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bioreaatiastrial scale with the aid of plant cell cultures. These
substances are predominantly pharmaceutically active secondary
metabolites. Examples which may be mentioned are a) berberin
(production on the 4 000 1 scale), which has a bacteriostatic
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

org.

(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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35 cultures of Digitalis Janata (E. Reinhard and W Kreis, Kultivierung von
pflanzlichen Zellen i mBioreaktor [Plant cell .culture in the bioreactor],
Bio. Engin., 5 pp. 135-136 (1989)) imiii ii iii i *G00002* WO 01/25456
PCT/ DEOO/ 03374 2 in high yields. An up-to-date and extensive review of the

use o Il cultures in biotechnology can be found in - ach
Use o%oﬁlgg%‘l%il | cultures in biotechnol ogy, Biotechnol. Ann%?/%aqugé@ pp.

113-176 (1998). 5 The devel opnent of génetic transformation nethods for

hi gher plants at the beginning of the eighties made it possible
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ConStbﬁ%%%tSCQXltrg&fgggggngiﬁh%xggggghngioggecéaﬁCIbe found in H.-P.
Mihlbach, Use of plant cell cultures in Dbiotechnology,

Biotechnol. Annu. Rev., 4, pp. 113-176 (1998).

The development of genetic transformation methods for higher
plants at the beginning of the eighties made it possible
considerably to increase the productivity of plants for specific
secondary constituents by transforming the genes for specific
10 key enzymes of the metabolic pathways in question. Not only
transgenic intact plants but also plant cell cultures were
exploited. Examples which may be mentioned are the
overexpression of a bacterial lysine decarboxylase in transgenic
root-hair cultures of Nicotiana tabacum, which increased the
15 yields 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 qualitative alterations of plant
constituents; in addition, plants and plant cell cultures became
25 more interesting for the production of heterologous proteins
(A.S. Moffat, High-Tech plants promise a bumper crop of new
products, Science 256, pp. 770-771 (1992)), +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 in 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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production. Moreover, the isolation 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, pp.
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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for exgipl e, sMGuKe 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 variations in plant in vitro cell cultures, which
bring about quantitative and qualitative changes in the
production of heterologous proteins (see, for example, M.G.K.
25 Jones and K. Lindsey, Plant biotechnology, in: Molecular biology
and biotechnology, J.M. Walker and E.W. Gingold (Eds.), 2nd Ed.,
Royal Soc. of Chem., Burlington  House, London (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 quality 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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into e cul't ure frediumin its biol ogically active form The term

"biologically active" as used in the present 25 description neans that the
tar getrrUbgt ARCOS U HIRE WML N iR ance” as used herein encompasses
peptides, polypeptides and proteins and also fragments of these
15 which are suitable in particular for diagnostic, clinical,
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 is released into the
culture medium in its biologically active form.

The term “biologically active” as used in the present

25 description means that the target substances provided with this
attribute have the functional properties desired or required for
the respective purpose. If, for example, it is desired to
produce antibodies, the protein produced, or a functional
fragment thereof, is 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.



attribute have the functional properties desired or required for the
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acid construct used the transformation encodes not onl Sire
protm%%%ﬁ%ﬂk? uﬁ?F&mﬁ?rkﬁﬁl%9so Bet r ggsiirefeptiadggtor %@Q$%@mﬁgsthére
subst #eed firenddedmssideeaddlynt o the cul ture medium Any of the autol ogous
and heterol ogous nucleic acid 30 sequences known to the skilled worker can
be enpl oyed in accordance with the invention and can be used for generating
an expihesdlantcasserniea ¥ oro tlranshpilpived tihe theodeddrod i ssuerd e tsethé
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P gr y %f 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 is 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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thus homogeneous chloronema culture is especially preferably

suitable 1in 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, in
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 in accordance with the
invention for the production of heterologous proteins under
30 economical 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
molekularbiologische Untersuchungen der cytokinin-induzierbaren
35 Gewebedifferenzierung und Chloroplastenteilung bei
Physcomitrella patens (Hedw.) B.S.G., [Cell- and molecular-



WO 01/ 25456 PCT/ DEOO/ 03374 8 bi ol ogi cal studies of the cytokinin-inducible
tissue differentiation and chloroplast division in Physcomtrella patens
(Hedw.) B.S.G], Ph.D. thesis, University of Hanmburg (1990)). Since this is
a culture of differentiated 5 photoautotrophic plants, the nmedi um needs
neith I ntation with plant hornones nor vitamns nor_sugar s
conpa?{osgﬁ&\?’m‘ltgﬁ‘st he conpl ex nedi a required, for exanple, f or PEH gﬁﬁ?/oéé"’f
cultures, the costs are lower by a fac8or of 100. It has energed in
accordance with the invention that the yield of 10 biologically active

het er adiogiodtsi a0t ei Bthdillke cubkure prdi umGAan 106, i1 eased, Py a flatQle of
35 m&lhtefeoresence of PVP, which is ﬁ%%t he 'use of PVP in the culture

medi ufi s Bret et et n #RE metHor &R i nGivd siRg i nvent iFdy s comitaiadidad
i nfor medems on CHédwur) n@ farG her misges whieehsar eusivéableyi noACeRE

th t t h I obr rfr andShanm
WL TOdguent i o sueh agy; Lo guanpie, Leptabryum pyrif g T a0d sehadn

magel | ani cum 1 n bi oreactors I's déscribe art
exanplRotRauyetyerhi®i ot eehavtegi schehst udi emedm.rm I\/assaekdlst ur VI@Iit-MéQSen
unt er plasied ©f o Bef VEK S be Atirdungy, r [ rest chsel s

