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Summary

SUMMARY

This study aimed to explore the possibility to sekeansgenic high expressing cells in plant
cell cultures by using dicistronic transformatioectors. The coexpression of a target and a
selectable marker gene (SMG) was mediated by amniait ribosome entry site (IRES). In
contrast to traditional plant transformation vestoarrying only one SMG and a target gene
under control of different promoters, the newlyidgaed dicistronic transformation vectors
carry a second SMG controlled by the same pronastéhe target gene. With these vectors it
was investigated whether selection on the SMG utigeisame promoter or under a distinct
promoter leads to higher and more stable protepression of the reporter geheiferase,
which was taken as a model target gene because of egsgssion monitoring by
chemiluminescence detection.

An Agrobacterium tumefaciens mediated transformation and selection systenNigotiana
tabacum strain Bruessel suspension cultures (DSMZ No. PQ)-fvas established. The direct
selection of high expressive transgenic cell cebkuvas much faster than the establishment of
transgenic plant derived cell cultures and proviqedbably the highest diversity of
independent transformation events. The tobaccocodillires were transformed with either a
construct carrying genes for antibiotic and hedw®cresistance on two different expression
cassettes, or another construct carrying genelsefidnicide and putative salt tolerance on two
different expression cassettes.

Transgenic cell cultures carrying the first constraxpressed th&uciferase reporter gene
reliably in high quantities when they were treat@th the herbicide Phosphinotricin; in this
case selection took place on the SMG which is caessged with théuciferase gene.

Selection with NaCl on the SMG coexpressed with tbgorter gene had no effect on
transgenic cell cultures carrying the second caostr

Selection with PPT, mediated by thar gene, was more efficient in respect to Luciferase
expression than selection with G418 or NaCl, mediaby thenptll and PR10a genes
respectively, regardless if th®r gene was under control of the same or another qiieam
than theluciferase gene. However, treatment with PPT also reducediderably the initial
proliferation of transgenic cell cultures.

Remarkably the Luciferase activity of transgenitt celtures carrying thé’R10a gene was
always higher compared to transgenic cell culthebouring other constructs.

The potential of the dicistronic transformation toes to produce recombinant proteins in a
plant system was demonstrated. In this study tbertwlosis antigen HSPX was detected
after transient expression in tobacco leaves.

Keywords: IRES, coexpression, expression instgbgiispension cultures, PR10a



Zusammenfassung

ZUSAMMENFASSUNG

In dieser Studie wurde die Moglichkeit der Verwengu dicistronischer
Transformationsvektoren zur Selektion transgenerchhoexprimierender Zellen in
Planzenzellkulturen untersucht. Die Koexpressiaome®iZiel- und selektiven Markergens
(SMG) wurde durch eine interne Ribosomeneintrigigst(IRES) vermittelt. Im Gegensatz zu
traditionellen Pflanzentransformationsvektoren, @ie einzelnes SMG und ein Zielgen unter
der Kontrolle verschiedener Promotoren tragen, atgh die neu konstruierten
dicistronischen Vektoren ein weiteres SMG, welchesch denselben Promotor wie das
Zielgen gesteuert wird. Anhand dieser Vektoren wuwndtersucht, ob die Selektion auf das
SMG unter demselben Promotor oder unter einem anderomotor zu einer hoheren und
stabileren Expression des Reportergénsferase fuhrt. Das luciferase Gen wurde als
Modell-Zielgen ausgewahlt, weil sich dessen Prabgimession durch den Nachweis der
Chemilumineszenz leicht beobachten lasst.

Fur dieNicotiana tabacum Suspensionskulturen des Stammes ,Brussel* (DSMZP@120)
wurde einAgrobacterium tumefaciens vermitteltes Transformations- und Selektionssystem
etabliert. Die Selektion auf hoch exprimierendensigene Zellkulturen nach direkter
Transformation der Suspensionskulturen ersparteZei¢ im Vergleich zur Etablierung einer
Zellkultur aus transgenen Pflanzen und erbrachtenw#ich die hdchste Diversitat an
unabhangigen Transformationsereignissen. Die Tadb&kituren wurden entweder mit
einem Konstrukt transformiert, das Gene fur Antil@ und Herbizidresistenz auf zwei
unterschiedlichen Expressionskassetten bereitstidit mit einem anderen Konstrukt, das auf
zwei unterschiedlichen Expressionskassetten Geneéldibizidresistenz und eine mdgliche
Salztoleranz tragt.

Transgene Zellkulturen, die mit dem ersten Konstttdnsformiert wurden, exprimierten das
luciferase Reportergen zuverlassig in groBen Mengen, wenn rsie dem Herbizid
Phosphinotricin behandelt wurden. Das fir die Hedoesistenz zustandige SMG war bei
diesem Konstrukt unter Kontrolle desselben Pronsotoe das Reportergen.

Bei den transgenen Zellkulturen, die das zweite ikt trugen, hatte die Selektion mit
NaCl auf das SMG, das mit der Luciferase koexpnitwieirde, keinen Effekt.

Die Selektion mit PPT auf die durch das Gen vermittelte Herbizidresistenz war in Bezug
auf die Luciferase Expression effizienter als detetion mit G418 auf die durch daptll
Gen vermittelte Antibiotikaresistenz oder die Satek mit NaCl auf die durch daBR10a

Gen vermittelte Salztoleranz gleichguiltig, ob das ®en von demselben oder einem anderen
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Promotor als dabuciferase Gen reguliert wurde. Allerdings reduzierte die FBEhandlung
auch das anfangliche Zellkulturwachstum erheblich.

Bemerkenswerterweise wurde in Zellkulturen, die BR40a Gen eingebaut hatten, in der
Regel eine hohere Luciferase Aktivitat gemesseniralfransgenen Zellkulturen, die mit
verschiedenen anderen Konstrukten transformierti@owaren.

Weiterhin wurde in dieser Studie gezeigt, dass #sHilfe von dicistronischen Vektoren
gelang, transient hoch exprimierende Bereiche zantifizieren und ein rekombinantes
Protein aus diesem Material zu isolieren. Hierbenrke im speziellen die transiente

Expression des Tuberkulose-Antigens HSPX in Tal#tdyh nachgewiesen werden.

Schlusselworte: IRES, Koexpression, Expressioramgtit, Suspensionskulturen, PR10a
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Introduction

1 INTRODUCTION

1.1 Overview

For nearly 20 years, efforts have been made tglase cell cultures for recombinant protein
production because they combine the merits of whtaat systems with those of microbial
and animal cell cultures (for a review see Helleigl., 2004). In addition, plant cells already
have an established track record for the produciforaluable secondary metabolites. Many
proof-of principle studies have been published, tdshem using well-characterised tobacco
cell lines. In 2006, the first vaccine made frorarlcell cultures received approval from the
US Department of Agriculture (USDA) (Vermij and Vgl 2006; Floss et al., 2007). This
vaccine fights the Newcastle disease, a contaginddatal viral disease affecting poultry.
However, production of recombinant proteins in plaell culture still presents several
challenges. The major difficulty is the instabilay transgene expression due to chromosome
loss (Kononowicz et al.,, 1990; Winfield et al., B39 gene silencing (Chandler and
Vaucheret, 2001; Dorokhov, 2007) or cell death @\&tlal., 2001).

As long as the efficiency of the currently avaialdtable transformation methods is not
100%, selection and screening procedures are a majb of the regeneration of transgenic
cells or plants (Gasparis et al., 2008). In a pasielection system the critical concentration
of the selective agent promotes the growth of #lks carrying the selective marker gene and
hinders the growth of non transgenic cells (MikdaicHugh, 2004). The precondition for a
positive selection of transgenic cells is the ®tadpression of the marker gene during the
whole selection process, because otherwise thetigrointhe cell culture would be limited. If
the selectable marker gene (SMG) and the target gendriven by different promoters, there
iIs no correlation between the expression levehef gelectable marker and the target gene.
Expression instabilities could affect only the &rgene even under selective pressure and
continuous cell proliferation. Since the expressbthe newly incorporated target gene is in
most cases not essential for the plant cell, thgetagene could be silenced without being
detected if the marker gene expression is not &fiecGene Silencing occurs frequently in
transgenic plant cell cultures. High transcriptariiransgenes either caused by integration of
multiple copies of transgenes (Baulcombe and Emgli®96; Depicker and Van Montagu,
1997; Vaucheret et al., 1998) or by high expressibra single transgene (Elmayan and

Vaucheret, 1996) was often observed to be assdomth posttranscriptional gene silencing

1
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(PTGS). Another form of gene silencing was inveded by Fojtova et al. (2003). They
reported that tissue culture leads to a switch flBiGS to TGS (transcriptional gene

silencing), correlated with hypermethylation of ffremoter.

The intention of this study was to investigate tefgges aiming to overcome the challenge of
expression instability by developing a model transfation system for the optimisation of
protein production in plant cell cultures. To avaldferent expression levels of selectable
marker and target gene, dicistronic plant trans&iiom vectors for coexpression of both
genes were constructed and applied to establishgemic tobacco cell cultures.

These newly designed vectors carry dicistronicsgane constructs which link a target gene
with a reporter or selectable marker gene by armiad ribosome entry site (IRES element) in
one expression cassette resulting in the coexpresdi both genes under the control of the
same promoter.

To investigate the functionality and applicability our approach and for comparison of
different selection modes and selective agents selectable marker genes were used instead
of “real target genes” as first cistrons in froftao IRES-element in two distinct vectors. The
two dicistronic transformation vectors harbouretthesi thebar gene, providing resistance to
Phosphinotricin, or thé®R10a gene, providing increased salt tolerance. Bothstrants
carried another selectable marker gene under dooftr@ NOS-promoter and theciferase
reporter gene as second cistron behind the IRESwesie With these vectors it was
investigated whether selection on the SMG understéime promoter or under a distinct
promoter leads to higher and more stable protemmession of the reporter gene. The reporter
gene, the light emittinguciferase gene, allowed not only easy expression monitdouigalso
enabled manual selection of highly expressing doiée effect of chemical selection could
therefore be compared to manual selection.

Finally, the potential of the IRES based constrfictshe production of valuable proteins was
tested with the approach to express the HSPX prat&iMycobacterium tuberculosis in
tobacco cell cultures. HSPX, producedincoali, is already used in ELISA based diagnostic
kits.
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Objectives

The main objective of this study was

To investigate the possibility to select high exssieg cells in plant cell cultures based

on the coexpression of target and selectable mgeke linked by IRES elements.

With the final aim

To establish transgenic tobacco suspension cultwhesh express reliably a target

protein in high quantities.

This was carried out by

The establishment of a simple plant transformatgystem for the immediate

transformation of plant suspension cultures,

The construction and application of dicistronic rabilansformation vectors:

In contrast to traditional plant transformation tegs carrying only one SMG and a
target gene under control of different promotehng hewly designed transformation
vectors carry a second SMG controlled by the samenpter as the reporter/target

gene.

The comparison of different selection strategiesth® optimisation of production
yield.

To do so, transgenic cell cultures were exposedifferent selective agents and
characterized by measuring fresh and dry weighdiepr content and Luciferase

expression as an indicator for target gene producti
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1.2 Plant cell cultures

Callus and suspension cultures consist of unorgdrasll clusters, which can be achieved by
exposing differentiated plant tissue to media cairig plant growth regulators, also called
plant “hormones” (Schieder in: Odenbach, 1997).p8uosion cultures are prepared by
agitation of friable callus tissue in shaker flagksform single cells and small aggregates.
Such cultures are widely used for fundamental rebeand have also been investigated as
production sources of plant metabolites and — mezently — of recombinant proteins.

The German collection of microorganisms and celltuces (DSMZ) in Braunschweig
maintains presently more than 700 different platkl;es from more than 80 different plant
families for distribution. The priority of plant ttures in the collection are dicotyledonous
angiosperms. In addition to crop plant cultures, ¢bllection consists of a large number of
cultures derived from plant species containing sdaoy metabolites of pharmaceutical
importance. Most of the cultures are maintaineddistribution in a living state as calli —

some also as suspension cultures.

1.2.1 History of plant cell cultures

Attempts to cultivate isolated plant cells can teEceéd back to the early twentieth century,
when in 1902 Haberlandt was the first to try toabbtexperimental evidence of plant cell
totipotency. The development of improved nutrieoliusons, the informed choice of plant
material and the appreciation of the importancasaptic culture led to unlimited growth of
plant tissues such as carrot root and tobacco sssoes (Gautheret, 1939; Nobécourt, 1939
and White, 1939). Today, the most widely used mmediar plant tissue culture is the MS
medium, a completely defined nutrient solution (Ekhige and Skoog, 1962).

The initial success in obtaining unlimited growthaoltured plant tissues by Gautheret and
others had been limited to the use of explantsaboiny meristematic cells. However, with
the discovery of plant growth substances such asally occurring auxin (indole-3-acetic
acid, IAA), synthetic auxin (2.4-dichlorophenoxyticeacid, 2.4-D) and cytokinins such as
kinetin, continued cell divisions could also beabéd in non-meristematic tissues (Kdogl et
al., 1934; Skoog and Tsui, 1948; Miller et al., 3255koog and Miller (1957) contributed to

understanding the role of plant growth substanogslant morphogenesis by demonstrating



Introduction

the chemical regulation of growth and organ foramaiishoots and/or roots) in cultured callus
tissue.

Even more emphasis was put on the developmentbhigues for the propagation of plant
cells in the 1950s, when it was realised that ptafitcultures had the potential to synthesize a
variety of useful and valuable molecules (Gamba@g)2).

Today, plant cells as well as tissues can be @aiétiin vitro for many purposes in plant
breeding, plant propagation and molecular biologlgey are used for a broad range of
applications in fundamental research such as thestigation of biochemical pathways
including the formation of plant stress associateztabolites or subcellular localisation and
transport of molecules (Schumacher et al.,, 1987l &r al., 1991). In applied research,
efforts were made to use plant suspension cultasea production platform for rare and
valuable secondary metabolites and also for recoambiproteins, as an alternative for the
production in the more expensive animal cell cesuor microbial systems lacking certain
eukaryotic protein modifications (for a review ddeine-Dobbernack et al. in: Reed, 2008
and Vasil, 2008).

1.3 Plant cell cultures as a production platform for seondary metabolites

For plants, secondary metabolites play a crucial irothe competition for survival since they
include compounds which are highly poisonous tomas and microorganisms, attract
insects for pollination, or have attractive flavewr colours for fruit dispersal. Humans also
benefit from these plant derived compounds, forngxda by applying the anti-tumour
alkaloid Vinblastin or the triterpene Diosgenin walhiis used as the steroid skeleton in the
synthesis of oral contraceptives (Wilson in: Di290). The concept to produce such valuable
compounds by growing cell cultures in fermentati@ssels offers many advantages: the
production is independent from specific climaticmdibtions and it can be carried out under
defined and sterile conditions. Extractable raw anal can be produced faster with cell
cultures than with intact plants, especially foargk like ginseng where the harvest starts
many years after planting and destroys the plants.

Shikonin, a red-coloured antimicrobial compound] paclitaxel (Taxol) are two examples of
secondary metabolites produced in plant cell cetusn commercial scale (Hellwig et al.,
2004). In these examples high yielding strains @¢dnd obtained which reliably produced the
secondary metabolites.
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In many cases these high yielding strains have lmdained by the selection of highly
producing cells via manual selection. The basisnfanual selection has been the colour of
fluorescence of the desired compound, like the eetbur of Shikonin, the light blue
fluorescence of alkaloids or the colour of anthaiya (Dougall et al., 1980). These colours
or fluorescence made it possible to identify hightpducing cell clusters and to pick them
manually. Alternative approaches have used thanglatf cells on conditioned media to
obtain cell colonies derived from single cells (&td and Zenk, 1977) or the cultivation of
single isolated cells in small medium droplets (K& al., 1983).

