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EXPRESSI ON OF PLASM NOGEN AND M CROPLASM NOGEN | N
DUCKVEED FI ELD OF THE | NVENTI ON The present invention

woebatesi0bo reconbi nant protein producti on SySPEWEIS2005/004245

More specifically, the invention is directed to

met hods and conpositions for use in the expression of
reconbi nant pl asm nogen and reconbi nant

m cropl asm nogen i n duckweed. BACKGROUND COF THE

I NVENTI ON The duckweeds are the sole nenbers of the
nonocot yl edonous famly Lemaceae. The five genera and

38 species are all I ree-f| ' sh-wat er

pl ants whose gé@@ﬁg%%ﬁgéfO%Jﬁﬁgﬁgﬁgﬁgﬂgﬁéggﬁtire gl obe
(Landol t (1986MI@3@WAW@UDGEWWEU@KWMDOH the

Fam |y of Duckweeds: The Fam |y of Lemaceae- A

Monogr aph Study CGeobat ani schen Institut ETH, Stiftung
Rubel , Zurich). Al though the nost norphol ogically
reduced pl ants known, nost duckweed species have al
the tissues and or geyms DPOFMUEH INHEYEITON ant s,

including roots, stens, flowers, seeds and fronds.
Duc kwEbe pspetiieentian eclferio Tﬁtqmbléwtéb?‘?féﬁlsﬁr(?@lwﬁloﬁ fystems.

bstantial |iterature. exist | L j Lo I :
Bl ety th ol is TR s b Biont AR LABRSRAR Bike n the
SHRERRI & rbddnibinki9ldsniiRipe dhi tdcumbiiant Bigroplgenibpen in
structure, and cell biology. (Hllnmn (1961) Bot.
Reskiveesd27: 221; Landolt (1986) Biosystematic
I nvestigation on the Fam |y of Duckweeds: The Fam |y
of Lemmaceae- A Monograph Study Geobat ani schen Institut
ETH, Stiftung RIeCKGROUND)OF THE BYGENAIGNbi t of the

duckweeds is ideal for mcraqbial ﬁulturi t ho S
The  piTRtiurleipeeds frashepele SIENSE SfHhoOROVREIdRu Loy
DR e OB Bl LA Sn L0 RABSHACARIE FRANMAing, fresh-water

gou's aséxual propagation in yedst. This .
pIBts ¥ Bssatdeographical randpspuetbt atlireeltheddiandplf (1986) Biosystematic

JRECIOE RO X N ENE I RER, T
' hfsclf! sttt BTHDSE ArRA Fthe ntbet
%J@%&%ﬁ%a&& nStith ETHPS&&‘@I%Q@%SZMM? ARhEAhe

veln. The smnal vein region 1s also
tnkeplsologichliyoredwbddctianthsnevon tmast dutlesed spegies hawe all thagissues
ari ses that connect ach frond to its ther f .
T ories Sf Bmek FESHatEs rLposky sl TV PRl H gonts
DGR %c%% 184 dBdeal Y did R SRR dHACKSRIbStaniRl Ulddrbtnge exists
y

times vary species and are as short as 20- 24 hours
(emilitg) theif £683)y, BestemSidswhfezcycBo metabelismediscasy 3ud pefhng

et al .(.1977) .Bull ., | nst,.. Chem Aca in. - 19: .
s, PP R oR e A G RyE et Bol B hitiman
219610 R Neview TF:122N7EMANI1946) Bidsystbiic Thvdsepsioneon the

cul tdre of duckweed results in the hughest Ug&ggyof

Wiapribsy RusbweedsatlheRapdy olibsmnacesas—d DAoAsT &2

ndel er (1987), T Fani e - A Monographic
g%ﬁ%95vﬁﬂ%mggﬁéﬁgﬁiﬁhgﬁ#@%?@@*%ﬁ?@?@?ogy, Appligatpon,
Bi bl i oryeagbyrih Maniffiendildkaudige idedbfor Geiotobi nikwirgmethods.
Institutes ETH, Stiftung Rubel, Zurich), mﬁtggdr .
Begthant ae el feetes BIRYER g8 e ST e PSP e
Ti || ber ' : D i
(s S sl 0 ke BRRHE Propy By in RS Tt ARGRIcation
WepwkIbiyskegetatied B)ddify homimersomasictceds. Bhammetistematic region is

duckweed speci es. grown_under ) ; .
small and is fo%nd on thg ventral surface of the frond. Meristematic cells lie in two
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varying conditions has been reported to range from
15-45% dry wei ght (Chang et al (1977) Bull Inst. Chem

wéeed/078i0m. 24:19; Chang and Chui (1978) Z PCT/US2005/004245

Pfl anzenphysi ol . 89:91; Porath et al. (1979) Aquatic
E{%{Zﬁg gcpI;?e: q%az qza;gh, ?1%@ %gfy}?etzige_g)edt mf_}jlé'pwé llﬁ}%?gglﬁl}gfdggg re giﬂlé is also the
i Foan LB EO AN o Rt o TR E A e rond 1o i
geher snd.eThé prristgshtopockBuishnetectep byattisewe fape kiverds bud
SiPRS FE (iS Rt DAL A S AU BY ST B Gy i sdgtt bs 20-

94 h{nﬁ& BF £RIb1LRY0 5 P IR AkizAB I BRE 6708 7 mmg $t al. (1977) Bull.
Includirng AgrobacCterium nmedi ated gene transfer

batl. |Gy dclbisialdnidnDatlorand Medd d9F0 RPlashP st s16;

duckweed tra ts,can he i i by transform ng

t\fﬁ’ékaéﬁéﬁ%éﬂar}g@%ﬁg?%éﬂfmﬁ% Wf’ﬁé%%'ﬁéc otide sequence

of i NHRLAMe AMbrdo IRBRWENRles RN BichipRst Adtansfdidnas

sel ection agent, followed by culturing the transforned
%)

ealubsilationgenauii timedbandalimnddgandeles £198¢) bl agén of Laguceae—

. S. Pat ent . 10,,498, t 0. St I ;
L
t\/‘%%fféﬁﬁwhﬁnﬁ& cllbﬁ ﬂdébofaﬁfsclganqust’lilﬁfes EfTIT, Ssiﬁzlang Rubeilchurich), with
conmer ci al applications, For plant nolec ..pi ol o
daseeigbhecsmulains Fenging Bomitel Lot &PélaWﬁgg‘h?f illgergght! (1979)
that. nani | : r 7.

R PRnEassy LB BB hE sthfer 207 GBYaTL Stome
hﬁﬂ!\iﬂlﬁhed @t@NBloydAR cohentde et of dickavedd ppacsisarogn oader
rol es of jsolated genes, For cog;g)ergéglop oduct,i gghof tal
valiieadisions Bapheeaserorieddp ERIgE Snb Ay e Ve Y g HAS e ot 4
KPS{%Z Bufll 130 @Q}yz.a‘gffd. i g4ﬂ§! EhAdp%nd CHR 1 B1R) O PAGIAnphysiol.
ul'ture systens. ants denohstrate post-translational
130 9a eBGtatter tdh 1197 Ajuniit Botdnp TiedAAbpemothed b (1982) Biochem.
overcom ng one _nmj or. .prgbl em assgci.ated.with th - .
Riehiobi B 371 281 badsibE BROOTo B0 EJRIEL f prolelp pyguetion per lter
' i ider bAgaRRRAC 20 QWAL B i
S BB LRl R o, Pnapantenbguts e cprsion
sysé¢mss have the ability to assenble nulti-subunit
proteins, an_abilit ften lacking in_mcrgbi.
syste l@gckgggq Elﬁﬁtpord%{lcgﬁ'g?éﬂ%%ﬁ&b‘f%ﬁﬁ Sca{%)e Iegtfl/)cé%lédy transformed
REAES S YeshiBh cSRENB LS ARl Oeli¢tdotian s@fueh@Cehiertby any one of
proteins 1s faster and nore cost efficient than

si minber ofmathedsincbidimpagrabicteriwatmediatadh gengiranger.tafistic

uggest ed, pl ant . productin -
BopRetbsen s pheabr e aohe g SR B Firfops ARk RER e 8 0ka by
GRRtHAhRdhdiaKREsd RERSWEL bom theasstaidenaitionge dhiaterest and a
systeml s integration into existi n%éﬁ)r otei n praduction

igede et eerifers agsisiance die pgelection agsnls fallowelygrdinHgs he
therge remi.ns.a_ne f | 4 t

B EEREEHE Tp §refiln Bhuafit M S0 Rle FBUS. Patent No
dedonesto SEMVBRY. OF TFf EI NVENTI ON The present

i nventi on provi des net hods and conposi tions for the
producd rimkpwﬁed 12880 P BSSHAD ﬁyptgg}ﬁrﬁglpégqqt’he pivotal technoggy that

M &h@BL ﬁsc’éﬂllg}g ? g‘rlnm%%ﬁ%é 1’83&&@1@1@ b &0h ﬂbli@atﬁﬂﬁk%lfeﬁlant

expressi on ckweed expressi on syst emao
tihelegulassology nesemtch as a oty pidififaredidtal prodystemhgiran be

| evel s of pl asm nogen, m cropl asm nogen, .and fragnents .
RERBRJAIS Y (he ARREOE Y SOBURIEEHS 1 HGHT Ry Aghy o systém in

m cr opl asm nogen can
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be activated to produce a pol ypeptide havi ng protease
activity. Thus, the invention enconpasses nethods for

woheos@gpiessi on of pl asm nogen and m cr opl asm ROGAIS20068/004245

duckweed, duckweed plants that are transforned mnth
ARG MR A H I
R e AEAUT Hf‘?aﬁ“ﬁﬁg?ﬂ@%tﬁhi‘%?&@?ﬁiéﬂsﬂﬁﬁéﬁéé%mél?sea
m‘mﬁbén cffdidtr:mtﬁgwb anerecxistigrmiexybia o5 cahcilvrelsiskenese & lants
é‘%%&i%régegépys R rB PBF GENHY HIRUR ROgamIa s Cols "

fljé on\éﬁ?ﬁaﬁ&' ﬁo@l@iﬂasﬁ@&ﬁ@@ weiBTRE hﬁ&&blﬁh@llsﬁrs&&h@ﬁ of
turi duckweed pl ant or duckweed pl ant cel

Wmécv@cetllyacdu@ asethlish patypepiéieskandabihasl besp shewn by gthers (Hiatt

T X T B RSB R g

ﬁﬂefﬁ? | ah%%ﬂitg gtk %cﬁh@ﬁﬂhﬂ@ﬁﬁlﬁl §yseinsS Stale-ap of ‘dl&eldxfeed blomass
p ant ‘or duc plant cell. In sonme enbodi nents, the

mjtdvel@mﬁcmsaw @rmaen%m@bﬂﬁodgctmnﬁﬁm@é%am STQipes Ingfpsfor and

ked t cl eot | [

aas? P el I S U R Qs et IR oer
k38 lant Eﬁﬂh@tﬁbﬂ FteplsPElYs sdsbg)eams:malnbm igkweédican be
ckweed, ere the_ nethod corrprl ses, the st egs of

@mwmrn faljy wpataingd andcentipdied biamass PRSP HTSSe B RS the
T e

iegsist abl y transfor med with a nucleic acid nolecul e
conpri sing.a nucl eotide seq ggce enco

m cr opﬁcggxfﬁmgg}j,éherg Amaiys alggq: 9p‘111g1}ﬁgg %]&ﬂs&&d compositions
?éé@ %?Eot inS bPRdreRePIldSdehat directs secretion

asm nogen into the cul ture medi um and
coIIectlng the m cropl asm nogen fromthe duckweed

cul ture medium The.inventi sses |
duckweed pl ants, Eﬁ@m P%kaed pl ant
cells ltﬂeﬁw?&feﬁtr 1%6111:%%‘0@1&6& B8thb& arfideaiiokions &Rakd grodiiction
expr essi pl'asm nogen or m cropl asm nogen in

aumumﬂninanxxplasmmogw,dmarcmda@nmagee; andafedeanandy theigpes) a

S a .nucl eot i e encadin
SPRT et APaSHPR S e REk Tt rrbreart By B Bropae
qm'hbﬁ‘?s SHEveee: ﬁ@dﬂ@lﬁﬁﬁle@@g enflasmhit@gen, amidroptalgiinogen, and
aspects of the present invention are disclosed in nore

destemients therepe Thestickyeedprodhcadidasnyipegan asd miciapiasminogen can

?mxé”V%tﬁ@q RS g AsEh AR LIRS M, TA0E e imyention

?ﬁ@eﬁﬁetﬁb&s%r the re@bi@h Ve pHsthinogsn ﬁ]ithttmomplesmmo gen in
trans ormed with the asm nogen expression constru

Binplow eedr duckveagd plagits téafa@fm’frﬁ arngdswih BYRISSIY cpsselfes for the

percent a ;
AShGSanap bufthaligfed SEpA P fpRiphl M debifls comprising
fricleacldé sdgaaes dﬁdoﬂhﬂgSpla:Emgugfm a&dshmml:lsh&n%ﬂm wherg these
of pl asm n produced activating duckweedpr OdCHlCEWGE:d

m@mlﬁ@gf‘élﬁe%eﬁ Aret 1 fied g0 @k}gp@q theif expresn In
Exper i gﬁc%hﬂ 1$eGhldn? %nfb%ﬁ%lﬁ\g'@ | thi BRAknt ‘iﬁ?\teﬁhbﬁ Ff:dvgdérs @ mdethod for

shows &htitation o nogen
qﬁmilmh@plhmnmb ganinrduakweead, twghe}:eﬁn said meﬂmdtc@mm@gsethe steps of

tltluxgé Ial%lqckweed pﬁan":f‘ olr Ile Gicweegs an%i belﬂ u %tré the dugl e\é plant or
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ELI SA and streptokinase activity assay gave conparabl e
val ues, indicating that Lema-produced pl asm nogen has
wea 28ism76@y specific activity to the control preCeius2005/004245
See Exanple 1 in the Experinental section for
additional details. Figure 4 shows Ehe stabili

ke RS oOR SHD L TAREIIRAL Wb 06 a8t Selgeileepprising a
|
%ggeo%gn a(*u%%&i érf&f)allﬂ% E%gfr?%d ggﬁg%%& V\%O(ﬂt%&ieﬂggtﬁg E&rsrlntlrilo gen from said
Letmecpprsnonbgkweediplhntssile Iextmaebadinsntsy ﬂ)@éllléyeph@\fw

as neasure an.activity s in.t .
mg@mer?eﬁchvg laBiReH BroPketPt Fafedi aaparr e iyt fodine
g-%l;‘epﬁdé ormati on of plasmn after uroki nase or tPA
Y

on of Lemna-produced pl asm nogen. "
d esi ghaanesher kmbbdimeat, fhoprswd plvﬁgmfhb@é‘ﬁles "Fmeﬂllfé]f for PYOducmg

| sh t th,t
R LRl B
With 48RKiR8S Sulfu#Kined e a Byarided plarit dultire obx ﬂeckvlmﬂtmldule

section for additional details. Figure 7 shows the

cdhremhee ﬂmrduokwmdﬂlgtmcagmem@]@:hd%wlq%ggﬁlgg CIHWEle sigbly
WQSEE I{T}Fg V{Z#I}??] 8{5? ﬁvﬁglgcdlé 053 ﬁélﬁ% a%él@oﬁd@%@ﬁﬁ&ﬂ:@%ﬂcodmg

nogen exp re construct

%&oﬁﬁé&ﬁﬁio @erandlart dS}fer@Ij@ ﬁﬁkeﬂfﬁcﬁﬂﬁig seqadrico ffiorf osi gnal peptlde that
additional details. Figure 8 sh ram a Si.S

dfrea_%m@ptwndﬂ tescmicEeRir I NassH IRIGER 0'311“{% pegupn, ARdicgHeging the
t PA an active
Bp%rpglgfm%nogg% @S@gﬁﬁd&%ﬁ (% R%I:réglgidﬁltﬁil n concentrated

cont r ghe iB@h#on See eﬁm{m}sﬁs ﬂuckwdzeki@lﬁ»tp dnckmﬂdaiodules and

section for additional ai l DETAI LED ng?bgR IP
d]ICkWQEdIPWERHﬂS@WWWHEil @’é P?ﬁ%%)@ﬂ??sé?ftqs§a Wt FRrossing
gﬁ:%n ?nﬁzf}ggl QSthin gé}§1nfcﬁfck$v95d PA REBEdvi ef?é nucleic acid

m nog mcCr Op asm nogen, and
irroa@mba?.tcsniphemg (afnueleoaded sameecdnesting sesmmoggspem | t

is the novel fi nd| resent invent .
sicesbadfiior ol Lapelcalifn Sreaethcbares pSabatonfyie

¢S of plasm nogen and m cropl asm nogen. The
8uc vveed produced pl asm nogen and m cropl asm nogen can
be actlhestad diiwerpsipuitsod the pobsnp épichden i wietpspd Bt BaEredetail in
ctivift nist |nact|ve precursor form of
311 Iﬁlg/tloc“ifgs%l’ g’?tt%]lgli"?ngl? T8 ytic enzyme in mammmal s.
Plasmn also plays an inportant role in cell
mgration, tissue renodelin and bacterial |nvasion.

Plasnin is a SRIEFDEFC N QFt THE SRAWANGS) | v

cleaves L db
cel cctigiTty st g e o B bR B hboRrlincasyred by
a3 1575846 dRbRSEEdNaERS thad tletd/@dmBforfieRAYithothe plaskinugse expression
cl eave human Efl asm no&en nol ecul e at the ATg560- Valfs(ﬁl

the total

wonsiﬂmbBﬁﬂ’@élu be davel ofeplpmaispgd. Is PHICESRE 25 B HICERAGS ©

{.?gp 161?[ n]éomgg &%‘l ge ?Qﬁﬁgl%rl 1?%]%5 ]E‘%)a%rﬂjci:ezl?a‘r} i@gdgfam for

taaglt@aglaieygﬂsc center (V\:hl ch conprises the catalytic
triad) and shares sequence simlarity with trypsin and
ot her serine proteases. The heavy chain (60 kDa)

consi g5 0 SF Plabi Frbiuled by A8y b Gk €S-
cal | e?l l%rlgr% Srhb%gt%’l &BW}[ fﬁila <rn|ﬁnrg ese cgnt ain [ysine
biredlicad piisthemgth atithnBAi e Extinplepl mstht Repeimepitalsestion for

interaction with fibrin. Plasm n bel ongs
additional details.
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to peptidase famly SI. M cropl asm nogen consi sts of
the proenzyne domai n of plasm nogen with a stretch of

woams@agiong pepti de and a few residues of kri ngCe/US2005/004245

attached at its Ntermnal end. It is produced by the

action of plasmn on plasm nogen.. See, f xanpl e

Shi - oFigire S ROBORS BRoTCHIIIBRR RYHLEA Cpipared t

giagxém AR aft Q{;ﬁ%wm RQBRA0H. SF&ChE YiatedsiBy, JuRAti@ish by
rokinase to forma proteolytically active nol ecul e.