[ Bi ot esca:%nol ogi cal s? udi es cgncertnl ng t rﬂﬁ? ed) RSPC&Q{E%?LJ_ %f I%r)r%]I v%g IGfen 10
part i GRRABIIGH d¥E&D okhef qaePkeacHeddd craahdrads abbdr srgxamild). thoesi s,

Uni veraiinalofcddl neud:96dy, theRblé@JtBh a%féd l%wé%?‘%?}’séef'ac??&ydbfs 19'@ It
seconq,l% rret abol | sm of 22@ hagnum ivated i n’"bioreactors, ot

3, pp BL& er Jf’bYel?%o‘buFBé%sthﬂ Yh%fﬁr efent
i rIOenthmlqgsLQa‘ﬂelyusecbivé’hmdl@d;cbws proaihi Cid athei Neel @hte Ohelbil@m

usual I ical u e .est bllshed for thi rga
(for adgr}{e\%wfi%%é%@% 192 %e FQ: %r%%nf[’;3 genett TP rrB{EI %VE WB ﬁ?ogy
of mosiseswhBothe AEgg, Of.li?VPppln 1t11§ €2208YE meSiiumabie prafisfosdathorhe

syst enfe tiSE et oned dorcide; hiofecbpol ogi cal exploitation of
Physcomtrella for the 35 production of heterol ogous proteins. For exanple,

successful transformations were carried out by direct DNA transfer into WD
01525456 HAARDEQG 033064k Dorpr adronedl £hB5hg UshhAghéhe RakkLsl ewdyRy Thee

PEG transt into rot opl asts was al so successful. This
tranrsrfsq'l(;r eblqo%ét %gaoﬁggnﬁgeﬁ”ﬁ’sc }i&f)eﬂn{')%’ﬂ‘éé?adIsivlcporasi?’hy%‘é’én?f‘r‘a@?ll&rand

| eads IRRUPRIY 4R apsi bhermadand Spaklgeum magellanicum in bioreactors is

described in the prior art (see, for example, E. Wilbert,

Biotechnologische Studien zur Massenkultur von Moosen unter

20 besonderer Berilicksichtigung des Arachidonsdurestoffwechsels

[Biotechnological 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 molecular-biological techniques are established for

this organism (for a review see R. Reski, Development, genetics

30 and molecular biology of mosses, Bot. Acta, 111, pp. 1-15
(1998)) .

Suitable transformation systems were developed for the
biotechnological exploitation of Physcomitrella for the
35 production of heteroclogous proteins. For example, successful
transformations were carried out by direct DNA transfer into



5 transformants (see, for exanple, K Reutter and R Reski, Production of a
het er ol ogous protein in bioreactor cultures of. fully differentiated noss
plants, Pl. Tissue culture, Biotech., 2, pp. 142-197 (1996)). 10 Although
the present invention is principally suitable for the production of any
prot e ubst ance, the production of a pharmaceutically_ rel evant
proteinaﬁﬁgﬁﬁﬁi denonstrated hereinbelow with reference to t%ﬂvﬁﬁﬁyﬁ3374
vascul ar endothelial growth factor (VE&F). 15 VEG- was first isolated by N
Ferrara and WJ. Henzel (Pituitary follicular cells secrete a novel

hepar iptrdtiohdin2g g19¥LE haety speci bi st ol vagsyl arpendaidgld !

Bi ochem Bi ophys, Res. o, 1611,£ pp. 851-858 (1989)) and caa‘?e:‘%:@?f*zed
as 20 TET et or y* 18Rt oOFSr tHE UMt 3ot edafigi Gddivesi BUap@IS 8hdbt helChals

cel | diransiferrmandern nomeathophyshakogisaén contisd onsed N. fegfdalaigf alfor The
vascul t i rowt h.factor. famly of polypeptides, J. Cell

Bi ocheﬁlr s 2; %%.i%l?azrl%ﬁ(i%@%) . b?%g] autthor Memo#tr afd £hableni s
gr dwt ¥ reactfermBitact s(deghl yfepecefampléey oR. vaBeutaerendatiheRi.al Reeklis and
i's i naglddetli®m ot her, oeliof ECGE LS Lmer lLycopyotein |inked
by di sul.phi de bridges. Four IPeFoudFroreid MDA IRECE B SO ALl et
four if3dfler medhfEeqontiabsd 18®sid POBNEAY no Blci dsTimshengtduntrar e @

f or nedilyeadh.gr gt ipte. spdaciqg Blo®d) VEGE RNA. VEGF206 was only evidenced
ina fetal Iiver cDNA, while transcripts of VEG-121, VEG-165 and VEGF1B9
were evidenced in a nunber of tunor cells and tunor tissues. Al VEGF

}SOf o Aix: hioangdn Im@epffg@mnciﬁwé@tiéﬂgﬁ%t imnf)i-ﬁa%mw'\//ghh;%ab\&%%é@' esb q
or ne reted-etfl cient . {See or X e, rti alr on an
b NaPes SR o ey i i eueneer B iRy Mg opredisalon of o
PCT/ DEOG/IUBSRAtIGaldnget fotevamter pherepy, Curirll Qpilbe Bi demohsekatef,

