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Y. Fujita, in: ,Biotechnolo i n_plant _sgi.ence; 207-218, - P. | .
(Ed. PREREZGEN ¢ Spr 45, %TR%R&QPES ?iﬁgéﬁlﬁl?gangeg) 85% iﬁ%§e|p%§%“§%ﬁal
seal substhelcear winowim uadeot tde puoducetokconemdicaidsy anift avorakkti by (M
Jazi Ll AloutedaXUS SPexbfibhe hySURCHILAA 08PN CHLLLES AsqldrT DALLKE
sour 8887 or ¥ BX0! ds pro%uc on: a literature survey, Plant Cell Tiss.

O g. iosufficd@ntpp amBouipss ( BI96) )avagolab i r thadruy t ah? bf6Etechfiol B§Fcal

et hade ol MY Chepbantcfildn sykkUres @6¢ iRh@ t €dcoh8akhe metabolites
bi otranstormation of digitoxin to digoxin, a Sardlac and 8|rc%]at|on drug.

Thi s a%€er 88W8ei f PRLYhydrPYxyPAt | BREFBactPBRCTECEar T 8d BHPOEGESes8ful B8 in
hor aach@trial scale with the aid of plant cell cultures. These

substances are predominantly pharmaceutically active secondary
metabolites. Examples which may be mentioned are a) bérberin
{production on the 4 000 1 scale), which has a bacteriocstatic
and fungicidal action (Y. Fujita and M. Tabata, in: Plant tissue
20 and cell culture, plant science; Vol. 3, p. 169, C.E. Green et
al. (Ed.), A.R. Liss Inc., New York (1987})}), b) shikonin (750 1
scale) which has an antibiotic and antiinflammatory action
(M. Tabata and Y. Fujita, in: Biotechnology in plant science;
p- 207-218, P. Day et al. ({Ed.), Academic Press, Orlando
25! (1985)), and c) paclitaxel (75 000 1 scale}, better known under
the name taxol, which has antitumor action (M. Jaziri et al.,
Taxus sp. cell, tissue and organ cultures as alternative sources
for taxoids production: a literature survey, Plant Cell Tiss.
Org. Cult., 46, pp. 59-75 (1996)). '
30
A further important biotechnological method, in which plant cell
cultures are exploited, is the biotransformation of digitoxin to
digoxin, a cardiac and circulation drug. This stereospecific
hydroxylation reaction is carried out successfully in bioreactor
35 cultures of Digitalis lanata (E. Reinhard and W. Kreis,
Kultivierung von pflanzlichen Zellen im Bioreaktor ([Plant cell
culture in the bioreactor], Bio. Engin., 5, pp. 135-136 (1989))
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bi oreactor], Bio. Engin., 5, pp. 135-136 (1989)) 3 1 MAR 2004 WO 01 %5\1@8
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- use @ Olgrasde cell cultures in biotechnology can be found i ACHDERO/03374
Muhl bach, Use of plant cell cultures in biotechnology, Biotechnol. Annu.
Rev., 4, pp. 113-176 (1998). 5 The devel opnent of genetic transfornmation
met hods for higher plants at the beginning of the eighties nmade it
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opened 'up quéantitative and quafitative alterations of plant constituents;
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the praduelein@nr: ofi diafar olngouss Praitei NSl sd Apdaf fadl1 H@lt theeds pl aats
prom se a,g%{g)er crop of new products, Science 256,t28. 770-771 (198%29),
two GFPREAERE - appf HAUMERS bei Bi+ERoseMa%h pritci pPelt38 8fe afifrdach
conpbivees xiphegaioshicsé f oa bhchetrdrdl dgaiisngrateansoxiyhatraisgariansgeatt
plan&%btg%%Hggschq%u@%%dugklOﬁiggtiana tabacum, which increased the
15 vyields of the biogenic amines Cadaverin and Anabasin by a factor
of up to 14 (J. Berlin et al., Genetic modification of plant
secondary metabolism: Alteration of product levels by
overexpression of amino acid decarboxylases, in: Advances in
Plant Biology, Studies in Plant Science, Vol. 4, pp. 57-81,

20 D.D.Y. Ryu and S. Furasaki (Ed.), Elsevier, Amsterdam (1994)).

However, the possibility of transferring DNA into plants not
only opened up quantitative and gualitative alterations of plant
constituents; in addition, plants and plant cell cultures became
25 more interesting for the production of heterologous proteins
(b.5. Moffat, High-Tech plants promise a bumper crop of new
products, Science 256, pp. 770-771 (19922)), two different

approaches being chosen in principle.

30 One approach comprises the production of heterologous proteins
in transgenic intact plants. Besides the production of
antibodies in transgenic tobacco plants (J.K.-C.Ma et al.,
Generation and assembly of secretory antibodies 1in plants,
Science 268, pp. 716-719 (1995)), the expression and correct

35 processing of human serum albumin both in transgenic tobacco

plants and in transgenic potato plants has been described (P.C.
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A principal disadvantage when wusing intact plants as those
described above by way of example is the necessity of growing
them, which is time-consuming and expensive, and the large

20 cultivation area which is required for industrial-scale
production. Moreover, the 1isolation of the desired target
substances from intact plants usually requires complex process
steps, in particular when the consistency and quality of the

, products must meet high requirements, as is the case with
25 substances to be employed for pharmaceutical or nutritional

purposes.

In the second approach, transgenic tobacco cell cultures were
exploited for the production of antibodies. Described are, for
30 example, the expression of antibodies and their secretion into

the medium (N.S. Magnuson et al., Enhanced recovery of a

secreted mammalian protein from suspension culture of
genetically modified tobacco cells, Prot. Expr. Pur., 7, Ppp.
220-228 (1996)). Since the purification of heterologous proteins

35 from cells is complicated, secretion of the target protein into

the medium constitutes a marked improvement. Moreover, the
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constituents, sone of which are expensive, nust always be 20 provided
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exam%ﬁ%iﬁ4éigh of product formation at high cell densities and, as a
15 consequence, low productivity per volume, the formation of
aggregates and cell wall constituents, and the increased
sensitivity of the cells to shear forces. It must alsc be taken
intoe account that complex media with a multiplicity of
constituents, some of which are expensive, must always be

20 provided when using heterotrophic cell cultures. However, the
most serious disadvantage to be mentioned is the occurrence of
somaclonal wvariations in plant in vitro cell cultures, which
bring about guantitative and gqualitative changes in the

,  production of heterologous proteins (see, for example, M.G.K.
25 Jones and K. Lindsey, Plant biotechnology, in: Molecular biology
and biotechnoleogy, J.M. Walker and E.W. Gingold (Eds.), 2nd Ed.,
Royal Soc. of Chem., Burlington House, Londoen {1988) .
Heterogeneity of the products formed and of their functional
properties cannot be accepted, in particular in connection with

30 the production of pharmaceuticals and other desired substances
whose official approval demands reliable guality assurance and a

standardized production method.

