ser
370 375 380

Met Thr Pro His Arg His Gln Lys Thr Pro Glu Asn Tyr Pro Asn Ala

385 390 395 400

Gly Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp Lys Gly Pro

405 410 415
Trp Cys Phe Thr Thr Asp Pro Ser Val Arg Trp Glu Tyr Cys Asgsn Leu
420 425 430
Lys Lys Cys Ser Gly Thr Glu Ala Ser Val Val Ala Pro Pro Pro Val
435 440 445
Val Leu Leu Pro Rsp Val @lu Thr Pro Ser Glu Glu AsSp Cys Met Phe
450 455 460
Gly BAsn Gly Lys Gly Tyr Arg Gly Lys Arg Ala Thr Thr Val Thr Gly
465 £70 475 480

5



Gly Val Thr Ser Trp Gly Lou Gly Cys Ala Arg Pro Asn Lys Pro Giy 225 230
235 240 gtc tat gtg ego gtg tcc cgc ttc gtg ace tgg ate gag ggc gtg atg 768
Val Tyr Val Arg Val Ser Arg Phe Val Thr Trp lle Glu Gly Val met 245 250

W oRA9:56F aac taa 780 Arg Asn Asn <210> 6 <211> 259, 54k35,58 bas
<213> Artificial Sequence <220> <223> Sequence of mature human

mi in S400> 6 G| Pro Lou Asp Asp, Ty al Asn Thr Gin Gly
Prgggzgrggrﬁé X‘f’ﬁ réy‘é %PWO %5%5%75%2)5 é‘ffu?gdﬁ\%/dﬁzlﬁ% 1510
15581y by P’rcg IR G I Pry s Y34 P8vCies Pl Gty Arg Vat Vad Gly 20

25:39 A@y@agg%ﬁlaelﬁisﬁralbliéﬁé%lr@rg’ra,l Gl Val Her L au Arg
3540 45 F+r Arg Phe Gly Met?Blis Phe Cgls Gly GkgThr Lau lle Her Pro
GIu" 56385 80 fip VA TR h lid Ma His &y § et R 1y HBFPro Arg
Préckl@re657 @vA5®B0 Meriyrlysiabile tauridy: Madeisszdnegziu Val Asn

Lalf Bl Py:85 90.95 oFis, Wal, Gin Gly lleBlu val Her Arg Le@®Phe Lau
Glu Pro Thr Arg b 105 110 Lys Asp-lle Ala Lau Lau Lys;Eeu ‘Her Her
PrEAIEPYAFNE ThiRspra 15 190 ¥95 RysPvarie Pro #ta Cysiieau Pro Her

PraAsa-TyrVahValAla:AsR 130 i%ﬂaﬁoﬂis Cys Leu Glu Lys Ser
5885 600 605
Pro Arg Prc Ser Ser Tyr Lys Val Ile Leu Gly Ala His Gin Glu Val
610 - gls 820
Asn Leu Glu Pro His Val Gln Glu Ile Glu val Ser Arg Leu Phe Leu
625 630 635 540
Glu Pro Thr Arg Lys Asp Ile Ala Leu Leu Lys Leu Ser Ser Pro Ala
645 650 655
Val Iie Thr Asp Lys Val Ile Pro Ala Cys Leu Pro Ser Pro Asn Tyx
660 665 £70
Val Val Ala Asp Arg Thr Glu Cys Phe Val Thr @ly Trp Gly Glu Thr
675 680 685
Gln Gly Thr Phe Gly Ala Gly Leu Leu Lys Glu Ala Gin Leu Pro Val
690 695 760
Ile Glu Asn Lys Val Cys Asn Arg Tyvr Glu Phe Leu Asn Gly Arg Val
705 710 715 720
Gln Ser Thr Glu Leu Cys Ala Gly Hig Leu Ala Gly Gly Thr Asp Ser
725 730 735
Cys Gln Gly Asp Ser Gly Gly Pro Leu Val Cys Phe Glu Lys Asp Lys
740 745 750
Tyr Ile Leu Gln Gly Val Thr Ser Trp Gly Leu Gly Cys Ala Arg Pro
755 780 765
Asn Lys Pro Gly Val Pyr Val Arg Val Ser Arg Phe Val Thr Trp Ile
770 775 780
Glu Gly Val Met Arg Asn Asn
785 790

<218> 5

<31i> T80

<212> DNA

<213> Artificial Sequence

<220
<223> Duckweed codon optimized sequence encoding human
microplagsminogen

=221= D8
<222 (1)...{780)