. 6 : Sl t nt.s. of re re_st] . red
Dot b for s o] wsth ParerBBUT ee D nd PholBhe, 889c B8 .0 RhdoFBIt GRS, o

t her ay ¥t 6t ¥ar @&& i zi ng VEGF. During the early stages of work
casried out in context with the present invention, all that was descri bed
in insect cells by neans of the

1 i SBIAa, P el Lan L VEE L s hel) Syt SRR abhey
and afoddiiloplefr fomtisomsaldrnete 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 physiological conditions
(N. Ferrara et al., The vascular endothelial growth factor
family of polypeptides, J. Cell. Biochem., 47, pp. 211-218

(1991)). The authors also 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 isoforms are 121, 165, 189 and
206 amino acids in length and are formed by alternative splicing
30 of VEGF RNA. VEGF20 was only evidenced in a fetal liver cDNA,
while transcripts of VEGFj;;, VEGFi1¢s and VEGF;39 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



10 active human vascul ar endothelial growth factor honodiners in insect
cells, Eur. J. Biochem, 211, pp. 19-26 (1993)). Saccharonyces cerevisiae
(S. Kondo et al., The shortest isoformof human vascul ar endothelial growth
factor/vascul ar perneability factor (VEG-/ VPFl zi) produced by Saccharonyces
15 cergvis) ronot es both angi ogenesi s and vascul ar perneabilit

Bi ochirw% "’Efiﬁgﬁgy’s. Acta, 1243, pp. 195-202 (1995)), the yeastpcﬁ/Eﬁ%{”?‘“
pastoris (D. Mhanraj et al., Expressilon of biologically active human
vascul ar endothelial growth factor in Yeast, Gowth factors, 12, pp. 17-27

(1995))a it Esshechbbea ¢Oldrade, 20.:Sk enBpsher slot@lchndaXPr eéﬁi\/% Ofg75-
iological )y active isoforns of the tunor” angi ogenesi s factor in

bi ol 'égﬂi}%éﬁi' i sof h f

Escher i )ﬁﬁ Bi ochem Bi ophys. Res. Comrun., 222, pp. 249-255 (1996))

foll owed as further production organisns. Biologically active VEG- was

pr odu Lt all _these r inant systens. However, the 25 E. coli
expregsgﬁot\rgbsl%stae%o}lg Eor?ﬁeicgggtd Wiith ‘?%‘garadfet osﬁhﬁf FEA gfangeth for

r econdthig e onl apmertie andt émpreivanenthefl atxtiert irsy paskagechés 8t Boirnehgiyon
bodi es.h 3Q Fxalph esSunpar, : | nt, of controllabl e

Physcom tr el a .p(gt eﬁg %sr%ccyé%}%éé@(jée%mrbgﬁanﬂes%e, Y cFragegngt
net hod® W SH Eieths?ek r i gCONRekAt vithe thes prRisestTonitveht fopat ehd ¢tKat WO

01/ 25456 PEI4BEDRLQ3324 MhdRedbt8hp i EXRLeSSI L et %%%G%enleni@nsect

Physconi trel |l a patens %Hedw. B.S. G, [Expression of hetero ogous genes in
Physcdifithreta 1RansCt HelR, PeBUSOoBiF uspieaprasRians, sYpreer §foy ekamadeur g
(19|99)B).1ay ed@tietbiche basigl pf %Wk 115d 4 £S fé?fdt%%s%rr]@lg} eféffnpkaﬂgﬁ%natllyt q
expl oit at.i is ant . r rri.ed out at_t egi nni ng denonstrate
tﬁg I(?ncnglt\}e)ermmsl{négi |Y%F‘?falf hgni%ccil‘gqjétaﬁongﬁg?"ﬁﬁ t %ﬁ%%’éni*{?modlmers in
Physcomsead | at¢hbks, or Eyknat idng fBiorelReut t er 2Lloc. pr.t.,1999¢) . (E®PBESSi on
of 10 dhe-metshalogol sbl.and ¢ .?ftpe i chwere_.enpl oved. by way of
exanpl e for_t hi}? pur pﬁég‘,%%%es?%w Lkz)e ept%%l gﬂéft eT‘r?Fef osul}glgte%%/%. 1§§gor}{1
Physc&Hi t r ePFR2Bi or RIS 2HI1 t ureadgthedpita lni zegromtdt i r r Bactsrimssdetakoped

whi ch deyringhiabalyt  ceast oyt | qEefr Aitar, D)ot 0peBBhRed by Saccharomyces
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 (1996)) followed as
further production organisms. Biologically active VEGF was
produced with all these recombinant systems. However, the
25 E. coli expression system is 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.



and thus ensures the required honogeneity of the culture at continuous
speeds of 300-500 rpm Standardi zed sanpling was thus nmade possible. At the
sanme tinme, the incomng air was distributed nore uniformy in the liquid
cul ture. Under these 20 conditions it was denonstrated that biomass and
rote ment without external pH regulation proceed i
ﬁanne?aagﬁ)v%g%ﬁppH regul ation; surprisingly, the latter is thlgbllépg?oz%gEP
necessary. A weekly biomass productl onlof 500 ng of dry weight, or 22 ng of
total protein, per litre was obtained 25 under sem -batch conditions. This

nEanSRﬁmﬂmmdeaEepkﬁsbh@ﬁBSBeﬂéQdmében G¥yna fact ahyfcdmverOves ens
conven caﬁa s fI k cul ture. Reduci n the salt concentrations of
the KndisHed |um e te ﬁ(pl &P ESi i Par ESERd IS t 0 PRUBEed dbsts.