The object of the present invention is therefore to provide a
35 method for the standardized production of heterologous

proteinaceous substances in plant materials which essentially
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pur poses. s® enconpassed are ose I"'ecules I Ch "havé peptide bonds
afd whiliuzg e medbes| ag¢esebyiplant matdpugdl . A6 Oyrtal py ef he edpspbodiiment
of the presentiyveption, the desired heterol ogous proteinaceous substance
isireleased into the culture nediumin its biologically active form The
term"biologically active" as used in the present 25 description neans

that e target “suHbstaneesoNEOVi@edt¥ht8”t S used herein encompasses
peptides, polypeptides and proteins and also fragments of these
15 which are suitable in particular for diagnostic, c¢linical,
pharmaceutical and nutritional purposes. Also encompassed are
those molecules which have peptide bonds and which are

translated by plant material.

20 In a preferred embodiment of the present invention, the desired
heterologous proteinaceous substance 1is released into the
culture medium in its biologically active form.

The term “biologically active” as used in the present
25 deécription means that the target substances provided with this
attribute have the functional properties desired or regquired for
the respective purpose. If, for example, it 1is desired to
produce antibodies, the protein produced, or a functional
fragment thereof, 1is biologically active when it is capable of
30 establishing the expected specific binding with the antigen. It
is obvious to the skilled worker that the complete protein is
not always required for such purposes, but that it is possible
to search for epitopes or low-molecular-weight structures which
ensure the desired biological activity or functionality. For
35 example, an enzyme is biologically active when it is capable of

converting its target substrate.
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15 facilitated considerably.

The plant material to be employed in the method according to the
invention is preferably an intact moss plant selected from the
group of the mosses, including liverworts, with species from the
20 genera Physcomitrella, Funaria, Sphagnum and Ceratodon, and also
Marchantia and Sphaerocarpos being especially preferably
employed. The method according to the invention 1is most

preferably carried out using the moss Physcomitrella patens.

25 In a further preferred embodiment, the nucleic acid construct
used for the transformation encodes not only the desired
proteinaceous substance, but also a transit peptide for
secreting 'the substance from the host cell into the culture
medium. Any of the autologous and heterologous nucleic acid

30 sequences known to the skilled worker can be employed in
accordance with the invention and can be used for generating an
expression cassette for transforming the producer tissue. The
use of signal peptides for the endoplasmic reticulum or cellular
transport is especially preferred.

35
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cultures I's 15 therefore na ssi bl e, and a synchronously divid ure
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15 therefore made possible, and a synchronously dividing, pure and
thus homogeneous chloronema culture 1is especially preferably
suitable in accordance with the invention owing to its
controllable uniform protein production in the bioreactor and
its suitability for the use of hormone-dependent or

20 differentiation-specific promoters.

In addition to such an expression system, an inducible promoter
system may also be used in accordance with the invention, 1in
particular for the production of proteins which have a short
25 half-life or which are cytotoxic, the Agrobacterium tumefaciens

1’ -promoter being used especially preferably.

The cultivation of mosses proposed 1in accordance with the
invention for the production of heterologous proteins under
30 ecconomical aspects can be effected for example by using
Physcomitrella in volumes in the order of magnitude of from
20 ml to over 6 1 up to 10 1 and above in shake cultures or in
aerated glass containers (see, for example, R. Reski, Zell- und
molekularbioclogische Untersuchungen der cytokinin-induzierbaren
35 Gewebedifferenzierung und Chloroplastenteilung bei
Physcomitrella patens (Hedw.) B.S5.G., [Cell- and molecular-
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cul ture of nosses . i _
15 Detailed 1information on culturing further mosses which are

suitable in accordance with the invention such as, for example,
Leptobryum pyriforme and Sphagnum magellanicum in bioreactors is
described in the prior art (see, for example, E. Wilbert,
Biotechnolegische Studien zur Massenkultur wvon Moosen unter
20 besonderer Bericksichtigung des Arachidonsdurestoffwechsels
[Bicotechnological studies concerning the mass culture of mosses
with particular consideration of the arachidonic acid
metabolism], Ph.D. thesis, University of Mainz (1991) ; H.
Rudolph and S. Rasmussen, Studies on secondary metabolism of
25 Sphagnum cultivated in bioreactors, Crypt. Bot., 3, pp. 67-73
(1992)). Especially preferred for the purposes of the present
invention is the use of Physcomitrella, in particular since all
of the usual meclecular-biological techniques are established for
this organism (for a review see R. Reskl, Development, genetics
30 and molecular biology of mosses, Bot. Acta, 111, pp. 1-15
(1928)).

Suitable transformation systems were developed for the
biotechnoloeogical exploitation of Physcomitrella for the
35 production of heterologous proteins. For example, successful

transformations were carried out by direct DNA transfer into
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the production of any proteinaceous substance, the production of a

pharmaceutically relevant protein will be denonstrated hereinbelow w th
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hereinbelow with reference to the human wvascular endothelial
growth factor (VEGF).
15
VEGF was first isolated by N. Ferrara and W.J. Henzel (Pituitary
follicular cells secrete a novel heparin-binding growth factor
specific for vascular endothelial cells, Biochem. Biophys. Res.
Commun., 161, PP. 851-858 {1989)) and characterized as
20 regulatory factor for the controlled angiogenesis and
endothelial cell division under normal physiolegical conditions
(N. Ferrara et al., The vascular endothelial growth factor
family of polypeptides, J. Cell. Biochem., 47, pp. 211-218
(1991)). The authors alsc demonstrated that this growth factor
25 acts highly specifically on vascular endothelial cells and is
inactive for other cell types. VEGF is a homodimeric
glycoprotein linked by disulphide bridges. Four different forms
of human VEGF are known. The four isofcorms are 121, 165, 189 and
206 amino acids in length and are formed by alternative splicing
30 of VEGF RNA. VEGF2ps was only evidenced in a fetal liver cDNA,
while transcripts of VEGFi21, VEGFiss and VEGF;33 were evidenced in
a number of tumor cells and tumor tissues. All VEGF isoforms
have leader sequences for secretion, but only the two smallest
forms are secreted efficiently (see, for example, G. Martiny-

35 Baron and D. Marmé, VEGF-mediated tumor angiogenesis: A new
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15 cerevisiae promotes both angiogenesis and vascular permeability,
Biochim. Biophys. Acta, 1243, pp. 195-202 (1995)), the yeast
Pichia pastoris (D. Mohanraj et al., Expression of biologically
active human vascular endothelial growth factor in Yeast, Growth
factors, 12, pp. 17-27 (1995)) and Escherichia coli (G.

20 Siemeister et al., Expression of biologically active isoforms of
the tumor angiogenesis factor VEGF in Escherichia coli, Biochem.
Biophys. Res. Commun., 222, pp. 249-255 (19%6)) followed as

further production organisms. Biologically active VEGF was

produced with all these recombinant systems. However, the
25 E. coli expression system 1is complicated with regard to
purification and reconstitution of the protein since the latter

.is packaged into inclusion bodies.