HLIS% andl strepiblasadernctivisy sssapgavedomparableyieluesf indicating that

ppr oxi nat e 29. kDa and has a | ower affini far .
B ArTRee HsBone B PaRaC R L ) b ot
RLCEORhART A (RE BxpiPRSAdedtion s iditiordanaeatol yt i c
therapy in a nunber of applications includ t he

i ng, :
t r eat Fegure éshowotharstibdity onhemen plesminegen a@k@ﬁg\nﬁﬂ Loyrea tissue

deep . venaqus t hr onbosi and i.pheral .arterial -

a8 Brapiplt £y P panprcn B G RERR i Rlggs: 75

U S. Rahesb shows he3bbildg 31 Leinfa pRahéiigeAiplissnatkivart hber
20030175264, Lapchak et al. (2002) _Stroke . )
ERczeptnaw 28 @apasund bap artivty aspay. (Segdapmple i Gghixperimental
Haenost . 1:307 .each of which is herein
Fﬁ%@?é%%%%@%“ﬁ§&%%¥§rence inits entirety. One goal of

usi ng Fphas Bishows therfbmiAfohas plasmimaBeramoktihesweapyP A sctimtion of
avoi d the side effects of therap usigg pl asni no

H " " g n 1

derngaraiused plrmgogepa Bak ofgsransles tinarmiid-Bodbrgiganinogen.
ivati i i ' G PA) and the right

THE SoE bR SIORELCT RS WA A8 Pl S oDRvar A and the rig
pagk] khewo ptaativm wath urblenasp €uk). cSedirnpla dsn tedixperimental
l[imted in_pagi by the difficulty of producing |arge
gerdionifer adiggnasielBile pl asmi nogen” and ni cropl asni nogen
Precumsiy 9%}%&% A AhtdRUEbn BERIESSh@RineEer & @8asured by ELISA
anount s° of pl asm nogen in a reconbi nant Systemis a |
domediai feorh 7aipckweablirgs thap vesmiramsfemefl orithuthe nmigroplasminogen

t hrompol ytic t here have been_great .
P RS NIRRT e R e S T
ILAdRXRLIEREHRQN Ssystens due to the nearly ubiquitous
presence of Intracellular plasm nogen activators in
mamalHigire 8shbws ppgmogrheanstysterfdenoi-nraducsd aEcioplasainogen
results jn th egladation of .the prod . .
Seaienty B ThE Bl aRef b miea e ey geotytic band
Fhfhd AGH ¥ &desit i BtcentiiR dROBESINhediflV 868 Eainslo RV $hd Mrtperimental
probl em by providing an expression system capabl e of
erproasfer addihonph detelel s of stabl e pl asmi nogen and
m cropl asm nogen. Thus, in one enbodi ment, the present
i nvention provides a nethod for producing pl asnm nogen

i n duckweed, DBTATEED BBSCRIPIIOMIOE AMHE INFENTIONSt eps
of culturing a duckweed plant or duckweed pl.ant _cell

wher e Thedressakingerion ia dravey to aurthogsed soappsitigny for the

stably tr f i £.h. ucl-ej P | )
S ERSLALTRL, BB LR 0 e ot
anthckatbeetpregionhgstpmadtisnibgesvel finding aif thediredenemsention that a

pl ant or duckweed plant cell. The nucl.eotid equence

aheclupsoexpression fugen ey Laised fRpredse Jrigh b(eé’&ﬁt‘% plpshinogen and
{ q C 8minogen can

o 1 R D B P Ao R A Hcroplatnogen

Ite\eetisated toppradndenogeppdptidd hakingpobteaFbhactiviiyn sone

enbodi nents of the nethod, at |east about 1% at | east

about 2% at |east about 3% at |east about 4% at

| east about 5% at |east about 6% at |east about 7%

or at |east about 8% of the sgl.uble protein in the
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duckweed plant or duckweed plant cell is plasm nogen.
The present invention also provides an inprovenent in

wa 206stonsid9 of produci ng stabl e pl asnm nogen i n deCkws2@®s/004245
wherein the inprovenent conprises producing the

pl asm nogen i n duckweed. The n -progduced. pl.asm nogen
i s stRpsminggep 1Sdb@§1ap%%e§r€%wrf®‘gﬂ 8 Ig’l@%%lnaﬂ}eiliﬂ“ﬂ?%fmen

i . L it 4 1 antlide in ce
xﬁlgr?l{o? 100%1%(?12%%] anin&s. ?fi@[ﬁ][nt dISSMBy Lt Irfoltantlid 11

emmapr o pl'asm nogen al so undergoes | ess than 10%
Aagsthaatisoe remoddingaand iestesiabiyasion. sPlagmhinowiarsgrine protease that

ik er L RN 2 LD, 0oLher S SRR

%‘iﬁ? PPIQ&H?HQ%&?&HV@‘{O?@%%@ Hssush@istifidien metiver (tPA) or

conprises t steps of culturing within a_duckweed
tokinaseec] eaveihmman pankinegss molaenle aifhe drgssoV alsaichrar i gepduce

nodul e culture, where the .duc

ReeatsRiEe I S ae Core T EE LB AR B e
AUt Cicupald UiRiges Ulle: KANRRAIS (IDkRayvsetiesahe datalytic center
sequence encodi ngm cropl asm nogen and an o erablg :
(Winkle dorapriken thesesdpl wine wiafl bandsshareg ﬁgluea%@m@ngh\gtt trypsin and
directs secreti ' e ' .

Sor e TR b “DhEhed VPl ACRORS0R0% ek b
friiendopaudeaiueateCkligless Svaet ofithe Kiinglaetdmals lysing tinding

i nvention may be used to express high | ev

piiaS rthﬁﬁ |n3qe,1.i]a,t9§d§g Bl4SHIRRESRAREAS BN Wg(’:thnnwglb ﬁ%rsin.oi’lasmin belongs
nbodi.me ..0fc;t he nmet hod, the, duckweed culture

ﬁﬂﬁ?ﬁﬁ?@oﬁ?&?ﬁg'at | east about 1 ng/L, at |east about

2 ny/ Mic@bldseasigenlbondistsofi)é provneyne Hamminmdgpdasminegen with a

| east about 10 ng/.L m crqpl asm nogen t.least .a .

S5einp | Coes B BEBHINICh (bReo R o] Eagne b oy R - termina

%%1& r {P I n@%&%ﬁ%ﬁ% hegctil cﬁf\;)msﬁﬁlg oR Yl Gk@iHokh abke, SorGEPId) Shi e

otting. e pr

esent 1 nvention provides a nethod for,
pf. QUR8O) HgBal. [7&sn269d 2607 -5 abikerplasiminegeokmisoplagh@p gerhis

TER et e W
gﬁgﬂé@%@ﬂh dﬁvr\bit r{lﬁfecﬁjl'dﬂ%%ﬁfjoﬁp@fﬂxhﬁﬁﬂely 16k194 atd Was a lower

or ne a nucleic acid nol ecul e conprising a
affoliydbi fibris ediee compered sdihrdasniia. pl asni nogen fragnent ;

o0 Ol Lo LR RRAL Y BPES BRI ey in
AURIuEStippHtAtons iMBeiibEthe thatniue bealybeediabmianten, occlusive

encodi ng pl asm nogen nmay be operably |inked to a
stroke depdecnons) thepmbosin bd peigoheral jagaEpl JhesasgsdSce. fjr sxmple,

[ S of .t tpd 06N
TS FHEREIE SR o se e She 5 B RRS i pigtion N
S ABRITE 264£ NP ElhdkTer . a(gmz? SBehe 3NLLTBPL %S ahddgesn, ez of. (2003) J.
fragment thereof is nodified to enhance its ression, .
iThrelul Kirastst. B3 pl b sadt ofsviph iwdwren E%FPFRS’H%te‘i? Eg F‘ifsa@nce m 1t
th se~of d - 3 . P ' id the
SBAncaRt gt pE UBE pRL ELL R AR R pIREAP) Mo ave
QfdcasmfcoR @ @rapyl isikeslashinbgat dctieatvemen e tRYonpokisasegarsl
plant intron that is ins?r ed upstream of .the coq%ngl h
Sisapielsiase. Sgh i etsdrelily walbinicstiog and aezanal hemorrhage.
'}E‘o%&eﬁ@? e \Sééeof_tpﬁz?sﬂﬁh ahd Hﬂcreélaérﬁﬁ RUELENI A SRIBAERN limited
encodi ig plasni'nogen or m cropl asm nogen. In sone
anped byreid diffidulty ofiproviicengdirge lqesmitive of stablgmilasnyneges and
used in conbinati on. Wjere the nucl eoti de sequence
SRCEW S H I 258 TSGR PIYCBYer abl y 1inked to a
nucl eoti de sequence encodi ng a signal peptide, the
nucl eoti de sequence encodi ng tgae
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signal peptide may al so conpri se duckweed- preferred
codons. The invention al so enconpasses duckweed

woheostisgioguckweed nodul es, and duckweed pl ant eerius2005/004245

transformed with expressi on cassettes capabl e of
expressi ng pl asm nogen or m cropl.asm nogen.i

pl.a n .
duc kvv_é*é‘él.ougll SPIREH q{ AY 28 AEORYE pép@&gg}lo ﬁ]bfrb%mcgglblnant
SPERACL A UEL SO SRRl s tosetoy
clophivededn ghoae didfi ot ¢sih zepresctonSintaceliumirnt plesrginogen in

R B e e seg) GBI Berr o BUr R pfgminosen
Lefielicts iPmAmRRMR 8Bl tes.t TRS plRsshct BetHedPadtivhiokyregilits in the

performng one or noré biological functions or a_ set

degradation afitessprodwerd! flgsmineganh Heedor exante.giisysé pt (HRS8)

in a ggpl.gical context. Wthin the context of a

;ﬁ%ﬁ@’ ég% &cursor such as pl asmi nogen or

m cr oplheidseRdaentidh QbREGE fad dplﬁBIthlb}t proefiitgnpasgesssidnesystem

capabi ity of the polypeptide to be activated to

sreadleed exppseing bight levels Pgst%hif«' plrsmisiser andmigspRlagBinees:
tivit f . ph-asm . L CF ' Y]

Fihhotie SRy AR RSl AR BT ng

ldsmindpeh el iigovidae, Wb ey saiisaethod cohprises ¢heodterss of culturing a

chronogeni ¢ substrate_as descri bed el sewhere herei.n.

Theloyesdmiant ox greaedplang pelt, ﬂYIEB%@F idyFlewgedrnlant og dpgigweed plant
i 4. .

SR Bt Bp 1 DERE ARLGR Ll mbBEULEpBOPNE 2 cleotde

REQEhIcE encOliimgtpdasmitiolenk wekcbllectifeths plasmmergse fiwnfaid Hackweed

famly Lemmaceae, This famly currently is diyided

s oSt ohgt sl S Spaeed SR Bn ltih en may be
f : ( j | Adib$a] peptidd. Sper ma
(BB 8 pb SR e guaRa U QRS ALl popidt, Sper T

m ni sclileapethodsatfslbemaentionpeaypbsideddo expressdngh tevels of

trisulca, .L.. turiqgnifera, L. valdi.viap).;.genu

SABRHR i QuCkVfedr FOB4h s&he 5@¥9¢1F+?P{}a<%f tl& thgfhiod, atoast about
91%}5% 10061 dobolio o VWt 130 Sttt 396, Wateadt abbwalys, \Wh 1awsdboat 5%aat least
WA." borealis, WA. brasiliensis, Wa. col unbi ana, Wa.

elbovigd@é zt 1asat gloubd¥aor atdeastriaub § kogfi thasolviale preigings the

t Ifiella (W. caudata, W.. denticul at a,
3@‘9@%&%@?&,“%@%@?& H‘i?‘fg,cg]{]l\is. plflsln}}lblo Dta, W. repunda,
W r otHéfesentindelon 1086 Oide€ ) indtdva@Rdiit$n b andald dfproducing

(L. punctata) . Any other genera or species of )
|stabheplesteinopen itk weeds t\z\{hem@t}@p@@rc&@g@g’g eongrisep, producing the

B hase N Sl AR, BTN RP R RAR-ER RO [ gyes o

Bh&s VY@L ofat betivifiweisdn gakd oeraizht iea Famid Yssaé extract. The Lemna-
Duckweeds: Thefam |y of Lemnaceae- A l\/bnogr aph, Stud

. p y ..
Guodied plaseiagen alse updersespressdhan T gegmapaon ip ey issue
ThEaLE Mgk ieetk pagulgioul ture’ as used herein
refers to a culture conprising duckweed cells wherein
at | edatanafhetimbaiments the (78Nt HHHtionGHovidEds BBHodEEeproducing
90% 95%. or 100%.of the cells are differentiated .
aicreplasminegenrie ABrleY eedetrhers e method Garpriprs ey %_?P% o clturing
Cetihin W cfmh,lé\%edl &aRte ABGURNERRUMRLE piPEARESH SEh&kweed nodule
(e.g., adistinctive cell norphology or the expression
afultareahkerthe dedkeieed atdnd cdturp potheidupkw¢eaitnodule culture is stably

di stinguishes it_fromundifferentiated cells or from .
i oAgt: M P Of Ptrsle s et e Shalchfdipooding
cells of the duckweed nodul e cul ture descri bed herein

forma tiled snooth surface ofy.i nterconnected cells
fused at their adjacent cell walls, wth nodul es
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t hat have begun to organize into frond prinordi um
scattered throughout the tissue. The surface of the
woizeswaesiop t he nodul e cul ture has epi dermal cePC$/US2005/004245
connect to each other via plasmdesmat a.
"Duckweed-preferred codons" as used herei.n refers to
BERTEPSSIRQECTh Ao HeFRbdY BRIES ORMERTATPIGE Sy Fignal peptide that
gﬁlg&y\@egg t2h ¢ rtt?eq{'xf:'i‘o lgﬂ]na%e?infbl-tﬁé‘ Banké afeafunethnaRENEGEng the
as used herein reters to codons that have a frequency
aficropdeninsegagfomnthe Heckyerd sulteemeeddmgr eat er t han 17%
"Lemma_g ' -preferred codons" as ed herein refers to
codond he mgthaqs eEhe RYSHHAE Ay b&fusg‘g goo?{(pa%sg %ghl lﬁve_f_l%?rf} a
ﬁii%gﬁla it lEduckRand. 178%s, inlodtSdndd@fehtd bf ihRtth&@Rod, the,
codon” re grs to the codon that initiates the
tinekveded toubireaheditre coibifistat agabpwedmeflest teag about 2 mg/L, at

ucl eot j de uence of interest. ,"Tr | at ] .
firtbant oo AERb ERTEPagt be g ayatt RiRb A Roptasmingpen. o
@keivout 05 kA hil@Bplaéineber, be at losig @bstQ0ent/l dakroplasminogen
directly 5" of the translation initiation codon.

1 6deteminohby geaniigativeBesern blettiags to transl ocation of

a pol ypepti de .acr I :

o1 e e RS REGRE ahel iR PR SR REANGIE o e iRRbgen
ifa¥RRhi Ruckheed) MnyRaPiaideitddroehmprisetthestehs of dufi@ring a

apopl ast, the region between the plasm gg ran nd

OB eesiplawdior AUGIaogH L 641 SENeFE e SO PR gy DB gekateed plant
I S tr | J | . }

ot 14 AR B Sn AL R nkte o hohull ROmRARL 2 MBkectide

e ooat AL ALl

e R SN tge d‘&%&ﬁﬁ‘&’{?ﬁf ek eBpdueveed e

?r?éﬁ%ﬁﬁcﬁe Al&e Ri%tskg&%é oAMin I BSInDESERSRBY opRab1Pilinked to a
WO protern coding regions, In reading franme. ‘A .
mupleetdd wauEas eatddisg Asigoaldiepgde.o t he present

L1 ans1BATHRE FBONHIH [BSPLoSs ShnE ZESar A RN e migeic 2id
?nélg&h@e%rhﬂﬁsi BHSREREAGOSL e R RS AEFIRAM oz,

nucl eot de” sequence encodi ng m cropl asm nogen. The
exipropdsimnogea seetdgmeand therdod esmadified it entiaped iheypression in

initiatj regi on li,nked. to.the nueclei '

ohckiei demian suheReliord gl Bt LR g Bfprored
WolibnstinfhelEcdling 3eqRénck g8t the Glas@ihorieh @ cloplasinitget,itbeiusd of an
the nucl eoti de sequence encoding the protein of

ioperbbstinkted nueleaidietequense cpmpsising solan atrandga iginsgriedf
th tory regions. T i
élpg%%agg §¥ e%ra%(lgrgggc%ugﬂgﬁ; a,lna ?heefﬁegg tro?%ff%a(agrasfeta?%g:}eglr?at Tofeases the

QAo 6% BT the Rliclehidd JeYSdtick @Rcodineplasininegen @ahitrdpdadneinogen.
transferred contains two or nore expression cassettes,

danshmefembleiiphenin dwel esmgre eldhese rerkiligaias ate yspd g gypbmation.

t ranscri pti LNitiat Wolalt :
o Bt e o 3P lepb e g Mesh R bty ilced fo 0
helROAHO §Rusndeentbding @ signalogeptidel|th ecl¢dtiele sequened encoding the
sequence  or a synthetic seqguence. eilE}H)éf f o(iéei gn, it is
ishErah Beriiderieay %I%CQWW@PFW?WFf fltcP_ Son region is
not f Ofmeditn%htfopecds\ef dnfs ?&@e%ﬁkwbéﬁ glai_ﬂ‘@,' &h1hRE&d nodules, and
transcriptional itnitratton region is introduced. As
useBwbet plant @lls hbnsfoincedgeitie exppagidnsesseiteccapiablg of expressing

equence operably linked.t transcriptiaon. initiation
e A B

-8-
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Any suitable pronoter known in the art can be enpl oyed
according to the present invention (including

woaoetsarsmb, yeast, fungal, insect, mammalian, BQWUSk@BaN04245
pronoters). For exanple, plant pronoters, including

duckweed pronpters, nag be used. Eﬁenggar pronoters
medscules comptising @ msleofdGieARERce SnoqdiRs PAtmInOBERet
h@%ﬂ%@sﬁﬂﬂo%@n,%r@{hg MERbtidd ﬁgu&fb‘ey BomYRIcR#Eed-optimized
pro ers (e.’g., nos, nmas, ocs, etc.), the ubiquitin
psdvmet er, the actin pronoter, the ribul ose
bi sphosphat e (RubP) carboxyl ase smal |l subunit
pronoter, and the al cohol dehydrogenase pronmoter. The
E%ﬁhﬁﬁﬁg RubP car boxyl ase smal|l subunit pronoter is

I'n the art (Silverthorne et al. (1990) Plant
Mol . BPalypeptisiel gfors @ it mpnaynerieersmititiorariziprefgsorpgatide.

i nf ect,,pl ant r.ef erably. duckweed, are al ' I o1

et ucPRySE RiEe PRttt SRERE aBhPe &b A Gpevitty

%?aﬁ%miﬁ@ 57 6r Mbfelolohioutdtichs b b st dfecvities A@mally

Chl orella virus adeni ne nethyltransferase pronoter;

mitibutedto the ;po(ypggzge ipladiglogmstl copiest. \N@@glg‘gl)e,co;{l@ﬁ*aqﬂg protease

spotted wilt virus I I I .