Nevertheless in many other cases the difficultyuomsd that cell lines selected for a high
capacity to produce a certain product tended taltreés production instability. Often the
expression instability occurred so quickly, thatuined out to be even impossible, to grow a
large volume culture from a small inoculum (WilsanDix, 1990). Deus-Neumann and Zenk
(1984) reported an example of the instability ddaédid production inCatharanthus roseus.
Loss of productivity occurred during the first fenonths of cultivation. Recovery of high
alkaloid yielding strains was, however, possibleaay time by repetition of the clonal
selection procedure but the resulting strains \agagn unstable.

The observation of stable as well as instable @dture strains caused a strong and finally
unsolved debate in the 1980°s, as to whether tlsés lid the observed instabilities were
caused by genetic mutations or by changes in ggmession.

At the same time evidence of the occurrence of tius inin vitro cultures caused or
increased by hormone application came frionvitro cultures of differentiated tissues and
plantlets. In 1981, Larkin and Scowcroft observied tccurrence of aberrant plants among
plants regenerated from vitro culture and termed this phenomenon “somaclonahtian”.
Later different types of genetic changes couldrofie shown to be the reason for somaclonal
variation. More recently also epigenetic changesewsdemonstrated to cause somaclonal
variants (Kaeppler et al., 2000). The question,tivrein dedifferentiated cell cultures genetic
or epigenetic changes dominate and to which exitestill considered to be open.

1.4 Plant cell cultures as a production platform for recombinant proteins

The first recombinant protein produced in plantscelas human serum albumin reported by
Sijmons et al. in 1990. Since this initial demoastn, over 20 different recombinant proteins
have been produced in plant cell cultures, inclgdintibodies, enzymes, hormones, growth

factors and cytokines (for a review see Hellwiglet2004).



Introduction

Plant cell cultures are inexpensive to grow andntag and because of the experience with
the production of secondary metabolites in celltwek, the infrastructure and expertise
already exists for growing, harvesting and processif plant material. Plant cells also bear
no risks concerning biosafety — such as the spmgaali antibiotic resistance genes, because
they are cultured in closed containers (Horn et24104). Furthermore, they neither harbour
human pathogens nor produce endotoxins which amrtaminate the final product.
Post-translational modifications of plant proteililse the correct folding and activity
generally resemble those of mammalian proteins. éd&w the glycosilation pattern differs
and certain plant-specific protein-linked sugars iammunogenic in humans (Gomord et al.,
2005; Decker and Reski, 2007).

The procedure for product isolation and purificatia plant cells is simpler than in whole
plants — especially when the product is secretéal tine culture medium (Hellwig et al.,
2004). Even if the target proteins are not excretb@ dark grown cell cultures lack
photosynthetic proteins and pigments, which in f@&an complicate downstream processing.
Using fermentation vessels, good manufacturing tm@ac(GMP) can be implemented
throughout the whole production pipeline.

The challenges associated with suspension cellsdacthe formation of aggregates, the
tendency for cells to adhere to the walls of thenénter vessel, somaclonal variation and
gene silencing (Offringa et al., 1990; Meijer et 4994; Yu et al., 1996). Nevertheless, the
two most important drawbacks of protein productiomlant cell cultures are the low protein
concentration in plant cells compared to plantagjerorgans and the genetic instability of the
target protein expression, which in the most ex&rezase could even lead to the loss of
protein productivity (James and Lee, 2005).

1.5 Genetic modifications of plant cell cultures

Three methods are frequently used for the intradncof foreign genes into plants (for a
review see Vasil, 2008):

(1) Indirect or vector-based gene transfer, suchAgrobacterium tumefaciens-mediated
transformation (Van Haute et al., 1983; Hoekema.ef1983)

(2) Direct DNA delivery into protoplasts by osmoticelectric shock (Cocking, 1960; Takebe
etal., 1971).

(3) Direct DNA delivery into intact cells or tissud®y high velocity bombardment of DNA-

coated microprojectiles (Sanford, 2000).
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The latter two transformation methods were devealoge an alternative tAgrobacterium-
mediated transformation, becauwsaumefaciens naturally infects only dicotyledonous plants.
The absence of wound response and the associateatiao of virulence genes was one of
the major barriers to usAgrobacterium to transform monocots. This problem could be
overcome by the addition of acetosysringone, amotelucer of virulence genes, and led to
the first successfulhgrobacterium-mediated transformation of rice and then otheealsr
(Hiei et al., 1994).

1.5.1 Agrobacterium — mediated gene transfer

Since Agrobacterium — mediated gene transfer is the most promisinghateto achieve a
simple transformation procedure which is applicatdea large volume of cell culture
material, plant cell cultures in this study werengg@cally engineered bygrobacterium -
mediated transformation. In contrast, both othethos of direct gene transfer would have
been applicable only to a small number of cellscabee of the time-consuming and
complicated preparation of protoplasts and sanfplethe gene gun method respectively.
Wild type Agrobacterium tumefaciens has the ability to transfer a particular DNA segine
(T-DNA), located on extrachromosomal DNA and therefit is interchangeable, into the
nucleus of infected cells where it is then stabiyegrated into the host genome and
transcribed, causing the crown gall disease (foleves see Gelvin, 2003 and Citosky et al.,
2007). The process of gene transfer frAgnobacterium tumefaciens to plant cells involves
several essential steps. First wounding of thetptanecessary to allow entrance of bacteria
and to make available compounds that induce theebakvirulence system. The attachment
of the bacteria to the plant cell wall is induceg $mall phenolic compounds such as
acetosyringone. The processing and transfer of {D®&A are mediated by products encoded
by thevir (virulence) region, which in wild type bacteriaresident on the Ti-plasmid. The
activation of thevir genes generates single-stranded (ss) moleculessegpiing the copy of
the bottom T-DNA strand. With these single strandemlecules othevir encoded proteins
form a ss-T-DNA protein complex containing two glaniclear location signals, so that this
complex is translocated through the bacterial mamdyrthe plant cell wall and its membrane,
cellular spaces and then is targeted to the plactens crossing the nuclear membrane.
Anothervir gene product finally plays a role in the precisiegration of the T-DNA strand

into the plant chromosome.
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1.5.2 Plant transformation vectors

Any DNA placed between the borders of the T-DNA Agrobacterium tumefaciens is
integrated into the plant genome. Plant transfaonatectors based on the Ti plasmid were
constructed after removing the genes for tumounétion and opine biosynthesis. Only the
25 bp imperfect repeats forming the boundariegherT-DNA and thesir region remained.
These two main components for gene transfer, tiENA- borders and their region, can

reside on separate plasmids.

1.5.2.1 Binary plasmid vectors of the pGreen-family

The plant transformation vectors used in this wweke constructed based on the binary Ti
vectors of the pGreen series (Hellens et al., 20006¢ vir gene functions are provided
trans by a disarmed helper Ti plasmid resident in #fgrobacterium tumefaciens strain
EHA 105 (An, 1985). The used vectors have the tghit replicate both irkE. coli and A.
tumefaciens. To reduce the plasmid size theplicase gene forAgrobacterium (rep A) is
resident on a compatible plasmid (pSoup) and pesvigGreen replicatiom trans. In the
binary pGreen vector system, the pGreen vectolf itemtains a selectable marker and the
minimum cis-acting sequences required for transformationthe.T-DNA border sequences.
Plasmid pGreen 0229 contains ther gene (pGll 0229) and plasmid the pGreen 0029 the
nptll gene (pGll 0029) under control of a nopalin-systhpromoter (p-NOS) for selection in
plants.

1.5.2.2 Dicistronic vectors and IRES-Elements

The transformation vectors used in this work agsthionic vectors in which a reporter gene
is coexpressed with a gene of interest, in our Gasselectable marker gene, by cap-
independent translation via an internal ribosomeyesite (IRES). IRES-elements are specific
sequences, usually of several hundred nucleotiithed, can directly recruit ribosomes to

internal positions within mMRNAs and initiate traatsbn in a cap-independent manner
(Halpin, 2005). IRES-elements from different virsdeve been tested and shown to function
in plant systems (Urwin et al., 2000; Dorokhov ket 2002). In this work the 148 nucleotide

sized region upstream the coat protein gene ottheifer-infecting Tobamo-Virus (TMV)
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was used as IRES-element. The functionality of stmhstructs has been demonstrated to
function in tobacco cells (Dorokhov et al., 20083daobacco plants (Ali, 2007).

1.5.3 Marker gene:

1.5.3.1 Selectable marker genes (SMGSs)

Despite the large number of selectable marker gé®l&ss) that exist for plants, only a few
marker genes are preferentially used for plantareseand crop development. Two of the
most frequently used selectable marker genes ar&dahamycin resistance gemgt(l11) and

the Phosphinotricin resistance gebarf, with which in most cases good results have been
obtained (Miki and McHugh, 2004). Therefore thesmeas have also been chosen for the
present study as selectable markers for construofiour dicistronic transformation vectors.
The nptll resistance gene confers resistance to the amtbid€anamycin or G418.
Gentamicin derivative G418, also known as geneticelongs to the group of
aminoglycoside antibiotics. These antibiotics imhibrotein biosynthesis by blocking the
ribosomal subunits both in bacteria and eukaryogits. Thenptll gene codes for neomycin
phosphotransferase IlI, which catalyses the ATPqudg®t phosphorylation of the 3'-
hydroxyl group of the amino-hexose portion of dartaminoglycosides as G418 (Miki and
McHugh, 2004).

Thebar gene codes for the enzyme phosphinotricin acedyisterase (PAT) and inactivates
the herbicide Phosphinotricin (PPT) by acetylat{@otterman et al., 1991). L-Phosphino-
tricin is a glutamate analogue that inhibits glut@nsynthase (Manderscheid and Wild,
1986). Glutamine synthase is the only enzyme thataatalyse the assimilation of ammonia
into glutamic acid in plants. Inhibition of glutan@ synthase ultimately results in the
accumulation of toxic ammonia levels resulting iant cell death.

As an alternative to antibiotic and herbicide riegise genes, the effect of tRR10a gene as
selectable marker was testedBirassica napus expression of a recombinant pea10a gene
was reported to enhance germination and growthhi pgresence of sodium chloride
(Srivastava et al., 2004). Increased salt toleraotaobacco and potato cell cultures
overexpressing PR10a was also achieved in expetsnefnEl Banna at DSMZ in 2008.
Nevertheless, the mechanism of PR10a to provideédadatance is still unknown.

High salinity causes osmotic stress in plant detisause it influences photosynthesis and cell

energy supply negatively by destroying the intiadat ion gradient (Wang et al., 2003).
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PR10 proteins have been identified by induced esgioe in response to pathogen infection
(Lamb et al., 1989). Later induction was also obserafter abiotic stresses such as drought

and salinity.

1.5.3.2 Reporter genes

Reporter genes are commonly used in molecular ¢gyoltw visualize and study gene
expression and activity of target proteins. In 8tisdy all selectable marker genes were linked
to a reporter gene by an IRES-element and were amdpn respect to the expression of this
reporter gene. To the most commonly used repodreg belong the genes encoding for the
green fluorescent protein (GFP) or for the enzyfwalucuronidase (GUS) and Luciferase
(LUC). Whereas destructive assays are necessangésure the activity of GUS, Luciferase
activity can be monitored in living tissue and isn®re sensitive method than GFP.
Furthermore, the lack of endogenous activity imdvantage of the Luciferase assay system.
So as reporter gene thaciferase gene from North American fireflyPhotinus pyralis) was
chosen. Luciferase catalyzes the ATP andMigpendent oxidation of the substrate luciferin
to oxyluciferin. In this bioluminescent reactioghi is emitted. The light emitting Luciferase
reaction enables to manual selection by monitoang picking of luminescent cells in

addition to chemical selection by SMGs.

In the present study it has been investigated venette described transformation tools can be
applied to establish a cell culture expressingcaminant protein, which forms the basis for
selecting a high yielding strain. A recombinanttpio is usually difficult to detect, because
high producing cell lines mostly cannot be recogdiziue to any visible characteristics for
manual selection. Therefore the coexpression withldciferase gene should make high
expressing cells visible. Even more the coexpressiothe target protein with a selectable
marker gene providing a certain resistance shollbeva continuous selection on chemical
basis. This concept would not only allow the esshibhent of high yielding strains, but also

their stabilisation during a fermentation process.
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2 MATERIALS AND METHODS

2.1 Material

2.1.1 Technical equipment

Balances:

Centrifuges:

Electrophoresis equipment:

Electroporator:
Gyratory shaker:

Heater & stirrer:

Hybridization incubator:

Incubators:

Luminescence image
analyzer:
Luminometer:
Microscope:

Multifunctionreader:

pH-Meter:
Photometer:

Rocking platform:

IKA big-squid, IKA-Werke, Staufen, Gamy

Biofuge 28RS, Heraeus Sepatechr@eGermany
Centrifuge 5415 C, Eppendorf, Hamburg, Germany
Multifuge 1S-R, Heraeus, Osterode, Germany
Table centrifuge Mini Spin Plus, Eppendorf, Hamburg
Germany

Ettan Daltsix electropbis unit, Amersham Biosciences

LKB 2117 Multiphor Il electrophoresis unit
LKB Bromma 2197 Power supply
Electrophoresis power supply EPS 301 and ER% 33
each Amersham Biosciences AB,Uppsala, Sweden

Equibio EasyjecT optima, proméagdadison, USA

TR-250, Infors AG, Bottmingen,i@erland

lkamag RH, Janke & Kunkel, IKA hartechnik, Staufen,
Germany

Biometra OV1, Goéttinggbermany

Memmert Universaltrockenschrank U400 and U 600,

Schwabach, Germany

LAS 3000, Fuji Germany, Dusseldorf, Gany

Lumat LB9501, berthold technologMé&ldbad, Germany
Jenaval, Carl Zeiss AG, Oberkochesrntany

Tecan Multifunctionreader Giesl, Tecan GmbH, Crailsheim,
Germany

pH-MV-Meter, PH522, WTW, Weilheim, Geamy
Biophotometer, Eppendorf, Hamburgn@eay
DPU-414 Thermal Printer, Eppendorf, Hamburg,nGany

WT 15, Biometra, Gottingen, Gamy

12
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Safety cabinet: Herasafe, KS 18, Thermo fishargiic, Waltham, USA

Thermoblock: TB1, Biometra, Gottingen, Germany

Thermoshaker: Thermomixer comfort 5355 R, Eppeinétamburg, Germany

Thermocyclers: Primus 96plus Thermocycler, MWG-&obt, Martinsried,
Germany

T-Gradient Thermoblock, Biometra, Géttingen, Gergnan

T-Personal Thermocycler, Biometra, Gottingearr@any

Vortexer Vortex Genie 2, Scientific IndustriegHgmia, USA
Water bath GFL 1083 Schuttel-Wasserbad, BLB, Bsabweig, Germany