30 Examples

Summary
The establishment of controllable Physcomitrella patens mass

cultures (Reutter and Reski, loc. cit.) and methods of

35 transferring ©DNA into the moss Physcomitrella patens (K.




"Biochim Biophys. Acta, 1243, pp. 195-202 (1995)), the yeast Pichia
pastoris (D. Mohanraj et al., Expression of biologically active huirbMiAR 20%
vascul ar endothelial growth factor in Yeast, Gowh factors, 12, pp. 17-27
- (1995)) and Escherichia coli (G 20 Sienei ster et al. : ExpreSS| on_of

. bi ol #%i BM25¢5active isoforns of the tunor angi ogenesis factior/REEEOPA74
Escherichia colt, Biochem Biophys. Res. Commun., 222, pp. 249-255 (1996))
fol lowed as further production organi sns. Bi ol ogi cally active VEG- was

produced with all these re onbln nt_ s the .25
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300-500 rpm Standardi zed sanpling was thus

The Physcomitrella bioreactor culture was optimized. A stirrer
15 was developed which brings about comminution of the protonemata
and thus ensures the required homogeneity of the culture at
continuous speeds of 300-500 rpm. Standardized sampling was thus
made possible. At the same time, the incoming air was
distributed more uniformly in the ligquid culture. Under these
20 conditions it was demonstrated that biomass and protein
development without external pH regulation proceed in the same
manner as with pH regulation; surprisingly, the latter is
therefore not necessary. A weekly biomass production of 500 mg
of dry weight, or 22 mg -of total protein, per litre was obtained
25 under semi-batch conditions. This means an increase in biomass
production by a factor of five over the conventional 5 1 glass
flask culture. Reducing the salt concentrations of the Knop

medium to one tenth led to similar data and thus to reduced

costs.

30

Addition of 5mM ammonium tartrate accelerated biomass
development by reducing the lag phase. Simultaneously, the
addition of ammonium tartrate gave cultures which comprised
virtually exclusively chloronema cells. It was demonstrated with
the aid of flow cytometry that virtually one hundred percent of
the cells of these cultures were at the G2/M phase of the cell
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121 am no acid splice formof the human

The gene for the 121 amino acid splice form of the human
15 .vascular endothelial growth factor (VEGF;z) was transferred into
Physcomitrella at transformation rates of 0.5x10"° and 3.3x107°.
To this end, the gene was cloned behind the constitutive 358
promoter and into the transformation vector pRT99, which 1is
suifable for plants. In a second approach, the sequence encoding
20 the corresponding human ER transit peptide was additionally
cloned. Integration of the heterologous DNA was confirmed and
the type of integration described by subjecting the stable
transformants obtained to Scuthern analysis. Northern analysis
confirmed the existence of the nptII and the two VEGF
25 transcripts in - these transformants. VEGF;;; expression 1in the
moss cells was demonstrated by indirect immunofluorescence. The
protein was unambiguously localized in the cells with the aid of
a confocal laser scanning microscope. These studies revealed for
the transformants without transit peptide that the protein is
30 localized in particular in the cytoplasm. In the transformants
which additionally contain the ER transit peptide, the protein
can be found in the nuclear regions and in the apical regions of
the apical cells, regions with a wvery high ER content. The
bioclogical activity of the heterologous protein produced in

35 accordance with the invention was verified by carrying out ELISA




15 vascul ar endothelial growth factor (VEGF121l) was transferred into
Physcomitrella at transformation rates of 0.5x10_5 and 3.3x10-6. Tg jtmf 00
end, the gene was cloned behind the constitutive 35S pronoter and into" 2he
. transformati on vector pRT99, which is suitable for plants. In a second

. appr #chi/2a%M86 sequence encodi ng 20 the correspondi ng human BRT/PEARIG3374
peptide was additionally cloned. Intggration of the heterol ogous DNA was
confirmed and the type of integration described by subjecting the stable
transformants obtained to Southern anal ysis. Northern anal ¥/Si s confirnmed
the §d¥hcea™ tHECnptFNCEAGNEHE trnvo AEEY D5 Wt HhscHpt s VERF t megein
transfirdmids. F MEEFdRE eupEessi erdilinthe noss cells was denonstrated by

i ndi rect i mrunofl uorescence. The protein was unanbi guously localized in
the cells with the aid of a confocal |aser scanning mcroscope. These
studies revealed for the transformants wthout transit peptide that the

protein is 30 localized in rtifgisar imq Fnh%h% tqplasm In the

t Pansformants which addi tiﬁtﬂ—y—e@ﬁfﬁaﬁ—n—ﬁh&—éﬁ% ransit peptide, the

pr ot dimlesanobbetoine ispdadicf il ear theygi ozt antdhien ahiseniggs tal vsedi oves f

t he jcal,.cells io ; a y high co t. bi i

activi %C/P%?l(fe#a Ié%ggol QSST%E rota\él:%{] F)erotg;l}clgé?i nf% ac%ggggncéwv%q%#lt )e'

i nverté ook watPyenstadd) by Bathyi rfagutsENSA 3 R 2Mieivelderag4send
PCT/ 93304; I3nAssaKs .and two functionality assays with the VEG- protein

obtained fromthe culture nmedium 5 Materials and nethods: Unl ess otherw se
siecified in the text, the chem cals used were analytical-grade quality

and omai ngsh i o8nEl ulkar&Newaldem) witVer ghadf Deiews) adbyrofohhfikar | sidths),,

Serv Hei del ber and j gma ( Dei senhof en 10, The solutions.were de
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15 Restriction endonucleases, DNA-modifying enzymes and molecular
biolegy kits were obtained from AGS (Heidelberg), Amersham
(Braunschweig), Applied Biosystems (Weiterstadt), Biometra
(Géttingen), Boehringer Mannheim GmbH (Mannheim), Genomed (Bad

Oeynhausen), New England Biolabs (Schwalbach/Taunus), Novagen
20 (Madison, Wisconsin, USA}, Pharmacia (Freiburg), Qiagen (Hilden}
and Stratagene (Heidelberg). Unless otherwise specified, they

were used in accordance with the manufacturer’s instructions.