HBEGY sl s SRS o B ORAGE Pencompases

SRapibilitisef thel pUIFPEStideRs BE BctitiatedSo ppeaiiott psdtesiptivallyusiive

aIfaFfa nosai ¢, virus, sugarcane baciliform badnayirus

ardeauire Profeelyticiastivity of HlpwBeets TRl ReASEHBEH PO ghge

2SN %%}J e drb%ﬁb/f%tséagrlhlo@ﬁrin AP Lfoludife #RMBsay based

instances,” it naye%e advant ageous to usé a pronoter

bhate senifarcheansgdnioubsteate xpdassbainel§evipre hdvein.

mannopi ne synt hase, prompter fro robact er i .

{ et JEREHS): CAPIEE R BIOgUia GEIRE(D F pURSYRBRYS of ¢ eere

gﬁ%/dugﬁ GV RRL ARGAH Sl SEalk[-BBR! £dSashdtMly BF Said gene product.
ctivated 1n"response to specific environhental '

st i mulTiheterng'duchwatd"shfeckio gwenabeps ofibit darpily Lemnaceae. This

dr ought - i nduci bl. ene. pronot er §,, pat hogen: i nducj bl )
SERLY BRBFHEDEs SVIGRUIAR. TIRASEPBIAE 8RB H PO H s Ry Cod i fOllows:
!gbﬂlﬁtlé;ll?l{d((ﬂ ggd‘iﬁ}zﬁjtzﬁliﬂ N GisPEML L LS dBFiemiAMt gBbOVE. haponica,

egul ators (e.qg., pronoters from genes induced by o
dbsuiasLomadiat{a, Aubsasra, Eypakisillad,. teneda.di bsded, L @rionifera,

cid),.or other co nds .such as ethanel or ethylen
Ao vaipSinatsoriys SRR (% PRt oy LORAR oSS AT fenps
GG (TS WSz RRECIE] GrR¥R RS ShuShakim, Wa. boRAlis, Wedbrasitiegkis,

floral -specific pronoters). The overall strength of a
JVe enlymbomst, da. chmghits, s glebate & byriciescapictilftatieg/Acia);genus

Al i zat i f cisyagti .e0ti
RGERRU cafda el J1| BB L RE L gy, .
QXA E W] FOkinial AdigN webespitd)ent eahetesiofitr (Ly pahddtom Any

t he Agrobacterium tumefaciens octp?ine synt hase gene
©HIEr @ARRIA OB SRACERS OE LPPnResAC fif By KISt AT YBARIPESH Qhile present

t.unef.aci ens [ g .
SR B6 s gRal ARRR E VAR PR Elop R CecHemc described by
ITRAYesit (18186) Bhﬁ{ﬁ&ﬁ&tﬁsﬁzh}@ﬁigﬂﬂﬁseﬁ tie Mn’l};:j@’lﬂmikwwds: T Ifze family
activating nucl eoti de sequences |inserte r 0

G depnenitert MeuuenEe S SaHERSTIE 185 S U B eHbel
Qﬁ&kﬁotide sequence of interest. In one enbodi nent,

the e

Xpression cassette includes three upstream
act i vartertgrns édpokneednothilé swdthré'r asmsed kerdgy refeas toer ¢uliure

t umef aci ens._ oct opi ne synt hase gen er.abl [ d
SOpPEFBESuckEFS el %Xﬁ%ﬁm bt Save éﬁ?% ﬁﬂ‘lélr ggﬁe%@% 5%,
mannopi ne synt hase gene (see U. S Patent 5, 955, 646,

herein incorporated by referemce). The transcriptiona
cassette includes in the 5 -3 direction of

transcription, a transcriptional and translationa
initiation region, a nucleotide sequence of interest,
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and a transcriptional and translational termnation
region functional in plants. Any suitable term nation

weemsdigwIknown in the art nmay be used in accoPdamse05/004245

with the present invention. The term nation region may

A BeoinStn & oG Eor e Bl TR e A° U Rentiated
E%H ereqded nRfeilBY a B8l dSthiay Rdstidne Phanayiie chaasehtic (e. g a

fvenient term nation regions are available from the
Tistipttavsiet nodrphologyimetha @xpmﬁ,lorsmﬁmlnalsket hecleigtaoisi argrotein) that

aén{ﬂglﬁéhae%e gr%u@@ﬁ%gg&ap@ hg ﬁ?nel c%:ﬁ@%nat | Oﬁaéretlssue types.
%Q @Iffergxﬁ?atéh%-lls B pédhuerkeddiRAtle uftite Ededch; he%ﬂ ffaaontiled

et al. (1991) Genes Dev. 5:141; Mbgen et aI (1990)
Pingoth sgefhte - infegconnitied exdlsdused|at therggijaceried vgeplls,l'ggh nodules

TR bAe Seoflo oletBERN M Foft bty Randa fH0Hengnhe tssue.

AudistuifQiaaf tiexiedsnt af thetnotiic Rakiue has egjdancs scléy @nhbe tpeah
RubP car boxyl ase smal| subunit term nation sequence

afyr visolemadesmper Nbsalc Virus 35S term nation
SequenpR ANckd el A5 od FHIAP el QL SRURK 0k BilVe o
speci es. er’ sul ern1nat|on sequences W
FpadreRtof teddaage skdddkeded of groatemthtn 1Tie expr e33| on
cassettes may contain nore Hfan one ene g clelc

aci d sé@f@’é‘ﬁ@‘éef?fée%‘é)dpp%r?éf“é? SRS Broadanss hat ey a
tﬁre?ﬁé‘[) gr %gdcﬁtlﬁs%%f | nIExH gen&%ﬂziiﬁlbqlg%a@er‘?ﬁé@l Bauence

oper a to 5 and 3" reqgulatory
sequeritesua gibbemet’erreé bodonsiidstispd bereipreéss fcoppdons that have a
cassette i ded rall expr essi on
Grssevotapin b Levy Geleel Gere Hab 1er gane T or

the s ell‘gafhtsiaﬂﬂn Qﬁtlﬁﬁcﬁﬂﬁfdgﬁ'r@%@eﬁﬁi ths c8dlort theSiMRftes the translation
Sel ect abl e marker genes include genes encodi ng

@ﬁﬂmbnﬁhﬂtﬁmﬁsnb@hﬁmeihsumﬂa&@eBhBE%CQQEWEﬂﬁ@ neonyci n

Bﬂgg Bﬂg“ X Eglﬁﬁgthnl qo(n%z](g%x%cs}%q%glﬁﬁgﬁl%nce" as used herein refers fo
RROREASY ‘25 B RSRic(bRdds diRstYS! If tRStrASNRBnANItIbEST Ean.
resistance to her bi ci dal conpounds. Her bi ci de
resi st"&aeeti re@s,lsgcbh@rml rpfprecle d@nﬁleeat@nrﬁf @i HolyRreptidg gapss the
protein insens :

S T s HE DS 1O e

gdlgpép‘hdé W rebiified Vﬁﬁl‘iﬂm BeBipeplase theakgioh LB enEhBﬂaslna
DeBl ock et (1989) Plant Physiol. 91:691
@nbnam ang} the cgld 9@}1 & ethet ebRByntS: B9 BolesPisHs ikanslocated

I d h l.
%&@é‘%fdé%ﬁt%}w@.ﬁ%hgﬁ4@93; 405.9 For example,

resi st@pesablyligtedd bo sppddiceinin wdrémeyd nndaotider sicindesrefers to
has been obtai ned usi ng gen odi for t
mapliple nugleptide seagenass Ly mxﬁqc@ﬁ ik 80@@1 fglﬁe%%ﬁ?&t with each
D R P e ooyl whes
Zheéesdarghd) jwinphe pootyiacediap eedisdinDpadiag érabmen obt ai ned
by using bacterial genes encodi ng phosphinothricin
acetyltransferase, a nitrilase, or a
§k4-dh%§ﬁ8%QBQggg%%§cetate nmonooxygenase, which
et oxi e respective herbicides. For purposes of
t he pr&merdmg tovébe prosant isedngion zdtabdy trandfemegedisiweed is obtained
i.ncl ud not lim nes enco
e imatos BB enaaieras e oo ERE e Moty sppupnee
CRC Critical Reviews in Plant Science 4:1), neonycin
phosphot ransferase 11l (Frischoet al. (1995) Pl ant
Mol . Biol. 27:405-9), cyanam de hydrat ase
(Maier-Geiner et al. (1991) Proc. Natl. Acad. ScL USA
88: 4250); aspartate kinase; dihydrodipicolinate
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synthase (Perl et al. (1993) BioTechnol ogy 11:715);
bar gene (Toki et al. (1992) Pl antPhysiol. 100: 1503;

wokeglhesioet al . (1996) Crop ScL 36:1367); trypPOpEZ005/004245

decar boxyl ase (Coddijn et al. (1993) Plant Ml. Biol.
22:907); neonycin phosphotransferase NEO' out her n ef
@ﬂcodl(ngg@)mgogew a nAﬁlﬁptld@ﬂuenfe 3‘:299 Smmogen. he

t .
TS 0] 5 St Wt
é@h"ﬁﬁgeﬂévﬂknteﬁesial Such hﬁ&ﬁpre&mcasmtel is pmattd vEth a plgeality of
83: 4552); phosphi.not IFI‘I cin g ¥ transfer P’% Btﬁ (l)<f
eestrighion eli@sf?lj wsgrtion of the ?351 e Sayene o SRR
ﬁ‘&ér t‘ﬁfﬁ@%ﬁ’ ?W@a&@ﬂ#ﬁ@ﬁ% zuld@bh 8f !h@'i‘egﬂlat@igﬁ regib389The

ochem 13D: 330 acet ohydr oxyaci synthase
Lpr&sioBatasselio may, eneadeswnglo gmmed@ﬁlgtmesét articu ﬂaqyl&mﬁhments

988
TAEER NN S
%@ateseéacﬁbf which&abodatak le@stdhé g@ﬂé-bf inteaéspar yl nitr | | ase
(WO 87/ 04181 to Stal ker et al 9&; acetyl - coen2£
car bodt tremsc(iptieted initiatic regionoG®  FPTaMOLIhEY F | natwe or

Pmo%a'%g%%grdfﬂ%gﬁ o%bel érggtgg’]lsst\[)?@aﬁés%c‘r%g{l él bé;;a'i@ flhtﬂi‘aa"ll Heq%%nce or
h%ﬁi’tﬁ&lﬂi W&ic8 MBlyl foRdry, Eip tritelrled pisdd Aie thinsedtinmiabingtation
1983%@50|ence 222: 1346 (1983). Al so included. are

g@h@ms et ﬁgﬂ thesidd-taie Bostdntogunet Mg dransqrep tignal igifiagpn
Iy

Ereron SiBRefibad As et Rohiniaft aSiERGhprish  BiineE fnce
9 eraﬁlyﬂ&?{}:d toeirhecripial it{dten region tmt Iséieteaiolegom to the coding
2983) Nature 303:209; Meijer et al. (1991) Plant Ml.
E@DEH“XG 807); hygronycin (Waldron et al. (1985) Plant

t &Bh
108 2?@‘(gJ Sﬁgéﬂ’%p ) H% Siéu 3%]93?\/%%1 plegé@ﬁccg%ﬁ% °
@Ed‘saﬂhﬂmn&bﬂ (ipdmda telbteahl y(:éb‘a g galihsecGamnu@aliat, and plant

210: 86) t B t 199
PG h oY RUAPIS; MG PrOBD Gt AT P8 PR pigae) be
E;%%g 0135 pla ?p%motzrs]izé-ﬁld% ut {171;3 _rﬁ%mlﬁl@ce& 31 eld Ogaifleter Mosaic

; bronoxynll (St al ker et
arlms(sssaﬁc)mmr,emepmazymll@ase p20m0®rs((§tgr,é1§’éarmé% ogs, etc.), the

éxll)?ogq?tgn ]{BIIQOTGC n %%g progm%%x)ﬂ_%\)e Ed[ég %)}SH hlgtle QR&%%a%c!&ylase

(sﬁfaﬁtsa&ﬂﬁf prof@Na! £haane afchikdl @@Hydrag@ﬁw@@nmae Seiardabkweed
5:131). The bar gene confers herbicide resistance to

RubPasitvaykese ypal siéqumthr@tﬁ@teT iskopwadn gecspSilvettheme gral.
ST3e) Pl AP g e Pub P prgr B (P QLSS (AR Rt placts,

\f)%}'éﬁbbﬁ&{&ﬁ%étp tafe A1BChWifBle iBtltdiag eouabt linited eg ptamotedse
gene, also for bial aphos and phosphi not

i fnpeDashhen mosHigEHES, (HOTEI Hasleigndhe CP@?%% Yfts@denine
HYG
LSS0, A P A i PDc s D

apeeed Wilt Vil Hbadwoaatte vﬁﬂile tbbaob@ xbdrosindiras, hetracco nng spot virus,
sel ective agent s used routi nely and known to on(%%]:gPr
SPRIPRATE PRI VIS, AuGUREDeA PrOSAiG B LS, PerH SRR 1i5es pligfn mosaic

N, kB hacPip op R AL CRERE AR, (1533? 2)Oelp i

71: 63;FilaRrnpropidters L9 B chdskn td\vgive allesited 16vel 41 Qegulation. For

Bar kl ey. et al 1980) Th er on 177-220; Hu

(RO, Eetomeds 58, ThPAe QAR AEp g Ao agrmysr Bgbsonters
Figge et al. (1988) Cell 52:713; Deuschle et al.

(1989) Proc. Natl. Acad. ScL Y$A 86:5400; Fuerst et

al. (1989) Proc. Natl. Acad. ScL USA 86: 2549; Deuschle
et al. (1990) Science 248:480; Labow et al. (1990)

Mol. Cell. Biol. 10:3343; Zanbretti et al. (1992)

Proc. Natl. Acad. Sd. USA 89:3952; Bairn
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et al. (1991) Proc. Natl. Acad. ScL USA 88:5072;
Wborski et al. (1991) Nuc. Acids Res. 19:4647,

weli2bdsanging- W ssman (1989) Topics in M. And SPCEUAIS2005/004245

Bi ol . 10:143; Degenkolb et al. (1991) Antim crob.

Agent s  Chenot her, 35:1591; Kleinschnidt et al. 19b882 .
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native protein; deletion or addition of one or nore
am no acids at one or nore sites in the protein; or
weubsstorgwbi on of one or nore ami no aci ds at oOnBCOUSAMSB04245
sites in the protein. Biologically active variant
| asm nogen and_m cropl asm nogen_nol ypepti d )
m@mggd%mbw%‘?é; EIF‘EBESH% el qz\lé%ﬂdﬁwg%%ﬁdg%s&i 15292
| i BRak ke @A pREROGP d&bb¥AhRAniaN
%@%ﬁ élg%l egglgiﬂoak@e%gﬁg[}%geqﬁhe praot eage activity %f the
gubasitignfieniohyse@fenpe aideths €suliffomymdogliaysrug 345 mp)ation
Such biol ogically active variants result.fro f.or
SRS S0 GO SR S B T iy Other Wabi®
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descri bed, for exanple, in U‘tS' Pat ent No. 5,190, 7%@.
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invention) is using a BLOSUW2 scoring matrix with a
gap weight of 60 and a |l ength weight of 3). The

woens@nigiopdentity between two amino acid or nueCemiS2@se/004245

sequences can al so be determ ned using the algorithm
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BXRr8 %ﬁ@d&%iﬁ@kﬁé&a&qm Kk emaqflgs@l P, Natl Acad Sci.
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e accessed t hrough the website for the
Matrelbme alC(éﬁSie)rE]f/fBO B33 ); hmeshosggxater(foriera-Berellager al. (1983)
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fet sﬂvmsypﬁfntm%oy%a% 7). ?ﬁﬂ eOHl. 119053 PMENEiesce 108:219;
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conprise codons used with a frequency of at | east
17% n duckweed. Codon usage in Lenrtagi bba (Table 1)

wanasoesma m nor (Table 2) is shown bel ow. | n BOMAIS2005/004245

enbodi nents, Table 1 or Table 2 is used to sel ect

duckweed preferred codons. In particular enbodi
ukkotberckisedn m@mse%rquﬂnﬁlwnégfa%ﬁé‘é%% e ry S 3 the art.

E%ea?%]r%&? Q gb g %g?zu SEens Q%W@ Chis ﬁ%rjsgh NG 3(1 99@@; oc.

I'm zed sequence encodi ng
Nufir &qaldaSen 1888063341 Yiso evud! @ BPZ)déelé’éqGEdt@nﬂ@rﬁKMWWj Mol.

Elehin 160 Paride 59 T Sy e b o bRt 16D o
gﬁ ggg S}B@ ﬁ@?oéﬁ e’ 43%0§glé§g§ 2t &3 gl9%°€511 09.743 Q§euschle et

52 0.02 00 47 .14 0.58
hl G%9§3R@c1%tlﬂA@zaBScBUS@ %554@0qu b aD 1980 Prec. dégtl. Acad.

Srcsh Nors3t: taissf p b (1 BIRs Gl 0B Lo & Ao Mol

kgrzoﬁzo? 16%3@3 %ﬂ(%tt@(éz 5(19@23 e Sx'meAaad Mca mgr@sz Baim
GCA 14.00°7.10 0.07 Ala GCT 1

¢ 410(1991)Ol7roAI Matcmad:%@cloUSA?@MQﬂI Wﬁb(msbl %@é(i%‘?ldé\fuc Acids

5o, 5005058 R S T Ry

be% Yoset%/r@gf)wmg@m@ Qgemahwher 08:139 BIKBiRGmAdtres al.
70.00 35.48°0.97 Met ATG 67,00 33.96_1,00 H e ']r
£1956) Ezoc@@n@ﬂz@@m 1@%16’%@ et @p(1998bPlant $3:39 %6 GRpeengs a §b992)

%1%619 %/89[ 6iad :E'Igz (/@9%91‘95479611%a gzgal.o(19§§) J;?ﬁmi%% %Ige;@t@

Chemother. 36:913; Hlavka et al. (1985) Handbook of Experimental Pharmacology
78; and Gill et al. (1988) Nature 334:721. Such disclosures are herein incorporated by
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.

B. Plasminogen and Microplasminogen

The present invention is directed to methods and compositions for the
expression of plasminogen, microplasminogen, and fragments thereof in duckweed.
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 ID NO:6. In other
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Thr ACT 6 .00 3.04 0 .08 Thr ACC 50 .00 25.34 0 .66
Trp TGG 45 .00 22 .81 1 .00 10 End TGA 4 .00 2.03 O

w026050y8109GT O .00 0.00 O .00 Cys TGC 34 .00 1PCRAS1008004245

End TAGO .00 0.00 0 .00 15 End TAA 7 .00 3.55 0 64
Tyr TAT 4 .00 2.03 0 .05 r . TAC 76 . 00. 3
e bodimants, thaglismumpegn i bisto sl prv VTS B 6 pinesid

%Ql?‘ %Eéhé ang E%%ﬁ 004 Phe TTC 92 .00 46.63 0 .96

Y8R 88 24 25 ser TCA 2 .00 1.01 0 .01
Ser TEfaghenBGOPlaitoged br Bacroplagni®gen glaxg)egagocblcedl gccordmg
g%e@@peé%nﬁ%%fﬁ (1)§u(gq 8@%%}‘%0 Ar @Qns%% 1%3%9 %& ag?eag%ﬂp ﬁt least

ﬁ)rht%gtﬁpat Qgst@a z%%a@t 9§§1t F2st@ 0, 8A%ast @50, Qt@leﬁst@I)OQat least
. H's CAT 26 H's CAC 14 .00 7.10

zém aClR@stA390, araeami@ aolea$537ﬂoatl_1@a§t 60y apleagsy, Me@t 5@& at

58 S 8o 0 e g g
B Q}I)_ﬁ%lrﬂa%_en & 5 RmpR JIPregeeasGhat 4y BWlprbBudd accordmg to

emma m nor codon usage fram GenBank(r
T

s leg@éggsﬁlummlmaweam\ﬂm@lqsmo Npnglipyiidng @WIPIGS of
oo el B oy 190

79:315-28; Sim et al. (1997) Cancer Res. 57:1329-34; U.S. Patent 5,972,896, and
U.S. Patent Publications 20020164717, 20020037847, and 20010016644; each of

which is herein incorporated by reference in its entirety. In some embodiments, the
fragments retain the enzymatic activity, for example the protease activity, of
plasminogen or microplasminogen.