30 Adcﬁfmmonm‘tfeﬂ\llarmaneum t(airetdvat)e lacsed;el ate’@h m.omésﬂeyebﬁﬁ%&fsﬂw :
reduci I sl t ddi tion of .a tar ate
JdH %Q%b pﬂ%@%ﬁg? %%Q%QP t%e Q%F%S|v8F eﬂq& nqp E%

gave cul tures d Vi rtualTy exclu

was d@rﬁﬂﬁ%@@%Qﬂ %Rl@lmﬁl@m ¢fo\7\hc§'t10henty t hat vi rtual I y one
hundred percent of the cells of these cultures were at the &/ M phase of
t he cﬂl WD 01/ 25456 PCT/ DEQQ/ 03374 12 cycle. This result was confirmed
by fultHdr BAYELEFog?ehl atstﬁ&leesb'\?\g%%nhﬁ% HenrnHyr atedi dhean Lrnghserm

di ffersemmamu;nspemtm rﬂﬁtaé'ljﬁa@:aérlll%laﬂﬂ eabiazséen%d uvhy%%m%%llqged
t hat Ci%uel onerra lcel £ g Laﬁﬁ ﬁhase st t4he time, whil 5
chl or oneire cat 14 %% rb?e Sf?{nn 4 elrn C @fkfFphase’? A'pr%mf%?swég of
St10d| ddhef onepessl byeus ndydi bili tynd ngzumsgehys us,vmg:m heeagr cimsl eyd@l by
Rr Shent ol HouT ofl 0338 UpEC 25, DL KEE, ggn
tranS| ent 'y transfor ned noss 1% 5 ggobla s (ttrans o ?‘-iﬂ% r%[feg 29535 9),
expr esSia3® -of the gus .gene was observed follow ng induction with 5 uM
i ndol e- 3-acetic acid. No expression was observed in any of the controls.
The gene f]% the 121 ﬁn Cld splice formof the human 15 .vascul ar
endot Yrowhtfa Br%( OF waS L FRERs S e@PFAPdZPRy sdonPELEFEE at
trlansf\«carsrraﬂemllas;aécewbicﬁ belitgs adisbBe 3¥dbmbnutiont Rifs emd, ptheogenatyas
cIone%rQeRT th nstitytive 35S ter andlnot(k]l: tran formatlon
vect or ngs §n%9 pet stm Ieguflrelo Igﬁ?ggef‘ﬁlﬁyse%gn erhepprc HrS hat
Sequemgyuyﬂyyyaufpeeds of 300 500 rpm. Standardized sampling was thus
made possible. At the same time, the incoming air was
distributed more uniformly in the liquid 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 SmM 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
35 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



20 the corresponding human ER transit peptide was additionally cloned.
Integration of the heterol ogous DNA was confirmed and the type of
integration described by subjecting the stable transformants obtained to
Sout hern anal ysis. Northern analysis confirmed the existence of the nptll

and the bwasYEEF 25 transcripts in these transformants. VEGFF;IC%é goo/ﬁaz‘i; on

S . D
in the noss cells was denonstrated by indirect inmmunofluorescence.
protei n was unanbi guously | ocalized in2the cells with the aid of a
confocal |aser scanning mcroscope. These studies revealed for the

t ransfayaient s Thisoutesuansi rapepldadE ithald t hey protetReks 3Aykeeabigzed i n

arti . cy Lasm _In .the transformnts ich.additionally
Eont a;\slngﬁleégél? t%gns%ﬁgﬁgpt?ﬁg, R%e sptrlbcgljee?% ‘“@?}h] bé\p’gouaélflfﬁr?ﬁélﬁﬁéloé’a?r
regi orfPeicEich mheanpscatatlddd oasdofcailiel apeaal el Was regionsdadt khatvery

hi gh . L-al agj ¢ agt i Mint y.,0f_ t he het er.ol Qgous. protein

pr gdu?e%dﬁ?{]};é%gg a%%ggﬁa%gg \?\L,ig{t h@%%eeﬁéégnéhoansemﬁoﬁgr i etg%oyéﬁrg?'r yf"'h‘dl&ut

EL P sA chigrenersy 56 BeT/pm @ osdminsnbigays bhe 6@8Mf pheseonal | ty assays

with the VEGF protein obtained fromthe culture msﬂi umh 5 I\/alterl alz and

met hods: _Unl ess otherwi se specified in the text, the chem cals used were

anal y(}l CBFpﬁPiﬁé qtidfi tF Sbtf&eBOFEIMLEl ukBIPRERILERY, Wer gloss by

( Dar netsdidtg , tRet hadKeyd srathieg], hSer-pafénline(iel beng) w@&{@i(d}hgérgﬂ%gﬁg\),v.

10 Th ut L on e it urified, rogen-free water erei

ter ne?ea;gq &"lf)rgo%sa ?g??%r%trerg%ﬁ?r f i%dé’at F%ﬂngﬁf’@ﬁﬁ’( I\H"‘}r}ﬁf&%‘}ectsﬁ‘ﬁﬁér n .

190 Re 1179t 1646 tein d Ot selsiass t DNA- nade f i ﬁgleﬁbmmmm:ﬁwf a’ihbl gJufggyd

Kits i i.del - m uns i plie

51 osy o s el L oret adr) o P B e g A P E LR e PR

( Mannif&9-, (l\@er?diiﬁﬁs(% CBMRRyed New &Enyl @hdtBeotahsrols. _

( Schwal bach/ Taunus), Novagen 20 (Madison, Wsconsin, USA), Pharmacia
nd Stratagene (Heidel berg). Unless otherw se

(Fr o1 B oeo08D, (L don) png, D1t ageri, (Hel dolbero) Sl esp ot hert
i AStrostsarsr endothelial growth factor (VEGFi,;) was transferred into
Physcomitrella at transformation rates of 0.5x10™° and 3.3x10°S.