. Vectors and constructs
25 The plasmid pCYTEXP~VEGF:2: is a derivative of pPCYTEXP1
(T.N. Belev et al., A fully modular vector system for the

optimization of gene expression 1in Escherichia coli, Plasmid,
26, pp. 147-150 (1991)), in which the cDNA of human VEGFiz; is
integrated for expression in E. coli. The VEGF:;; cDNA is excized
30 from pCYTEXP-VEGF;;; using the restriction endonucleases Nde 1
and Sal I, purified, made blunt-ended and cloned into the Sma I
cleavage site of pRT101 (R. Topfer et al., A set of plant
expression vectors for transcriptional and translational
fusions, Nucleic Acids Res., 15, p. 5890 (1987)) between the 355
35 promoter and the polyadenylation sequence of CaMV. Using Hin
dIII, the cassette thus obtained is again excized and cloned




15 Restriction endonucl eases, DNA-nodifying enzynes and nol ecul ar bi ol ogy
kits were obtained from AGS (Hei del berg), Amersham (Braunschweig), A%Meqn.
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~(Mannhei m, Cenoned (Bad QOeynhausen), New Engl and Bi ol abs

(Schwigd 9aé?F4P&unus), Novagen 20 (Madi son, Wsconsin, USA), Pifarneeé/ip3374
(Freiburg), Qagen (Hlden) and Stratggene (Heidelberg). Unless otherw se
specified, they were used in accordance with the manufacturer's
instructions. Vectors and_constructs, 25 The plasm d pCYTEXP- VEGF121 is a
deri vaPtde ofh %CYTE%(Pl ﬁ'lrf\l Befevr EtAPD, ACflﬁIaIV;agﬁodulsélte\/eclo@r sydtem
for thean@pbhﬂazabhomectftc&ertﬁwwr eHRITOY idbirsehesi abica Galy , a Phagmig1e 26,
pp. 14Z 150 (199%% En V\hlf/%?;: %CDNA of human VEG-121 is _integrated for
expr eSsPBAPn ELEB0l i PWhe? S cDNRCTECERci PRASBHOFFBRS eV RERP- AT 21
u5|nguhﬁerreﬁ@wxﬁgmﬂaemd@nuélaa&es3ﬂdepromwaﬁabnb e | toedespaERiing

bl un gned_into the %ma: te o 101 (R Tofer
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transd:htbnmgl vdarsiions foduct mims ends Rase , ekpreopsisf00aido8i)edet weere t he
35S 3 er ;and_t po nyl q of W. ing Hin I,
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the Lfaps Ort'}%tdsf%‘.'bﬂh?é‘é%lﬁﬁirw T@%r9§1§9ﬂ&%i'snswé‘:9é QQle%a@eLJci'Phe the
clonin , hut alsg the neomycin p osphotransferase gene under the

ré‘bulggFBﬁerhﬂﬁe 8851 AR dtP% heltor FETPIRf hg & péllyadewﬁj’ll&ﬁ“blrﬁr
sequestendhgCaMy (Rabdepteryetmahual Versatdl espeliagi ngaybetor saboratory
transpent ge [ essi nd direct gene transfer in plant cells, Nucleic
Aci dsbﬁgg @ 88%7 %%%(9? 88)). This gene confers resistance to the
antibiotic G418 in stably transformed plants. The plasmds were replicated

in thesifgE %@tan%%'ltonstéﬁk?mggﬁaséﬂ H§armr&0%gq 18], -, cAD! GOMART 55
cl oni ng g oratory manual ring Harbor LaBoratory o
15 eXC1zed from the vector pVE 21, which was originally

constructed for expressing VEGF;2; in insect c¢ells and which
additionally to the VEGF;;; segquence comprises the DNA encoding
the natural transit peptide which, in animal c¢ell systems,
mediates secreticon into the medium via the endoplasmic reticulum

20 {(Fiebich et al., Synthesis and assembly o¢f functionally active
human wvascular endothelial growth factor homodimers in insect
cells, Eur. J. Biochem., 211, pp. 19-26 (1993)}, rand, using
PRT101, cloned into pRT99 and verified.

25 Plasmid pNA201 1is a derivative of the binary vector pBI101
{A.R. Jefferson et al., Assaying chimeric genes in plants: The

GUS gene fusion system, Plant Mcl. Rep., 5, pp. 387-405 (1987)).

It contains the nptlIlI gene under the nopalin synthase promoter

. as selection marker for plants. The gus gene, which 1s also

30 present, is regulated by the 1'-promoter from Agrobacterium
tumefaciens. pNA20l is suitable for the direct transformation of

Physcomitrella patens.

Antibodies

35 Two different antibodies against the VEGE protein are used. The

first antibody 1s a rabbit-anti-VEGF antibody and directed




" Press, New York (1989)) Using the restriction enzynmes Barn H and Bgl |1,
the cDNA is 15 excized fromthe vector pVE-121, which was originall )
- constructed for expressing VEGF121 in insect cells and which add-’llu"éﬁa”y
~to the VEGF121 sequence conprises the DNA encoding the natural transit
. pept ie OWR¥RE in animal cell systenms, nediates secretion iH¢TOPEME OFBEH um

via the endoplasmc reticulum?20 (Fiehich et al., Synthesis and assenbly of
functionally active hunman vascul ar endot helial growh factor honodinmers in
insect cells, Eur. J. Biochem, 19- 26 93)), and, usin
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present, is regulated by the |'-pronoter from Agrobacteriurn tunefaciens.

pNA201 is suitable for the direct transformation of Physcomtrella patens.
Arst | bbbaes m86eFweldi fferent anti bodi es agai nst the VEG- protein are used.
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The wild-type strain is grown either in liguid culture with Knop

medium (R. Reski and W.0. Abel, Induction of budding on

15 chloronemata and caulonemata of the moss, Physcomitrella patens,
using isopentenyladenine, Planta, 165, pp. 354-358 (1985})) or on
solid Knop medium with 1% oxoid agar (Unipath, Basingstoke,
England). Liquid cultures were performed as described by Reski
{loc. cit., 1990).

20

Bioreactor culture

For mass cultivation, plant material is introduced into a 7 1
round-bottom glass flask bioreactor equipped with a double
25 jacket ({Applikon Biotek, Knillwald). In this bioreactor system,
waste air condenser, aeration tube pH electrode (Conducta,
G

he e b e T e R N Nt 2Rl atal

e T=% ) okl ] Amers o~ . .- 1l
l\jclll r I.-CJLIECJ.Q!.ULC = = e a3 L

erli irring device, sampling tube
and the inlets for acid, base and medium are introduced intc the
culture volume from above through bores in the lid. Cultures. are
30 performed at 25°C and are controlled by means of a suitably
adjusted water bath which is connected to the double jacket. In
experiments which are carried out with pH regulation, the pH is

kept constant at 5.8 by means of the titration unit. Temperature

measurements and- pH regulation are carried out with the
35 Biocontroller ADI 1030 (Applikon Biotek, Kniillwald}. The stirrer