A “biologically active variant” of plasminogen or microplasminogen is a
polypeptide derived from these polypeptides by deletion (so-called truncation) or
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
the protein; or substitution of one or more amino acids at one or more sites in the
protein. Biologically active variant plasminogen and microplasminogen polypeptides
encompassed by the present invention are biologically active, that is they are capable
of being activated to produce a protein having the protease activity of the plasmin
family of 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 biologically 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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Gu GAG 25. 00 54. 35 0 .78 Gu GAA 7 .00 15. 22 0 .22
Asp GAT 8 .00 17. 39 0 .33 Asp GAC 16. 00 34. 78 0 .67

wWoa00s@T8021. 00 45. 65 0 .53 Val GTA 3 .00 6 . BeTAS2@F/004245
val GIT 6 .00 13 .04 0 .15 Val GIC 10. 00 21. 74o .25
Ala GOG 13. 00 28..26 0 ..32 Ala GCA 8 .00 17..39
resml@esmaafe@cas 10 ginagacig resgsiues, sycinps6-EReming ace%r%‘ﬂtsiue&?s few

%935 Bléﬁ‘l '8:’:[ %@gﬁugs R%gs %%» asgé% 322 'or?eg 1@'1 905 Sec}&rA@sQﬁe Examples

&ﬂbloﬁ@lc‘aﬁy a&dvedvariafitslof pladi@okBn afCkrR8/n. iR Ghddart 881 arg slescribed,
00 13 .04 0Q..32 Asn
s amiicon 58 PgniiNG ol (b outeouer gpreign bifosiodl geifiRg any

e
ABAtiRitio8OwAll g&ferdly. rhddeTinmresh@Es Zhat @ ubt r@mied faripryigase
é\q%cé(ltg/ e r%s?dqleg ?aﬁ} Blgg)ég il e}%%agS thﬁglgté\;i%igi:{ ;gasnil?%%/sgﬂno gen

%ﬁ?cro 9311]:§1/m dﬁasnﬁﬁo Grd Do vih i0Be Qrt 208 hBve BM3nBBSkribed,
TAT 1 .00 2 .17 0 .12

M@ximp&olmlsolez 2t @. (1@97Lé WBialT Ghgm. B B36662079; d@@S@éatos et al.
%7; g'zb%olac%mgl éym Eg%&%%%gelsaoh et a(B (%&99) Bgochgmmtgz% £ 80-
11188, and Turner et al. (2002) J. Biol. Chem. 277:33-68-74); each of which is herein
incorporated by reference in its entirety.

The comparison of sequences and determination of percent identity and
percent similarity between two sequences can be accomplished using a mathematical
algorithm. In a preferred embodiment, the percent identity between two amino acid
sequences is determined using the Needleman and Wunsch (1970) J. Mol. Biol.
48:444-453 algorithm, which is incorporated into the GAP program in the GCG
software package (available at www.accelrys.com), using either a BLOSSUM®62
matrix or a PAM250 matrix, and a gap Weighf of 16, 14, 12,10, 8, 6,Lor 4 and a length
weight of 1, 2, 3,4, 5, or 6. In yet another preferred embodiment, the percent identity
between two nucleotide sequences is determined using the GAP program in the GCG
software package, using a BLOSUMS62 scoring matrix (see Henikoff ez al. (1989)
Proc. Natl. Acad. Sci. USA 89:10915) 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 BLOSUMS62 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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Ser TCG11 . 002 3. 910. 26 Ser TCA4 . 008 . 7
O0. 09 Ser TCT 6. 00 13 . 04 0. 14 Ser TCC 9 . 00

wa 2805/078109 O . 21 Arg CGG 4 . 00 8 . 7 0 0 . 1BCTAUSZN0G/004245

CGA4 . 008. 700. 11 AAgCGro. 600 . 00O .
OO AgCEC9. 0019. 570. 24dn CAG11 . 00 2 3
92 0. 7315 Gn CAA4 . 008 . 700 . 27 Hs CAT O
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%%ﬂﬁﬁféeﬂyé Pl RNNSE H B33 10415, 43&39an§1@&1¢ &91S[1991) Proc. Natl.
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otvard 2%, V5.4 &5 33 24 lamrasemakt @lh(ln?é?@ BlangMobtRipl. 3643 and

AR eCy TobEvalR i R 7 g et R I g

hRRtpref@fed 8ddomk @ia@doemétdr@lﬁrﬁdm tﬁdboldﬁﬂs%f lgginss frequency in the
expressed in the host cell. Wen possible, the

eeleinn cuptivespd e dndladele dhub the Brarepreed Wé%OE%WIfJ%lW a codon
S8 A00aAA GHEHEH B ana DB LR wi adh PR R ced

petween he opti na |n|t|a
edingGbiutRcse Al anmbsr éﬁﬂmkwaﬂahdoalﬂngmqumcbs; ateikmowada drse of

(SKEDOIRE P A G aEDU ESRNERESiRET BB HnS BuRse depbase
é{}l&lﬂlﬂﬁﬁﬁ%et&@@esf&{ tjhﬁﬂu%ﬂ‘%ﬂe Rbbsite %ﬁh@NaﬁBndl'@etnte"i‘tfd)l‘%‘lotechnolo gy
ee, 10 : (2000) »

exanpl e aszew cz et al
Safemaor, 2411 GiSioAdf tieriNatimahLibedry alf Me(di@@@ )Whlth 5 ﬁ@camdl n

Bi ol . 35993 h
t]il’*f'gh%gflétMBW  tioh1o BB ReRGRP B deh St e e

guetn'é@ﬂ%n th&ini ths flodf ﬂe@erl‘lt €RABAID rdibRe AYS 1RALISEON the

ence of 1 nterest may be nodified toenhance
exqﬂmﬂs $irdhe KnzwhadXMAREsedreh Im‘etuémmd&iuhe fapant see

nucI 3@?{1%%?3@13&;?1 ;hgégfaglgf%?hg f:s gd {r} %lgz{ngt%erﬁgp L EE000) Nucl.

q]élgslggsl o). g@plon of the nucl eotide sequence of
interest are "ACC." In a second enbodi nent, these
nucl edt isdesoguized thtAenesthprhage besn Qprtmamdr £F SYRIGESI QTN

d(yucﬁwe and othé&r rﬁgnokc):%tsec%pl%g %(seéjd 1%¥h %th%ﬁg of {he ?nventlon. See, e.g.,

EP 0359 472, EP 0 385 962, WO 91/16432; Perlak et al. (1991) Proc. Natl. Acad.
Sci. USA 88:3324; Iannacome et al. (1997) Plant Mol. Biol. 34:485; and Murray et al.
(1989) Nuc. Acids Res. 17:477, and the like, herein incorporated by reference. It is
further 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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| eader sequences. Such | eader sequences can act to
enhance translation. One or nore | eader seguences may

woeowsgegiopn conbi nati on to enhance expressi on BETHISE005/004245

target nucl eotide sequence. Transl ation | eaders are

known in the art and |nclude but, are not limted t
phelegtifgvequsnce eacgding plasngnogangrynicoplpspiinogen comprises between

g&ﬁ%ﬁ%@f%?& g g%r}édﬁé’ﬁi’n%%’%gdug%@ guclglfé'e@ﬁ)ré\fgﬁéd‘

pedotei Iusnd c&ﬂ]ﬁtﬁhﬁen@b@weeﬂ' BV ahd 96l & of the badune aE duvkweed-

Virus; Allison et al. (1986) .Virol 154: 9

pfﬁﬁrffegq B | Fherrosine sefasnceof Xe P@BIV%‘? %ﬁ%le%ce Oglfn’fefest may
r A aitish agh

R B e Sy oh B in

lemuegﬂwWWTﬂNAImeﬂb@hmn@nandTﬂﬂthEquwgbﬂowaﬂnﬁ@ne

E9BSy A SR Aror BTy ot Rkl S50 Sy b biegd . 1o

éhﬁi‘éﬁlaf 8RHSdincAR M RRVISkSGeco8bn Bbtim{zE8 9€quedce éRDding
irol. 74:2717-2724); Fed-1 5 untranslated region

@[asmlwge(l i0be yeqERBE sllowmn ;S’&“ﬂmzelpz; angiesdupkweed codon

|9P ]El'i].?zré l,%ﬁueegé %&O&fg(ﬂl % ! %go%g rlri{h% leug ef)t]rc?eg %zhué'nce shown in
P IEENG:5.us | eader (MCWV; Lommel et al. (1991)

Virol ogy 81:382). See also, Della-C oppa et al. (1987)

Pl ant Physi ol ogy 84:965. Leader sequence conpri sing

pl ant T“ﬁlegg 55 d%ae %5 cbd}ﬁl H&g@%eeeﬁeaﬁﬁebﬁassseﬁe@m

the mai ze nase cast or bean

catalaseAgeneAced tﬁgéﬁqabldé@ﬂ@ﬂ;trwﬁLﬁQhan_ﬁaﬂEMEy
gene PATlI has al so been shown to increase

translatloﬁaf ef ficf8At in piPdntd (Cat] S 1. (1987
Genes Dev. %% 1183- 1% ; Nhsca@e&%as e%_ig (19 3
Plant Mol.SBi ol . 15:.913-920) ., e ghhadi me t he
pr esent |nve%t|on nucl eoti de - sequence correspondlng
to nucl eotges 1222x1475 of theosmi zesakeohol o.95
dehydrogenase 1 geneaf GenBank sAccessi an ohlunber o.os
X04049), seipforth ieaTSEQ I D MO0 1, i s3.oaserted.os
upstream ofsit he nuclcedti de seguehce o¥6-i4AteresP-1D
enhance the efficienc its translation hi another
enbodi nent 2} he expP§é5|on veet B conthi‘ds the°I§ ader
fromthe L&fha gibb Tﬁlbulos%;bg%-phos @%te o
carboxylasé mal | % Hnlt SBEge (Bugzbyset al 1;990)
Plant Cell 2Z:805-814). S recognlze t hat any of the
duckweed e&g5e53|onG@ﬁhanC|ng4nupleobbdgosequange

nodi ficati ans descrédred abovescamn be used in the7
present inweation, eéwcludi ngiamo si ngl7eitodi ficati on
or any poseﬂble congéat i on 189 -dfodi f i70@at? ons. Tieé
phrase "nodified for enhanced expreSS|on i n duckweed"
as used herféEn refeW%*to a nt€l¥ot i de 8stfuence® tHat
contai ns afyJone or2%hy conbihali on of ‘these o7

modi ficati § D. S@gnal Pept,j, { Seghe gd prog%hns
are usual ly translated from precursor pol ypeptides
that includgsa "sigpad peptide’od hat dgntyeract siwot h a
receptor prgtei n onatdhe nmenbrane of theoendopl aswi c
reticulum (AR) to drxect the transl ocatpon of ¢ive
growi ng polagpepti derzhai n ac7es® t he ¥vehbrane &rfd into
the endoplasmc reticulumfor secretion fromthe cel
This si gnalMepept i de®T% oftenGEI%hved3§r8ﬁ1the 1.00
precursor pdfypepti @& to prodtc® a "métlte" °°°

pol ypepti de | acking the signal peptide. In an

enbodi ment of the present invgetion, a biologically
active polypeptide is expressed in duckweed froma
nucl eoti de sequence that is operably Iinked with a
nucl eoti de sequence encoding a
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signal peptide that directs secretion of the
pol ypeptide into the culture nmedium Plant signal

woepisiode®9t hat target protein translocation toPCAIS2005/004245

endopl asm c reticulum (for secretion outside of the
cell) are known in the art. See), for ex npl e, op
Pat ent No. %ZOZO 169t 0 Lee e} 2. I, the presen
i nvention, “any plant signal peptide can be usedto in
t ar get poI YRepti de gxpressiong t)@ the ERsz I n syds
enbodi nent spt he signal peptideoc s the.#r abi dapsis

t hal i ana bagsic endagdt ti nase siognal pept4 de, tdes
extensin sitgnal peptdcde (Stiefalo et ab.341990)0-Prant
Cell 2:785-793), or the rice a-anylase signal peptide
(SEQ I D NOT8P ami nd'%ci ds 1-%3-9%9f NCBP- & ot ei n1 00
Accessi on I"él&%‘?1 AAABS%@S) I'n a@d’toher etj‘o |ment ghe
si gnal pept; Ve corr onds t t e sigyal, pepti deooof a
secreted duckweed pr ot ei n. A?t ernatively, a mamTaI I an
si gnal peptd,de can fe used togt@rget pee®NMbi nanto

pol ypept i desgexpressad i n genetdocal | ysepgi neeredas
duckweed fagrsecrettman. |t has.dseen denmonstratedst hat
plant cel |l gyrecogni e nmanmal réurosi gnals - pept i des sbhat
target the endoplasnmic reticulum and that these

si gnal peptliedes canti r ect th% Wecr et |20i513 of ©0-04

pol ypept i dé§%not on%thr ough® torge pl ag rrerrbrdargé but

al so through the pl cell 1l Seg U Patent Nos.
5, 202, 422 gﬁ& 5, 639. Y47 to H}%tgto et alln sone

enbodi nent ¢.t-he nucteoti de segugnce ancosdi ng theas
signal peptdede is maghi fied fos.@nhancadoexpressioan in
duckweed, ufeirl i zi ngr@any nodi ficati on orstonbi natilon of
nodi ficati aes di scloxed in séetdoon B2abe¥e foro ke
nucl eoti de sequence of interest. For exanple, a
duckweed opfEni zed %%huence éﬁdﬁhlngjﬂh@63|gnd?22 ;
peptide frd¥frice aS%hyl ase i3 Fhown in>5EQ I DN 7.
Thi s seque@?@ cont$%§% approgbﬁh;ely ésegduckwe%
preferred cédons e secreted polypept|de can be
harvested fggm t he gAd ture nedigym by anyo conventsisona
means knowxinh the et and putidd ed by.ehr onatography,
el ectrophongsi s, diewysis, sobvant-solovent extraction,
and the |ikss E Treasfor nedibutkweed 7PLéant s ahd4
Duckweed Nodul e Cultures The stably transforned
duckweed uthelj zed i ®#% hi s |n6éﬁ¥10n cdn’de obt%@ﬁed by
any net hod Y€Hown i ncthe art. ﬁ one e |nentO

stably tra orned kweed | talqu y one Eb the
gene transf&" met hods di scl ogéd in U at ent

6, 040, 498 o). U S. Patent Publhcad i on Nusbers 2903301
15640, ZOO&QQSSGSO,C@K 20020088627, eachasof whooh is
herei n i ncargoor at edctny ref erence Thesesaet hods.o9

i ncl ude germrot ransfe®c by bal lBpstd ¢ botthas dnent 0 st h

m croprojectiles coated with a nucleic acid conprising
t he nucl eoti de sequence of interest, gene transfer by
el ectroporation, and gene transfer nedi ated by

Agr obact eri um conprising a vector conprising the

nucl eoti de sequence of interest hi sonme enbodi nents,
the stably transfornmed duckweed i s obtained via any
one of the Agrobacteriumnedi ated net hods di scl osed in
U S. Patent No. 6,040,498 to Stonp et al. The
Agrobacteriumused i s Agrobacteriumtunefaciens

oxAgr obact eri um r hi zogenes. Stably transforned
duckweed plants nmay al so be obtained by chl oropl ast
transformation. See, for exanplpe, U.S. provisiona

pat ent application nunber
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50

55

60/ 492, 179, filed August 1, 2003, entitled
"Chl oropl ast transformati on of duckweed." Stably

wonremsgfowmed duckweed |ines may al so be producedTaszeg/004245

pl ant virus expression vectors. See, for exanple, U S
Pat ent Nunber 6,632,980 and Koprowski and Yusi bov

(2001) Vaccine 19:2735-2741. It is preferred that the
st abl yT'4hleds flevmedninge Rofmusga fram GienBank® Relepasedd@™
nmet hods exhi bit normal norphol ogy and are fegticl e by

sexual repr @8betd ofdPr ef er YWIRET t r dHGEDr ned of

the present invent cont ai si ngl.e,gopy o
t hetransfer P%Eﬁ nuctgi]c aci df@fﬁd t h%;ﬁégnsf ergzz

nucl ei ¢ aci @ﬁjas nggfot abl e fesy rangenents therei n.