<400> B
gag ccc ctg gac gac tac gtg aac acyg ¢ay ggc cog tce tio gac tge 48
lu Pro Leu Asp Asp Tyr Val Asn Thr Glu @ly Pro Ser Phe Azp Cys

i 5 10 15

g99g aag cca cag gty gaa cog aag aag tyce ook ggoe cge gtg geco gga 86
Gly Lys Pro Gln Val Glu Pro Lys Lys Cys Pro Gly Arg val val Gly
20 25 30

993 tgce gty gec cac ccg cac toe tgg coo tgg caa gto agc ctg oge la4
Gly Cys Val Ala His Pro His Ser Trp Pro Trp Gln Val Ser Leu Arg
35 40 45



Arg Thr Gin Cys Phe Val Thr Gly Trp Gly Glu Thr GIn Gly Thr Phe 145
150 155 160 Gly Ala Gly Leu Lau Lys Glu Ala GIn Lau Pro Val lle Glu Asn
Lys 165 170 175 Val Cys Asn Arg Tyr Glu Phe Leu Asn Gly Arg Val Gin

y jp 180 185 190 Lau Cys Ala Gly His Lau Ala Gly %l%b%% @9 4245
‘ﬁ%@/@%in Gly Asp 195 200 205 Her Gly Gly Pro Leu Val Cys Phe @'“

Lys Asplys Tyrlle Leu Gjn 210 215 220 %;Iy Vai TQr Her Trp Gly Lau Giy
Cys e A PSR s P B o8 B30 R0 NS EVBRAG Vel
Ser ArgPhe Val Thr Trp Il€Glu Gly Val Met 245 250 255 Arg Asa Asn
<20pPate <21 12 96:53422:0NA 2132 O1yza sativa 59202 $221>,6PS
<2P2>VHA) L0 B} r<e05 ¥ Eicc @ty eagitelety Bacraegaigpgicsaac aag eac
tte &fc tee etg 48 Met Gin Val Leu Asn ThP Met Val Asn Lys Hi$ Phe Lau

Setccard &4 @hoatee-giesgicsategte @i ¢ ggg @iy agcage-aac efsace
ge&ggeob HET VLAY VAL AtFLEG Cly Uat Prér'SerAsiau Thr Ala

95 .
Gly 20 25 30 <210> 8 <211> 31 <212> PRT <213> Oryza sativa <400>
8 cac gkt cag gag atc gag gtg tee cge ttg tte cobg gag coo acg cgo 33s
His Val @Glm Glu Ile Glu Val Ser Arg Leu Phe Leu Glu Dro Thr Arg
100 105 iio0

aag gat abte gec ctg cte aag cte tet age ceg gac gtc ate ace gac 384
Lys Asp Ile Ala Leu Leu lLys Leu Ser Ser Pro Ala Val Ile Thr Asp
115 120 125

aag gtt atc ccg gee tge ctt cce too cog amc tac gtg gto getk gac 432
Lys Val Ile Pro Ala Cys Leu Pro Ser Pro Asn Tyr Val Val Ala Asgp
130 135 140

cge ace gag tge tte gbtt ace gge tgg gge gag ace cag gga acg ttc 480
Arg Thr Glu Cys Phe Val Thr Gly Trp Gly Glu Thr dln Gly Thr Phe
145 180 155 160

gge gog gge cte cte aag gag goe oag cte cog gty abt gag aac aag 528
Gly Ala Giy Leu Leu Lys Glu Ala Gln Leu Pro Val Ile Glu Asn Lys
165 179 175

gtg tge aac cgt tac gag tkc ctg aac gag cgo gtce cag teo acc gaa 576
Val Cys Asn Arg Tyr Glu Phe Leu Asn Gly Arg Val Gln Ser Thr Glu
i89 185 190

ctc tge goo ggg cac ttg goe ggc ggo ace gac age tge cag ggo gac 824
Leu Cys Ala Gly His Leu Ala Gly Gly Thr Asp Ser Cys Gln Gly Asp
195 200 205

age ggo ggy cog ctg gtg tge tte gag aag gac aag tac ate chbe caa 672
Ser Gly Gly Pro Leu Val Cys Phe Glu Lys Asp Lys Tyr Ile Leu Gin
210 215 220

ggc gtc acy tece tgg gge cte gge tge gea cge cct aad aag cog gge 729
Gly Val Thr Ser Trp Gly Leu Gly Cys Ala Arg Pro Asn Lys Pro Gly
225 230 235 240

gtc tat gtg cge gty tec cge tte ghg ace tgg atc gag gge gtg atg 768
Val Tyr Val Arg Val Ser Arg Phe Val Thr Trp Ile CGlu Gly Val Met
245 250 258