2.1.2 Ready-to-use solutions and kits

2D-Protein Quant Kit

6x Loading Dye Solution
Anti-Digoxigenin-AP Fab Fragments
150U

ChargeSwitch gDNA Plant Kit
CSDP

DIG Easy Hyb Granules
DIG-labeling probe PCR Kit (vial 2
PCR DIG synthesis mix),

DNA Extraction Kit

Gene Ruler 100 bp DNA Ladder Plus
Gene Ruler 1 kB DNA Ladder
Luciferase Assay System E1500
MinElute PCRPurification Kit

StrataClean Resin

80-6483-56; Amersham Biesces AB,
Uppsala, Sweden

Fermentas R0611, St. ERon Germany

Roche 1109324 ®Roche Diagnostics GmbH
Mannheim, Germany

CS18000, InvitrogemBH, Karlsruhe, Germany
Roche Diagnostics GmbH, Mannheim, Germany

Roche Diagnostics GmbHymh&im, Germany

Roche Diagnostics GmbHniMeim, Germany
Fermentas K0513, St. Leon-R@ermany
Fermentas SM0323 eon-Rot, Germany
Fermentas SM0313, &bn:-Rot, Germany
Promega, Madis&i U
Qiagen, Hilden, Gemya
Stratagene 400714, La J¢8a,

13
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2.1.3 Chemicals

2.4-D (Dichlorphenoxyacetic acid) M = 221.04 glmo Merck 820451
Acetic acid glacial M = 60.05 g/mol Roth 3738
Acetosyringone M = 196.2 g/mol Roth 6003
Acrylamide 4K-solution (30%) Mix 32:1 AppliCheAD947
Agar Merck 1.01614
Agarose NEEO ultra quality Roth 2267
Ammonium acetate M = 77.08 g/mol Merck 1116
Ampicillin sodium M = 371.4 g/mol Duchefa A01,04
APS, ammonium persulfate M = 228.2 g/mol AppkGhA2941
BCIP-T, 5-bromo-4-chloro-3-indolyl phosphate, toluiel salt Fermentas R0821
Bromphenol blue M =691.9 g/mol Sigma B5525
Casein enzmatic hydrolysate NZ amine A Sigmad072
Chloroforme M =119.38 g/mol  JTBaker 7836
CTAB, cetyl trimethyl ammonium bromide Serva 365

DMSO, dimethylsulfoxide M =78.1 g/mol Duchefa¥rD
DTT, 1.4-dithiothreitol M =154.24 Merck 1.11417
Disodiumhydrogenphosphat heptahydrat M =268/68f Roth X987.2
EDTA disodiumsalt dihydrate M=372.24 g/mol R&M432
(Ethylenediamintetraacetic acid)

Ethanol absolute M = 46.07 g/mol JTBaker 8006
Ethidium bromide solution 1% Fluka 46067

G 418 disulfat M = 692.7 g/mol Duchefa G0175
Glycerol 86% p.a. M =92.1 g/mol Roth 4043
Hydrochloric acid HCI 1N solution (1 mol/l) Rok025.1
Hydrochloric acid 37% M = 36.49 g/mol Roth 4625

| AA (Indole-3-Acetic acid) M=175.19 g/mol Mer@&3
Isoamyl alcohol M = 88.15 g/mol Merck 979
Kanamycinsulfate M =582.58 g/mol Roth T832.2
Kinetin M = 215.2 g/mol Sigma K2875

L B Broth High Salt Duchefa L 1704
LB Broth Low Salt Duchefa L 1703
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LS salt and vitamins

Luciferin, potassium salt
N-Lauroyl-Sarcosin

MES Monohydrat

MS salt and vitamins

Magnesium chloride hexahydrate
Maleic acid

3-Mercaptoethanol

NAA (1-Naphtylessigséaure)

NBT (nitro blue tetrazolium chloride)
Ortho-phosphoric acid 85%
Potassium chloride

PPT, DL-phosphinotricin

PVP 40, polyvinylpyrrolidine
Plant agar

Saccharose

SDS, sodium dodecyl sulphate
Sodium carbonate anhydrous
Sodium chloride

Sodium hydroxide

Sodiumdihydrogenphosphate monohydrate

Sodium phosphate
tri-Sodium citrate 2-hydrate

Strata Clean Resin

Duchefa L 0230
synchem bc 219
M = 293.4 g/mol Fluka 61745
Duchefa M 1503
Duchefa M 0222
M = 203.3 g/mol MMelr.05833
M =116.07 g/mol  Roth K304
M = 78.13 g/mol Merck 12006
M =186.21 g/mol MeB6862

M = 98 g/mol Fluka Y86
M = 74.56 g/mol Fluka 60130
M =198.2 g/mol Duchéf@l59
M =40 g/mol Sigma
Duchefa P 1001
M = 342.3 g/mol Duchefa S0809
M =288.38 g/mol nfid4390
M =105.99 g/mol RGiB5.2
M = 58.44 g/mol Roth 3957.1
M = 40.01 g/mol Roth 6771
M =13g/8®l Merck 63461000; |
M = 268.1 g/mol Sigma S9390
M = 294.1 g/mol RG580.1

Stratagene 400714-

61

TEMED, N,N,N",N"-tetramethylethylenediamine M = 126.g/mol  AppliChem A1148

Ticarcillin disodium mixture 15:1
Trizma base minimum

TRIS HCI

Tryptone

Tween 20

X-Glc A

Duchefa T@L9
M=121.14 g/mol  Sigma T136%5

M = 157.5 g/mol Roth 90902

Duchefa T1332
M =1227.72 g/mol AppliChem A4974

M = 521.8 g/mol Duchefa X1405
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2.1.4 Plant material

For this studyNicotiana tabacum L. strain: Bruessel (PC 120, DSMZ) suspensionucet
were used. 100 ml of the suspension cultures wdtated in 300 ml Erlenmayer flasks on
a gyratory shaker at 100 rpm (TR-250, Infors AGttBingen, Switzerland) in liquid LS
medium (Appendix I). Callus cultures were initiateg spreading an aliquot of suspension
cultures on solid LS medium. Suspension and catlutures were grown at 23°C. The
suspension culture was subcultured weekly by teariafy 50 ml of cell suspension to 50 ml
fresh LS medium. Callus cultures were transferoefilegsh medium at 4 week-intervals.
Nicotiana benthamiana D. plants were used in transient expression agsatest the vector

functionality.

2.1.5 Bacteria

Cloning work was carried out with th&scherichia coli strain GM2163. For plant
transformation thedgrobacterium tumefaciens strain EHA105 was used. This strain already
contains a helper plasmid carrying tWie-region. Since we worked with the binary vector
system of the pGreen vector family in tiAgrobacterium strain a plasmid named pSoup was
also incorporated. Plasmid pSoup harbours the dendégrobacterium replication and a
tetracyclin resistance gene (Hellens, 2000).

Overnight cultures of both bacterial strains wareculated from glycerol stocks (1 ml of
bacterial suspension with OD (600 nm) 0.8 to 1.0.t5n ml 87% glycerol) and grown in LB
medium (Appendices Il and IlI).
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2.2 Methods

2.2.1 PCR based cloning

Table 1: DNA sequences of cloning primers contajrifre respective reiction site!

Cloning primers

Target gene

Name

Sequence

Size of PCR produg

bar gene fronStreptomyces

bar Xmal forw

5’-AAA CCC GGG ATG AGC CCA GAA
CGACGCC-3

hygroscopius bar Hindlll  |5-TTT AAG CTT TCAGAT TTC GGT °52
rev GAC GGG C-3°
_ I nptit Noti 5-AAA GCG GCC GCATGATTG AAC
nptll gene kanamycin resister AAG ATG GAT TGC-3' 792
gene t-nos Sacl 5-AAA GAG CTC TAT CAG CTT GCA
TGC CGG-3°
hspx Kpn21 |5-GGA TCC GGA ATG AAG ACT AAT
forw CTTTTTCTCTTT C-3°
hspx Hindlll |5"-GAC AAG CTT TTAGTT GGT GGA
hspx gene from . re\[/)l CCG GAT C-3' 489
Mycobacteriumtuberculosis 1 S E T [5"-GAC AAG CTT TTA AAG CTC ATC
behind MAS Promotor Hindlll rev2 |ATG GTT GG-3' °00
hspx Hindlll |5"-GAC AAG CTT TTAGTG GTG GTG 504
HIS rev3 GTG GTG GTG GTT GGA CCG GAT C-§’

The DNA sequences of the respective target genes amplified via a polymerase chain
reaction (PCR) by using primers containing the eesipe restriction sites (Table 1). For PCR
the proof-reading enzyme High Fidelity Polymerasaswsed. All components and the
amplification program of the PCR are listed in bR and 3. PCR fragment amplification
was performed in Biometra thermocyclers. The PC&dpct was purified by the MinElute

PCR-Purification Kit according to the manufactusarianual.

Tables 2 and 3: Components and amplification progne for proof-reading PCR.

Cloning PCR by High Fidelity Polymerase (Fermer Cloning PCR programmr

High Fidelity Puffer 5 pl 94°C 5 min

10 mM dNTPs 1 pl 94°C 45 s

Pr?mer forward 100 pmol 1 i 58°C 45 s } 30 loops
Primer reverse 100 pmol 1 ul 72°C 45 s

High Fidelity Polymerase 0.3 ul 72°C 5 min

H,O 41 pl 8°C ©

Template DNA 1 pl

Total 50 ul
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After ligation of the PCR fragment with the vectte plasmid was incorporated by heat-
shock-transformation into competelt coli cells for amplification. Plasmid-DNA was
obtained by making clear lysates and was testedvanfied by control restriction digest or
PCR. Plasmid-DNA of positive teste#.coli was transferred into electro-competent
agrobacteria by electroporatiok. coli and Agrobacterium cells containing the different

vectors were stored for long term purposes as ghyseocks.

2.2.1.1 Restriction digest and fragment separation by agaree gel electrophoresis

DNA was digested using different restriction enddeases with the buffers as recommended
by the respective supplier. Afterwards the enzymere inactivated by heating them for 15
min at a minimum of 65°C, depending on the enzyme.

The restricted DNA was separated and purified ar@ge gel electrophoresis (1% agarose in
1x TAE buffer: 40 mM tris base, 20 mM glacial acedcid, 1 mM EDTA, pH 7). The wanted
DNA fragment was cut out of the gel and then exé@dy using the DNA Extraction Kit
(Silica KO513) according to the manufacturer’s nznu

2.2.1.2 Transfer of the transformation vector into bacteria cells

Preparation of heat-shock competenE. coli

For amplification and storage, the new transforomativectors were transferred into
Escherichia coli, strain GM 2163. For the uptake of foreign DNA fegia must be made
competent. This was achieved by chemical treatment.

An E. coli culture was grown overnight in 1 to 5 ml LB medigAppendix Ill). On the next
morning the culture was diluted 1:50 in fresh LBdien and grown at 37°C until an OD
(600 nm) of approximately 0.4 was achieved. Thadsacwere harvested by centrifugation at
4°C and 4400 rpm and resuspended in ¥2 volume iced@ mM MgC} and centrifuged
again. The supernatant was discarded and the pelketesuspended once again in %2 volume
ice-cold 100 mM CaGl The bacteria were again centrifuged to colleetpbllet, which was
resuspended in 1/10 volume ice-cold 100 mM GatThen the bacterial suspension was kept
at 4°C for one hour. The competent cells were eitmed immediately for heat shock
transformation or were stored. For preparation efaaage culture, 86% sterile glycerol was

added to reach a final concentration of 15% glylcdreen 100 pl aliquots of the suspension
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were transferred into 1.5 ml reaction tubes, whigne filled with liquid nitrogen, and were

afterwards stored at -80°C for further use.

Heat shock transformation

For heat-shock transformation a frozen aliquot ofmpetentE.coli was put on ice for
thawing. Then 2 ul of the ligation product were edldo the bacterial suspension and both
were mixed by pipetting the liquids up and downe Titasmid-cell-mixture was incubated for
20 min on ice. Then the cells were heated at 42t@® s in a heat block and cooled down on
ice immediately, where they were kept for two marmutes until 900 ul of sterile SOC
medium (Appendix IV) were added. Under agitatioe ghlasmid-cell mixture was then
incubated for at least 90 min at 37°C on a shakieally 50 pl and 400 pl of the cells were
spread on LB plates containing the respective mtitls for selective growth of the

transformed bacteria cells. The bacteria culturs weubated at 37°C overnight.

Isolation of plasmid DNA

For plasmid isolation 2 ml of an overnight cultg@wn out of a single bacterial colony were
centrifuged for 5 min in a table centrifuge at nmxm speed (14500 rpm). Afterwards the
supernatant was discarded and the cells resusp&m@@@ | of solution A (15 mM trisHCI,
pH 8, 10 mM EDTA, 50 mM glucose) by pipetting theim and down in order to break the
cell walls. Then the cells were kept for 15 mirRdt For cell lysis 400ul of solution B (0.2 M
NaOH, 1% SDS) were added and mixed by inversiotheftube. Immediately, 300 ul of
solution C (3 M NaOAc, pH4.8) were added and theetwas again mixed by inversion. The
cell extract was then incubated on ice for 10 nAifterwards the tubes were centrifuged for
10 min and the supernatant was transferred inteva ©.5 ml tube and if necessary the
centrifugation step was repeated. 800 pl of thesgiant were then transferred to a new tube
and mixed with 600 ul ice-cold isopropanole (stoaed20°C). The solutions were mixed by
inversion to precipitate DNA and centrifuged imnegdly. The supernatant had to be
removed completely and the remaining dry pellet diasolved in 200 ml of solution D (0.1
M NaOAc, ph 7, 0.05 M trisHCI pH8). For purificatioof the DNA 400 pl of absolute
ethanol were added. The pellet must float in thembl. After a 10 min centrifugation step,

the ethanol was removed completely and the DNAep&lbs dried at 37°C or in a speedvac.
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Finally, the pDNA was resuspended in 50 ul TE-buffed mM tris-HCI, pH 8.0, 1 mM
EDTA) or pure water, substituted with 1 pul RNAsen@ml).

Preparation of electro competent agrobacteria

An overnightA. tumefaciens culture was grown in 20 ml LB (Appendix 1) suppiented with
the respective antibiotics. On the next morningdbernight culture was transferred in 200 ml
fresh LB medium and was grown at 28°C to an OD (8010 of 0.5 to 1. Then the bacteria
were centrifuged twice at 4°C for 15 min at 300@rgl resuspended in 100 ml of ice-cold
10% glycerol. After another two centrifugations thellet was resuspended twice in 10 ml
ice-cold 10% glycerol and finally dissolved in 5 oé-cold 10% glycerol. Aliquots of 50 pl
competent agrobacteria were frozen by using liquicbgen. The aliquots were stored at -
80°C.

Electroporation of competent agrobacteria

50 ul suspension of the compet@gtobacteria were mixed with 1 pl of plasmid DNA on ice.
The mix was transferred to a precooled cuvette ¢th2ap, peglab biotechnology GmbH) and
a brief electric impulse was applied in a BioRadc#&bporator adjusted to the following
parameters 2500 V; 15 uF; 335 R; 5.0 ms. Immedgiaéter the electric impulse 900 ul
precooled SOC (Appendix IV) were added to the cdergecells and plasmid. The mixture
was incubated for at least three hours at 28°C ehaker. 100 pl of pure, 1:10, 1:100 and
1:1000 diluted bacteria were spread on solid LB iomadwith the respective antibiotic
selection. Plates were grown at 28°C and colonm® \picked after 24-48 hours of incubation

time.