Al 'so preferigd areggtickweedipl@nts in.which thes
transferred nucleic acid is present in | ow copy
nunbers (i.&lp no an¢e than2ewed ve copiBes, noliisr e
than ei ght ©apies, G nore tRatP fivelcdpies, 0-22

al ternatel y2spo nofRTthan thPe¥ copi¥s3’as a Pult her
al t er nati ve 2Pewer ®han t hr &8-pi es*“of t he nbticd’ei ¢
acid per tran for rrgg cell). ,EXPERI I\/EMI’%E The faly owi ng
exanpl es arqu%ffergngor purpoges of Jdlhustragign, not
by way of ligihtatiay Expresgien Consipucts ferist he
Producti on af;1Pl aserfiogen and. M cr opt:agmai nogen.dim
Duckweed The expression vector used in the present
exanpl es i s raanodi Bced versilono®f pBMBRs1, whPel? is
descri bed i mleg. S. Pakent No. 859055, 646 23%her ei A-20

i ncor por at edlBy ref€Ffence. THet ranch"r'iogti onaf -1°
cassette of Alte veffor cont d*n®Y t hrtk *dopi es’ot* a
transcriptional actiyating nyc|eotidg, sgquencg gderived
fromthe Agriq_, act e, ,im t umef.acyens ogf gpi ne synifase
and, an addidd;onal jEftanscri phi gnal acfizgatingo.os
nucl eoti de seguenceagderi ved ifir oen t hezAgrobact er2aum

t unef aci ens mannopi ne synt hase gene, a pronoter region
derived fromyshe Agrebact erildnPe unefa&izéns maAn@pi ne
synt hase gerigrs a péP¥l i nker $i-Pe foriisféertioA-df the
nucl eoti de sEguenc@2&ncodi ngjgot-ﬁ% pol X%‘é’ﬁti de §f°°

i nterest, amf"a teffAfnation e&%ence eri ved fr8m the

Agrobacteri tunmef aci ens nopal,j,ne syanthase geng, (see,
van Engel enuw?gtt al . 2@%995) 4. 8%2 290; d Jiet al %(’52995)
Plant J. 7: - 76; xa@pd Luehrsegoet alg 31991) oM
Gen. Genet. 225:81.93, each 1f owhi chzis/4sherein.77

i ncorporated by reference) . The expression vector

al so contai nedt a nuckeoti de sequenceleddi ng f dr28

gent anmyci n atet yl t PeAsf er ase-2300, aac€i35 Whl Peben et
al . (1989) MBI GelCTGenet. 2199202- 2687 encodih

gent anycin rB% staf€8 as a sel'88t abl & mdrker.
Transcriptiop of t sel ecta mar k equenge,h s
driven by a gﬁom)t r&%Z(ideri ved?fi%%m t hgz }Afg?r obac%égg um
tunef aci ens papal i necsynt hase bh genez iFhe expression
vect or addi té@nal | yrggont ai ns +.lae | eaderz2f r om tohes

ri bul ose- bi sphosphat e carboxyl ase snmall subunit 5B
gene of Lemengyi bbaraGnucl eot icdes 689- 7500 of NEBPO
Accessi on NoEndS4516RA Buzby ex-08l. (19 Pl arftt- °Cel |
2: 805- 814) afdr anud¥PBot i de segdénce cdr¥ esponc‘Pi'ﬁ@ to
nucl eoti des T22- 177§ of the Mifze afeoifol 0.8
dehydr ogenasg_gene ((enBank Acgessi onG%,n’oer %X04949)

i nserted betWgen thﬁﬁpr onot er; ggd the,ppl yli nkeps This

I ntron sequence is shown in SEQ ID NO 1, and the
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| eader sequence is shown in SEQ IDNO 2. Transformation
of Duckweed Duckweed fronds or duckweed nodul e

woubdsure®9 (deri ved from Lemma m nor strai n 862PCTMS2005/004245

these exanples) were transformed with the expression
constructs described above usin

Agr obact er i F¥medi dfed transfso ﬁ'atl o@zﬁgt hods?-2>
Agrobacteri i 5% t umétaci ens st ral n C5 a di Sar med,
broad host range C§8,strain ,(Hgpbur n23e.t91al (3985) J
Gen. Mcrobisglr. 13];@2961-296&)_0433 usegl. -hor 0.09
transformatiger i n these exanpl.es. Thes expressoom
constructs descri bedcabove wereonobild.zed into.-A
tumef aci ens by el ectroporation, or by a triparental
mating proceddre ustfig E. colti "Mveo4 2ha?roborl n Hﬂe
mobi | i zi ng ﬁrgsm d RK2013 (Iﬁlog?(erm et 7%

Nature 303: “FF9-18¢> Ditta et %;E; Proc tl.
Acad. Sd. UZK77: 7347-7350). 58270 stral ns '’
conprising the exprgssi on conshsuct sygaescri bed, apove
are streakedy;;on ABqawni mal nmedpsim ( Chg J4on et oaby
(1974) Proc.uiNat. Aead. ScL WSAo71: 3642 - 36D06)oor in
YEB or LB nedisum (Tag/L yeasts.extract3.®® g/ L Beed
extract, 5 g/L peptone, 5 g/L sucrose, 0.5 g/L SH)
cont ai ni ng sksvept off€i n at 560°fm/ L, 1%p‘3€ct| nor?y% n at
50 ng/L and ¥&nany ﬁ sul faté- 3? 50 nf/’° and

over ni ght atL62180 C ckweeglrL uI e chlfures 055
transf or mat i 67 wer & produce as follows. Duckweed
fronds were ggparated, the rqoobs are;¢ufs of f wi.bh a
sterile scalpgl, andathe frondsoare ptamed, ventsal
si de down, o#dVUr asftirge and Skoog nedowm ( cat al. og
nunber M 551%0 Si grmecChemi cals.Qor por atisn, St.0-Rduis,
MO pH 5.6, supplenented with 5 niM

2, 4-di chl orophenoxyacetic acid, 0.5 niV

| - Phe -3(1 4.2, 3-thiadi azol -5-yl)..urea thidi azuro

(51 o bisraediTcaifrd i aCs b5t PeaTRsbHS KB b inerest o

(Rhafents %ﬁjn%@shbﬁ {rCduck™eed. OTHr¥mfaRl fidatiend Sic AL but kfeditd $imited

were grown for 5-6 weeks. At this time, the nodul es

(ts,rfdulnhnat;@i (bf@mlmmcgseq:ncodmg §Elg)oug @pb@d@@/latg@rﬁégr@ﬂq, 9xon-1ntron
e.ce part vent I e

PR AR B e BT RER oo S mR,

3B S&SRhigR eWePNE i dd PEeSpRIsSiBRNTRE GAthbnfB:% ofthe

sucr ose, 0.4%Difco Bactoagar, 0.15% CGelrite, 1 nmM

ge@;@p@ma(gfo@pﬁgmygl)ﬁgé@qels&vg@g@ forgrgiven galular host, as calculated by

R ST B SRR SN oSl s s

trﬂm@lﬁb@méd% Bdi0 praisotet irpinsecpadaay mmmsmsmmg ar
or YEB or LB agar with 50 ng/L kananyci
acet oshherngskaowanliiiorenses Bé‘i‘i‘@éﬂ thwn@maéwgéﬂ%laﬂ@%% gontext

TR eHﬂ?ieS %EE&E @ﬁg‘ganl‘éiahgn ﬂ?g’atwn%ﬁbﬁst i3l anfihgls QIIQ(PPHMS and the
ace OSyTI ne. ule culture tissue was i nocu
lby)mpnfﬂiabﬁ lofithes @ trivisdatRol ititiation edntex auslpenixﬂaesﬁ:qucb enn anfluence

for 1-2 mnutes, blotted to_ renove excess fl ui

ﬁh‘a@%w&ﬁy Ebir R4 AT GHO T SR AT EHED &t i\#@a%?wwz 81 (2000)
NbIE AU e 354 88KR0 G IR LU 3 {PSY mﬁzatzﬁﬂzow_ézbz 95@9@1@011 In
cytokinin optimzéd to pronmote nodul e growt h and 100

vt preedi siywentigaribe tr8esdqtioaméinborncatexs |nucl(ag@@p15)equ¢nce for the
Vitro.Cell.Dev. Bi,ol nt. 37:349- 35 sel

TERISAR i1 o 88 g MAAEClep S piEg of Bipeyaner oy rated to
medi unt 0.5 X Schenk and Hi | debrandt medi um

suppl enmented with 1% sucrose 0.4 % Difco

22
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Bact o- Agar, 0.15% Celrite 500 ng/L cefotaxime, and 6

nmg/ L geneticin and cultured for approximately 6-8
woreals®7gmger continuous |ight (20-40 mM nR- secPCT/TiS2005/004245

nodul e tissue was transferred every 7 days to fresh

culture nmedium Selection is coqylete when t he nodul e .

eilysoeexmessonin doploresdglp RpmeBhodIHEN s dleatdlotidg gepience 1s
Thogif{e(()ll Slug]%{\?}ﬁgth%)iﬂlrgg lnﬁ?legt%gg ARLLR] lﬁp S SE LS sPoR initiation
biot'ogical I'y acttve prasm nogen -a d m cropl asm nogen
cadshustkhertledtiarpduende ofintetest tiedh @F." Fhasetomganbodiment,
Human plasninogﬁg;mqs expressed in duckweed as

thsee B‘Q@‘?Otﬂeg?’ﬁt f?*-c_ duckweed- codon optim zed sequence
encodigng, LYgREr Plr ROGEMCREed Beidosst dihbfcdd the use of 5'
expression vector déscribed above. The am no acid

e ereseqeences. t Siehd eartod edljuphers riman ém chbange (rapslatipnsEel qmore

NO. 4, and the duckweed-optim.zed cqdi ng_ sequence. . s
BTGB PR AP B PO B e thtareet
ARALGIRad Rl CHREH LR a0 B 16RMINTE theat eRCiclude, but are not
encoding the rice al pha anyl ase signal peptide

linsterttepigmafirus headprsasi, OGSV lezsar @qc%mrf%z@ardﬁ%y
B BT S PR AR RS 2

_ sequence encodin
BHﬂ&ﬁupleaééfk,@? EMEVUeitiel TBdbat el insdAligos efuk (1988)
woul d be translated as one protein. The duckweed

d@ta‘lcrg'vﬂéé_:%bmlimgl i@@g\mﬁ%@u@ﬁ@@mﬁ@hapﬁ@nﬂpwrgqegh@P; Macajak
AR SARE DL BIDURTR 3A0s B LR AR omt BRtci RN A

RIf aﬁﬂrmg@mc eiiﬁunH(@a\aNEMngt; };Tollsliﬂgsandeiﬁc&?rkced 95@) Hstﬁmﬁn) :
in this exa e. Duckwee i.nes transfo | wit

BARCro mepte gﬂ%hawéﬁfMV;v@%lbe Gosal @%u@%ﬁg& PEed, 23:50);
%?&Yoe etc¥fud féa&g}ng?ﬁ%Vﬁ&agg Pl FL|99§W r@egzle Wg-og hR.:2717-2724);

I'mary screenin transgeni c i nes include
arally3 ustradsldiat fegiomdDaclayd 19923 B A Inbly2hbl-2317)TRbeS 5'
vast majority of expresse ej n,,was ined i he
S BT B AOBDET PSRN EEb B}
%@Eﬁ}ﬂ&%ﬁ@ nREEOVRIEidadeR VR TUE AR B2410f1 9D NEVirelogl 81:382).
soluble protein in plant extracts (as neasured by
Rek S&p, DEllgGioppd et @p(O8EnPhnt Rbysides) 8469651 beadichsrguence

measur ed hn 56 of the tra sgenLc | ines. These Ievglg
WEPRTISBE R4 B GRASFr O OGBSl ghsE O fie iz
IRAGRDShaYEP ?@ﬂe? theCABITE bEdnAatlas \8hd, AP iR RHaBEIBPBIE @S Ptophan
was” used as The standard in this assay. The actjvity
phthvy gtoe RAdd dias rlse dseeshoninde inaierse tramglatiensd effipignéan plants

far tiss racts fram 7,-djffe '

(Paps st Qo @S e UL LR SRt IRSRERE IS0 Pl Mol
VIBS.. 2501 yabey 1%ns ehdRlRidnD a5 @elpeesehitdiarionanmatddtide sequence
conpl ex. Activation by streptokinase does not involve

tcogresondamgito nu@iﬁotbleaslﬁr%r,lmgpf e ssizs ahgohg! dehydrogenase 1 gene

far i onal i f.1 e ts. £, t1 on:
IPPRRETRAERon RhHen SO RS R R IONTH . MR,
rpStiédnh Bthe apPleeideaguiiten s datrestrd Beithnby thesthyiengy éfats
cl eavage of the chronopgenic substrate d u-Phe-g%i-
(eanaliation | & Fnother empedigicalthe GPITSTRBYEHPT 6P1HEH F%ﬁ? from
TRk A @R hRota LR g ST RS el subupit 3B gene (Busby e
&l (Tho®MRantEgnD805-858). 255- 259 (1985) and Robbi ns,
K.C. Semin. Thronb. Haenost. 13 (2), 131-138 (1987)).
For each of the seven transgenic lines tested, the
activity level was closely correlated with the protein

expression | evels as determ ngd_by ELISA, indicating
t hat
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t he pl asm nogen produced in Lemma had a simlar
specific activity to that of the commercially
waveaisiiadioe control protein. It was noted that rangsefos/004245
the duckweed |ines that were engi neered to over
express plasn1nog§n underwent rapid senescence.

Howevlé is repegnieed thritary of HsdiiehupedemEsaopeahfpigigleotide

s ggnsée%? L n§ &&Uﬁ %1 ﬁ%vé@ ﬁ@%eﬁgnt r@é%hﬁfrﬂv@ﬁhcﬁff‘d

n% 1 une ur e. I'n addition,
1@blﬁlaﬁigr@ytshgld modltﬁilcammd@msnytppss:hln caibinalinf bfimedificetiens. The

P e oy Enlippes i aondR il RS BeR e YRR s
ﬁﬁ?%d@%ecﬁéyé’ﬂ%’t SRt £ Jrelor by EORbinal@l ¥Sthsse mbdisications.

ne was ected based on bi omass accunul ati on,
pl asm nogen expression |evel (3.3% oftotal soluble
rotejn | veI in crude plant extracts as determ ned
y EL %#@1 Hasbverall pl ant heal th. Pl asmi nogen was

har vegt&del pRINRIh & BN BlksRied frdig pasufsot bolwpeptitish khat
duckweed tissue was honogeni zed, clarified by

imehideiaf"sigaslipsptidd"; thaténistacts i i @ FecaPOr PItsORS gembrane of

d t hr.ou i
B Aol A Gl a0y Bhior el e RAEA R f (RO RThe polypepride
then a@bEd fb nenitwarefdnddntoythé srsdoptasépledcdsm for secretion from the
chromat ography. Bound materjal was eluted from.t

afﬂf i Fhis yigodlinentidaistoftcr cbﬁw%frelaﬁh%pr@%?ropolmemee B produce a
g@?ﬁe’ rp%ég)ﬁ%f‘; e @8%? 'tl{éesq%{aﬁ ?ﬁtﬂ#@e I eB%P%?Ef)ﬁﬂhg ?ijesent

Hﬁ@ﬁﬁk‘hﬁ Q BdlogkalBAactilb @ohfpbpt!detly exqfrestsbé in duckweed from a
duckweed- produced, pl asm no i i

| 1 owi,ng. activation
npdeelidsieeniepes th&hﬁ* perabh lél%?eﬂa@gl sRLcletids S&‘é‘{eé‘F?ﬁlhcé’g}/ng a
%élvﬂegﬁdé){hapﬁ ER6Bn %?%He\{a%'iﬁfépmié ﬁ‘ltc?ih% RertutePAeddtim. Plant
se produced activated plasmn as shown in
FigguirgepAdesWhsittarzat frbteit tralgslcmaablym the shdwpdainie saticylyn (for

he h d. | f h lL.a
tg@q%qultacs%ﬂa{] ﬁ%thla g@b\ﬁé cgvlsnggh 831‘[2'88%,;?:05%% qé’ Cl?g Pﬁ‘cent No.
%‘b’zg" 19536 e ¥ 410 ﬁ {h% p‘fé’é&ﬁﬁh@éﬁ {ohnY arVsbhtahdal ﬁép@ﬁiﬁlcﬁn be used

as acontro igure 6). Activation w't
s rrﬁptgakpasiap@tldb smprpsmtoetue ER: ilnsome embaélmqwg&w signal

%2&,1 if g&%f@@?@ﬁ{%ﬂéﬁ”hg Qt%sqlf gn%)lpg%%seeo sjghia %ﬁgﬁnﬂlesextensm
%%g&ﬂ tld tfétfelteP 9[‘ (Fé%?%t T nr WO & tﬁ@ﬂ&é biain@ylase

brand pl asm nogen kit, D aPharma, West
Ghypal lmpndeesEQ EDND B; 3mitvoaesdst lhél of WEBL Reotpinpbesession No.

LR SasT SRt sebe et bt B0 pERARRI RIS RSRE o the sigmal
;g 5@9&9&%&&@&@@@%&@&18 a sinilar specific
1 VI

ty to the cont protein. The size of the

duckwedtbrpatvély; e mmm@mnwhpqm@e den be Hpqddy taget recombinant

g}m%étgqiegle%fp%:s‘s‘nem rbeglﬁa]& ant) nka fbé%@érktk?ﬁ{j Yt has been
qgmoﬁ&ké‘te@ﬂﬁ dIYl§ht3:e§1§‘ Pééﬁgn&é]ﬁianﬁl@ﬂéaﬁfmgnhbpd@hdmhaugmt the
produced uckweed was ful Iengh N-t erm nal

seaqommnmgemlmeandaham@a sml@ldzﬁ@ despraashreridle secssinnerf
th
fgoﬁyg%e%‘{}glé)s ac | agh 8‘1%%%] 1 0% BeRBLKPBRE %lg@th%ucg%' h9plaicell

man serum plasm nogen 1s
6. Bke w.aa)aeenmkw,mMMmﬂri)@ﬁwdo Hjbtieptlasm nogen’
and several processed versions defined as

"l ys-pl asm nogen' where 69, 77, or 78 N-term nal am no
acids are renoved. Such a cl eavage has no effect on
activity. Because references ip.the prior art have
reported difficulty in producing stable
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pl asm nogen in reconbi nant systens, the stability of
pl asm nogen produced in theLefnna system was tested.

weizousrgs9 denonstrates the stability of human PCT/US2005/004245

pl asm nogen added to a Lemma tissue extract. The
figure denonstrates that the human pl asm nog
r et ai Hegomershodingnt.dhe wcéec&@e.swteycevwdm&tb? sigpal peptide is

QAR TAO STFYEELORIA SR, I Eoh oo
Rloatbihatiog e madifieuinas dllscslssﬁd ir x¢atian tBsatfovke [famiha gudeoude

f -t The f t that th
et 60 L BAPTER OBl D16 BBV FS] OUAG, SR A e
%{3&3 eépg'fﬁglmn? rige oFnPAREGL b i eBhas A "’131 é%qhéhce

man m cropl asm nogen was™ expr esse
hoataneegbpesimealel y098s dﬁcls;weti Ipeefenedjcmlme ed- codon

optim zed sequence encodi hurran o | asm no

i nser t B ﬁeﬁlt%edtwin@p docu rhapusieg K Bhgyw b3 any
L € s%qﬂ%a%‘ ddRriRE 89&fromatograpt
#@V%ﬁ"ggln@n%%é% I's given 2|lnrb%ué1 9 Oma O%rgpl}ﬁ
cilisknopholepis, ditlyeid, sobahrspleay aemwonsargil ‘uhe tike.n SEQ ID
NO 5. The expression vector also contained a duckweed
opti m zed codi ng sequence encoding the rice al pha

a1y | asprafifenatd DeRWLE Pleﬁﬁ@iﬂd@uc’icwe@ﬁ Ndm1ot@sftNogen
codi ng sequence. The nucl eotide sequence encoding the

S| g nal Tlpegiatily eramﬁenquecmbw;zed utdiced in this erenfiasl eotbicgbtained by

di h .t hat
T TRy A TR ERs MECE SHEG R dilfvecd
|q§ gbRided blRedfate\Rad HaRifbth&edCast1BgEdSa aws rMent No.
encodi ng the rice al pha anyl ase si

nal
o Wi oS Paientcl?tlbhc@tm Nwaben 2ba 156k 298500 36Hn
Si

?g@éO?ﬂ ee er r e % 1g]h‘e:1re %ﬁﬁ@bﬁ?@%ﬁﬂ? %%egérgc% T8%se methods
Ei’n@llme g6hd traisfer tbry@aﬁlfs@é H@dbamﬂmhnﬁ With BAMBEYoj @Klﬂ)&’s&:@sﬂed Wwith a
vector were generated as descri bed above. The maj or | ty
gruclaieadis sPEBEERE iSSP HSNPIIBERS ofdatercst ganclgens
t r c
S AR el A R0 e bR L& Iﬁ@‘iﬁ%%d"f
Fogipriding thb ausledtit sequeaks obinterestr hpsasarembgtiments, the stably

expressed in these |ine The first s f 42 1ines
vigrefogmgdusigyeed 1y a%me&mai A0 6 OF ST Baergpm pediated
dtth %%@E&o&quw § Bardilt ﬁladamo 4b8 18 Qﬁ%ﬁjet@? @H@ QngbQ@lterzum

is unique int it grows Invery dil
agué cudgnvbdereriimongenciensnedd grobadidyian vlezqgelnasw protein

basca Syeberes Bkt diekheranlspRmay i bE BREMeELy Sforoptas

Styaéfsman&@ es@éJ %&V&% o ovd, fﬁ)rmgibﬁaﬂp\éfyn@aiﬂméamlahm

nly 30 ny/ host plant proteins. This | ow | evel of
rﬁ%49aol"é9nﬁlqmihug1shl 51009 ehtitled dUblorerded tlfamﬁommtlon of duckweed."

strea i,fi.catian of t ecre ed rotei n of

R B a R el BRertont S0 BF PrELCELRIRE STl R gRbression
V%%to?@' S&d, f& efxﬁﬁqﬁfeutﬁg1 Patcht NehhbeM, 682, Pt K6aRR skidnd
harvested fromthe culture media of the BAMPO1-Bl-58

| Yvibars(2081) BaesineT9e2Gat27dle nedi a was process by

ul trafi Itra di.afi
o ark b4 R A0l B A bRERRRR T e
Cﬁi@tﬂb@tﬂ&xhlm fbraig moﬁvﬁblﬁﬂb gy dnd a&@f@t\ﬂe HyQsexuad k@godiition.

ht plant netabolites. The concentrati on before

ly.dtansgpreed plagtsep thespressag B eiion fRutain g dwekippy ef the
medl a was approximately 20 ng/L as determ ned by
quantitative Western blotting.psThe size of the
duckweed- produced ni cropl asnm nogen was determn ned by
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Western blotting using an anti plasm nogen anti body
avai |l abl e from (Anerican D agnostica Inc. G eenw ch,

WCR)es/0Thi0s anal ysis showed that nost ofthe PCT/US2005/004245

m cropl asm nogen produced in duckweed was full |ength.