Hunt i ngdonshi re (Engl and) and had been subcultured froma spore. The
W ld-type strainis grown either in liquid culture with Knop nedium (R
" Reski and WO. Abel, Induction of budding on 15 chl oronemata and 31 MAR %
_caul onemata of the nobss, Physcomitrella patens, using isopentenyl adenine,
Pl ant ¥ °R@3545fH. 354-358 (1985)) or on solid Knop medi um wi PEE/DRPOAEH3T4
agar (Uni path, Basingstoke, England).;gLiquid cultures were perforned as
described by Reski (loc. cit., 1990). 20 Bioreactor culture For nass
cultivation, plant material is introduced into a 7 1 round-bottom gl ass
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thse Iidha%‘%l tunes asrea?i,(g3 perfoovr. ed atw12 C agd grg C(S)ntrol l.ed tby means.éjf a
sui ta%f‘y a&j usted “water” batt’ which i's conn %:% d"to ttﬁgl&dﬁt‘?l C}rhcklérfjt ¥n
exper i(Heatisawtii, c ¥ .8 earar & etiooutswi Gl tpHngegul .atTiom, biheepHtios delpture
const aqgt ng o { Latl.or ' Te a re..ea S
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(Appl EkénmBnatdien Kl ByghtrheOstamr & 41 WARD 2Umawp GO 54881s m °)
PCT/ DEQE 0337#utbsspeed calbel yedd ediith mganss of {he ot ory, Lo ¢ old efn ADI
1012 %Aplekon Bi ot ek, Knullwald). The culture nediumis aerated _
cthst BREEF IRilt h Bebhar 0ftLfr $ita aPpBFBASLPR] ectRrbhUELendtide o Hhidukte
st eri kbhyliitiohlze cThé usanypedsel ,tabé afs thechvbet aandtheeXdmaust 1kbivaas &g e
provi deg with tLlter gheri Lizathon unht ng while stirri
. g unitorm sampling while stirring.
Small sample guantities (< 100 ml) are taken using a sterile
syringe via a Luer lock connection, while large sample volumes
15 are removed using, for example, a peristaltic pump type 302/3A

equipped with head 501 RI (Sartorius, Goéttingen).

Chloronema cultures of the wild type are generated by
supplementing the Knop medium with 5 mM ammonium tartrate.

20
The yield of bioclegically active heterologous protein which is
secreted can be increased markedly when the stabilizer
polyvinylpyrrolidone (PVP} is present in the culture medium.

25 Differentiation of the caulonema, -which takes place during
protonema development, can be induced and increased by exogenous
addition of physiological amounts of auxin, suitable
concentrations being, for example, 5 umol/l of indole-3-acetic
acid (IAA).

30
For performing the 1ligquid culture of transformants under
selection pressure, 50 mg/l of the antibiotic G418 (Calbiochem,
Bad Soden) are added to the Knop medium. To this end, the

cultures are removed by filtration over sterile 100 pm sieves

35 (Wilson Sieves, Nottingham, England) every ten days immediately




(Mdisart, 0.2 pm Sartorius, Gottingen). The bioreactor culture is
performed in a controll ed-environnment cabinet with lateral illum nation
"(white light; OsramL 40 W20; max. 100 unols-1m2) . The cul tures$ TaMkR 2%
~inoculated with 0.5 - 1g wet weight plant 10 material per litre of

- bi or @&actiof2sébét ure under sterile conditions. The sanpling t®8/pPEN0/683Ted
at the sane level as the stirrer, thys ensuring uniformsanpling while
stirring. Snall sanple quantities (< 100 ml) are taken using a sterile
syringe via a Luer |ock connection, while |arge sanple volunes 15 are
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by Reutter and Reski (loc. ¢it., 1996), unless otherwise

specified.
15
Indirect immunofluorescence
Buffer: MSB: 100 mM PIPES; 5-10 mM EGTA, 5 mM MgSO;, pH 6.8
F-MSB: MSB + 5% DMSO
E-MSB: MSB + 5% DMSQO + 5% Nonidet
0 W-MSB: MSB diluted 1:2 with H,0 (wash buffer)

Enzyme solution: 1% cellulase, 1% pectinase, 2% Driselase 1in
MSB, pH 5.6 (all from Sigma, Deisenhofen)

25 The moss protonemata are fixed in 1.25% glutaraldehyde in F-MSB
(v/v) by incubation for no longer than 10 minutes and briefly
washed in W-MSB. Then, the protonemata are incubated with 2%
paraformaldehyde in MSB (v/v) for 40 minutes and washed 3x with
W-MSB (rinse 1x; wash 2x for 5 min).

30
Free aldehydes which cannot be eliminated by washing are reduced

by adding MSB and a spatula-tipful of solid boron hydride, with

an incubation time of 10 minutes. The boron hydride is removed
by three washes with W-MSB.




"Transformati on The chosen transformation nethod is the PEG nedi ated direct
DNA transfer into protoplasts as described by Reutter and Reski 10 (I oc.
“cit., 1996). 50 pg of plasmid DNA is enployed for 3x105 protopl asts~1’ WAR 200
“each transformation. Protoplast regeneration and selection for stable’ 1 et
transfororgpsssd s carried out as described by Reutter and Resdad/cgEbogoziat .,
1996), unless otherwi se specified. 15_20 Indirect immunofl uorescence

Buf fer: MSB: 100 nM PI PES; 5-10 nmM EGﬂ&, 5 MM MgSH4, pH 6.8 F-MSB: MSB +
5% DVSO E- MSB: MSB + 5% DVSO + 5% Noni det W MSB: MSB diluted 1:2 with H20
(washIbuftfrer ) nEnkyreEegol uthenceld% cehl lbasge 1% pectenasnbl2®b Dyi seddisegi n

VBB, 5. r i i 25 r.Qt.on .are fLxed
in 1. [ZJE%A) gﬁq}u{@éal %é’ﬁ%ﬁ#ﬁ"%@e?@%?eﬁi i nT&%agﬁgﬁmgggcnog o%gégrnt hjaj‘?'l 10
m nut ggeassedr eof Ighangigtedthey REVBESBThék a9 prigahenatheamd ithoisat ed
with 2% near akorraidenyde in MSB (v/v) for 40 minutes and washed 3x with

WNMSB (rinse I x; wash 2x for 5 mn). 30 Free al dehydes whi ch cannot be
eliminated by washing are reduced by adding MSB and a spatul a-ti pful of

sol i dchergpphydnisde,a M t hex@hatnedbabiyon itddmaafi O Mipehesa Thes RoFodnt
hydride_is .renoved by three washes th WNMSB. 35 31 MAR 2E"'4 WD 01/ 25456
PCT/ DEOBFESS74 OUBT| 7 { REFAER SFept2y hE M1l 5ear 80 HHHEORer FBant 2oy
addi ngembhedebzy mh rzel wiasted oritlh) wimsBes. The enzymatic reaction is
guenched by changing the pH (M5B, pH 6.8). Again, the mxture is washed 3x
wi th W MSB.

10 After this preparation, the moss protonemata can be incubated

with the primary antibody (anti-VEGF; dilution 1/50). This is
done at 37°C for 4% minutes. After three washes with W-MSB, the
labeled secondary antibedy (anti-rabkbkit or anti-mouse; dilution
1/30; labeled with fluorescein isothiocyanate (FITC) {(Molecular

15 Probes, Leiden, Netherlands)) is added for 45 minutes at 37°C.
In addition to the 3 wash steps as above, the mixture is washed
once with W-MSB + 0.1% Triton. The protonemata are subsequently
taken up in W-MSB and stored at 4°C at least overnight.