2.2.2 Transformation of plant material

Prior to each transformation overnight culturestiod Agrobacterium strain containing the
target plasmids were grown. The optimal OD (600 fay$ in the growing phase of bacteria
at a value of between 0.6 andADrobacterium suspension was harvested by centrifugation
(10°C, 4.000 g for 10 min), thereafter the pelletswesuspended in the same volume of
respective plant medium plus 100 uM acetosyringoreincubated for at least half an hour.
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2.2.2.1 Leafinfiltration of Nicotiana benthamiana plants

For transient studies of vector functionallNycotiana benthamiana plants were infiltrated
with the A. tumefaciens strain EHA 105 carrying the respective transfororatector. The
bacterial cell pellet was resuspended in MMA (ApgigrV/) plus 100 UM acetosyringone.
Then theAgrobacteria suspension was pulled up in a syringe without edlee Plant leaves
were mechanically infused by pressing the tip ef $fringe against the lower surface of the
leaf by applying only gentle pressure to avoid ssnhg the leaf tissue. To avoid desiccation
during 2 days coculture time, plants were wrappéith @luminium foil. Then they were

stored at 19°C in a dark incubation chamber.

2.2.2.2 Leaf disc transformation of Nicotiana tabacum strain SR1 plants

A single leaf was put in a glass petri dish, thenhiwas removed and the rest of the leaf was
cut into small pieces of around 1 cm? size. Leaksliwere incubated in 50 ml MS liquid
(Appendix VI) and 500 pAgrobacterium suspension in a Weck jar for 15 to 20 min with
slight agitation.

Then leaf disks were dried on Whatman filter paped put with their reverse side up
(stomata facing up) on MS 1 (Appendix VII) solid ednem without any selection. Leaf discs
were incubated for 2 days in the culture room.

After two days the coculture period was finishedwmsshing the leaf discs in a 50 ml falcon
tube containing 40 ml MS liquid with 160 pl ticdhici out of a stock of 200 mg/ml (final
concentration: 800 mg/l ticarcillin). Leaf disks meedried shortly on Whatman filter paper,
then placed on MS solid containing 400 mg/l tidémi to get rid of agrobacteria. The
wounded leaf margins were in direct contact with thedium. Leaf discs were incubated for
one week in the culture room.

After one week leaf discs were transferred to MSolid medium containing 400 mg/l
ticarcillin and respective selective agents (foareple PPT). From here on leaf discs were
subcultured when necessary (around every two week$) a stepwise reduction of the
ticarcillin concentration to a minimum of 100 mg/l.

As soon as callus of around 0.5 cm @ was formelll, ware transferred to MS 2 medium
(Appendix VIII) containing 200 mg/l ticarcillin ancespective selective agents. Regenerated
shoots and leaves were transferred on MSO mediumaicing 100 mg/l ticarcillin and

respective selection in Magenta boxes and latdr siagle plantlet in Weck jars.
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2.2.2.3 Transformation of Nicotiana tabacum strain Bruessel callus

Half of a four-week-old callus culture was inculthia 10 ml plant medium and 50 pul of

agrobacteria suspension in a 90 mm petri dish torE min while shaking slightly. Then the

coculture period was continued in the same pesh &r two days at room temperature in the
dark without shaking.

For terminating the coculture period the calli weaken out of the liquid medium and dried

on Whatman filter paper for one minute. Afterwattle calli were spread on solid plant

medium containing 300 mg/l ticarcillin and othelestive agents.

2.2.2.4 Transformation of Nicotiana tabacum strain Bruessel suspension cultures
50 ml (100 ml) of four-day-old suspension cells evéransferred into a suction strainer

(Buchner funnel) of 50 mm in diameter (60 mm), whbase was covered with a small-pored
gauze. Liquid medium was removed by a vacuum pudre.now dried suspension cells were
wetted with 3 ml (6 ml) plant medium (for controk) Agrobacterium suspension.

The Buchner funnel was covered with the lid of and petri dish or aluminium foil and
wrapped additionally with parafilm. The cocultureriod lasted for three days in the dark at
room temperature.

For terminating the coculture, plant cells were heak three times with each 50 ml plant
medium containing 150 mg/l ticarcillin. To obtailmamogeneous mixture of transformed and
not transformed plant cells, the suspension culivas transferred into a sterile flask during
washing and mixed by adding plant medium and slgakiio separate the washing medium
from the plant cells, the mixture was poured baxt& the suction strainer.

For further subculture 100 mg (spade-full) cellgevplaced on solid medium with respective
antibiotics, the rest of the suspension culture wassferred into a flask and a new
suspension culture was started by adding a miniraomaunt of liquid plant medium — first
without selection, but then selection was startethbreasing the selective agent from 3 mg/l

to 6 mgl/l.
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2.2.3 Maintenance and characterization of cell cultures

2.2.3.1 Maintenance

Callus cultures which were maintained in microptates, were subcultured every four weeks
by picking 1 to 2 mm sized pieces of callus andgfarring them onto fresh medium (1 ml in
each well of a 24-well microtiterplate). When thanisgenic calli containedlaciferase gene,
cell clusters of high Luciferase activity — scregmeith a Fuji Imager - were preferentially

transferred.

Suspension cultures were subcultured weekly, bigitig the 100 ml cell suspension into two
parts, by pouring 50 ml of a one-week old suspensidture into a new 300 ml flask which
was refilled to 100 ml with fresh medium. Just thedium was changed, when a newly
started suspension culture was too diluted to hmars¢éed. Therefore the one-week old
medium was discarded after the cells had settleghdand the flask was refilled with fresh

medium.

2.2.3.2 Fresh and dry weight determination of cell material

For fresh weight determination, cells were tramsigron preweighed filter papers in petri
dishes. The petri dishes with the cell materialenast weighed, then the cells were dried at
60°C. After 72 hours the cells on the preweighdterfipapers were weighed again for
determination of the dry weight. The water contehtthe cell culture was calculated as
(FW — DW) / FW * 100%.

Statistical Analysis

Statistical data analysis was made for the caliculadf the water content value of callus
cultures. All transformations were performed twagel fresh and dry weight of eight samples
was measured per transformation and subculture. tdeswater content values of callus
cultures transformed with the PR10a construct aldutated ten wpt are based upon only
four samples. The data was analysed by one way ANONVWANOVA on ranks using the

software Sigma Stat® 3.1. Multiple comparison pthoes were made against a control

group (non-selected callus cultures) using the H8Idak or Dunn’s method. The term
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significant was used to indicate differences forchP<0.05. The boxplots were generated by
using Sigma Plot® 9.0 software. The boxes mark2sfd and 75% percentile as well as the
median. The whiskers mark the 5% and 95% perceantitethe dots indicate the outliers.

2.2.3.3 Protein quantification

Protein concentration was determined by absorpti@asurement against a bovine serum
albumin standard. Therefore the 2-D Quant Kit ofgksinam Bioscience was used according
to the manufacturer’s instructions (Amersham Besocés AB, Uppsala, Sweden).
Absorption measurement was done with duplicateéspicates in 96 well microtiter plates in
a Tecan Genios multiplate reader (Tecan GmbH, €raiin, Germany).

2.2.3.4 Monitoring of the Luciferase activity

Quantitative Luciferase assay

The functionality of the constructs used in thisdst was tested by monitoring the expression
of the luciferase gene by a quantitative assay for Luciferase enzgotity. The Promega
Luciferase assay Kit (Promega, Madison, USA) wasdu$or measurement of Luciferase
activity, plant material (leaves, cell suspensimallus) was harvested, frozen quickly in liquid
nitrogen, ground to powder under liquid nitrogenngsmortar and pestle. 100 mg of
powdered cell material was resuspended in 300 [iXofysis buffer (CCLR, Promega) by
mixing thoroughly at room temperature (1x CCLR: @B/ tris-phosphate pH 7.8, 2 mM
DTT, 2 mM EDTA, 10 % glycerol, 1 % triton X-100)The suspended plant material was
incubated at 4°C for one hour. Pellet debris wersaved by centrifugation at 17 000 rpm for
10 min at 4°C and the supernatant was transfeoedriew tube. Measurement was carried
out in a Berthold Luminometer (Lumat LB 9501, BetthTechnologies, Wildbad, Germany).
20ul of cell lysate was mixed automatically by the Limometer with 10Qul of Luciferase

Assay Reagent (LAR, Promega).
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Qualitative Luciferase assay

Qualitative visual monitoring of Luciferase activitvas executed using a Luminescence
image analyzer (LAS 3000, Fuji Deutschland, Diuss#ldsermany).

Leaf material was immersed in 5% Tween 20 for 3ib to reach uniform wetting, and then
washed three times with water to remove the resifilueen, whereas cell suspension and
calli were used directly for the analysis. A 1 mMciferin solution in the respective plant
medium was sprayed or pipetted under sterile cmmditover the leaves or the cells (Firefly
luciferin potassium salt, bc 219, Synchem OHG, Ibesig/Altenburg, Germany). The
materials were incubated at room temperature fomid and chemiluminescence was
measured after 150 s exposure time with the imagb/zer adjusted to the instrument setting

“super”.
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2.2.4 Molecular characterisation of plant material

Small amounts of genomic plant DNA were isolatethvtine chargeSwitch gDNA Plant Kit
of Invitrogen (CS18000). Larger amounts of DNA,.aegcessary for Southern blot analysis,

were isolated by CTAB method.

2.2.4.1 DNA-Isolation by CTAB

This method was designed for up to 250 mg planerrat(leaves, callus, suspension cells),
using 2 ml reaction tubes at RT. Cell lysis tookagelvia homogenisation of softer plant
tissues (suspension cultures) by a homogenisetaogrinding of harder plant tissues like
leaves by using liquid nitrogen, all under additadrCTAB-buffer at room temperature.

After homogenisation of up to 250 mg plant mate8@0 | CTAB-buffer were added to each
reaction tube (CTAB-buffer: 1.4 M NaCl, 20 mM EDT200 mM tris-HCI pH 8.0,

0.5% PVP-40, 3% CTAB, 0.2% [3-mercapto-ethanol. (B was added after autoclaving and
3-mercapto-ethanol just prior to use)).

Then plant material was incubated at 65°C in aahéi 30 min up to 1 h and cell debris
were removed by centrifugation at RT for 10 miri&t000 rpm.

DNA was purified by chloroform and isopropanol nadd precipitation of DNA. Therefore
700 pl of supernatant were transferred into a nagy 800 pl ice cold chloroform / isoamyl-
alcohol-mix (CI-mix 24/1: 23 ml chloroform and 1 mbamylalcohol) were added and mixed
by inversion. Work was done under a hobdNA was found in the upper aqueous phase;
denatured proteins and other organic material keghe interphase or the lower organic
layer. The centrifugation step was repeated. Afseds 800 il of supernatant were transferred
into new caps, 600 ul ice cold isopropanol wereeddahd mixed by inversion while working
under a hood. The centrifugation step was repeated.

Then DNA was concentrated and precipitated by aafddf alcohol and salt. The supernatant
was discarded and the pellet washed with 200 phiwgsuffer (WB: 76% ethanol absolute,
10 mM ammonium acetate) until the pellet was flogtin the buffer. WB was removed and
the completely dry pellet was dissolved in 200 gHduffer plus 1 ul RNAse (TE-buffer: 10
mM tris-HCI, pH 8.0, 1 mM EDTA). The mixture wascubated for 30 min at 37°C. Then
100 pl 7.5 M NH-acetate and 750 ul of pure ethanol were added.sEparation the

centrifugation step was repeated. Finally the sugtant was discarded again and the DNA
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pellet was dried for 10 min at 37°C. Later it wassdlved in 50 — 200 ul #. The pellet was

kept in a fridge overnight for better dissolving.

2.2.4.2 Transgene detection

Incorporation of the T-DNA was confirmed routindly PCR. Check the tables below for the

PCR components and program and the detection wi(hables 4 to 6).

Table 4 and 5: Components and amplification prognarfor Immolase PCR

Detection-PCR with Immolase (Bioline) PCR programme for Immola

10x ImmoBuffer 25 | ul 95°C 7 min

50 mM MgCl}, Solution 1 pl 95°C 45 s

100 mM dNTP Mix 0.5 ul S

Primer forward 100 pmol 1 ul 28°C 45 } 30 loops
Primer reverse 100 pmol 1 pl 72°C 45 S

Immolast 0.2 |ul 72°C S min

H,0 17.8 [ul 8°C o0

Template DN/ 1 pl

Total 25 pl

Table6: DNA sequences cnterna primersfor detection of target ger

Size of PCR

Target gene Name Sequence product

internal hspx primers hspx 14 kD forv 5'-’ATT ATC CTC GGC CGC CAC CA- _ 320
hspx 14 kD rev 5"-AGC GAC ACC GTG CGA ACG AA-3

internal bar primers bar 149 5"-GCA GGA ACC GCA GGA GTG GA- 233
bar 382 5-AGC CCG ATG ACA GCG ACC AC-

internal luc primers luc forw 5-AAGCTATGAAACGATATGG-3’ 531]
luc rev 5 -GGAACAACACTTAAAATCG-3’

internal gus primers u?dA 10 5:-CCTGTAGAAACCCCAACCCG-3’ _ 750
uidA 762 5 -TTTGGCTGTGACGCACAGTTC-3
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2.2.4.3 Southern Blot

The stable integration of target genes into gengotaat DNA was tested by Southern blot
analysis (Southern, E.M., 1975). Southern blotttoghbines agarose gel electrophoresis for
size separation of DNA with methods to transferdize-separated DNA to a filter membrane
for probe hybridization. In this work the hybridiican probe was labelled with Digoxigenin.
The construction of the DIG-labelled probe was danyePCR and is described in the
following tables (tables 7 to 9).

Construction of DIG-labelled probe by PCR

For construction of the DIG labelled probe a Biorm¢hermocycler was used.

Table7 and8: Components and amplification proamme for construction of a Dl-labelled prob

DIG-labelled PCR-
solutions in pl probe unlabelled contrdl |programme [DIG probe
10x immolase buffer 5 2.5 temperature time cycles
50 mM MgCh 2 1 95°C 7 min
10 mM dNTP mix 0 1 94°C 40 s
PCR DIG probesynthesi 58°C 1 min }20x
mix Roche vial 2 5 0 72°C 40 s
plasmid DNA 1:10 1 1 94°C 40 s
primer forward 10 pmol 1 1 58°C 1 min } 30x dt [25]
primer reverse 10 pir 1 1 72°C 40 s
immolast 0.5 0.5 total time 3 h 1 mir
H,O 34.5 17
total 50 25

Table 9: DNA sequences of internal primers for dida of target genes

Target gene | Name Sequence Size of PCR produc
Luc 711 f1 5-CGATTC GGT TGC AGC ATT-3

luc probe 1 — 711
Luc711rl 5-CGA TCA AAG GAC TCT GGT ACA A-3

luc probe 2 Luc 837 12 5-CCT TCC GCA TAG AAC TGC CT-3' 837
Luc 837r2 5-TCC AAA ACA ACA ACG GCG-3
MAS-hspxSonde f 5-TAC CCG CGA AAT TCA GGC-3’

hspx probe - ~ 608
MAS-hspxSonde r 5-ACC GTG CGA ACG AAG GAA-3
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Digestion of DNA

5 to 30 pg of genomic DNA were cut into small DNlddgments by restriction endonucleases.
Approximately one unit of restriction enzyme perqafdNA was used. The restriction digest
was executed overnight. Afterwards the digesteaigen DNA was purified from remaining
restriction enzymes and buffer by precipitation.