An intact N-term nus was conf d also by Nt mnal
Jiegeferred RYClqiR @cide and,the yraaﬁfe&r?ftnﬁek feidragRpng
%ﬁfeﬂgéﬁ% HRAGH, ‘ﬁﬁqu O%Qfeﬁ‘é&'a&%ci{@%e& @%@%R]@Jdﬁﬁe @8nsferred
transgenic l'ine fo ng activation by streptokinase
tnncleicaditcis passeaicinilvw oopymnhmherasi wlescmpizatiamtyoabee ¢apies, no
pl asm no The duckwe r oduced | asm nog

SO BRSO PRSI OGP oK RN SOPIFS: TSR BT hah three
%Bf)i%@ta@ Il {RARS al@AfAtiDe, %\%F thint fide dd@%s%q% ﬂmu@i@ héidipkyy
foll om ng activation by streptokinase. Lik
praasfioimedyesi]). mi cr opl asm nogen can be actlvat ed by
ur oki nase and t PA; however, only the B-chain is
produced. Western bl ot analysis confirned the
production of the B chaExpgRIMESIAD fol | owi ng
activation of duckweed-produced m croplasm nogen with
ei t herThgrfollowimgexamplepare offredbior Pﬂmoﬁ?ﬁe(’faﬂtl$t%%99 gt by way of

grpon from Le nna- toduced m cropl asm nogen,
gléll'l TR zynogram was run on concentrated nedi a
TEMpk@¥ion Constridiafdrake Pydtdtin HFiPtashenEeehhodMichelasminogen in
ekeRee of an active proteolytic band that is not
present i n concentrated control media. Al publications

and p [

2r P RaB SELLERRSEE UG Lo IE FRSEIA SR o
@BMSDIV\Mmﬂn ik ﬁe@rlba&ﬁﬂUJSOBatpﬁtrN@.I 3)%55,444, hpnehi mca’pomtmi by
and patent applications are th rein incor
referiehc £he Bansqepuenal cesRelal t V?Oﬁorecgélrﬁlf ed“rBB es of a

f ey

e e
rteﬁz@ﬁzemneoctéﬂnhb s;aghasjemad famraelgmongl urrmsemptmml iy atveenucleotide

descrlb det illustration

SRR PO B e Gpace bt By e e R SR W oG sene, a

#ﬂé&lno{%? &2 QYR el iR %%ﬁb%c@%ﬁ%z?&%}ﬁ%&lﬁbﬁﬁ% IsPitBase
be practiced wthin the scope of the appended

@wbc;dil podylinken$iTior Siseitian vEhd 1dclebtidasemieherdenicoding the

oo ey dp8 Upoteditiicune T R The PR 4R oo
%m@ﬁ@}é»@ﬁ@banhaayntﬁ@del gefid ém%ﬁﬁng@r@ralam ($a95; 4:288-290; Ni et

duckweed pl'ant or duckwee fant cell or nodule is
st dBPYS iR lamisk arﬁééwﬁnan%Laelﬁeﬂﬂ aink (42910 M| Eenl @enet 225:81-93,
nucl.eot i de uence COdI ng pl asni nogen;
eﬁgﬁ)?{)\f’ 1]é’gllsf‘ %%Fﬁ%ﬁc%gor&teé%g' SHICHOg n from sai d duckweed
pl ant THe ctpedsyien eegtbdibo 6cﬁit:!unétf a ﬂ@cﬁleﬂtﬁle séquchbe codthh ast
of claim1, wherein said nucleotide sequence encodl % .
ene

pgea@mmwtyltgareﬁeéa@bﬂs el aiolliebsn eb@h HPSSbHie
fﬁr7 ﬁ)ZSQO% nogg[% é %?arﬁ@ regfs 8% 2 e‘?re egéc%HlQ% ﬂiﬁgt lT’f‘anscnptlon

m-cioplas e cu ure

reftthost]cetabld miarkel sequeadeds drisal by npmineaitl dieiveé duanihe
encodi ng pl asm nogen has at | east one attribute
slarabacsarivm e/ paciymopplinoTsihess Heese: (a)

g glc Sweﬁfé BpElE6h §8ct6LARMSodally LR HhdBafE TR ribose-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

26-
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pl asm nogen; (b) an operably |inked nucl eotide
sequence conprising a plant intron that is inserted

wapsdsroegioy of t he codi ng sequence; and (c) an opeTAiskops/004245

I i nked nucl eotide sequence conprising a | eader
sequence that increases the translation of said |

OHP gIUSBA ROFCEP Ko My clsPidssi 1384d {75 2f theryaaize alcohol

r.di [ - ' {1

R S e
%rduoknend thereil dinked Thidiaten séquetidees shdwn dh SEQADANAG!, and the
to claim 3, wherein said plant intron is derived from
th@&ﬁﬁgﬂﬁnﬁi@6h%Wn&%§§@ﬂg§g§é%e 1 gene.6. The nethod
according to claimb5, wherein said plant intron

consi sts essentially of the sequence set forth in SEQ
| D@ fprmationTdfDuvktvieed] accordi ng to claim 3, wherein

id | i s deri f t . .
71 bul oBes e e Rt bgiTa S B izt Leggga minor
g8Re Y2718 ARe Gk RBles)Bverd RAndBiRQTWAE BRY Sipidsiof cehdudts
7, wherein said | eader sequence consists essentially

ofesemzedrabery @ viing é csdgasnve-whdied itingpmatpongethody .

T BB L 0 o
NATpB@ini & @1 § EIBS UCEes Taiobisl. DERIA-D3 is dded fdineansformation

net hod accor di ng@t o claim1l1, wherein said plasm nogen

i g tmfﬁgﬁarpplgg.nﬁf . g}@:ﬁgSSipp_ comﬁ@qﬁsedqquibeglca@gwg WigEe pgbilized into A4.
I Y

f oM 204 hartseirfQgl the MObAizidgplashhid pRE203d (Hoelosnak £Yg:/t (Q983) Nature
claim1, wherein at |east 2% of the spluble_%rotein in
tHE: duehidtiaieant (B1804IeasoEl. fanici fbr 17 7347-7350).
2T iR PR R0 Rl B ket
derc AReenhimphlangdiom (Chdtoneedl. p(18M) Rrelb| Nats Apbd Sai. Rispery.: 3672 -

14, The, hod di laim 13, ' |
4760 OF Wey S8 RGBT G BT T HEHh NS LIUB LBl GHtEch S
S@%?Sﬂ ohl @ittose 0.5 r%yﬁ MYSTS LSRG RS s@t%pto@i RSB0,

ducing m cropl asm nogen i n duckweed, id nmetho
cepeptitosiye 4t mg/épmddfanarhmdin sulfite af FYymeil Achg@wn overnight at
%med culture nedium a duckweed plant culture, a
ed plant cell, or a duckweed nodul e culture, or

wher ei pygaiedd welire dltled fir tiadbfbbthSionk&Rtprédickd a®follows.
nodul e culture is stably transfornmed with a nucleic

alduckwest éntle wersgspirstedgthg rents hrseut off vedyustale scalpel, and the

encodi ng m cropl.asm nagen and. an. oper | i nked

iR 5 o ST o ARG, S Py B RSP0 REhy catelog
SiRmitel M35 09; Jibea Ther@di 8sPora@nst. Molist WRO)GIH 5, Supplemented
medi um and (b) collecting said mcroplasm nogen from

t With 8 vk Aededicklotapleroxyadétieracidl 6.5 el -Riehydd (o2, 3dhadiazol-5-yl)

él% E‘?ﬁg‘géze‘%gﬁ ?ﬁlg]gl a :?gi%@pn'% %’Ssr‘rlicg’gg%% bf.fcg %Et%t-aeg%r i(ﬂtsﬁ)er %Qlee:ntiﬁc),

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 uM 2,4-dichlorophenoxyacetic acid, and 2 pM benzyladenine.

27-
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17. The nmethod of claim 16, wherein said duckweed
culture nediumcontains at least 1 ng/L

waizersgpéi@msm nogen as determ ned by quantitati veCYWS2@sm04245

bl otting. 18. The mathod of claim 16, wherein said

duck d | t
X oI Skteh B ol Fart B by at itlont: Ude Remoariate

b,hg;bbmwmnl %,me;l?a&eﬁsesttﬁﬁﬁwgg‘ wd?ppk%to W@)@tﬁ%‘er&gﬁadrdeB or LB

duckweed cul tufe nmedi um contains at | east
rdger wph A8 mgibdenamgcid ehé i 60 pbﬁad@;osguagmmt aﬂd mms‘;bmxiednm

| ottj.ng. The et hod of cl ai wherein said
ﬁﬂmﬁf@ég a%% gkmgemﬁ%lwak@memeﬁwﬁx 0. ﬁé\éMa@@oh@dLl 00 pM
CS{O%%%H% %@ﬂle%ﬁltg%gtgg 18 Wa g?éﬂﬂ%%@ﬁ% %s\fr? 1\%@% §lltion of

ottln
rramisp@tcﬁedl bastetiu forde2 animgel, biptiei ¢o mnhmmxle‘sg e]mlda fadd phated on
operably. |inked codi.n e for i gna)., peptide
st dvaion seogiin SEuR et Ot sariaes 8t Shegmtriug Bepemented
I Mhnt

TS B oo PTG SRR EORANE 100’
duetosattons.efat, Yechaaado asali (200 helndag (lISRe BisiePladr 37:349-
ségi d signal peptide; (c) an operably |inked nucl eotide

uence conprising a plant i ntron that is inserted
upst r gamg e §f ] N T
and (d) a%@gﬁ@r Ialg{ﬂﬁb Pt ,%Sg nuc ect)%hdféq—r gﬁe 903}(5 géﬁgr&%e{ﬂedmm’
dbﬁ?irS@mﬂgalai Hdddﬁand;emndamn eupﬁiahentcﬂ:wﬁhsi% sudnase 0.4 % Difco

R Bt B sTog3fhin 0 efote R BRARG S ros Lisansson and culred

I
5 S D M0 i

2BsueThas tnetsfeoctd aveyr ddayg té e @il edinhe r&ldfbtlbhés complete
cl eotide sequence encodi ng signal peptide conprises

SeieRdRs noryla Bus 5 BRRCK SR D s@r%tg OB dhCsHRsHEN agoml. The

met hod according to claim 21, wherein said plant

intron is derived fromthe rrai ze al cohol dehydrogenase

1 gendheZslloWing ememhlos damomtx;him@e erpressiomo Mploghvali g hetive

| ant i.nt.ron, consi sts entclial Iy of the sequence

é’i‘atm?’g R apﬂngg@p@}smmgfnlré net hod according to

claim 21, wherein said | eader sequence is derived from

the ri buI ose- bi s- phosphat e carboxyl ase snal | subunit

@Bagmlelbﬂ’mémtmlgomsmnmgeﬂ'he met hod accor d| ng to

cl ai n said | eader, se ]gnce co

c s cemEna IR flediley B BEIHERED SRS nagEets

N@:1dveedoddh eptimidea de@cadd idddinkhusladipRsdlinoMAST&iifserted into
sai d nuc| eoti de sequence encodi ng m cropl asm nogen is

thecxpirssientvieder desgubeteboyhowhe amusagld SIINELB, of g erthéed
%r glg?ggﬁ Y %1%@%1 $]§)Q %6}\1@4} gnd t\h\‘é Icwee%l-op%mlzed coding sequence

sm
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

-28-
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human m cropl asm nogen. 30. The net hod according to
claim29, wherein said m croplasm nogen has at | east

wO3beswaguence identity with the am no acid seqREMES2®E1004245

forth in SEQID NO 4. 31. The nethod according to
claim 15, wherein said signal tide.is the rice
as slwan %%E%@ eIy peshhegacoded. pelrﬁ%e IS Fg dn SECHHYNGY8 ¢ This
SJ ﬁgree S%J)I{]V&.ﬁ& i§ 9&F1r119dt% YEASE! 1§1Qﬁlste§§m?169nal

rises the nucleotide sequence set forth in
SEQ I I]Dd\d@;v%ed Bfes tldnefommet edthahe BAPOH @xpmssld)mvmtdﬁvere
wher ei sid.i nal peptide sequence has the am no .
ag@n%rageg&aa gbedbavsr THsit thedley e@%ﬂ@fé’?a%nog?ﬁghﬁ@m@ay
ge&%ﬂg gg tr'élﬁ’s hig 'lﬁtﬂeélmcma‘é& ghdlySabeh st %‘éﬁ?&eﬁldﬁis@ﬁ@ h&ﬁo genates.

uckwe ant cell is roma genus selected fromthe

g’l'r‘]rmu,pstaoajgnm ofragpwrssddrmo@QM§ 18pineddnthe tisgperud total of 81 lines

e goesn S8 o i bina g o PP ore Bk 120 g B g rovte
b i Pane @ﬂr&m}a& n%sﬁeu;ky@m&j apuredl tepletags 16l of

a genus selected fromthe group consisting of the
qéaRnsnGsnmoeisd iysh ggtlmmamsgealc lipeau Shews) leveds Ware apbained from

,Pi?rﬁglgrt 0811% %f g &%8 Sulzl rg%egg.‘l 0 vergsi:els %nﬁg%?MWﬁaﬂlg pfﬁsmmogen

RN RYE RPME seadRt s tHigagapduci ng the pl asm nogen
according to the method of claiml1l. 37. A rrethod for

pr odu CTIWgﬁCHVIéY akthe dbefekestr axgrerd RlsTeinessRoRes dsjgrariaidfor

I u -
PG SRR TR SER DAL Saflen (S L AD cd
Chxpi@mq)lwnﬁﬂcbgeﬁ@lfds aotivated by streptbleingserto priddcalarc katbedomplex.
pl ant .or_ duckweed plant cell or nodule is_s

abl,
thaifverion by sropielanase dQes wetdnyply g thedparaios of g %i‘% oggurs by a

BB SRR EASE AR M B Ay PR R gen
| cpagilex riﬁnmumﬁoﬁﬁb eesubithgf compleawals ﬁhﬂn Keteaoinpdl Aptssaying for

sald duc ant cel | nod
SAraragry roetie S hagate d%*seufbﬁvﬁ@s?}é VoG 8hai m
hro¥3efi® 'Iﬁ‘stﬁﬂieﬂteﬁﬂi‘éﬁlﬁa@&a@&y %U %Pa%o Qf&f}@ dh&@n HNSEQ ID NO:9
p asn1nogen fragnent 1s operably Iinked To a coding

SptfdetpeNitioenilide)sitghda nnp efiranel. talhrhiesmrs%‘d sThyembetagmnost. 53,

Ao RR B0 3P Ry Rt Pty Wb |42, 1138

SEAYBNC FoL BEANI ML dH8n RhAmEhid 981 chicaNRE AtiiBSle™] was closely
| east” one attribute selected fromthe group consisting

atoreld il kwmsolepy espersiod Icicmsiiamied hidiINg, indicating

R S LN N

|d&rﬁﬁ&cfaﬂ§hva1&bldt§)ﬁatrbﬁﬁrot@§t ream of the coding
sequence; and gtc an oper abl iyl i nked nucl eoti de

sequerlé &ag oot it mgny of dredbickyeertidnre dhat repre Pl?&%?@é"sde@ over
eﬁcgres% gﬁ&lnﬁf Qﬁul?éeragﬁtqgﬁﬁ%gﬁe%én%g BOURGLE & GREAhed that

smn o
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 accumulation, plasminogen expression level (3.3% of
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40. The nethod according to claim39, wherein the
nucl eoti de sequence encodi ng the plasm nogen fragnent

woansrses bet ween 70- 100 % duckweedpreferred eown®sse05/004245

41. The nethod according to claim 39, wherei n sai d
plant intron is derjved fromthe maize alcoh

d@hﬂ/ eplablemaieinievrkyia. crude pla exfagthavdedemspel l?agELBSA) and
CAV% dpaﬁ% gl\ggﬁ ein said plasm nogen fragnent conprises
at e S

conti guous am no acids of a mature
pl asm Fageinogen was lacvahtcletpime ocBARG1-BA-93 hid a5 follows. Bulk

t sf oy ned duckweed uckweed ant ¢ r
rf{va s {438¢ &faﬁgomeg%%q%r& fﬂgacf gf’l’ﬁ%m’élg’&ﬁﬁl?/nt& redBrpgh 2 022
ﬁpaﬁée@%rougl'ﬂﬁ @6’%’%@ iBh Bftthafi&d llesm%hﬂl%j(élvgﬂable from Dow

accor di laim 4 wher el n sai d duckweed
(ﬁ;infm/eddl\@dlam M@hl)* amirthctua:ﬁfmwg gurifedibe lysmefﬂepharase

L BadRnty cRow BT e Rt A Heafif) spuiifa 938 Eamino
Lapeae hdid @Bﬁeﬁ%@&@eﬂ%ﬁ@i@%bta‘i@d I8 tdse pla!&tstdoﬁfh%ﬁe@rﬂlﬁﬁmnogen

duckweed pl ant, duckweed plant cell or duckweed nodul e
ae@éo?r%|0|£§16tt@tatB(dub&p@mtemmm@aﬁurgd\bw Eddshweed pl ant,

2 spec xRt el B peBheHasHiat s e ek toflo T2 Efydlon by

NP AQIrokingds) anditrptskilade wagBRE d8REHINRAC IA!cﬁ{fﬂtﬁ of plaghinogen
Lemnma %I bba. 46. A stabl y transfornmed duckweed pl ant,