To this end, the gene was cloned behind the constitutive 35S
promoter and into the transformation vector pRT99, which 1is
suitable 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 Southern analysis. Northern analysis
confirmed the existence of the nptII and the two VEGF

25 transcripts in  these transformants. VEGFix expression in 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 very high ER content. The
biological activity of the heterologous protein produced in

35 accordance with the invention was verified by carrying out ELISA



Vectors and constructs 25 The plasm d pCYTEXP- VEGF121 is a derivative of
pCYTEXPI (T.N. Belev et al., A fully nodular vector systemfor the

optim zation of gene expression in Escherichia coli, Plasmd, 26, pp.
147-150 (1991}), in which the cDNA of human VEGF121 is integrated for
exprespi 9{yJsis& coll. The VEGF1zl cDNA is excized 30 from pCYTEXP- VEGH a
using the restriction endonucl eases Nde | and Sal |, purifieBCT/REHRY03374

bl unt - ended and cloned into the Sma | Bl eavage site of pRT101 (R Topfer et
al ., A set of plant expression vectors for transcriptional and

t r anslzadd | drsi e Nugh@t Lokl dey Re , RitR89QRE19 b t he
ke and the ¥ By onissars: Rich Cgﬁ% %é%ﬁé Eﬁﬁﬁ%ﬂﬂ,

35S 35 . pr.onoter o] yadenyl at1 on sequence of

t he céjsbgceatjtr}eeqeh{féonbbttké‘? n‘g‘ﬂi%l‘ér% $A18Rci zed and cloned WD 01/25456

PCT/ DEOO/ 03374 14 into the Hin dlll restriction cleavage site of the
transformati on vector pRT99. pRT99 contains not only a multiple cloning
site, but also the neonycin phosphotransferase gene under the regulation of
thé 35S pronoter and the coMe¢spdrdisngrsl petadeny| ati on sequence of CaW
(R Topfeyset Vek sat,| 2 L.ani ; t for.transient gene expression
and dir ectssg_e%?l??%ln% e?b%%ﬁgﬁ%% l(r:}gl?lrgig %%%Fél PR serﬁe%‘;‘.‘?s 1%:%%. WEFSs

( 1988)ARa b I e A e¥wa kY st apde ebtaheednt Fbpot | ELGEES i(Nest-alhy ,

{ransianiid plmnidscathe) pl aesins (rae1Eehefal edokhat NRHLOgEIpREL) Chig Ol
stralg.DHSa &é” Sa (gﬁg} et al., Mlecular cloning: a I'aboratory nual”,
Col d Sy Yarbot! atory Press, New York (1989)) . Using the
rd8triction enzymes Bam H ~and Bgl Il, the cDNA is 15 excized fromthe
vect ormpVE- wmhich originally, constructed for expressing VEGF121 in
insecﬁng%lf%%éﬁﬁwak%cﬁwgﬁ%ité%ﬁ%ﬂIVYY% t%%rﬂéﬁﬁg21 B¥HOERBELEERpr HeE& T he
DNA eddddifdalny nkrured Hr@nsfropept Mg MikiQciwatior amhhiicetlosysyesm

medi at @6 1598 td 0k d dHiy Aye, medi um via the endoplasm c reticul um 20
(Fiebich et al., Synthesis and assenbly of functionally active human

vascul ar endothelial growth factor honodiners in insect cells, Eur. J.
Bilocharast 21 iqup. ehBoR6c12993)),, BRA-noalpYi RRT I yikd ONedd Nh81BRE9Y and

Verr“ﬁ%%logy kits were obtained from AGS (Heidelberg), Amersham
(Braunschweigq), Applied Biosystems (Weiterstadt), Biometra
(Gottingen), 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 pCYTEXP1
(T.N. Belev et al., A fully modular vector system for the

optimization of gene expression in Escherichia coli, Plasmid,
26, pp. 147-150 (1991)), in which the cDNA of human VEGF357 1is
integrated for expression in E. coli. The VEGF;121 cDNA is excized
30 from pCYTEXP-VEGFi;; using the restriction endonucleases Nde I
and Sal I, purified, made blunt-ended and cloned into the Sma I
cleavage site of pRT101 (R. Tépfer et al., A set of plant
expression vectors for transcriptional and translational
fusions, Nucleic Acids Res., 15, pP. 5890 (1987)) between the 358
35 promoter and the polyadenylation sequence of CaMV. Using Hin
dITI, the cassette thus obtained is again excized and cloned



25 Plasm d pNA201 is a derivative of the binary vector pBl 101 (AR
Jefferson et al., Assaying chineric genes in plants: The GUS gene fusion
system Plant Ml. Rep., 5 pp. 387-405 (1987)) . It contains the nptll
gene under the nopalin synthase pronoter as selection marker for plants.

The g ich is also 30 present, is regulated by the [
from X?r gggt?tl:ér’\re?umtunef aciens. pNA20l1 is suitable for the d%?Tégtggg%ﬁ

transformation of Physconmitrella patenB. Antibodies 35 Two different
anti bodi es agai nst the VEG- protein are used. The first antibody is a

rabbi timems i - EF amripodymnd dideaadret MR 01/ 26456 RCT/ DEOQY 03374 151
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Press, New York (1989)).