20 The material 1is evaluated with the aid of a confocal 1laser
scanning microscope (CLSM) type TCS 4D (Leica Lasertechnik,
Heidelberg) and the software Scanware 5.0 (Leica Lasertechnik,
Heidelberg}.

25 To analyze the samples under the CLSM, they are placed on a
slide into the mounting solution (Dabco, Sigma, Deisenhofen).
Excitation of the fluorescent dye FITC coupled to the secondary
antibody is carried out with the aid of an argon-krypton laser
at a wavelength of 488 nm. FITC emits the light at a wavelength

30 of 528 nm.

ELISA assay
The VEGF protein in the culture medium, which is formed in

suitably transformed moss plants, 1s determined qualitatively

35 and quantitatively by conventional methods wusing ELISA assays




5 Chl orophylls are extracted by incubation with a detergent solution over
a period of 120 m nutes. The solution is then renoved by three washes with
" WMSB. 10 After this preparation, the npbss protonemata can be i ncubat &R 205
~with the primary antibody (anti-VEGF dilution 1/50) . This is done at 37C
.for %6 omases. After three washes with WNSB, the | abel edrsa¢onexaiopiis
anti body (anti-rabbit or anti-nouse; ¢ilution 1/30; |abeled with
fluorescein isothiocyanate (FITC) (Mlecular 15 Probes, Leiden,

Net herl ands)) is added for 45 mnutes at 37C. In addition to the 3 wash
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overnight. 20 The material is evaluated with the aid of” a confocal |aser
scanni ng m croscope (CLSM type TCS 4D (Leica Lasertechni k, Heidel berg)

and trheafdnmarie: peaswaye 5.0 (Leica Lasertechnik, Heidelberg). 25 To
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checkk&93¥?)a niFaﬁeniEUi§§§$ medium is subjecte eforehan to

ultrafiltration, then lyophilized and subsequently resuspended

in buffer. If desired, a further purification step wusing a

15 cation column may be carried out.

Induction of the 1'-promoter

The inducibility o¢f the 1'-promoter by auxin 1is assayed with
5 umol/l of indole-3-acetic acid {(InA) . Five days after
20 transformation, 100 pl protoplast aliquots of a transformation
reaction with PNA201 are transferred into the wells of a
96-well microtiter plate (Nunc, Wiesbaden). The protoplast
suspensions are incubated for five hours with IAA (end
concentration = 5 uM). The induction experiments are evaluated
25 directly after the incubation period with the aid of the

qualitative PB-glucuronidase assay.

Qualitative B-glucuronidase assay

The B-glucuronidase activity is determined in a qualitative assay
30 (A.R. Jefferson, Assaying chimeric genes in plants: The GUS gene
fusion system, Plant Mol. Rep., 5, pp. 387-405 (1987)).
Substrate buffer: 50 mM K3Fe (CN)g 50 mM Na,HPOQ,
50 mM K4Fe (CN)g 1% (v/v) Triton X-100
50 mM NaH,PCy4 10 mM EDTA, pH 7.0
35 4 mg/ml PVP (MW 10 000)




(Myazono et al., Purification and properties of an endothelial cell
grow h factor fronlhunan pl atelets, J. Biol. Chem, 262, pp. 4098 gg -
"(1987}) and in a 'Day-13 chori oal | ant oi c- nenbr ane 10 angi ogenesi s é R 2
(wlting et al., A norphological study of the rabbit corneal assay, Anat.
_Enbry¥P 01/2886 pp. 1167-1174 (1991)). The cul ture medi um i sPEUBEeELEh74
beforehand to wultrafiltration, then lyophilized and subsequently
resuspended in buffer. If desired, a further purification step using a 15
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mM EDTA, pH 7.0 4 ng/m PVP (MW 10000) 31 MAR 2. CF~4 WD 01/ 25456
/DECCY03374 20 Staining solution: 12.5 ng of

5- br ono- 4- chl or o- 3-i ndol yl gl ucu- ronic acid (Bionol, Hanburg) dissolved in

Results
Homogeneity of the bioreactor culture; sampling

Only homogenecus cultures ensure that sampling from cell
15 cultures 1is standardized. After prolonged culture, protonema
growth into long cell filaments frequently leads to cell
aggregates and thus to inhomogeneous distribution of the plant
material in the liquid cultures. To avoid such aggregation, the
protonemata are comminuted at specific intervals - in the
20 bioreactor every other day from day 10 and in shake culture
every 12 days - by using high-speed stirrers/homogenizers. To
make possible continuous conditions in the bioreactor while
simultaneously standardizing sampling even over a prolonged
- culture period, it is recommended to modify a turbine stirrer
25 with three stirrer blades by grinding the edges of the stirrer
blades, thus transforming them into shear blades. Constant
“stirring" at 300-500 rpm thus makes it possible to operate
homogeneocus bioreactor cultures.

30 Biomass development (in DW [mg/l]) over a period of 35 days
(840 h}) at 500 rpm in the control cultures with the turbine
stirrer is the same as in bioreactor cultures stirred with the

shear-blade stirrer.

35 Culture homogeneity is assessed by comparing in each case six

parallel samples. The dry weight of plant material from a sample




250 pl of N, N-di nethyl formam de/50 ml of substrate buffer 5 Moss

prot onemata and noss protoplasts in Knop or regeneration nediumare
“incubated for up to 72 hours at 37C in an equal volunme of staining- 200
.solution and evaluated inmmediately thereafter using a m croscope. fa MAR 2034
.Resul ¥& 01/@bdifenei ty of the bioreactor culture; sanpling Onl3CHORBYLIISGUS
cultures ensure that sanpling fromceld; 15 cultures is standardized. After
prol onged culture, protonema growh into long cell filanents frequently’
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pa'a”EESEuCWQ%%idase assay 1s suitable as detection assay for

induction experiments with the moss. Experiments with transgenic

tobacco show that the 1/-promoter leads to expression of

15 p-glucuronidase in tissue with a high auxin content, and it is

therefore assumed that this promoter is auxin-dependent. The

inducibility of the 1’'-promoter by auxin in Physcomitrella
patens 1is studied in transiently transformed protoplasts.

20 The transformation reactions are subjected to the B-glucuronidase
assay with (5 h) and without incubation with 5 puM indole-3-acetic
acid (IAA). In the controls without addition of IAA, evaluaticn
under the microscope reveals no blue protoplasts in any of the

‘ reactions. In contrast, the evaluation o©of +the protoplasts

25 incubated with auxin confirms the expression of the gus gene.
Based on the blue protoplasts, a transformation rate of 3x107% is
achieved. This is a clear suggestion that the 1’-promoter is
inducible by the plant hormone auxin in transiently transformed
moss protoplasts.