AGEKYed tith cither &) or urpleingRedrosicgd afinatesl Rlewynags ﬁlgovm) n Figure

oSkttt oibding WAy S SANRIEHTIALY SRR ROl the
qﬂaﬁmﬁnépﬁodu&b@bﬁ hetivadon tiudukweeel-plodnted dasmkinegh @Lmrgrated
cell, or duckweed nodule is froma genus selected fr

t'"Wigh Hf\ed:t?ﬁmé%ﬁ@ I @y%@b@fplg,mnglé%@s agﬁgn,trgg di igure &énég‘uvatlon with
Ay LS £ A BRI D OO . o

chssdg&;vpbdmpl@am isceelivatad by sdepigkihasead @rddudﬂ an th/lee:lomplex, which

| d duckwe lant o duc ed n f
dbepderes ¢ SBfubedior e g &’Ddtaﬁ%# Rshigog P b figPharma

VBRI Ghekf! E{Y@H}“ Flgﬁ’&-l%' Sowk e ForARM Hh@&%&tb@'quﬁmmﬁﬁ&l by ELISA
Lemma gi bba. 49. “A stably transformed duckweed plant,

damdlsmlefokmlamctwéy hssap gammm@e@blﬂ Mdubse iralicating |ﬂmj Lemna-
cI a §71 50. Th St abl foc[mg ckwee
é? aﬁi‘r’éﬂ?ﬂgeﬁ A2 518}1 PUXG 658816? rﬂ%mc 0
C| a' M A sixdEHRé ﬂucﬁ&}e@d-%%‘é@&ﬁla%ﬁﬁtgen Ads bveetinbd BRWestern

cell, or duckweed nodule is froma genus selected from
thi@ttlgg @glpg@gﬁgtlg)dasngnqgenhgumwagpblp foal Ameggam@lagnostlca

B RenfRE T Tl oty s HEVHT et Bl iR froduced n
dm@kwe&ﬂw@é ailtle@h IN-Re@ A0 dy@ichidn€ bAihBdROcw Ml Qrédited

sal d duckweed pl ant or duckweed nodule is a nenber of
Dlagpinpeen shewed fther perising yeduqing s pelypentisg reissing hedirst 74

@éﬁéﬁé ’ac&%l%.@f%ufﬂaﬂ 'sé'l%H{ %las}nsfﬁgé%n %eg&la{ég%g a%lkﬁrre Mprocessed

‘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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52. An isolated nucleic acid nolecule conprising a
nucl eoti de sequence encodi ng an am no aci d sequence

weebwsmredf rom t he group consisting of: (a) thecamSzms/004245

aci d sequence set forth in SEQID NO 4; (b) the am no
aci d sequence of a variant of the ﬁgasninogen sequence

distitia sysesEs| tesied- A1swsek dampnstintgs therstabplity iph fugen plaggnogen

e
fretainbd alinSEQ] bDithNaxtb/ityanen aflgr anhweatighitanabatios egie heana

of a variant of the mcropl.asnm nogen sequence shown i.n
SEERIDINEI S dgpepairatesdi Py airemmsaloges lasmysogen in

IS0 R56ud &gay[s)tf%%ihg &Léb%z@ma%ﬁg. drREHRD 86mofkrates that the

orth in SE ; erel n sai"d nucl eoti de sequence
denmpripseduceé pywein 17 §alilo ol aving wdedzpthaferyckd codons.
53. The nucleic acid nol ecule of claim49, wherein
said nucleic acid nol ecule conprises a nucl eoti de

FEANGIES: Foaat&sh bf PR LPRsAiRsHRNGATHIKiweed of © (a)
the nucl eoti de sequence set forth in SEQ ID NGO 3; and

(b) t HumarcinéwopldenivegrrewacexpeessébintduckweSEG Phowe, 4.

54.  A.st abl ransf ormed duckweed plant, wherein i
SRSkt 08! & B CRLRR Pt Tl S pB8hthoen
fodslimettag P eicadipyeskion keetoli @BERSabode TBE eMmirkeMUERCence of
a pronoter sequence, a nucl eotide sequence encodi ng

pheenepAedyeicroplasmiogemaiseivanin SERAID NeY-fr andithefuckweed-
SEEREE gl S0 -E 0 LA BT b BBl

ddflenea d. ddkwibEominaintd edding sdquedet, envbding il réddialpha amylase
| eader sequence i s the sequence set forth in SEQ ID,
Nzl papdide prseged b eofche BlasBEogen prHBEFIIGRTE- | deduicleotide

e By B R SRV R T YR 0 Bt e
endtigy huthanweeroplaxminégsr suchMthat Peetvey cddivgy degser@es would be
RABEISANERDS DT Z50 S8 Dtse oLk oS Sau S35¢ HiFpaine the
PR OB R RN s
is given in SEQ ID NO:8. This microplasminogen expression vector is referred to as
BAMPO1 in this example.

Duckweed lines transformed with the BAMPO1 expression vector were
generated as described 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 protein.
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<212> DNA <213> Zea mays <400> 1 gat caagtgc aaaggtccgc
cttgtttctc ctctgtctct tgatctgact aatcttggtt 60

woabgavsiogt tgagtaattt tggggaaagc ttcgtccaca gPCTAUSRAOM04245

cgat gaacag 120 tgccgcagtg gcgctgatct tgtatgctat
cctgcaat cg tg%;ﬁgactt atgtctttta 180 tatccttcac
t accat@eel thy g hrandenmedtduglaveest linasaBAYRUCBEOScvas

oSl RGP S SANGoSPRPAPLE e ORGRTRe cutre moti
adttieBAQAR) 1I9B¢ Bt lidecd fHl@e. allgadultatcxnodiatngk padddss by
caacttgc aa ,gaggc_gt ttctttcttt gaatttaact aactcgttga

éﬂ%@é@?@l@ anb@atifteytiog gad frep Katge eV e 2 Yewge iegrchange resin

AGALHh 112816 823} bblAckegEdl iAot &1 3 APEBCHARAow molecular
aagtttgcat cttgatgatt tagcttgact atgcgattgc tttcctggac

5wt€l ghigr drg cag stolgesy gTHsbnschidtiorRbefdfclcon6éntxaib@ »f DNA
<213> L i bba <4Q0> 2 A t
gla&f%@%ggg%%g@@egea € ages aa?@a%%%aﬁ%ﬁ&aﬁ%gﬁg’%&alﬁ
ik d R dnRBhle TRdstern 213> Artificial Sequence

<220> <223> Duckweed codon optim zed sequence encodi ng
human Pheasizd eidhe duel@ed-pBRiBice® a@croplayminogép 326 fleterhdifed by

c,ct ac_ga ac.gtg aa C c C tec
5Bk e YRR o Rluen AL ST e et
GagdsticDBic. LEeMPRISET] Phid afhlydds SHotwedGRat 36kt 8ftheCag
etc ggc gcc ggc age ate gag gag tglc gcg gee 96 Val Thr
Llyg:rqrg@nmmgmovagﬁdm duc%wsﬁe stas fiylbleggilh. Guuinges Najegminus was
Al a.20 3 t gc.ga ag gac gag gag ttc acg tgc
ccé’élﬁa’&%‘?%lf%9%2‘8‘%%“5@’%3%‘1%&%4‘9%3 Cys Qu Gu Asp Gu
G u PhEeheldttiviey of Mediubkeddnexpdssediicroplssndmodéh #whs @€ mined for

t t t t

? tgg B%@Pég% 1(—:5a89tran%§erﬂc %ng foello%vir?g gc%i(*:vat%gl? b? ?t(r:ep%c%ginz?s% %o produce

an active complex as described above for plasminogen. The duckweed-produced

microplasminogen showed some level of activity in the absence of streptokinase, and
a significant increase in activity following activation by streptokinase.

Like plasminogen, microplasminogen can be activated by urokinase and tPA,;
however, only the B-chain is produced. Western blot analysis confirmed the
production of the B chain of plasmin following activation of duckweed-produced
microplasminogen 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.
Figure 8 shows the presence of an active proteolytic band that is not present in

concentrated control media.

-32-



Ser Lys Qu AG@n Gn Cys Val lie Met Ala Gu Asn Arg

Lys Ser Ser 50 55 60 ate ate ate cgc atg cgc gac gtg
wqateosargiobt ¢ gag aag aag gtg tat 240 lie |ie | PETAISZ05/004245

Met Arg Asp Val Val Leu Phe Gu Lys Lys Val Tyr 65 70

75 80 ctg tec gag tgc aag acg ggc aac ggg aag aac tac

cgc godyll avblicatignL@8! pasent Spplicationsayentiopsd Ththe@pgeifgaiion are

algélcl't Ve %’3@ ]ng%l og;[go%e 5%11@5 in i g% galrtt% V‘%’{ %Esé 1%19%@%% ép%?tgms All

li&@1Tonk ¥8d ﬁénﬂ-%)gh&&fbnﬁhﬁé Hekdén ﬁh:br;ﬁy‘&eﬁa? réﬁéﬁ:na'é ’Q) the same
er Ser_ Thr 105 110 éé% cac ¢gc. ccg

texgens a1 ifgach mdlyidusd publicatiar o erggaplé&taéwss‘@s PP%‘Plﬁﬁ%ly and

ro Ser Gu Ay
ééglvfd}gumlé%g%l tgg’;e lg%"gp aa%dtg 2 2T %‘“ggc aac ccc gac
aac g a&ltlcmghm@fog@nmg:gwaggmmz b&mde@bmlbe@sm siﬁme deyedl by way of

Asn Pro Asp é]i%S .
1llalestraﬂpa @ng 52&31%1&15 f%nrd@lr@%ses e%@}arg*%@f &aﬁeréfgadlpgcﬁ ¢ gevious
t
A5 QEfin & an b UGS mp b P iCREVIER b pLSr e
tgppended egdgdgaents.gc atg cac tgc age ggc gag aat tac
gac ggc 528 GQu Cys Gu Gu Gu Cys Met His Cys Ser
Gy Gu Asn Tyr Asp Ay 165 170 175 aag ate tec aag
act atg tec ggc ctg gag tge cag gcc tgg gac tec 576
Lys lie Ser Lys Thr Met Ser Gy Leu Qu Cys Gn Ala
Trp Asp Ser 180 185 190 cag age ccg cac gcc cat ggg
tac ate ccg tec aag ttc ccc aac aag 624 A n Ser Pro
Hs Ala HHs Gy Tyr He 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 ccg 672 Asn Leu Lys Lys Asn Tyr
Cys Arg Asn Pro Asp Arg Gu Leu Arg Pro 210 215 220
tgg tgc ttc acg ace gac ccg aac aag cgc tgg gag ttg
tgc gac ate 720 Trp Cys Phe Thr Thr Asp Pro Asn Lys
Arg Trp Gu Leu Cys Asp lie 225 230 235 240 ccg cgt
tgc ace acg cct ccg ccc tec age ggg ccg ace tat cag
tgc 768 Pro Arg Cys Thr Thr Pro Pro Pro Ser Ser Qvy
Pro Thr Tyr G n Cys 245 250 255 ctg aaa ggc acg ggc
gag aac tac cgc gga aac gtg gcg gtc ace gtg 816
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Leu Lys Gy Thr Ay Gu Asn Tyr Arg Gy Asn Val Al a
Val Thr Val 260 265 270 tec ggg cac ace tgc caa cac

wOQgosagelogcyg cag ace ccg cac ace cac 864Ser G PCHIUS2008/004245
€]

Cys n Hs Trp Ser Ala An Thr Pro H's Thr H s 275
280 285 aac egg acg cc ag aac ttc ccc tgc aag aac
ctg gac gag aac tac @@gA%égﬂﬂr IBio Gu Asn Phe
Pro Cys Lys Asn Leu Asp G u Asn Tyr 290 295 300 tgc
cgc aac ccg gac ggg aag cgt gcc ccg tgg tgc cac ace
ace apc 96Q rfdBod¥d@ pAstuchieplAsfinédey ih isckiyepd Ahetemosaid
Trp Cys H s Thr Thr Asn 305 310 315 320 age cag gtt
wghod ggmgasestthesterfcofaag ate ccg tec tge gat tec tct

1008 Ser Va r i dd Rarkircell 9 hodule,
Cys Asp Se ar)18eré@%§}0&§%g%dc%m%t%%tué%&%ct]‘ﬁ%ag cag oae

a
whereicgicaokaeed phgt aainckweedyplantatetl omngdule 56stahly ngasformed
Ser Thr Qu . A@n Leu Ala Pro Thr Aga Pro Pro G%nLeu
wih agwglerarigmolecply comprigng aamglege pYReRes RN g g ¢

age tac cgc ggc 1104 Pro Val Val dn Asp
%%m%ge ’i%g’dGIy Asp Ay Gn Ser Tyr Arg Gy 355 360
365 ace t c{b)t eccalbeting baidpksminpggy &onngpiddeckiped phagt or
tec tg ec e 1152 Thr Ser Ser Thr Thr Thr Thr Gy
ﬂmeﬁgp@%"%f‘ﬂf@éﬁeﬂp Ser Ser 370 375 380 atg ace
cct cac egg cac cag aag ace ccg gag aac tac ccg aac
gcc 1200 Met Thr Pro Hi s Ar%gHis Gn Lys Thr Pro Gu

Asn TQr Pr@haswthadof386m3Igwiessin sod nagjectidegegewicy epcoding

aac tac tqgc a ac. qc : :
%m%e&%ropﬁ%glﬁlﬂ(eéﬁg a%&ém%rséql%gge %?% s%l%l ﬁ?@dﬁ%ﬁ directs

kaeBetInYo A OmARSpI4skhinddén fn0tht galtirbenclihemace gat ccc

age gtc cgc tgg gag tac tgc aac ctg 1296 Trp Cys Phe

Thr Thr Asp Pro Ser Val Arg Trp Gu Tyr Cys Asn Leu

gtc ooy cogEaRERt i £ RHn 3E iRl RieAiifcoding

HadmlaeSass MadasVade Alribuly @ldeted fRym théagrod3 BorbiOing 45:
gtc ctg ctt ccg gac gtc gag ace_ccg tec gag gag ga :
tgc atg tt éa)1398uskayecdayeiergd PP‘@P%%H\?&?O%@%&%T%?“%E?% said
Ser Qu Qu Asp Cys Met Phe 450 455 460 ggg aac ggg
anémérbocge{l’ac cgc ggc aag cgc gcg ace act gtc ace ggg
1440 Gy Ash) G ynlopsratiylinked niclgotidlesehyscacgmptising aplant
Thr Val Thr GI&/ )
intron that is inserted upstream of the coding sequence; and

(c) an operably linked nucleotide sequence comprising a leader
sequence that increases the translation of said nucleotide sequence encoding

plasminogen.

4. The method according to claim 3, wherein the nucleotide sequence

encoding plasminogen comprises between 70-100 % duckweed-preferred codons.

5. The method according to claim 3, wherein said plant intron is derived

from the maize alcohol dehydrogenase 1 gene.
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465 470 475 480 ace ccg tgc cag gac tgg gcc get cag
gag ccc cac agg cac age ate 1488 Thr Pro Cys A n Asp

wonrpsATgiofl a G n Qu Pro Hs Arg His Ser H e 486TAS2005/004245

495 ttc ace ccg gag ace aac ccg cgc gcg ggc ctg gag
aag aac tac tgc 1536 Phe Thr Pro Gu Thr Asn Pro Arg
Ala A% Led® ruethyé ageordily fo cyien 500hGeiB sBidplegjdnigercconsists

tgc tac act ace
SR 8 R RSB N &, & R o T
Cys Tyr Thr Thr Asn 515 520 525 ccg cgt aag etc tac
gac tac tgc gac C ccg t gc g. get ccqg 1632 Pro
Arg Lys Leulbgn et?@%aWFdlw g/aa‘l" hepeis saidewies sgqugnee is

4

PRI et e T
loyBbdPro G n Val Gu Pro Lys Lys Cys Pro Gy 545 550

555 560 cgc gtg gtc gga ggg tgc gtg gcc cac ccg cac
tec tgg ccc tgg caa 1728 Arg Val vVal dy Gy Cys Val

Ala Hg Proryd §eREd addoRiikl & dikith A Whabin Sglz1QG§d s &%\%nce

age ctg cgc ace cgc ttc ggc atg cac ttc

aosists esstri@ e thSeuclemide Apquehbe sharvgn m@m N(ZMZ H s
Phe Cys Gy Ay Thr Leu 580 585 590 ate tec ccg gag
tgg gtt ctg ace gcc get cac tgc etc gag aag tec 1824 H

e Ser oro Gy phétRod/adcokdbg 10 Vlaifh 8 v%&eﬂﬁ"sﬁld%leloﬁﬂe gq"dence
Lys Ser 595 600 605 ccg agg ccc tec tec tac aag gt

aneodingplggoinpgen sdbe vedeqinly sgquent 8 var o SEQ IPNO Se r
Ser Tyr Lys Val He Leu Gy Ala Hs Gn Gu Val 610
615 620 aac etc gag ccg cac gtt cag gag ate gag gtg

tec cgo.tt ariedbethib@adeSAind o clhiat 1 GrherBhQaid fasM@hogdns human
Gu He AQu Val Ser Arg Leu Phe Leu 625 630 635 640

g%\?@rr@mgeacg cgc aag gat ate gcc ctg etc aag etc tct
age ccg gcc 1968 Qu Pro Thr Arg Lys Asp He Ala Leu
Leu Lys Leu Ser Ser Pro Ala 645 650 655 gtc ate ace

gac aag. gt tT]@trﬁetﬁ&ga@:@fdlﬁgﬁ) @iiim CO,GvHeRsin 641 phagnihéien has at
2016 Val He Thr Asp Lys Val He Pr o AIaC%/O Leu Pro

desst 6 spaueney deply vslésthsmlm grig sequgaee sgheorthyia S ID NO:4.
gag tgc ttc gtt ace ggc tgg ggc gag ace 2064 Val Val
Ala Asp Arg Thr Gu Cys Phe Val Thr Gy Trp Ay Gu
Thr 678. 68I'e8hethod according to claim 1, wherein at least 2% of the soluble

protein in the duckweed plant or duckweed plant cell is plasminogen.

13.  The method according to claim 12, wherein at least 3% of the soluble

protein in the duckweed plant or duckweed plant cell is plasminogen.

14. The method according to claim 13, wherein at least 4% of the soluble

protein in the duckweed plant or duckweed plant cell is plasminogen.