Using the restriction enzymes Bam HI -and Bgl II, the cDNA is

15 excized from the vector pVE-121, which was originally
constructed for expressing VEGF;,; in insect cells and which
additionally to the VEGF;;; sequence comprises the DNA encoding
the natural transit peptide which, in animal cell systems,
mediates secretion into the medium via the endoplasmic reticulum

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

25 Plasmid pNA201 is a derivative of the binary vector pBI101

(A.R. Jefferson et al., Assaying chimeric genes in plants: The

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

It contains the nptII gene under the nopalin synthase promoter

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

30 present, 1is regulated by the 1'-promoter from Agrobacterium

tumefaciens. pNA20l1 is suitable for the direct transformation of
Physcomitrella patens.

Antibodies
35 Two different antibodies against the VEGF protein are used. The
first antibody is a rabbit-anti-VEGF antibody and directed



Bi oreactor culture For mass cultivation, plant material is introduced into
a 7 1 round-bottom gl ass flask Bi oreactor equi pped with a double 25 jacket
(Applikon Biotek, Knullwald). In this Bioreactor system waste air
condenser, aeration tube, pH electrode (Conducta, Cerlingen), tenperature

Sensoryo §1)394580 device, sanpling tube and the inlets for acj
medi unvgoar eyi r?t roduced into the culture volunme from above thr%%dﬁggiﬁ@gp?n

the lid. Cultures are 30 perforned at B5C and are controlled by neans of a
suitably adjusted water bath which is connected to the double jacket. In

experia@ﬁﬁﬁsthcgy&tﬁeﬁﬂd}ﬁﬁbﬂiﬂerﬁhggﬁchQ9$%§$h@@:t&?eaﬁfhbsgéﬁgﬁegfé
nst means of t ration unit. Tenperature nea
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speed ; Vg J n@@,}g 0 mt oRt I r pl i kon
BPotek, Knul V\g:i%)egu#%% cu %ifrlep%rgg?g% iceg\&gerggtsgglr%én@tlgﬁha&?ze\ﬁ)t'h 1 bar of

air via a porous injection element. To ensure sterility in the culture
vegselpiaht ®dcdbheainlet and 5 exhaust lines are provided with filter

steriljzationp units (Mdisart, 0.2 um Sartorius, Gottingen). The
bi or ea %rW&EIjFEVBGi SYUGbr fed Ghe anedht FdWss@ratsialdmrene teasi rdedm.th
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The c ures are jphoculated, wt .5 - wet_ weli ant. 10 materia
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are r dhtVed Iy ¥or (Bnghpré) angehadt Bpencsphapltyped3dzosAaegriopeed

with head 501 RI (Sartorius, Gottingen). Chloronema cultures of the wild

ed by suppl enmenting the Knop mediumwi th 5 nmM ammoni um
:gffr gfl'ge qg:gforl?it.ype Ztra?g (J?s grow% ele.ther pin liquid culture with Knop

medium (R. Reski and W.O0. 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, Kniillwald). In this bioreactor system,
waste air condenser, aeration tube, PH electrode (Conducta,
Gerlingen), temperature sensor, stirring device, sampling tube
and the inlets for acid, base and medium are introduced into the
culture volume from above through bores in the 1lid. 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



The yield of biologically active heterol ogous protein which is secreted can
be increased markedly when the stabilizer polyvinylpyrrolidone (PVP) is
present in the culture nmedium 25 Differentiation of the caul onema, which
take s place during protonenma devel opnent, caP be induced agf i ncreased by
exoge ggi on of physiol ogi cal anbunts of auxin, suita
congeg?fg%F%ﬁggbeing, ?o¥ exanple, 5 nol/1 of indoIe-3-acetiéﬁg€F%?Q%§g$.
30 For perfornming the liquid culture of6 transformants under sel ection
pressure, 50 ng/1 of the antibiotic G418 (Cal bi ochem Bad Soden) are added

to thespewmp oedi wa J@ribﬁSb@n((ineéﬂil@ ol tw@sm%@fr%%@%lgye%ikg)&atﬂoa@
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protop) asts in each transformati on. Protaoplast regeneration an I on

for stibl 8FFRAEFE mifit £ i SOBAFPIGI5EN VAT BESEYS bEdPBPeReUtt i  diad eRaski
(loc. TilunidDOH)n (whess otbhew sersped fai@dw/Lodi mast. i1mneld wrgsgence
The cultures are inoculated with 0.5 - 1lg wet weight plant
10 material per litre of bioreactor culture under sterile
conditions. The sampling tube is located at the same level as
the stirrer, thus ensuring uniform sampling while stirring.
Small sample quantities (< 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 Dby
supplementing the Knop medium with 5 mM ammonium tartrate.