For precipitation 100 pl 7.5 M NHacetate and 750 ul absolute ethanol were added.
Centrifugation was performed for 10 min at 1000@tgoom temperature. The supernatant
was discarded and the pellet was resuspendeduh BB-buffer, then 100 pl absolute ethanol
for an additional washing step were added. Afteotlagr centrifugation step the pellet was
resuspended in as little TE-buffer as possible. @gul). For better dissolving the DNA was
kept overnight in the fridge to continue on the traey.

Gel Electrophoresis

A 0.8% agarose gel containing 0.1% ethidium bronw@s run overnight at low voltage (15
to 30 V) using 1x TAE as running buffer (40 mM thase, 20 mM glacial acetic acid, 1 mM
EDTA, pH 7). The samples and the DIG-labelled DNAlecular weight marker (Roche no.
II) were loaded in the evening and diluted plasBIA as positive control the next morning.
To control if the genomic DNA was digested and satgal properly, the gel was put under
UV-light. Extra-staining in ethidium bromide soloi (1x TAE-buffer plus 0.005% ethidium

bromide) was occasionally necessary.

Gel preparations for Southern transfer

For a more efficient transfer of DNA from gel to mierane, the gel was treated with different
acid and alkaline solutions to first break the DN#and in smaller pieces and second to
denature the double-stranded DNA fragments in sistflanded ones for later hybridization to
the probe.

First the gel was placed for 10 min into 0.25 M H&@ldepurination, second for 2x 15 min in
denaturation solution (0.5 M NaOH, 1.5 M NaCl, pR-13), third for 2x 15 min in
neutralization solution (0.5 M Tris base, 1.5 M NigéH 7.5).

During the treatment of the gel, the material fa blotting procedure was prepared.
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Capillary transfer of DNA

A tray was filled with 20x SSC (3M NaCl, 0.3 M sad citrate, pH 7) and covered with a
pane of glass carrying a paper bridge made of Wéuatffter paper, with its ends hanging
into the 20x SSC. Three layers of Whatman filtqugreof the same size as gel and membrane
were placed onto the filter paper bridge, onto Wwhilee gel was put, then a sheet of positively
charged nylon membrane (Roche, 1 417 240) was ¢laneop. Finally the membrane was
covered with three more soaked layers of Whatmarempand a stack of paper tissues.
Pressure was applied evenly to the gel by placisgek of paper towels and a weight on top
of the membrane and gel to ensure good and evaaatdretween gel and membrane.
Blotting took place overnight at room temperature.

Buffer transfer by capillary action from a regiohtogh water potential to a region of low
water potential (usually filter paper and papesues) was used to move the DNA from the
gel on to the membrane. lon exchange interactiaomd the DNA to the membrane due to

the negative charge of the DNA and positive chafgee membrane.

Fixation of DNA on membrane

After blotting, the DNA was fixed on the nylon merabe permanently either by UV-cross-
linking or by baking the membrane for 30 min at %0n an oven. Before baking, the

membrane was dipped shortly in 2x SSC and coveradsheet of Whatman paper.

Prehybridisation and hybridisation

The membrane (DNA-side facing inside) was put ediefinto a hybridization tube under

addition of as much DIG Easy Hyb as needed to ftdlyer the membrane (10-20 ml for 10 x
10 cm blot). Prehybridization took place in the hgisation oven at 37° - 42°C for at least 30
min.

The DIG labelled PCR-probe was denatured by hedtiag100°C for 5 min, then the probe
was cooled immediately on ice. 2 ul of denaturezbprwere mixed per ml pre-warmed DIG
Easy Hyb. Prehybridisation and hybridisation solutivere exchanged. Hybridisation took
place overnight at 37°-42° C with slight agitatiarthe hybridisation oven.

The first washing step took place manually in Idringency wash buffer (2X SSC plus 0.1%

SDS) for twice 5 min at room temperature, highngfeincy wash buffers were preheated to
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65°C in the hyb oven in this time. Then the memberamas washed for 15min in 0.5X SSC
plus 0.1 % SDS using the hybridization oven and step was repeated for 15 min in 0.1X
SSC plus 0.1 % SDS.

Detection and stripping

Each of the following steps took place at room terafure and underwent slight agitation.
The membrane was not allowed to run dry.

The membrane was equilibrated for two minutes inwbshing buffer (0.1 M maleic acid,
0.15 M NaCl, 0.3 % Tween20). Then the membrane blasked for 30 min to 1 h in 1x
blocking solution (1:10 dilution of 10x blocking lstion stock from Roche and 1x maleic
acid buffer; 1x maleic acid buffer: 0.1 M maleiddad.15 M NacCl, adjusted to a pH of 7.5
with > 15 g NaOH capsules).

The Anti-DIG-AP antibody (Roche 11093274910) wastotiged for 5 to 10 min at top
speed, for getting rid of antibody aggregates wluchld cause a strong background signal.
Then the antibody was diluted 1:10 000 in 1x blagksolution (10 ul AB to 100 mil BS).

The antibody binding occurred for 30 min. Then thembrane was washed twice for 15 min
in 1X washing buffer, before the membrane was dayatied for 5 min in detection buffer.

1 ml of 1:100 diluted CSPD-solution was prepare@d (1 CSPD and 1000 ul 1x detection
buffer: 100 mM tris HCI, 100 mM NaCl). The membranas placed with the DNA-side up
on a plastic sheet. 1 ml of diluted CSPD-soluticasvgpread on the membrane and covered
immediately with the plastic sheet. The substrais vepread carefully while avoiding
formation of air bubbles. The membrane was incubateoom temperature for 5 min. To get
rid of excess substrate, spreading of membrane reasated. Detection occurred at the
imager (instrument settings: Increment, 4 min, supe

As alternative permanent detection substrates NB@ BCIP were used. The substrate
solution was prepared by mixing 40 ml substratddo(fLt00 mM tris HCI, 100 mM NacCl, 5
mM MgCl,), 264 ul of NBT stock (18.8 mg/ml in 67% DMSQO) agd2 ul of BCIP stock
solution (9.4 mg/ml in 67% DMSOQO). The membrane wasibated in this substrate solution

at RT under slight agitation for several hoursyeraight.

If a further hybridization was necessary the meménaas stripped and reprobed. Therefore
the membrane was rinsed in Milliporex® then it was incubated twice for 15 min in
stripping buffer (0.2 M NaOH, 0.1% SDS) at 37°Cthe hybridisation tube and oven,
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followed by rinsing in Millipore HO again. Afterwards the membrane could be storatkde

in plastic and 2x SSC buffer at 4°C or was direptighybridised again.
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2.2.5 Protein analysis

2.2.5.1 Protein extraction

For protein extraction 1 g of plant material wasuwgrd in liquid nitrogen and resuspended in
1 ml of extraction buffer (50 mM NaR(H 7, 0.1% Triton X-100, 10 mM EDTA pH 8,
0.1% N-lauroyl-sarcosin, 10 mM [3-mercapto-etharf®inercapto-ethanol was added prior to
use. The cell extract was incubated for at leasta® 4°C on a shaker. Afterwards proteins
were separated from solid cell material and DNAcestrifugation for 20 min at 4°C at 12000
rpm. At last the supernatant was collected in a tube.

The centrifugation step was occasionally repedtedet rid of remaining cell material.

2.2.5.2 Protein quantification

Protein concentration was determined by absorpt@asurement against a bovine serum
albumin standard. Therefore the 2-D Quant Kit ofgksinam Bioscience was used according
to the manufacturer's instructions (Amersham BiEsoés AB, Uppsala, Sweden).
Absorption measurement was done with at least cagels in 96 well microtiter plates in a

Tecan Genios multiplate reader (Tecan GmbH, CrailshGermany).

2.2.5.3 Sample preparation for 1-D gels

When small volumes of protein extract were loadadleD SDS polyacrylamide gels, the
concentration of protein extracts was up-scaledabging StrataCleanResin (Stratagene
400714) to the protein extract. The proteins wdrgoebed by the resin and were dissolved
again in a smaller volume. Circa 10 v/v % resinavgiven to the protein extract. Samples
were vortexed and then separated by short cendtiiy The proteins binded to
StrataCleanResin, which was dissolved in minor mas of 2x sample buffer (100 mM tris
HCI, pH 6.8, 200 mM DTT, 4 % SDS, 0.2% bromphenloieb 20% glycerol). The samples
were boiled in sample buffer for 5 min at 95°C #@meh loaded on a SDS-PAA gel.

33



Materials and methods

2.2.5.4 One dimensional SDS PAGE

One dimension separation of proteins by SDS PAGElater on western blot analysis were
performed in laboratories of the Lionex company kehstaff kindly provided technical
support and material like hspx specific antibodies.

SDS-PAGE, sodium dodecyl polyacrylamide gel elgtiaresis, is a technique widely used
in molecular biology to separate proteins accordmtheir electrophoretic mobility. Gels of
different pore sizes were used. As stacking gelrgel pore 4% polyacrylamide gel was used
and as resolving gel a small pore 12% or 15% PAgeakking gel: 0.5 M tris pH 6.8, 30%
acrylamide, 10% SDS, 10% APS, TEMED; resolving gel5 M Tris pH 8.8, 30%
acrylamide, 10% SDS, 10% APS, TEMED). Gels wereau0 V until all samples reached
the resolving gel, then currency was increased2® \I (10 x electrophoresis buffer: 10%
SDS, 250 mM tris base, 1.9 M glycine).

Staining was done overnight or over the weekendguéi45 mM coomassie brilliant blue

staining solution. If necessary, gels were desthineglacial acetic acid and ethanol.

2.2.5.5 Isoelectric focusing

The second dimension separation of proteins wdsnpeed at the DSMZ.

For IEF focusing different sizes of strips were duY&E Healthcare Bio-Sciences AB,
Uppsala, Sweden). A sample volume containing aisp@mnount of protein was diluted to a
final volume of 250 pl with rehydration buffer acding to 13 cm long strip (7 M urea, 2 M
thiourea, 30 mM tris-HCI pH 8.5, 4 % CHAPS, 10 %aglrol, 0.002 % bromophenol blue, 2
% IPG buffer pl 3-10, 0.28 % DTT, IPG buffer and DTvas added prior to use). For
coomassie staining and Western blot analysis 24prptgins were applied per strip (13 cm).
Reagents, Immobiline DryStrips and IPG buffer wel#ained from GE Healthcare Bio-
Sciences AB, Uppsala, Sweden. The 13 cm ImmobbDingtrips were rehydrated in 250 pl
protein sample dissolved in rehydration buffer oigt at room temperature in the
Amersham Reswelling Tray (GE Healthcare Bio-ScisncéB, Uppsala, Sweden).
Rehydration was carried out according to the recendation of GE Healthcare Bio-Sciences
AB, Uppsala, Sweden. Rehydrated Immobiline DryStruygere rinsed with deionized water
for a few seconds and slightly blotted to removeess water. Isoelectric focusing was carried

out in the IEF unit of the Multiphor Il apparatuscarding to the manufacturer’s instructions
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(GE Healthcare Bio-Sciences AB, Uppsala, Sweden)tamperature of 20 °C. IEF focusing
was run according to the program recommended by H&Blthcare Bio-Sciences AB,
Uppsala, Sweden for 13 cm IPG strips, pH 3-10 Nignadient mode. The program is listed
below:

1. 200V, 0:01 h, 5 Watt, 0.5 mA per strip

2.3500V, 1:30 h, 5 Watt, 0.5 mA per strip

3.3500V, 0:35-1:30 h, 5 Watt, 0.5 mA per strip

The total volt hours should be less than 60 kVh.

After IEF focusing the Immobiline DryStrips stripgere either used directly for second
dimension separation or stored in test tubes atE80

2.2.5.6 Second dimension separation (SDS-PAGE).

For the separation of proteins in the second dimanby SDS-Page electrophoresis the
Immobiline DryStrips were equilibrated twice for MBinutes in 2 x 100 ml equilibration
buffer (50 mM tris-HCI pH 8.8, 6 M urea, 30 % glyok 2 % SDS) on a shaker. In the first
equilibration step 1 % DTT and in the second eftalion step 4.5 % iodoacetamide was
added to the equilibration buffer. The equilibratwas carried out in equilibration tubes (GE
Healthcare Bio-Sciences AB, Uppsala, Sweden) withml of the equilibration solutions for
each equilibration step per Immobiline DryStripeiach tube. The equilibrated IPG gel strips
were slightly rinsed and blotted to remove excegglibration buffer and then positioned
between the plates on the surface of the secondmdilon gel (12.5 % PAGel). The strips
were fixed with 2 ml of 2 % warm agarose solutiagssdlved in running buffer (250 mM Tris
base, 1.9 M glycine, 1% SDS). Electrophoresis wasied out in an Ettan DALTsix gel
chamber (GE Healthcare Bio-Sciences AB, Uppsaladew) at 20 °C. Electrophoresis was
started at 50 V and 400 mA for 30 min. Then theéag# and current were increased to 300 V
and 400 mA. The electrophoresis was terminated wherbromophenol blue tracking dye

had migrated off the lower end of the gel. Themas used for staining or blotting.
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2.25.7 Western blot analysis

For Western blot analysis, proteins from SDS-PAGE&renvsemidry electroblotted to the
PVDF membrane by using blotting buffer (39 mM ghei 48 mM tris, 1.3 mM SDS and
20% methanol added prior to use). Electro-blottowk place for 30 min at 15 volts. Then the
membranes were blocked for 2 h with a 1% solutibB®A in TBS-Tween (20 mM tris pH
7.4, 150 mM NaCl, 0.05% Tween 20). Before inculzptthe membrane with the first
antibody (Anti-Hspx 1:10 000 in TBS-Tween) at RT fwo hours or overnight in the fridge,
the membrane was washed twice for 10 min in TBSéhwé\fterwards the membrane was
washed again, once for 15 min and twice for 5 rhefpre the second antibody was added.
Incubation with the detection antibody took 30 n#mti-mouse IgG with HRP 1:10 000).
Then the membrane was washed again and the protenesdetected by application of 1 ml

TMB (tetramethylbenzidin) ready-to-use solutiontbe membrane.
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3 RESULTS

3.1 Establishment of a transformation and selection sysm

3.1.1 Comparison of different transformation systems

Transgenic suspension cultures can either be aaghiby the cocultivation of plant cells and
agrobacteria or they can be derived from transgplaicts. Initially we tested different plant
materials with the objective to establish transgesuspension cultures. Therefore tobacco
leaf discs, callus or suspension cultures were ltwated with Agrobacterium tumefaciens.
With all transformation systems transgenic explaots cell cultures were obtained.
Incorporation of the transgenes was tested by R©ORiplemented with functional assays
such as herbicide treatment (“Leaf Paint”) and fareise Screening.

Soon an emphasis was put on the transformationsgfension cultures. In the present study
different approaches for cocultivation of plant @ergsion cultures and agrobacteria were
tested: petri dishes were used for small amountset¥$, larger scale transformation took
place in a suction strainer (Buchner funnel). Weawmied the best results in respect of
transformation efficiency and practicable and rapdocedure by the immediate
transformation of suspension cells in a suctiomisér. Because of the time-consuming
generation of callus material from transformed l@ats, the direct transformation of callus
or suspension culture —when available- saves timecomparison to transformation of
tobacco callus, the transformation of tobacco susipe cultures resulted in more transgenic
clones per experiment. Compared to the transfoomatf suspension cells in other
containers, in suction strainers more cells coddrbnsformed simultaneously and coculture

and washing procedure occured in the same contsileeessively.