15. A method for producing microplasminogen 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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cag gga acg ttc ggc gcg ggc etc etc aag gag gcc cag
etc ccg gtg 2112 An @y Thr Phe Ay Ala Ay Leu Leu

waypeos@rgiofl a G n Leu Pro Val 690 695 700 att QRQTA&EL005/004245

aag gtg tgc aac cqgt tac gag ttc ctg aac ggg cgc gtc
2160 He Gu Asn L Val Cys Asn Arg Tyr GQu Phe Leu
Abskergd pegt opdinre7 o qud)l, ¢11150dn2®0tdalge tsestabdy bagpdermadgvith a

té‘gl%le%qgm@%ﬂi Afe %ngpr%ﬁlé %gl%k%giﬁe %%(ﬁl %t?egel%?%né%ggrpﬁagmmogen
Asid ab@iperdBby 1‘(13&&851@ gequeace fya simel paeide gt digcts e@retion of

Ctg gtg tgc. ttc gag aag gac aag 2256 Cys G n Gy Asp
ef,h@ magrpplappinogen (e thgehltapanesigmigngd | ys Asp Lys 740

745 750 tac te

ggc tgc gca 290 %&%Ctﬁﬁf%}&éﬁeﬁﬁe ué%CfﬁB%%g%ﬁk%F%(} culture

Seedidmp Gy Leu Gy Cys Ala Arg Pro 755 760 765 aac

aag ccg ggc gtc tat gtg cgc gtg tec cgc ttc gtg ace

tgg ate 2352 Asn Lys Pro Gy Val Tyr Val Arg Val Ser

Arg Phe ValTlﬂHlet-ﬁﬁ@ oH:l@nﬂ ?9 \Jﬂé@lﬁ%gld%&rﬂﬂ&‘snﬁh&geﬁt@secreted

cgc aac aac taa 237 Ay V

80 tthl@ckvAeedzmltueremaiﬂEn2> PRT <213> Art i f| CI aI

Sequence <220> <223> Sequence of mature human

pl asm nogen <400> 4 G u Pro Leu Asp Asp Tyr Val Asn

Thr Gy G yrid ﬁeb‘ﬁ%& of—@lﬁm&’ e, va?éreﬂl s@dj&cﬁ@eé@éulﬂﬂé mlebh%.m

Lys Gn Leu Gy Ser’ e Gu du Cys

2Bnins|af deaslyb H@/Iu n@mpfé{@plr@@n @ det@manehby qg@tlmtlge RV fastem

bq Gln Tyr His 35 40 45 Ser Lys Gu G@n Gn Cys Val H
RVEPEA 2" G u Asn Arg Lys Ser Ser 50 55 60 He He He

Arg Met Arg Asp Val Val Leu Phe Gu Lys Lys Val Tyr 65

70 75 80 Leu Ser Gu Cys Lys Thr. Gy Asn Ay Lys Asn

Tyr Arlg- G yliHnetied o@glag@léwherem said duckweed culfure medium

contains at least 2 mg/L microplasminogen as determined by quantitative Western

blotting.

19. The method of claim 16, wherein said duckweed culture medium
contains at least 5 mg/L microplasminogen as determined by quantitative Western

blotting.

20. The method of claim 19, wherein said duckweed culture medium
contains at least 10 mg/L microplasminogen as determined by quantitative Western

blotting.

21. 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) duckweed-preferred codons in the coding sequence for said

microplasminogen;
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Ser Lys Thr Lys Asn Ay He Thr Cys G n Lys Trp Ser
Ser Thr Ser 100 105 110 Pro His Arg Pro Arg Phe Ser

woenesA7a10Thr His Pro Ser Gu Gy Leu 115 120 1PET/ES2005/004245

G u Asn Tyr Cys Arg Asn Pro Asp Asn Asp Pro @ n Gly
Pro Trp 130 135 140 Cys Tyr Thr Thr, Asp Pro Qu Ly
Arg Tyr Aspbiryr dogkweedp eéreg@gdquﬁgnﬂ%copgg %Beléelfor said
%&@%u U Gu Cys Met Hs Cys Ser Gy G u Asn Tyr

S 170 175 Lys H e Ser Lys Thr Met Ser Qy
Leu Au Cygecd n aﬁlc@eﬁbty IAsqed SaclcdBde sbaﬁerﬂcﬁ@:o@pmisi‘ﬁgra plant
Pro Hs Ala Hs Gy ro Ser Phe Pro Asn
|igtgom Gt lz@eﬁege@uwgwa@eqf tf%mf Seﬂgﬁm?' pr EyLoplpgminggen; and

P As Al' or
Trh? Thrp Ash gr o akser#)e%gy l?ﬁl&d_%l_lgiglegﬁge %%QerBer%gsﬁgg lead

226uc280thaBmcRA4A8csRhe trﬂmsg_ljat@ylS)f Fhid nfihleofioscdgnenderenc@bng
Ser Gy Pro Thr Tyr A n Cys 245 250 255 Leu Lys Gy
T8 u Asn Tyr Arg Gy Asn Val Ala Val Thr Val
260 265 270 Ser Gy Hs Thr Cys An H's Trp Ser Al a
Gn Thr Pro Hs Thr H's 275 280 285 Asn Arg Thr Pro
G u A92. Phéltermetttyd acopsding to ¢laitn %M@r@nﬂsmnup}qot@g@equence

ég}gocﬁﬁgpl%i@rﬁ%q @ﬁpl‘%% b@%%egzé @({ éégk"@eﬁ ferrg(ri Rodons.
Trp Gu Tyr Cys Lys He Pro Ser Cys Asp Ser Ser 325

330 335 Pro Val Ser Thr Gu @n Leu Ala Pro Thr Ala
Pro Pr23. GI Wlhegnetinpd agwodigg & dsim 2, gvheagin kg nuglgptidg gequence

%\Eoiﬁg 51§rel 1 p?g%d%&n%@és %}t&ie%ﬁo 856 ﬂys ]%ééd q‘éfe%?cg codons.

Ser Trp Ser Ser 370 375 380 Met Thr Pro HIS Arg Hi s
G@n Lys Thr Pro Gu Asn_Tyr Pro Asn Al g 385 390,395
400 c;%él Le I brtpethed ageording fo elgian A}, gvheaen spig pAQYS iniop is derived

AFEn WYSm LY afchRol dehydrogenase 1 gene.

25.  The method according to claim 24, wherein said plant intron consists

essentially of the sequence set forth in SEQ ID NO:1.

26.  The method according to claim 21, wherein said leader sequence is
derived from the ribulose-bis-phosphate carboxylase small subunit 5B gene of Lemna

gibba.

27.  The method according to claim 26, wherein said leader sequence

consists essentially of the nucleotide sequence shown in SEQ ID NO:2.

28.  The method according to claim 21, wherein said nucleotide sequence

encoding microplasminogen is the nucleotide sequence shown in SEQ ID NO:5.

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

human microplasminogen.
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405 410 415 Trp Cys Phe Thr Thr Asp Pro Ser Val Arg

Trp Gu Tyr Cys Asn Leu 420 425 430 Lys Lys Cys Ser
wa@2905/18106l u Ala Ser Val Val Ala Pro Pro Pro VRCTAS2005/004245

440 445 Val Leu Leu Pro Asp Val Gu Thr Pro Ser Qu

G u Asp Cys Met Phe 450 455 460 Gy Asn Gly Lys Gy

Tyr Arg Gy Lys Arg Ala Thr Thr Val Thr 465 470

,A&Z S ﬁh sTg(re rrF C%ég% a%@édkigéo f—‘lﬁlmA%% \é%r?%lgé ld%ﬂlwérop/&ssnr%ggen has

Rt Qeabt T % \s@quehdk identit(Amith 416 afeid dord sdqyisnde(¥et it i BEQ ID
Arg Asn Pro Asp Ay Asp Val Gy Ay Pro Trp Cys Tyr
BNP4Thr Asn 515 520 525 Pro Arg Lys Leu Tyr Asp Tyr

Cys Asp Val Pro G n Cys Ala Ala Pro 530 535 540 Ser

Phe Asp Cys Gy Lys Pro Gn Val GQu Pro Lys Lys Cys

Pro G31.545T1=50ethod a&ﬁ;@diﬂg o Maim V& | wliisryin Ghiyl siyml padtide is the
Al a HIS Prq Hs Ser . Trp Pro Trp G n 565 570 575 Val
g&e%@@wﬁawplwa e Gy Met His Phe Cys Ay Gy

Thr Leu 580 585 590 He Ser Pro Gu Trp Val Leu Thr

Ala Ala Hs Cys Leu Gu Lys Ser 595 600 605 Pro Arg

Pro Se?rZ SerTheymethyd adtmirdihig éo tleim & ywitdreinthescddimg @quence for

Val 615.620 Asn u.Pro Hs Va
501! BeBRIGcgTigs BirdnEltigs oSt aeoalion S (y §0:7.
Thr Arg Lys Asp He Ala Leu Leu Lys Leu Ser Ser Pro

Al a 645 650 655 Val He Thr Asp Lys Val He Pro Ala
Cys Leid.Prdl I@sfnethpd; aggondifg to @amn %szvl@mn\salld sigial pepdide

SBudkBndlbe Grihedde Stfepitseluin el B Refs ity (e

Gu Ala An Leu Pro Val 690 695 700 He GQu Asn Lys
Val Cys Asn Arg Tyr G u Phe Leu Asn Gy Arg Val 705
710 713 720l tE metBed aquerdiag tp ¢lein &ywhepia saiddugkyeedplant or

'ﬂu%k\gecyd I%aéft c-le—n lis égigl asggnus selected from the group consisting of the genus
Spirodela, genus Wolffia, genus Wolfiella, genus Landoltia and genus Lemna.

35.  The method according to claim 15, wherein said duckweed plant or
duckweed plant cell belongs to a genus selected from the group consisting of the
genus Spirodela, genus Wolffia, genus Wolfiella, genus Landoltia and genus Lemna.

36.  Animprovement in a method of producing stable plasminogen, the
improvement comprising producing the plasminogen according to the method of

claim 1.

37. A method for producing a plasminogen fragment in duckweed,
wherein said method comprises the steps of:
€)) 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 plasminogen fragment; and
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725 730 735 Cys G n Ay Asp Ser Ay Gy Pro Leu Val
Cys Phe Qu Lys Asp Lys 740 745 750 Tyr He Leu G n

wa2gosag10dhr Ser Trp Gy Leu Gy Cys Ala Arg PPOTTS2005/004245

760 765 Asn Lys Pro Gy Val Tyr Val Arg Val Ser Arg
Phe Val Thr Trp He 770 775 780 Gu Gy Val Mt Arg
Asn Asn 785b¥90 c@lmamgsa@mﬁnmggemfzmlmnzm@w one source

Asd’e{eciedcffoglll sgg A4S Ceeeg ﬁ)iaéig, sra]11<c12 %gﬁe Weed g{anducléweed nodule,

M zed sequenc asm no

ﬂ%&mdﬁaavsé&@mfelmedluﬁq?SO) <400> 5 gag ccc ctg gac
gac tac gtg aac acg cag ggc ccg tec ttc gac tgc 48 Gu
Pro Leu Asp Asp Tyr Val Asn Thr G n Gy Pro Ser Phe

As 1 . .
(50 IR g AR08 805 0SBl OBBBE R RO e
Rheplayminogen fysméhtds Gharafy dinked to\ladodi@gysederizh f8i0a giganl peptide

tgc gt cc cac cac tec.tgg ccc tgg. caa C age
é&@t @@%S%ﬁ%ef@ryof%ﬁg MyeiPPIAFRINgEEn g thy Cé‘lt%rmg‘LBmPr 0
Trp G n Val Ser Leu Arg 35 40 45ace cgc ttc ggc atg
cac ttc tgc ggc ggc ace etc ate tec ccg gag 192 Thr
Arg PH®. G yIhéahethbd oftleinCys, v@e}eiﬁlsyid'ﬂmcleb’édle $dqeerBerencoding

ég‘apléﬂamf’é@? Beganie B lopd ol AT STeq 3 e B Sonsisting

Aifa H's Cys Leu A u Lys Ser Pro Arg Pro Ser 65 70 75
80 tec tac aag gtc ate ctg ggc gee cac cag gag gtg aac
et c gag ccga)zss dwekwIgd-plejesredabodpnsenithecading seiqaendedor said

las oe etLeu Gu Pro 85 90 95 cac gtt cag gag
are nblggg élt SEet ’cgc ttg ttc ctg gag ccc acg cgc 336
Hi s Vﬁﬂ G r(bﬁog anl eﬁbﬂﬁy Maded PREIbE e $eUerddRohPiisitsth plant
Pro Thr. Arg 1
intron that is 1nserted upstream of the coding sequence; and
(c) an operably linked nucleotide sequence comprising a leader
sequence that increases the translation of said nucleotide sequence encoding the

plasminogen fragment.

40.  The method according to claim 39, wherein the nucleotide sequence
eﬁcoding the plasminogen fragment comprises between 70-100 % duckweed-

preferred codons.

41.  The method according to claim 39, wherein said plant intron is derived

from the maize alcohol dehydrogenase 1 gene.

42.  The method according to claim 37, wherein said plasminogen fragment
comprises at least 80 contiguous amino acids of a mature plasminogen amino acid

sequence.

43. A stably transformed duckweed plant, duckweed plant cell, or nodule

according to claim 1.
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aag gat ate gee ctg etc aag etc tct age ccg gee gtc
ate ace gac 384 Lys Asp lie Ala Leu Leu Lys Leu Ser

weenosRreioAl a Val lie Thr Asp 115 120 125 aag gPCTAIS2005/004245

CCg gee tgc ctt ccc tec ccg aac tac gtg gtc get gac
432 Lys Val lie Pro Ala Cys Leu Pro Ser Pro Asn Tyr
Val Val Ala Asp 130 135 140 cgc ace gag tgc ttc gtt

ace tg ace c a acqg tt 80 Arg Thr

Gy O pholfarth oy ERfedf ok fudkiipedpfinrsis, or

Rivgulb4bcdihgb 5133@013Qﬁﬁe@ﬁ@aﬁg@u&%eg)ﬁnﬁ@gcwd%&t cell, or
att gag aac aag 528 y Ala dy Leu

t t . G
E@gk‘g%‘% 1%9%%16%@ oy #2ei§ sphegted/dion the empup ormaisiiygofiths genus

$PReUR Bl ARG B B BRI L 08 B8
Leu Asn Gy Arg Val @ n Ser Thr Gu 180 185 190 etc

R s e L E Ty T
AR BkwEdd de¥if1edcBord tgggdi%l%’ %ﬂgre%pg’ai@@&kg&%d g%%t, g@gkweed

ctg gtg tgc ttc ga ac’aag tac ate etc
$dant Gl oBdyckvepdivedulvas a BembiRhef Shpecley seldsipd By thy ferdtp

e Ley.d 10 215 220 C gitc acg tec tgg ggc. etc ggc
t°81851§g’§ Ogd‘%m&’&t’mﬁ% 5@89 LS Gt &2@“’@69“5081”‘“’er a‘@egemna
Ay Leu Gy Cys Ala Arg Pro Asn Lys Pro Ay 225

30 235 240 gtc tat gtg cgc gtg tec cgc ttc gtg ace
tgg ate gag ggc gtg atg 768 Val Tyr Val Arg Val Ser

Arg P Val, T r e u,dvy. val t. 24 5 5
cgg ag'g' aad* ftglr%ly-?[]@gs %e(ﬁ@hﬂ%ﬁdpﬁ‘%%@“@eeﬁfg CoSgT
€ddRreddbdrR kdeor@inleith khidl1 55equence <220> <223>

Sequence of mature human nmi cropl asm nogen <400> 6 G u
Pro Leu Asp Asp Tyr Val Asn Thr G n Gy Pro Ser Phe

As 15 s Pro. QGn.Val :Ju,Pro S, LysS
Q/FSJ I%\rAZ e ﬁ%\rséa%{y?fﬁ'\%c%ﬁn&i )c/lu&lawftoi %}1’(, uckweed 1|51¥1nt ce}{l, or , .

duckweed nodule according to claim 46, wherein said duckweed plant, duckweed

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

the genus Spirodela, genus Wolffia, genus Wolfiella, genus Landoltia and genus

Lemna.

48.  The stably transformed duckweed plant or duckweed plant cell
according to claim 47, wherein said duckweed plant or duckweed nodule is a member
of a species selected from the group consisting of Lemna minor, Lemna miniscula,

Lemna aequinoctialis, and Lemna gibba.

49. A stably transformed duckweed plant, duckweed plant cell, or

duckweed nodule according to claim 37.

50. The stably transformed duckweed plant, duckweed plant cell, or
duckweed nodule according to claim 49, wherein said duckweed plant, duckweed

plant cell, or duckweed nodule is from a genus selected from the group consisting of
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Gy Cys Val Ala H's Pro H's Ser Trp Pro Trp G n Val
Ser Leu Arg 35 40 45 Thr Arg Phe Ay Met Hi s Phe Cys

wa2905@7§10Thr Leu lie Ser Pro Gu 50 55 60 Trp Yar/usewws/004245

Thr Ala Ala Hs Cys Leu Qu Lys Ser Pro Arg Pro Ser 65
70 75 80 Ser Tyr Lys Val lie Leu Gy Ala Hs Gn Gu
\ih¢ semns Spgedaugus Vggfia0zams Wafis/id, gehus Iandoltioean@igenus
\iaeImnSer Arg Leu Phe Leu Gu Pro Thr Arg 100 105 110
Lys A’ép lie Ala Leu Leu Lys Leu Ser Ser Pro Al a Val
lie Thr Asp 115 120 125 Lys Val lie Pro Ala Cys Leu
Pro Ser Pro Asn Tyr Val Val Ala Asp 130 135 140 Arg
Thr GU- Oy sTishsabyy fraqfprnggdydurkyyeey plag or dpgkwegdplatyeell

T, : . U u
A PR (PP Plabe DRk e B b menmber
Ofa spstiesseiectad frésh thdhreup eonshsing Gf Y.eng n¥adr, Cemndliniscula,
'I(gw G u 180 185 190 Leu% Ala Gy Hs Leu Ala Ay

A eq WEBRCIEHS, efsLenng ?p-Asp 195 200 205 Ser Gy
Gy Pro Leu Val Cys Phe Gu Lys Asp Lys Tyr lie Leu
G n 210 215 220 Gy Val Thr Ser Trp Ay Leu Ay Cys
Al a Arg. Pr cAiisoldtgdsnielaic £8ig nR2&uB3@n23 HirddOndidotilg kequence

SlodhBshiselfig, e el T Tip e Gy Gl
<213> Oryzggpat i 8 am@ilnicedhendeder 18Ran SEH D NPL)
<400> 7 ace atg cag gtc ctg aac acg atg gtc aac aag
cac ttc et db)ec the gma® avit seGhencyall alvariamtsf tHepladviinoyed
As‘%(?uelﬁ & shl_cgiv?’n Elr§‘E(5' ™ I\ﬁirél, vlT/ﬁgrein said variant has at least 95% sequence
identity with the amino acid sequence set forth in SEQ ID NO:6;

() 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, wherein said variant has at least 95% sequence
identity with the amino acid sequence set forth in SEQ ID NO:6;
wherein said nucleotide sequence comprises between 70-100% duckweed-preferred

codons.

53. The nucleic acid molecule of claim 49, 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 ID NO:5.

54. A stably transformed duckweed plant, wherein said duckweed
comprises a DNA construct containing the following operably linked elements, 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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1510 15 tec gtc etc ate gtc etc etc ggg ctg age age

aac etc ace gee ggc 96 Ser Val Leu lie Val Leu Leu Ay
woewsBaes10ser Asn Leu Thr Ala Ay 20 25 30 <210pC®US20b3/M04245

31 <212> PRT <213> Oryza sativa <400> 8 Met A n Val

Leu Asn Thr_Met Va Ser Leu .Ser

5 10 28 vaiThe@lpnt Péc@ﬁl 5 ae‘ﬁhq_%‘i} S@ﬁﬁeabgaswn%lﬁ ﬂ}fsﬁ’?quence set

-Jr-ll"S"E(?dI? Y 41 tResetfdarmet {aciftg phsmtogéd &sePRFth in SEQ ID
5%?53 Arti F@?al Sequgﬁce <220> é% 3> Sugstrate for <
PN@&S8m n <400> 9 Qu Phe Lys 1
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