20
The yield of biologically active heterologous protein which is
secreted <can Dbe 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 liquid 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



Buffer: MSB: 100 mM PI PES; 5-10 nM EGTA, 5 nM MySCOy, pH 6.8 F-MSB: MSB + 5%
DMSO E- MSB: MSB + 5% DVBO + 50 Nonidet 20 WMSB: MSB diluted 1:2 with HO
(wash buffer) Enzyme solution: 1% cellul ase, 1% pectinase, 2% Dri sel ase in
MSB, pH 5.6 (all from Sigma, Dei sen?o; eg) 25 Tge _rmssfprotonlerrata a{ﬁ LI igd
in 1. 28% al dehyde in F-MSB (v/v y incubation for no |onger a

m nutgg %%Ic%g%ﬁ efly \>/lvashed in WMSB. Then, the protonenata aﬁ'cévogﬁ%q{ﬁa?—éﬁ
with 20 parafornal dehyde in MSB (v/v) ¥or 40 mnutes and washed 3x with
WMSB (rinse 1x; wash 2x for 5 mn). 30 Free al dehydes which cannot be

el i m patied by onasbindg naite oredueed By addicRaMSBiaRd apspahiedel! Pyl Qs
solid %rloraw ride. wth an incubation. time of 10 m nutes. “The boron
hydri d& 'S dtoved By THrde TeSHEs with WMBB. 35 WD 01/ 25456

PCT/ DEOO/ 03374 18 In the next step, the cell walls are nade perneabl e by

addin - t] Lnutes. The e matic.reaction,is
quenc%gfjmgyrg;ﬁ%dr%%%¥h%i)%ln—%l?k/ségp%]ﬁlég g)scsAg%?’r?, qﬁ;oé’ rﬂ‘?‘?h‘f'@ 8 a/élstﬁé'r&%x
wi #h WNBB WIS hCH26rophyl | s are extracted by incubation with a detergent
solution over a period of 120 m nutes. The solution is then renoved by

t hree washes with W MSB.
Transformation

The chosen transformation method is the PEG-mediated direct DNA
transfer into protoplasts as described .by Reutter and Reski
10 (loc. cit., 1996). 50 png of plasmid DNA is employed for 3x10°
protoplasts in each transformation. Protoplast regeneration and
selection for stable transformants is carried out as described
by Reutter and Reski (loc. «cit., 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% DMSO + 5% Nonidet
20 W-MSB: MSB diluted 1:2 with H;O0 (wash buffer)

Enzyme solution: 1% cellulase, 1% pectinase, 2% Driselase in
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.

35



|0 After this preparation, the noss protonemata can be incubated with the
primary anti body (anti-VEG-, dilution 1/50). This is done at 37C for 45

m nutes. After three washes with WMSB, the | abel ed secondary anti body
(anti-rabbit or anti-nouse; dilution 1/30; |labeled with fluorescein

i-sot hi ??514%6( FITC) (Ml ecular 1S Probes, Leiden, Netherl and%)D) i s added
for 4 nlnutes at 37C. In addition to the 3 wash steps as ab8%R/DEPAEP3374

m xture is washed once with WMSB + 0. 18 Triton. The protonemata are
subsequently taken up in WNMSB and stored at 4C at | east overnight. 20 The
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carrie out nducti on  of ronot er
dlklon % the § wagh gteps 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 is evaluated with the aid of a confocal laser
scanning microscope (CLSM) type TCS 4D (Leica Lasertechnik,
Heidelberg) and the software Scanware 5.0 (Leica Lasertechnik,
Heidelbergqg) .

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, is determined qualitatively
35 and quantitatively by conventional methods using ELISA assays



The inducibility of the 1'-pronmoter by auxin 5 ~anol/1 of indole-3-acetic
acid is assayed with days after (I AA). Five 20 transformation, 100

protopl ast aliquots of reaction with pNA201 are transferred into 96-wel |
mcrotiter plate (Nunc, Wesbaden). suspensions ?re | npulrola}ii fordflve
hour s rmation the wells of a The protoplast wt en
concenvfbrg%i ontsg 5 uM. The induction experinents are eval uat B /25093324 | y
after the incubation period with the aldd of the qualitative

(3-glucuroni dase assay. Qualitative (3-glucuronidase assay The

(3- gl usnd onittas eaGid \dd e Soalet i Neshids a il idadiye assan R (A Re
Jeffers Assq¥§n chlnerlg 8enes Iln plants: The GUS gene fusion system
Pl ant Wbt EUHe iedEIm (1S B89dgEre¢547) D EhEsELICE BFSRet: 50 mM K3Fe(ON) 6
50 mM Na2HP09 50 mM KyFe(CN)6 10 (v/v) Triton X-100 50 nM NaH2P04 10 nM

EDTA, gﬁ%g&f&nality assays

5 The biological activity of the recombinantly formed VEGF

obtained from the culture medium is checked in a mitogenic assay
(Miyazono et al., Purification and properties of an endothelial
cell growth factor from human platelets, J. Biol. Chem., 262,
pp. 4098-4103 (1987)) and in a ‘Day-13 choriocallantoic-membrane

10 angiogenesis assay’ (Wilting et al., A morphological study of
the rabbit corneal assay, Anat. Embryol., 183, pp. 1167-1174
{1991)). The culture medium 1is subjected beforehand to

ultrafiltration, then lyophilized and subsequently resuspended
in buffer. If desired, a further purification step using a

15 cation column may be carried out.

Induction of the 1'-promoter

The inducibility of the 1'-promoter by auxin is assayed with

5 pymol/l of indole-3-acetic acid (IAaR2). 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 pM). The induction experiments are evaluated

25 directly after the incubation period with the aid of the
qualitative B-glucuronidase assay.