30
Generation of the vectors for the VEGF transformations

To transform the cDNA of VEGF;;; without leader sequence, termed
VEGFC hereinbelow, and the c¢DNA of VEGF;;; with leader sequence,
termed VEGFP hereinbelow, 1into Physcomitrella, it 1s necessary
35 to clone the sequences between a promoter/terminator unit which
is suitable for ©plants. The 355 CaMV promoter and the




using an unnodified turbine stirrer, the standard deviation increases with

i ncreasing’ biomass concentration. As a consequence of stirring w th, }4353

" shear-blade stirrer, the 5 standard devi ati ons of the sanples taken Ye ht"‘
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spggestion that the 1'-prompter is inducible by the plant hornone auxin in
transiently transfornmed noss protoplasts. 30 Generation of the vectors for
the VBGF reandtongatdasireiMees ranef emmitdesd cOhph oft heEGRIMr ikt hont elneaaesr

sequepts, gt ef rreqd \é&@r@&e{ﬂ@b%ew,a@maihers%oqtna\#‘i@%l%lee@t&b ?%Cbe;

sequence, . ternmed VEGEP hereinbelow, into %Fcomtre a, it 1s necessary

35 tolr(‘:tr%nteh?hé”%&&éﬁcésleﬁ‘éfﬁﬁé’erﬁlat%r&ﬁ%?%lg EFfri Ratidrd UMECERNRER - e
Sui t adat Bed 0t pbANLE- tHe SHSs Ealys premattdrveanth t BRe3NPAR 2095 s ¥MO-81/2HA56

gT/qggxégégrmlned by restriction with Sma I and Hinc II. In the case
of promoter-teo-polyadenylation signal orientation, a 5250
(VEGFC) and a 5380 bp (VEGFP) fragment are obtained, while the
reverse orientation gives a 1100 (VEGFC) /1230 (VEGFP} and a 4150
bp (VEGFC and P) fragment. The restriction analyses reveal only

20 a 5250/5380 bp fragment, and the VEGFC/P cassettes have thus
been incorporated in promoter-to-polyadenvylation signal
orientation relative to the nptII gene of pRT99.

VEGFC transformations into Physcomitrella

25 The absolute transformation rate for the transformation of the
VEGFC construct in wild-type protoplasts after repeatedly
changing from Knop medium to selection medium is 0.5x107°, with

constant stability of the transformants.

30 Demonstration of the integration of the transformed plasmid

Successful integration into the plant genome is demonstrated by

Socuthern hybridization.

Probes used are firstly an Nco I fragment of the npt II gene
35 from pRT9%9 and secondly an Nde I/Sal 1 VEGFC fragment from
PCYTEXP-VEGFE:2; .




22 correspondi ng pol yadenyl ati on signal are chosen for this purpose. The
sui tably prepared VEG-F cDNA sequences are cloned into the Sma | 31 MAR 700
“restriction cleavage site of the nultiple cloning site of vector pd&lbf:t%“
. The resulting vectors (pRT10 VEG-C 3 and VEG-P 21) are sequenced wth a

. prinmev¥o daresdsd fromthe termnal region of the 35S pronot erECTARECE/S374
correct integration between pronoter ggd pol yadenyl ation site is verified.
10 The resulting cassettes are excized with the restriction enzyne Hin

di1l and cloned_into the actual transformation vector pRT99 into the Hin

di 1l Ehavadensiltte (FRIDOVESFCLE arfdieVEGERS ba§vedhe todidlent B3 onodt tHe

cassettgfskekabhYe tcrdtieriNPIkcegsgatt qrﬁﬁﬂ;ﬁ:ﬁtp@n detrerdAdegd1 §¥mid DNA
restrlct|on with St | and Hinc || In the case

pr omot BFOt ot R RNy | HFENS griite e ent3tt off a %0 3 WEEEEF and A H380
bp (VE&EPptteagient crtenialddi neden WhialFeethe intevpraeiat i eng at te@t@ld\/633y'i

bt r FEETONCEAaTy SER T b8 oy 20 a"BBstTaautt bp PrRorkale BRd (rgact

VEGFChPooashet ¢g@sathave, thublsbeeﬂamnn©tp@nai@mhyme excizes a 1100 bp

pronD t enyl ati signpal orientation relative to the nptll gene
Rﬁgég&%ﬁgF ¥?ﬁaﬁé o%%gﬁanéyarno Physcomtrella 25 The absol ute

transfornatlon rate for the transformation of the VEG-C construct in

wi | d- typenppot aplastisrafdarc £.2pedt edl ¥nechaging fdm f@@@aﬂgdaumﬂo@ bp
selection mediumis 0,5x10-5, with constant stability of _the

t tansf5RABARDE. T307 @%ngfﬁaﬁﬁeﬁmépttshe Thit egPEEPEAIPTE IRE t FRAsCOMRIEES

121aswedrcSucgassidilon nhageat iWdiidmt Ost he plandggenone ifHrdemnastdmatest: Py
Sout hern hé?&%glzatlon Pr obes used ar.e f%éﬁﬂgy an “@P | fragnent of .the

npt | F-§én PRonf PRTSE BT Sedbn ity 18al" M VBGES £ ¢ %?nantth‘ﬁom
pCYTEXPeVWEGENR2Tist3aledAR 2094

15 Demonstration of the transcription of the heterologous genes
The transcripts of the heterologous genes VEGFC and NPTII of the

transformants are detected with the nconradicactive DIG detection
system using the VEGF and the NPT II probes. With 760
nucleotides for the VEGFC transcript and 1100 nucleotides for
20 the NPT II transcript, the sizes of the transcripts detected in
the fluorogram are within the order of magnitude expected for
each case. As expected, none of the two heterologous transcripts

are detected in the WT control.

25 Analysis of the transformants with human transit peptide
The PEG-mediated DNA transfer of 50 pg of pRTS9%P 21 plasmid DNA

per transformation reaction generates transformants which are
permanently stable on selection medium. A stable transformation
rate of 3.3x107°% results.

30

- Demonstration of the integration of the transformed plasmid

Integration of the above-described transformants with transit

peptide 1s demonstrated as described above by Southern

hybridization using the described probes, and hybridization of
35 Hin diIl-cleaved total DNA with the VEGF probe reveals a 1230 bp




WO 01/ 25456 PCT/ DEOCQ 03374 23 The signals detected in the uncl eaved total
DNA of the transformants confirm successful integration of the pl asxr’i 94 %)[%
into the plant genonme. Whether all of the 35S VEGFC Pol yA cassette g ls MAT A
obt ai ned even after integration is tested by 5 restriction with Hn dlll.