Qge aac aac taa 780
Arg Asn Asn ¥

<21l0> &

<211l> 25¢

<212> PRT

<2i3> Artificial Sequence

<220>
<223> Sequence of mature human microplasminogen

<400> &
Glu Pro Leuw Asp Asp Tyr Val Asn Thr Gin Gly Pro Ser FPhe Asp Cys

7



Met Gin Val Lau Asa Thr Met Val Asn Lys His Phe Lau Her Lau Her 15
10 15 Val Lau lle Vai Lau Lau Gly Lau Her Her Asn Lau Thr Ala Gly 20 25
30 8 WO 2005/078109 PCT/US2005/004245 <210, 9 <211> 3 <212>

WehdiggeArtificial Sequence <220> <223> Substrate for plasmin.svoss
<400> 9 Glu Phe Lye 19

1 5 10 15
Gly Lys Pro Gln Val Glu Pro Lys Lys Cys Pro Gly Arg Val Val Gly
20 25 30
Gly Cys val Ala His Pro His Ser Trp Pro Tzp Gln Val Ser Leu Arg
35 40 45
Thr Arg Phe Gly Met His Phe Cys Gly Gly Thr Lieu Ile Ser Pro Glu
50 55 &0
Trp Val TLew Thr Ala Ala His Cys Leu Glu Lys Ser Pro 2Arg Pro Ser
&5 76 75 a0
Ser Tyr Lys Val Ile Leu Gly Ala Hig Gln @lu Val Asn Leu Glu Pro
85 20 S5
His val Gin Glu Ile Glu Val Ser Arg Leu Phe Lea Glu Pro Thr Arg
100 105 110
Lys Asp Ile Ala Leu Leu Lys Leu Ser Ser Pro Ala Val Ile Thr Asp
118 120 125
Lys Val Ile Pro Ala Cys Leu Pro Ser Pro Asn Tyr Val Val Ala Asp
130 135 140
Arg Thr Glu Cys Phe Val Thr Gly Trp Gly Glu Thr Gln Gly Thr Phe
145 150 158 1606
Gly Ala Gly Leu DLeu Lys Glu Ala Gln Leu Pro Val Ile Glu Asn Lys
165 170 175
Val Cys Asn Arg Tyr Glu Phe Leu Asn Gly Arg Val Gln Ser Thr Glu
180 185 120
Leu Cys Ala Gly His lLeu Ala Gly Gly Thr Asp Ser Cys Gln Gly Asp
195 200 205
Ser Gly Gly Pro Leu Val Cys Phe Glu Lys Asp Lys Tyr Ile Leu Gln
210 215 220
Gly Val Thr Ser Trp Gly Leu @ly Cys Ala Arg Pro Asn Lys Pro Gly
225 230 235 240
val Tyr Val Arg Val Ser Arg Phe Val Thr Trp Ile Glu Gly Val Met
245 250 255
Arg Asn Asn

210> 7

<2ii> 96

<212> DNA

<213> Oryza sativa

<220>
«221> CDS
<222% (4)...(98)

<400> 7
ace atg cag gtc ctg aac acy atg gt aac aasg cac tbc ot teo ctg 48
Met Gln Val Leuw Asn Thr Met val Asn Lys His Phe beu Ser Len
1 5 ic 15

toe gte cte ate ghto cbe ¢te ggg cotg age age aac cte acce goeo ggo 96
Ser Val Leu Ile Val Leu DLeu Gly Leu Sexr Ser Asn Leu Thr Ala Gly
20 25 30

<210> 8

<211> 31

<212> PRT

<213> Oryza sabiva

<400> B8
Met Gln Val Leu Asn Thr Met Val Asn Lys His Phe Leu Ser hsu Ser
1 5 10 15
Val Leu Ile Val Leu Leu Gly Leu Ser Ser Asn Leu Thr Ala Gly
20 25 30



WO 2005/078109

PCT/US2005/004245

«210> 9

<21i= 3

<212> PRT

<213> Artificial Sequence

<220>
<233> Substrate for pPlasmin

<400 §
Glu Phe Lys
1