Qualitative B-glucuronidase assay

The P-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 KsFe (CN)g 50 mM NasHPO,
50 mM K4Fe (CN)g 1% (v/v) Triton X-100
50 mM NaH,PO, 10 mM EDTA, pH 7.0
35 4 mg/ml PVP (MW 10 000)



35 4 ng/m PVP (MNV 10 000) WO 01/25456 PCT/DEOO/ 03374 20 Stai ning
solution: 12.5 nmg of 5-bromp-4-chloro-3-indolylglucuronic acid (Bionol,
Hanburg) dissolved in 250 ul of N, N-dimethylformam de/50 ml of substrate
buffer 5 Moss protonemata and m)sshpr ot opl ag;sé in Knop orI reglener af):con
medi u 108 /4 bated for up to 72 hours at in an equal vglu
stainﬁﬁgogé%ﬂf¥on and evalgated i mredi ately thereafter 95|ngpg?ﬁ$@P6§%86e.
10 Results Honpgeneity of the bioreactdt culture; samplin Only honmpgeneous
cultures ensure that sanpling fromcell IS cultures is standardized. After
prol ongeaisihguseluptohonensd. gr Agt hoint g_moce;ucﬁl!d@mjﬁismfgﬁgpgeﬂ#g_
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thg bi oreact or whil e sinmultaneously standardizingdi?npllng g;en orerrgr -
rolo o I rHz00danit o e 0 [ a tur Sti.r.r.
\I?vith trlﬁfgse g%rflrd?%lﬂagegngy rdor%ls:\dlﬁ%ggt% Eg%géges{rlgf tr%é) SOIPI’ r_ee%eebqearc?etsforf hus
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Bi orrasgsﬂﬁgeéorgirg?(gsé%neDW[rrg/ 1]) over a period of 35 days” (840 h) at 500
rpmin the”control "curtfufes with the turbine stirrer is the same as in
bi ®reactor cultures stirred with the shear-blade stirrer

Results
Homogeneity of the bioreactor culture; sampling

Only homogeneous 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
homogeneous 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



35 Culture honogeneity is assessed by conparing in each case six parallel
sanples. The dry weight of plant material froma sanple WO 01/25456

PCT/ DEOO/ 03374 21 volune of 100 m is determ ned as the conparison
parameter. \Wen using an unnodified turbine stirrer, the standard deviation
incregge i ncreasing biomass concentration. As a conseq

sti rr?ﬁg%\a)%shg?he shear-bl ade stirrer, the 5 standard devi at?%nggogwﬁu
sanpl es taken remain low. This allows 4lhe conclusion that a uniformy _
honobgeneous cul ture can be obtained with the nodified stirrer over a period
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i ndol e- 3- acetlc aC|d (IAA) In the controls w thout addition of |AA .
eval u de i pr ot opl asts in any of the
reactd tell el --' ot Brotepfasts 25 incubated with
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the VEGUdwns os£®étOMénts with the moss. Experiments with transgenic

tobacco show that the 1’-promoter 1leads 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 is studied in transiently transformed protoplasts.

20 The transformation reactions are subjected to the PB-glucuronidase
assay with (5 h) and without incubation with 5 uM indole-3-acetic
acid (IAA). In the controls without addition of IAA, evaluation
under the microscope reveals no blue protoplasts in any of the
reactions. In contrast, the evaluation 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 cDNA of VEGFi;; with leader sequence,
termed VEGFP hereinbelow, into Physcomitrella, it is necessary
35 to clone the sequences between a promoter/terminator unit which
is suitable for plants. The 35S CaMV promoter and the
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of 1% RT99. VEGFC transfornatlons |nto Physcomtrell a

The resulting cassettes are excized with the restriction enzyme
Hin dIII and cloned into the actual transformation vector pRT99
into the Hin dIII cleavage site (pRT99VEGFC 3 and VEGFP 21). The
orientation of the cassettes relative to the NPTII cassette can

15 Dbe determined by restriction with Sma I and Hinc II. In the case
of promoter-to-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-polyadenylation 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 0.5x10°°, with
constant stability of the transformants.

30 Demonstration of the integration of the transformed plasmid

Successful integration into the plant genome is demonstrated by
Southern hybridization.

Probes used are firstly an Nco I fragment of the npt II gene

35 from pRTY99 and secondly an Nde I/Sal I VEGFC fragment from
PCYTEXP~VEGFis;.
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10 fragment for all transformants. The integration of the complete
VEGFC expression unit, which is a prerequisite for the correct
transcription and expression of VEGFi»; in the moss, has thus
been demonstrated.

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 nonradiocactive 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 ng of PRTO99P 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 is demonstrated as described above by Southern
hybridization using the described probes, and hybridization of
35 Hin dIII-cleaved total DNA with the VEGF probe reveals a 1230 bp
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Detection of human VEGF;,; in transgenic moss cells using the

confocal laser scanning microscope

10 In this method, the test protein is labeled directly in mounted
cells. The evaluation is done under the confocal laser scanning
microscope, which has an improved resolution power compared with
a normal light microscope.

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

20
The expression of human VEGF;,; 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 is demonstrated that, in

25 transgenic moss, VEGFj;,; is 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 functional VEGF protein is present.
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Mar chant i & St EpRaer Gt tained from the culture medium
essentially without disrupting the producing tissues or

10 cells.

2. The method according to claim 1, characterized in that the
proteinaceous substance released into the culture medium is
biologically active.

15

3. The method according to claim 1 or 2, characterized in that a

cu}ture medium is used which is essentially free from sugars,

vitamins and phytohormones or functional fragments thereof.

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

of Physcomitrella, Funaria, Sphagnum and Ceratodon.

6. The method according to claim 4, characterized in that the
moss tissue 1s selected from liverworts of the group

30 consisting of Marchantia and Sphaerocarpos.