Distribution of transformation events in suction stainer (Buchner funnel)

Selection or screening procedures are an integmdl gF any programme of plant genetic
manipulation, because the methods which are clyranailable for stable transformation are
not 100% efficient (Lindsey and Jones in: Dix, 1p90

So it has to be assumed that ed@ghnobacterium-mediated transformation of a suspension

culture results in a heterogeneous mixture of msfcamed and transformed cells out of
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different transformation events. Transformed cel® be separated from non-transformed
cells by chemical or manual selection. Thereforquaks of the cells were spread on solid
medium containing different selective agents. Ideorto test whether the transformation
events were distributed evenly throughout thesguats, the distribution of transformation
events in the suction strainer was investigated. tRis purposeNicotiana tabacum strain
Bruessel and — due to the fact that the tobacds slebwed only weak staining - alSolanum
tuberosum strain Desiree suspension cells were transformgd & gus IRES luciferase
construct (Fig. 2). The transient transformatioerés were detected by X-Glc staining after
three days of coculture.

As Fig. 1 illustrates the tobacco strain Bruess#lisovere only slightly blue-coloured (blue
spots marked by an arrow), whereas the Desires setiwed a clearly visible blue staining.
The transformation events could be detected sps wii all cell layers above the holes of the
suction strainer as well as spread over big aretisib the centre and the edge of the funnel.
The blue colour did not result from endogenous Glogidase because cells treated in the
same procedure but cocultivated with plant mediaokihg Agrobacteria, did not show any
blue colour.

As a consequence of the described results the icetlge suction strainer were mixed after
cocultivation during the washing steps to achiemeegual distribution of transformation

events in the cell suspension material beforeistpselection experiments.

C

Fig. 1: Distribution of transgenic events detedbgdX-Glc-staining of cells transformed with thedA
gene.

A: 25 ml of tobacco cells (top row) and potato c€bsttom row)after cocultivation and detectic
reaction in a suction strainer.

B: tobacco strain Bruessel ce@ls potato strain Desiree cells (enlarged photos).

Nevertheless, the cocultivation in the suctioniséaturned out to be extremely useful to
obtain a high number of transformed cells in a shiare allowing an easy re-initiation of

suspension cultures for further experiments.
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3.1.2 Dosage of selective agents

In order to determine the selective conditions uvdeich transgenic plant cells, harbouring

constructs with different selectable marker gewas, be discriminated from non-transgenic

cells, the transformed cells were spread on magalemented with different dosages of the

respective selective agents. These selective agets Phosphinotricin (PPT) for selection

on thebar gene, Gentamicin derivative G418 for selectionttomnptll gene and NaCl for

selection on th®R10a gene.

Table 10 illustrates the effect of selective candi on callus cultures. Up to four weeks post

transformation (pt) both wild type and transformeadius cultures showed an increment of

callus mass, but the increment of transformed saNas higher under selective conditions.

After four weeks pt the callus was transferred resli solid medium containing the same

concentrations of selective agents. Only these giissaf selective agents were continued
which negatively affected the growth of wild typells. eight weeks pt 5 and 7 mg/l PPT, 6
mg/l G418 and 50 mM NaCl prooved to be the lethasesd for wild type cells, while
transformed cells survived.

Table 10: Selection efficiency of different dosagd#sthe selective agents PPT, G418 and Nagflcallus

cultures.

Increment during selection process and efficierfcsetective agents

selectable 2 weeks pt 4 weeks pt 8 weeks pt
rréaerrl:: ' dosage of selective agents Wild type | Transgeng \ggi Transgeng \t/;;ak; Transgeng
no selection ++ ++ ++ ++ ++ ++
PPT 3 mg/l + ++ ++ ++ not continued
bar gene | PPT 5 mgl/l + ++ + ++ - ++
PPT 7 mg/l + ++ + ++ - ++
npt 11 gene G418 3 mg/l + ++ + + not continued
G418 6 mg/| + ++ + ++ -] ++
bar gene | PPT 3 mg/l and G418 3 mg/! + ++ + + not continued
andnpt || + ++ + ++ - ++
gene PPT 3 mg/l and G418 6 mgy!
50 mM NacCl ++ ++ ++ ++ - ++
PR102 60 mM NaCl T + + + - -
gene
150 mM NacCl + + + + - -

pt : post transformation; + or ++: different scatésncrement of cell proliferation, -: no growtteath of cell

cultures
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As a consequence in further experiments callusmaistained post transformation on solid
medium supplemented with 6 mg/l PPT or 6 mg/l G480 mM NaCl. The concentration of
6 mg/l PPT was chosen as lethal dosage, as meaa batween 5 and 7 mg/l PPT, to make
sure to achieve a lethal effect, because 5 mg/| WEXE in other experiments observed to be
too weak to hinder growth of wild type cells aftelonger subculture period.

In suspension cultures only slightly different séke dosages were achieved. Here
concentrations above 4 mg/l PPT and 4 mg/l G4184diaehdy led to reduced growth, but
lethal concentrations of selective agents for manggenic suspension cells were the same as
for callus cultures: 6 mg/l PPT or 6 mg/l G418 &tdmM NaCl. Because even transformed
suspension cultures initially showed reduced growtten they were treated with selective
agents, the dosages of PPT and G418 were incraasedhg steps from 3 mg/l to 6 mg/l.
Only NaCl was added at the beginning of the salaabif the cell culture with the final dose
of 50 mM.

Also combinations of 3 mg/l PPT plus 6 mg/l G41& &0 mM NaCl respectively were
applied, because higher dosages of PPT frequesdlyd reduced growth in transgenic cell

cultures up to a critical level.
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3.2 Independent expression of a SMG and a reporter gene

3.2.1 Transformation vector pGll 0229 MAS gus IRES luc(GUS construct

To investigate transgene expression stability mgleerm callus cultures, tobacco suspension
cells were transformed with vector pGll 0229 MASsQIRES luc, shortly named GUS
construct. In this transformation vector thar gene as the only selectable marker gene is
controlled by a NOS-promoter, whereas thecuronidase (uidA) andluciferase genes are

controlled by a MAS promoter and are translationitiked by an IRES-element (Fig 2).

>—<t-nos bar K p-nos — p-MAS> gus LUC M

Fig. 2: T-DNA of transformation vector pGll 0229 MAgus IRES luc, also named GUS constriitte
selectable marker geneaf) is driven by a nopalin-synthase promoter (p-NO&)gereas inthe secon
expression cassette two reporter gemgess &ndluc) are controlled by a mannopin-synthase promoter|(p-
MAS). This transformation vector was kindly provitdiey Ali, 2007.

From the cocultivated suspension cells indepenansgenic callus lines were established.

These callus cultures were maintained on LS mediomtaining 6 mg/l PPT and were
screened monthly for their Luciferase activity. these callus cultures were cultivated with
the aid of herbicide selection provided by the pSN@ivenbar gene as well as with the aid

of manual selection provided by theiferase gene.

Fig. 3: Luciferase screening of tobacco callusditransformed with the GUS constraetd grown on soli
LS medium containing 6 mg/l PPT. The pictures weaken four months (A) and 16 montip®st
transformation (B). Here the pictures are presernedolour shift mode. Every four weeks only -
brightest 12 mm small cell clusters were picked for prolifgzat Numbers show the cell clusters descri
in table 11. WT: Wild type
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Figure 3 illustrates the results of the Luciferaseeening of these callus cultures four months
post transformation (A) and 16 months post tramsédion (B). The pictures are presented in
colour shift mode. A colour shift from bright bluéo green indicates increasing
chemiluminescence. Transgenic cells proliferatetl eethe PPT-containing medium for the
whole selection process. The cells did show redalow Luciferase activity four months pt
and after 16 months pt Luciferase activity wad deltectable, but remained at a relative low
level.

Parts of callus lines 4, 9, 12 and 16 were takemfithe microtiterplate 16 months pt (Fig. 3B)
and were propagated to obtain material for quamntéaneasurement of Luciferase activtiy.
Even though Luciferase activity of the propagatedli could be detected by Luciferase
screening on the imager (pictures not shown), tmdycell extract of callus line 9 exceeded
levels of background activity after quantitative aserement by the Berthold luminometer
(Table 11).

Table 11: Luciferase activitiy of de¢xtracts of calli 4, 9, 12 and 16, which are gaded by their respecti
numbers in Figure 3.

callus number |Luciferase activity [RLU/2s]
4 55
9 198
12 44
16 60
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3.3 IRES-mediated mexpression of a SMG with a reporter ger

3.3.1 Construction of dicistronic transformation vectorsfor coexpression of SMG and
reporter gene

Two dicistronic transformation vectors with two essgthble marker genes on distinct positions
were constructed to investigate how the positidrth® selectable marker genes would affect
the stability of theluciferase gene expression. One selectable marker gene wasssed
independently by the NOS-promoter. The other sebdetmarker gene was coexpressed with
aluciferase gene mediated by an IRES-element under the cooftriile MAS-promoter. The
measured level of chemiluminescence was takenpasaaneter for the transgene expression
stability.

Vector pGll 0029 MAS bar IRES luc combines antilm@nd herbicide selection and will be
named BAR construct in the following chapters, veqGll 0229 MAS PR10a IRES luc

combines herbicide and salt selection and will @med PR10a construct.

3.3.1.1 Transformation vector pGll 0029 MAS bar IRES luc (BAR construct)

>—<t-nos <nptl| p-nos [ p-MAS> bar >- luc >t-CaMV><]

Fig. 4: T-DNA of the transformation vector pGll BR2AS bar IRES luc, also named BAR construft
The first selectable marker genept{l) is driven by p-NOS, whereas the second SNb&)(and the
reporter geneluc) are located on a distinct expression casccontrolled by -FMAS.

In this vector thenptll gene under control of the NOS-promoter providesstance to the
kanamycin antibiotic family (G418, Kanamycin) (Fi4). In the second expression cassette
the bar gene, which provides resistance to the herbicidesphinotricin and théuciferase
reporter gene, are controlled by the MAS-promdBarth cistrons in this expression cassette
are linked by an IRES-element and therefore form wanscription unit, while two distinct
proteins are translated.

For construction thear gene was amplified by PCR using a pGll 0229 vebtmkbone as a

template and oligonucleotides containing<mal or Hindlll restriction site as primers (bar
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Xmal forward and bar Hindlll reverse, table 1). Fast and easy sequencing ther gene
was cloned into a pJet-Vector. After successfulisaging the bar gene was cut out by Xmal
and Hindlll via restriction digest and ligated iqg&1l 0029 MAS gus IRES luc by replacing
thegus gene with thévar gene (kindly provided by Ali, 2007).

After incorporation intcE. coli andA. tumefaciens the new vector pGll 0029 MAS bar IRES
luc was verified by plasmid isolation and restoatidigest withKpnl andHindlll, resulting in
the 1090 bp sized “MASbar’-fragment and the renmagr6 700 bp sized vector (Fig. 5).

npt |

o P
pGII0029 MAS bar cp148IRES ILU/
7792 bp

nos
RB

e

— Kpnl (2188)

Y )
Sac1(5378) ; p-MAS
T-CMV P ﬁ  Xmal (2721)
D \Q \b ar

/ HindlII (3279)
Luciferase LUC cp148IRES

Not1(3426)

Fig. 5: A) Vector map of transformation vector p@029 MAS bar IRES luc showing restriction sites
important for cloning.

B) Agarose gel image of restricted plasmid: lan& kB DNA ladder (Fermentas), lane X)0 bp DNA ladde
plus (Fermentas), lane 2) and 3) pGll 0029 MASIB&S luc digested by Kpnl and Hindlll.
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3.3.1.2 Transformation vector pGll 0229 MAS PR10a IRES luc(PR10a construct)

>—<t—nos bar K p-nos — p—MAS> PR10a luc t-CaMV

Fig. 6: T-DNA of the transformation vector pGll 2MAS PR10a IRES lycalso named PRIL(
construct. The first SMGbér) is driven by the NOS-promoter, whereas the se@viG (PR10a) and the
reporter genel(c) are located on the same expression cassette bedtlyy the MAS-promoterThis
transformation vector was kindly provided by El BanDSMZ.

The PR10a construct combines herbicide resistarmaded by the NOS-promotdshr gene
and increased salt tolerance provided byRR&0a gene, which was derived fro8olanum
tuberosum and was formerly known agh2 gene (Matton and Brisson, 1989) (Fig. 6). The
PR10a gene is controlled by the MAS-promoter and is fedaon the same expression

cassette as tHaciferase gene in the described transformation vector.
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3.3.2 Application of dicistronic transformation vectors for coexpression of SMG and
target gene

To investigate the influence of the position of siedective marker on transgene expression
Nicotiana tabacum strain Bruessel suspension cells were transformigid Agrobacterium
tumefaciens carrying either the BAR construct or the PR10a towot The experimental

design, which is described in the following pargdras also illustrated in Fig. 7.

3.3.2.1 Experimental design

100 mg aliquots of

ce:!z Werde_ sprea:cdtr?n Five replicates of ea Four replicates of ea
solid medium, otine| 1qejection type selection type
remainings a fresh

suspension culture
was established

G418
I PPT

G418
I PPT

G418
I PPT

Heterogeneous
mixture of
transformed and
untransformed
tobacco cells

OEEC
OOAC
O@EC

3 wpt 6 wpt 10 wpt

Fig. 7: Experimental design of the transformatiomd asubculture process of tobacco cell cultufes
transformed with the BAR construct and the PR10sstract repectively. (wpt: weeks post transformatio

Tobacco suspension cells aAgrobacteria were incubated together in a suction strainer for
three days. After terminating this coculture perlmdwashing, the cell material was either

recultivated in liquid or solid medium.
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Callus cultures

Callus cultures were started by spreading an aliqti@00 mg transformed cells on solid LS
medium containing 100 mg/l Ticarcillin and the resfive selective agent. For selection of
cells transformed by the BAR construct the LS medaontained:
* 6 mg/l G418 for selection on the NOS-promoter drimptll gene,
* or 6 mg/l PPT for selection on thar gene,
* or a mixture of 6 mg/l G418 plus 3 mg/l PPT foresmtion of cells expressing both
resistance genes.
In contrast, cells transformed by the PR10a coostmere treated either with:
* 6 mg/l PPT for selection on thoar gene, which in this construct is located on its1ow
NOS-expression cassette,
» or with 50 mM NacCl for selection on salt toleramqevided by the MAS-promoter
drivenPR10a gene,
* or a mixture of 50 mM NaCl plus 3 mg/l PPT for stien of cells expressing both
resistance genes.
Control cells were cultivated without any selectagent for comparison.
20 petri dishes for each selection type were iratedl with aliquots of the initially
transformed cell material. From 8 of these 20 pdishes, data of fresh and dry weight were
collected. For protein content and Luciferase #gtimeasurements aliquots of cell material
from four petri dishes were taken. From the renmgjreight petri dishes the cell material of
four was split into four parts and used to inoclB® new petri dishes. From the cell material
of the other four petri dishes 16 small cell clusteere picked and transferred to 24 well
plates containing 1 ml of solid medium. These 18 chisters were selected for high
luminescence and subcultured routinely.
During the investigation period of ten weeks, sdfacing and harvesting of cell cultures was

done three, six and ten weeks post transformasupit)
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Suspension cultures

All cell material which remained in the suctionastier after inoculation of the callus cultures
was used for starting a new suspension culturigjund LS medium with 150 mg/l Ticarcillin.