I f the cagzmisee has remai ned intact upon integration, this s@aybeoctdImY4
enzyne excizes a 1100 bp fragnent fr%nthe total DNA. The hybridi zation
pattern with the VEG-C probe reveals a 1100 bp 10 fragment for all
transformants. The integration of the conplete VEG-C expression unit, which
i s a brageeutsi tdenyrstimttonr adt theanserbpeitencssd eXpridssi dmtefar MESF12

i n t hes qogssrpagst s -;0egndenonstrated. 15 Denonstration of the
transcription of the heterol ogous_ genes The transcripts of the

het er ol ogous genes VEGFC and NPTI.I of the transformants are detected with

the nhedseasti¥e BDECreet eehin@l r ihSIM 45| fige t REL YEGR 08Beist RR AT 11
pr ob€s: NUCl eot i des for the ranscri pt an nucl eot i des
for 2PtReNRBFL 1219 aKBEFFptrAMESIRES 670t RF t HEASETERt LYetBRt 88 §RPIt he
fl uore@gt bimed eavbirBi.n t he order of magni tude expected for each case. As
expected, none of the two heterol ogous transcripts are detected in the W

control. 25 Analysis of the transformants with human transit peptide The
PEG nzlt et etdoNA f r ansbar GEGB0: pgirof tpRFESR 2l pass dcBNAs pesing the

transégﬁggéégnl%gggt isegnggggr g‘ti%sr;tsr;%{ﬁ{ ormants which are permanently
st abl ‘ transformation rate of 3 .3x10-6
ri@sul I, tBospDawistd-atitom BESth@nokdgy at§ ohabrlele d¥za@t by ndd ploasmied
I ntegkati9n ohet he,AhpMerslesesi bedet nansd or ARBt SoMAdEdY angktr ReRPend s
denmonstrat ed as descri bed above, by Southern _hybridization using the .
descrTheloprobes, YRAGhh RS @ ToROBEI35 /o Ufiian BPR4SEASPBPAF SBNA Wik h
t he \dEGrophabelti ghieahscaos23@ehp 3 | MAR 2 :

15 The recombinant VEGF;;; protein - if detectable in the moss cells
- should accumulate in the cytoplasm in VEGFC transformants. In
the VEGFP transformants, it should be detectable 1in the ER
system 1if the transit peptide is functional as signal in the
moss.

20

The expression of human VEGFi; in transgenic moss cells has been

demonstrated successfully with the indirect immunofluorescence

method and a computer-aided evaluation with the confocal laser
scanning microscope. In addition, it 1s demonstrated that, in

25 transgenic moss, VEGFi;; 1s successfully transported into the
endoplasmic reticulum in the presence of the corresponding human

transit peptide.

Assay for the presence of VEGF in the culture medium

30 A 200 pl aliquot of the culture medium in the presence of PVP is
assayed by ELISA and shows that the moss plants transformed with
the expression cassette including transit peptide encoding
sequence are capable of releasing VEGF into the medium. The

positive results allow the conclusion to be drawn that a

35 functicnal VEGF protein is present.




01/ 25456 PCT/ DEOQ 03374 24 fragment: denonstration of the conpl eteness

f the integrated 35S VEG-P Pol yA cassette. Denonstration of the ; AR 2004

Zranscription of the heterol ogous genes 5 Both NPTII and VEG-P tréh r$ q

an be detected by the method outlined above. Detection of human VEGFlPl
n trdks %4éHi4Senoss cells using the confocal |aser scanni ng RUT¢POECOPE74L0
In this method, the test protein is |labgled directly in nmounted cells. The
eval uation is done under the confocal [aser scanning m croscope, which has

an |nproved r-solution Bomer congared with a normal |ight mcroscope. 15

A tRecp) o4 fei ASLLViaf-Ydet ectable in the noss cells -

shoul CBcatch:umslsatye |mph@@t o s reirl fVEGRC thanyf i Bt Sal | icding MECER
transf $BG#§E Pr8 hould det ctabl e |n the ER systemif the transit
cti

pepti de &} hRERe thifossl L 56F e edibfeskt 6h BPShEHNR
VEGF12deswl t s aasgemcmfmm a:eﬂajts VBSFbermpduderdnshir af @sh saigaessiuil 4y whih
the i | yar e thod and a conputer-aided eval uatio
%h tcﬁgéﬁﬁﬁ%ﬁgﬁﬂﬁgsé% §§§%ﬁPﬁg &8s g& Haﬁtiﬂﬁg 1y j with  the
dennns@&%mm&ﬁtbm@loqncas achnyyeni c noss, VEGF121 is successfully
transported into the endoplasmc reticulun1in the presence of the
correspondi ng- human transit peptide. Assay for the presence of VEGF in the
culture nmedium 30 A 200 pl aliquot of the culture mediumin the presence of
PVP is assayed by ELISA and shows that the noss plants transformed with
t he expression cassette including transit peptide encoding sequence are
capabl e of releasing VEGF into the nedium The positive results allow the
conclusion to be drawn that a 35 functional VEG- protein is present. 31
MAR 2004




WO 01/ 25456 PCT/ DEOO/ 03374 25 Assay of the biological activity Both assays
enpl oyed for verifying the biological activity of the VEG- protein~1 5 o
rel eased into the culture nmediumgive pgsitive results and confirn?tH bt
VEGF produced in accordance with the 5 invention can be obtained fromthe

culture nmediumwi th the desiredsit@mgicdalimectivity. 26 Patent Clains 3 1
MAR 2U 1. A nethod for the production of heterol ogous proteinaceous 5
substances in plant material, characterized in that protonema npbss tissue

s used; as ol anLpgt erlAl 3RO 3k, ddion PER! QIAACAIUSG SUDS LARRRS idalied
are obtai néd Fromthe -ch Gr & hedi um W t hout  di srupting the producing

ti ssues or steitdancek) ih pllamtmethediadcorctiamg cterdlzaidmin, tdiadr FCHCOTEIR | n
that the proteinaceous substangrg rel eased intq the c ture mgh‘é@ i $he

bi ol ogi cal IPSfct i VESSUS 318 ThESREt h8§ a&déri ndd 14 m 44°8r 5!

characteri -%}ﬁaﬂ@ozﬁ iRl WhRddncesed awai Claptaifiede forem sugar s,

vi tam ns n ﬂp yt ohornones or functional fragnents thereof. 4, The nethod
accor di ng taulanyref mefaums without, dksruritield zele FFddvaimg EhESHBSs or
tissue is selected fromthe group of the nosses including |liverworts. 5.
The met hod ding to claim4, characterized in that the npbss tissue is
sel geted from nosses of the group consisting 25 of Physcomtrella,

Funari a, Sphagnum and Cer at Qdon. The, met hod accordin

6. , t | ai m. 4,
char act2ri 7R | Rethed PRECTABEY (i<t IT Sel E@lag&cﬁ:reﬁwgﬁcﬁefﬂgkgétoftq%e
group Com%fgééﬁhégegﬁgc%ﬁ%ﬁﬁéhé@drémééﬁéécihﬁgstﬁﬁ)culture medium is

biologically active.

15 3. The method according to claim 1 or 2, characterized in that a
culture medium is used which is free from sugars, vitamins

and phytohormones or functional fragments thereof.

4. The method according to any of claims 1 to 3, characterized
20 in that the moss tissue is selected from the group of the

mosses including liverworts.

5. The method according to claim 4, characterized in that the
moss tissue is selected from mosses of the group consisting

25 of Physcomitrella, Funaria, Sphagnum and Ceratodon.

6. The method according to claim 4, characterized in that the
moss tissue is selected from liverworts of the group

consisting of Marchantia and Sphaerocarpos.

30