After the first week of subculturing the fresh seispion culture was divided into three flasks
for starting the selection process due to treatmgiit chemical agents: to the first flask no
selective agent was added, the second and thgkl flare either treated with PPT or G418. In
a second experimental series the second and thskl Were treated either with PPT or NaCl.
Antibiotic and herbicide treatment started with g/hselective agent and was increased in
steps of 1 mg/l to a final concentration of 6 mgar NaCl treatment a concentration of
50 mM was used. Suspension cultures were subcdltueekly by dividing the cell mass into

two parts, and while dividing the cell culturescalsamples for luminometer measurement

were taken.

The experiments described above were carried autwio independent transformations for
each of the two vectors pGll 0029 MAS bar IRES dnd pGll 0229 MAS PR10a IRES luc
respectively. All following graphs regarding the eahical selection of callus cultures
represent the mean values of both transformatibnsontrast, pictures of manually and
chemically selected callus clones and graphs abwmtchemical selection of suspension
cultures represent results from one transformatiblowever, the Ilatter results were

reproduced at least once.
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3.3.2.2 Effects of selection on cell cultures transformed ith the BAR construct

The BAR construct combines an antibiotic and hedeicesistance. ThHanamycin resistance
gene is located on another expression cassettetliedrar resistance gene which forms a
transcription unit with the reporter geheiferase (Fig. 4).

Water content of callus cultures under different skection regimes

The water content of transformed callus culturesnduthe selection phase was determined

after three, six and ten weeks and was calculatepeecentage of fresh weight after drying
and weighing the callus material.

BAR construct: water content in callus cultures
3 weeks pt 6 weeks pt

98 4 98

97 4

t

water content in [%)]
water content [%)]

93 4

92- A B C 92 - A B C C
10 weeks pt
98 1
97 Ld
g 96 1
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g
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Fig. 8: Boxplots representing the water contenttdhacco callus cultures transformed witie BAR
construct and treated with the according seledigents: (A) no selection, (B) 6 mg/l G418 for thpl|

gene, (C) 6 mg/l PPT for tHear gene and (D) a mixture of both selective agentsigd G418 and 3 mg
PPT).
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The callus cultures initially consisted of a mixdwf transformed and untransformed cells. By
application of chemical selection the growth ohsfarmed cells was promoted, whereas the
majority of untransformed cells died because ofdkposure to lethal concentrations of the
selective agents. Dead cells probably released Waer, and the residual dry matter would
decrease the water content measured for the whbles culture.

Three weeks post transformation (pt) the water esdnimeasured in the selected callus
cultures was significantly lower than the water teoh measured in the non-selected callus
cultures. However, with continuous application elestive agents the water content of callus
cultures measured six and ten weeks pt and seladtbd mg/l G418 or both 6 mg/l G418
and 3 mg/l PPT increased to the same value aseohdim-selected calli. Only the water
content measured in PPT-selected callus cultureained on a significantly lower level, but
nevertheless increased during continuous selefrtoom a level of 93.5% to 96%. That means
the water content measured in selected transgatiicsmbtained similar levels as the water
content measured in transformed non-selected caftas a certain selection period, because
the percentage of untransformed cells sensitithdselective agents decreased.

Luciferase activity in callus cultures under different selection regimes

On the basis of the expression of the reporter gaonerase it was investigated whether and
how the position of the SMG affects the expressabra target gene. Figure 9 shows the

Luciferase activity of tobacco callus cultures gfmmmed with the BAR construct.

BAR construct: mean Luciferase activity
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Fig 9: Mean Luciferase activity of tobacco callugtgres transformed with the BAR constractd treate:
with different selective agents according to tlesgenic traits provided by the two SM@ptll andbar.
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Callus cultures grown on LS medium lacking any céte agent initially showed only a low
luminescence of 150 RLU/2s, which decreased cootisly to a value of 60 RLU/2s ten
weeks post transformation (Fig. 9). This Luciferasavity is not higher than the background
activity of wild type cells which ranges usuallytiween 30 and 100 RLU/2s. Callus cultures
which were treated with G418 and therefore werecsetl for antibiotic resistance based on
the nptll gene driven by a NOS-promoter showed a higherfetase expression than the
non-selected cultures. The initial value was 850URIs. Within ten weeks post
transformation the Luciferase activity decreased @0 RLU/2s. The callus cultures treated
with PPT showed the highest Luciferase expressier the whole investigation period
Initially Luciferase was expressed by 500 RLU/2sl ancreased continuously to 1 500
RLU/2s. Thebar gene which provides resistance to Phosphinoti(PiAT) is coexpressed
with theluciferase gene and so controlled by the same promoter. &ateon both SMGs at
the same time achieved luminescence of 1 200 RL&ft2s the first selection phase, but after
six and ten weeks of subculture Luciferase expoesdecreased to 400 RLU/2s. When the
callus cultures were treated with both G418 and ,AR3Jtead of 6 mg/l only half of the
concentration of PPT was used. 3 mg/l PPT was shiove an insufficient dose of selective
agent, although it was used in combination withl¢hieal dosage of G418.

In summary, selection using 6 mg/l PPT resultechast successful reporter gene expression.
So, in callus cultures transformed with the BAR stomct the position of the SMG affected
the stability of thduciferase gene expression during the investigation periodeafweeks:
only when the SMG was coexpressed with the repgeee Luciferase expression increased
to a stable level significantly higher than the ifeiase expression of non-selected

transformed callus cultures.
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Luciferase activity in suspension culturesinder different selection regime

The same trends in Luciferase activity could beeoled working with suspension cultures.
The suspension cultures were started from the saaterial as the callus cultures three days
after the transformation procedure in the suctitrairser. The division of the initial
suspension culture into three equal parts and élgenbing of the selection process started ten
days post transformation. Selection was starteddalyng either G418 or PPT or no selective
agent to the three individual flasks. The suspensutures were subcultured weekly and
during subculturing an aliquot of the culture waken to perform a Luciferase assay with the
luminometer.

The PPT-treated suspension culture obtained a énasié activity of nearly 12 000 RLU/2s,
ten times more than the callus culture maintaine@®BT-containing solid medium. The PPT-
treated suspension culture showed a high rangauiafdrase activity in subsequent growth
cycles, in which the lowest value varied around@ BRLU/2s and the highest around 6 000 to
12 000 RLU/2s. In these cultures tlueiferase gene is coexpressed with thar gene, while
thenptll gene is controlled by another promoter in a distexpression cassette. The curves,
which illustrate the Luciferase activity of the etliwo suspension cell cultures, also oscillate,
but on a lower range: the non selected suspensibouiture varied from 100 to 400 RLU/2s
and the G418-treated suspension culture fluctuaded 1 000 to 6 000 RLU/2s.

BAR construct: Luciferase activity of suspension dés
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Fig 10: Weekly Luciferase activity of suspensiottunes transformed with the BAR construct.
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If the Luciferase activity, shown in Fig. 10, isnepared to the weekly increment of growth of
the suspension cultures, high Luciferase expressippears to be related to low cell
proliferation. Fig. 11 illustrates the curve of thettled cell volume of the suspension cultures.
The settled cell volume of each suspension cultiae determined at the end of the seven day

long growth period by sedimentation before subcurtu

settled cell volume at the end of growth phase ofispension cells
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Fig 11: Weekly settled cell volume of suspim cells transformed with the BAR construct ameted witt
different selective agents.

The settled cell volumes of the non-selected an#l83rkated suspension cells differed only
slightly between 50 and 65% of the total suspens@uome. Whereas the settled cell volume
of the PPT-treated cells decreased from initial3ged4to 10% in the eighth week post
transformation, remained for four weeks on a lowelef 10 to 30% and then increased to a
settled cell volume of 50%. The peak of high Lu@e activity of around 12 000 RLU/2s in
the 11th week post transformation correspondsléovasettled cell volume of 20% indicating

a low proliferation rate during a period of higihget gene expression.
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Manual selection of high-expressing calli combinedith chemical selection

In addition to the chemical selection provided hg different selectable marker genes, the
luciferase reporter gene also provides a tool for manualctiele. Manual selection is only
possible for callus cultures by picking the brigiteell clusters for further propagation. By
applying both chemical and manual selection, it tes$ed which selection regime led to the
most luminescent and therefore highly expressivié mdtures. For selection the callus
cultures were screened for their Luciferase agtivit spraying a 1 mM Luciferin solution on

top of the callus to visualise their luminescencéhwhe Fuji LAS 3000 imager. After

screening, app. 2 mm small cell clusters were gicdeeording to their luminescence.

Fig. 12: Luciferase screening of tobacco cell dustransformed with the BAR constratd grown on soli
LS malium containing no selective agent (A), 6 mg/l G4B3 6 mg/l PPT (C) and 6 mg/l G418 plus 3 n
PPT (D).The pictures were taken 20 weeks post transfoomatind are presented in a colour shift mode.
Wild type
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Figure 12 shows callus cultures maintained on wffe selection regimes screened for their
Luciferase activity 20 weeks post transformatiohe Tpictures are shown in a colour shift
mode. A shift from bright blue over green to redigates an increasing chemiluminescence

intensity.

Nearly all 24 calli maintained on medium lackindestive agent lost their Luciferase activity
during four months of subculture and only thred ckisters showed little expression. In
contrast, the majority of cell clusters treatednwstlective agent showed a stable Luciferase
expression over this time period. Callus cultureated with G418 or PPT showed only slight
difference in Luciferase expression. By applicatmn G418 six highly illuminating cell
clusters were obtained and by PPT-treatment fompawably high illuminating cell clusters
(Fig. 12B and 12C). Here the effect of chemicatsibn was supported by manual selection,

so that the number of highly illuminating cell dess is individual per each experiment.

55



Results

3.3.2.3 Effects of selection on cell cultures transformed ith the PR10a construct

The PR10a construct provides herbicide resistarcause of théar gene (Fig. 6). It has
been reported that theR10a gene increases salt tolerance of transgenic pldimns bar

resistance gene is situated on another expresagseite than theR10a gene which forms a
transcription unit with the reporter geheiferase.

Cell cultures transformed with the PR10a constrwetre investigated under the same

experimental design as the cell cultures transfdrmiéh the BAR construct.

Water content of callus culturesunder different selection regime

PR10a construct: water content in callus cultures
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Fig. 13: Boxplots representing the water contentoinacco callus cultures transformed witie PR210:
construct and treated with the following selectgents: (A) no selection, (B) 6 mg/l PPT for tize gene.
(C) 50 mM for thePR10a gene and (D) a mixture of both selective ager@sni® NaCl and 3 mg/l PPT).
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The water content of callus cultures transformeth whe PR10a construct was measured by
dry matter determination, calculated and expreasguercentage of the fresh weight three, six
and ten weeks pt (Fig. 13). Over the whole invesiig period the water content measured in
the callus cultures treated with selective ageras significantly lower than the water content
measured in the non-selected callus cultures. kalls cultures which were treated with any
selective agent values of water content lower tB&% were detected at the end of the
investigation period. However, the water contentasueed in PPT-treated callus cultures
increased to nearly the similar level of measuratewcontent as the non-selected calli with
the ongoing application of selective agents, wreithe@ water content measured in callus
cultures treated with NaCl and both NaCl and PRiaiaed at a lower level. The addition of
50 mM NacCl to the plant medium increased the osnitglaf the LS medium: an osmolarity
of 0.224 osmol/kg was measured in LS medium andsamolarity of 0.315 osmol/kg in LS
medium supplemented with 50 mM NaCl. In contrds¢, addition of other selective agents
like PPT or G418 did not change osmolarity of tpeled plant medium. Nevertheless, the
water content values for the cultures treated WAET showed even lower levels than salt
treated callus cultures growing in medium with eased osmotic value after three and six
weeks.

The water content measured in the callus culturasstormed with the PR10a construct
indicates that PPT treatment affected a decreasieeipercentage of untransformed cells in
the callus culture during the investigation peridbbdat means that PPT was the selective agent
causing the most prominent selective effect, whglemphasized by the initially highest
decrease in the water content measured in thescallltures. This could be observed in
experiments with both the BAR construct and the GR&onstruct. That a recovery effect
could not be observed for application of NaCl akad&e agent is probably due to the

osmotic effect of NaCl which causes dehydratioplaht cells.

Luciferase activity in callus cultures under different selection regimes

Here it was also investigated on the basis of ttpgression of the reporter gehgciferase
whether and how the position of the SMG affectsekgression of a target gene. Furthermore
it was tested, whether NaCl works as a selectianiags an alternative to the other, more

toxic agents.
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PR10a construct: mean Luciferase activity
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Fig 14: Mean Luciferase activity of tobacco calludtures transformed with the PR10a constractl
treated with different selective agents accordmthe transgenic traits provided by the two SMk&s:and
PR10a.

Relatively low Luciferase activity from initially 800 RLU/2s and less was shown by the
transformed callus cultures which were not treateth selective agents. Callus cultures
growing on 50 mM NaCl containing medium showed oiitially a higher Luciferase
activity of around 5 000 RLU/2s, but at six and teaeks post transformation (wpt) the
Luciferase activity did not exceed the values frtta non-selected callus cultures. So the
50 mM salt concentration did not lead to a higherciterase expression. Callus cultures
treated with PPT showed from the beginning the ésgh_uciferase expression which even
increased from over 10 000 RLU/2s 3 weeks possfaamation to more than 30 000 RLU/2s
ten weeks post transformation. Callus culture é@atith a selective mix of NaCl and PPT
showed higher Luciferase activity than the cultureated only with 50 mM NacCl, but lower
than the PPT-treated ones, because in the comimnattithe selective agents only 3 mg/l PPT
was used.

In transgenic callus cultures transformed with B&L0a construct stable and high Luciferase
expression was obtained after PPT treatment, aitihdbe bar gene providing resistance
against PPT is controlled by another promoter ti@luciferase gene. Selection on 50 mM

NaCl prooved to be inefficient.

58



Results

Luciferase activity in suspension cultures under dierent selection regimes

The same results can be observed in suspensioareziltransformed with the PR10a

construct and treated with the respective seleetants. In comparison to Luciferase activity

levels obtained by callus cultures, suspensionucest showed an up to ten fold higher

Luciferase activity.

PR10a construct: Luciferase activity of suspensiooells
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Fig 15: Weekly Luciferase activity of suspensiottunes transformed with the PR10a construct.

The Luciferase expression of the non-selected sisspe culture oscillated between 2 500
and 10 000 RLU/2s in subsequent growth cycles, @dseenzyme activity of the NaCl-treated
suspension culture varied between 10 000 and 30RQQ0O2s from subculture to subculture.
Suspension cultures treated with PPT showed aibktéacteasing luminescence from 20 000
to nearly 300 000 RLU/2s in the first 16 weeks obaulture. Then the Luciferase activity

decreased to 200 000 RLU/2s in the next three waekisafter that oscillated between a

maximum of 325 000 RLU/2s and 150 000 RLU/2s.
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The suspension cell cultures transformed with tR&@ containing vector and treated with
PPT showed a lower settled cell volume than thesated suspension cells, but the increment
of growth of the cell culture stabilized to a satdticell volume of 40 % towards the end of the

investigation period (Fig 16).

Settled cell volume at the end of growth phase of suspension cells
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Fig 16: Weekly settled cell volume of suspem cells transformed with the PR10a construct aedtec
with the respective selective agents.

The relatively low settled cell volume of the Na@ated suspension culture was consistent
to observations made by comparing the phenotypa nbn-selected transformed tobacco
suspension culture to one treated with NaCl. Asialised in Figure 17 D, NaCl-treatment
resulted in a more compact cell shape and a cdtureuof a comparatively denser

consistence.

Fig. 17: Phenotype of transformed tobacco susperegt culturedreated with no selective agent (A), tree
with G418 (B), with PPT (C) or NaCl (D)

Suspension cells treated with G418 did not chahge phenotype, while the other selective

agents, NaCl and PPT, affected a change of phematypthe suspension cell cultures.
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Suspension cultures treated with PPT switched tt@our from a light yellow to a reddish
brown colour and formed dense cell clusters. Nagdted suspension cell cultures consisted
of very fine cells with no formation of aggregatefereas non-selected or G418 treated

suspension cultures contained loose aggregatesatigl to single cells.

Manual selection of high-expressing callcombined with chemical selectio

Both chemical and manual selection were applieccatus cultures transformed with the

PR10a construct to investigate which selectionmegwould lead to the highest increase in

luminescence and therefore the most and highlyesspre cell cultures.

Fig. 18: Luciferase screening of tobacco cell dusttransformed with the PR10a construct and grow
solid LS medium containing no selective agent Gng/l PPT (B), 50 mM NaCl (C) and 50 mM Na@lis 3
mg/l PPT (D).The pictures were taken 20 weeks post transfoomathd are presented in colour shift mc
WT: Wild type

Since the pictures are presented in colour shifiendghe colour shift from green to red
indicates increasing chemiluminescence intensibye Themiluminescence of callus clusters
transformed with the PR10a construct and screeneth® Fuji LAS 3000 imager even

exceeded the maximum detection level of the imageme case when the callus cell lines
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were not chemically selected and in five cases whencallus cell lines were treated with
PPT (Fig. 18, wells completely red).

The cell clusters maintained on solid medium lagkselective agent showed in 6 out of 16
cell clusters extraordinarily high Luciferase aitiv All manually selected cell clusters
maintained on PPT containing medium showed highettraordinary high Luciferase
expression. 4 of 16 cell clusters highly illumircitevhen they were treated with NaCl,
whereas 9 of 16 cell clusters showed high Luciemspression when the cell cultures were
not only treated with 50 mM NacCl but also with 3/thiRPT.

So again callus cultures, either non-selected onsslected on Phosphinotricin showed more
frequently and in higher ranges Luciferase expossthan callus cultures selected on NaCl.
Coexpression of thBR10a gene with thduciferase reporter gene resulted in high transgene

expression, but not after treatment with NaCl.
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3.3.2.4 Comparison of the selective effects of the BAR camgct and the PR10a
construct

One remarkable difference observed between the ccdtilires transformed with the two
transformation vectors described in the previouaptdrs is that the Luciferase activity
obtained by cell cultures transformed with the P&&Onstruct was up to 20 fold higher even
when the cell cultures were maintained on mediuwkitey any selective agent (Fig. 19 A).
When the cell cultures are selected on the dissatgctable marker gene driven by a NOS-
promoter, the difference is even more obvious. lemase expression of the cell culture
transformed with the BAR construct and treated wiitl antibiotic G418 resulted in only
900 RLU/2s, while Luciferase expression of the P&rd@ntaining cell culture treated with the
herbicide PPT reached over 30 000 RLU/2s (Fig. L9TBe herbicide PPT seems to be the
stronger selective agent. This observation was edsdirmed by the Luciferase activities
which are achieved when the selection took placthbyselectable marker gene linked to the
reporter gene. In this case the Luciferase exmessichieved by the callus cultures
transformed with the BAR construct showed the saange as the Luciferase expression of
the PR10a transformed callus cultures selecteddfyl Nix and ten wpt (Fig. 19 C).

Luciferase activity of non-selected callus cultures
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Fig 19A: Luciferase activity of non-selectedllus cultures transformed with the BAR constraot the
PR10a construct respectively.
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Luciferase activity of callus cultures selected othe SMG under a
distinct promotor
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Fig 19 B and C: Luciferase activity of selectadlus cultures transformed with the BAR constraretl the
PR10a construct respectively.
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3.3.2.5 Start of suspension cultures derived from manuallyand chemically preselected
callus cultures

One possible reason for the high expression idggain suspension cultures could be that the
suspension cultures directly started from the peateria-coculture probably still consist of
a population of variant cells although chemicaksgbn had been applied. This cell mixture
may consist of untransformed and transformed ctiks,latter expressing the target gene at
different levels.

Hence it was tested, whether suspension cultuesuiated from manually and chemically
preselected callus cultures express Ititéferase gene more stably than suspension cultures
started directly after the transformation.

Two clones were chosen from callus cultures transéol with one of the two distinct
transformation vectors (Figure 10 and 16). The efowere maintained on PPT containing
solid medium. The chosen callus cultures were pretel chemically and manually for high
Luciferase expression for 5 subsequent Luciferaseesings within 5 months. The newly

started suspension cultures were maintained indlig® medium containing 6 mg PPT per

litre.
BAR construct: Luciferase activity of callus-derived

suspension cultures
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Fig 20: Luciferase activityof newly started suspension cultures derived froamually and chemicall
preselected callus cell lines transformed wiith BAR construct. The callus lines refer to th#usalines
shown in Figure 12.
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All one week old suspension cultures transformetth @ither the BAR construct or the PR10a
construct showed a Luciferase activity at leastal® higher than the callus cultures they had
been started from (Figs. 20 and 21, data pointsdL2). The expression stability of the cell
lines transformed with both constructs was ambivalé/hile the Luciferase activities of cell
lines 8 (BAR) and 3 (PR10a) oscillated consideradtgr an initially high value, the other
two cell lines 16 (BAR) and 6 (PR10a) expressedfeuase quite stably.

PR10a construct: Luciferase activity of callus-dewed
suspension cultures
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Fig 21: Luciferase activity of newly started susgen cultures derived from manually and chemic
preselected callus cell lines transformed with Rti&l0aconstruct. The callus lines refer to the callugdi
shown in Figure 17.
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3.4 Application of a dicistronic transformation vector: enrichment of
hspx-producing cells via reporter gene monitoring

To test the potential of the IRES based constriactthe production of recombinant proteins,
tobacco cell cultures were transformed with ve@@il 0229 MAS hspx IRES luc, shortly
named HSPX-construct. The functionality of the wveavas tested by transient expression
analysis of infiltrated tobacco leaves. Furthermtire enrichment of hspx expressing cell
cultures was monitored via thaciferase reporter gene.

3.4.1 Construction of transformation vector pGll 0229 MAS hspx IRES luc (HSPX
construct)

Fig. 22: T-DNA of the transformation vector pGll Z2 MAS hspx IRES lucalso named HSP
construct. The selectable marker gebar) is driven by the NOS-promoter (p-NOS), wherbgsx and
luc are located on a distinct expression cassettealaurby the MAS promoter (p-MAS).

Many frequently used plant transformation vect@s\ctwo reversely transcribed expression
cassettes between the left (LB) and right borddB)(Bf their T-DNA. One expression
cassette carries the SMG and the other the tagyet gr gene of interest. In this conventional
design the HSPX construct was built. It carridsaagene as selectable marker under control
of the nopalin synthase promoter (p-NOS) in thetfiexpression cassette. The second
expression cassette, which was constructed iniatrdicic manner, consists of a mannopin
synthase promoter (p-MAS), ahdox as target gene, which is linked to theiferase reporter
gene by an internal ribosome entry site (IRES) emds with the CaMV-derived terminator
sequence (t-CaMV) (Fig. 22).

Hspx is a gene derived fronMycobacterium tuberculosis which encodes a 16 kDa
a-crystallin-like protein that is a major antigenuldt al, 2006). Recombinant Hspx protein
produced irE coli is already used in ELISA-based kits for tuberciglasagnostics.

Vector pGll 0229 MAS hspx IRES luc was construdi@ded on vector pGll 0229 MAS gus
IRES luc (Ali, 2007). Thegus gene was replaceda Hindlll and Cfr91 / Xmal sites withhspx.
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The last mentioned DNA sequence was generated By &hg Primer hspxKpn2l and
Primer hspxHindllland vector pGIl 0229 35S hspx as a template.

The transformation vectors were confirmed via canestriction digest witlEcoR|l and Sacl
resulting in one 5 250 bp and one 2 250 bp band.r&ktriction enzymekpnl and Hindll|
cleaved a 1 000 bp-sized fragment (p-MAS and hsfixhe remaining 6 500 bp vector (Fig.
23). Additionally the transformation vectors werenfirmed by sequencing. Table 12
illustrates the DNA sequences of the sequencingess.

t-nos

LB\\ bar
g
} <\§ s
Aiy Kpnl (1194)

pGII 0229 MAS hspx IRES luc
7476 bp

Xmal (1961) - 1 000 bp

EcoRI (2063)
HindIII (222°F
IREScp 148

Nofl (2372)
luc A B
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Sacl (4325

\
By,
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Fig. 23: A) Vector map of transformation vector pGll 0229 MA$SRES luc showing some importe
restriction sites.

B) Agarose gel image of restricted plasmid: lanarid 7) 1 kB DNA ladder (Fermentas), lan€l@D bp DNA
ladder plus (Fermentas), lane 2) and 3) pGll 022Z%BMspx IRES luc digested by Eco Rl a®dcl, lane 5
and 6) same plasmid digested by Kpnl and Hindlll.

Table 12: DNA sequences of primers used for seqngrd thehspx gene

Sequencing primers
Target gene Name Sequence

back part ohspx gene |hspx_sqgterm | 5-AGG GCATTC TTACTG TGT CG-3’

complementary
seguencing prim

front part othspx gene [Seql 5°-TTC TCC TAT CAT TAT CCT CGG C-3'

hspx sg-r 5-CGA ACA GCT CAG AAA ACT CG-3’
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3.4.2 HSPX detection in infiltrated tobacco leaves

The functionality of the HSPX construct was tedbgdnfiltration of N. benthamiana leaves
with A. tumefaciens suspension for transient expression of HSPX araférase. Since both
genes are located on one expression cassette ssxquref the tuberculosis antigen HSPX is
linked to Luciferase expression. llluminating pastgsobacco leaves therefore also transcribed
thehspx gene.

For detection of HSPX a western blot analysis wagopmed. Protein was extracted from

tobacco leaves tested positive for Luciferase agtby screening for luminescence (Fig. 24).

Fig. 24: Leaves oN. benthamiana plants were infiltrated wittA. tumefaciens suspension carrying tt
HSPX construct. llluminating parts of the leaves green to red coloured.

Protein extract of leaves &f. benthamiana plants infiltrated withAgrobacteria carrying the
GUS construct served as a negative control. Luaskeractivity of the GUS-construct
infiltrated leaves obtained a level of 75 000 RL&)/&hereas samples of HSPX-infiltrated
leaves obtained Luciferase expression of approxindi00 000 RLU/2s (Table 13). With a
NaSQ, based extraction method, a protein content of éetwd.5 to 2 pug/ul for tobacco cell
cultures and 2 to 10 pg/ul for tobacco plants watained.
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Table 13: Luciferase activity and total protein o of leaves infiltrated witthe HSPX construct or GU
construct (negative control).

Leaf Infiltration of N. benthamiana plants

construct HSPX GUS
leaf material 2649 1.25¢g
protein extract 3 ml 2ml
LUC-activity
RLU/2s 106 142 74 919
total protein
content 4.41 mgl/g 4.84, mg/g

1-dimensional polyacrylamide gelelectrophoresisvedid only the application of a limited
volume of protein raw extract. Therefore 2-dimenalogel electrophoresis was used for
Western blot analysis, because a big volume ofepratolution could be applied on the gel
stripes. Since proteins were not only separateditg, but also by their isoelectric point, a
higher amount of protein was concentrated on desigigot and was more easily detected by
Western blot analysis.

As standard the 16kD HSPX protein extracted fidnmuberculosis was used. In Lionex lab it
was observed that HSPX forms oligomers and dimees after boiling and denaturing of
protein samples for SDS-PAGE. Additionally the I konomer occurs in a degraded 14 kD
sized form (Fig. 25). Both forms are immunologigalictive (personal communication,
Lionex GmbH).

Detection of protein spots which corresponded ze $14 kD) and isoelectric point (app. 5.0)
to the HSPX protein could be reproduced three timidés different amounts of total protein
extracted from tobacco leaves infiltrated with tHEPX-construct. Figure 25 shows the
Western Blot of a gel on which 200 ug of total piotwere applied and figures 26 A and B
show the immunostained membranes of gels on whilth |2y total protein extract were
loaded derived of tobacco leaves infiltrated whle tGUS construct as negative control (A)
and the HSPX construct (B).
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Fig. 25: Western Blot with HSPX-specific antibodyea 2-D-gelelectrophoresis of 2QQy total proteir
extract of HSPX-construct infiltrateld. benthamiana leaves.

H3——> pH6
. '

Fig. 26 A and B: Western Blot with HSPX-specifictiandy after 2-Dgelelectrophoresis of 240 |
total protein extract of GUS-construct (A) and HSEdstruct infiltratedN. benthamiana leaves (B).
M: Marker; + HSPX-standard
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3.4.3 HSPX enrichment in tobacco cell culture

To obtain a high producing hspx cell culture, tafmacells transformed with the HSPX
construct (Fig. 22) were not only selected cherichlt also manually by selecting the
illuminating luciferase expressing callus parts. This could be done becdhs HSPX
construct provides not only herbicide resistancsabse of the NOS-drivevar gene, but also
the possibility of monitoring the transgene expi@ssof the IRES-drivenluciferase
translation. After transformation the cells wer@wn on solid medium, containing 6 mg/l
PPT as selective agent. In the first four monthsuwdfculture only chemical selection was
applied, because facilities for Luciferase scregnuere not available at this time. In the fifth
month of subculture Luciferase screening with thg EAS 3000 imager was started and ten
illuminating cell clusters were chosen for furthexperiments. From these ten distinct cell

clusters, ten callus cell lines as well as ten snsjon cultures were initiated.

3.4.3.1 Comparison of chemical and manual selection underistinct promoters

To select highly expressive cells by chemical meanspension cell lines were treated with
6 mg/l PPT. Seven of the originally ten suspensiitures could be grown continuously for
14 months. However, during this period the Luciéeraxpression of the suspension cultures
decreased considerably and in some cases wasastdifable 14). In parallel, the callus cell
lines were subcultured on PPT containing mediumryeveur weeks. According to the
expression of theuciferase reporter gene the most illuminating parts of thk clusters were
manually selected. With this combination of cherharad manual selection high Luciferase

expressing callus cell lines were achieved.
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Table 14: Luciferase activity of suspension andusatells transformed with the HSPX construct.
A: Luciferase activity in 2007B: Luciferase activity in 2008.

plant plant
Clone plant material RLU/2s | material RLU / 2s material RLU / 2s
wild type | suspension cells A 48 callus 36
HSPX 3 | suspension cells A 138| callus A 1717 callusB 39 581
HSPX 7 | suspension cells A 39| callus A 265 callusB 469
HSPX 10 | suspension cells A 140| callus A 1367 callusB 207
A: LUC-activity in 2007; B: LUC-activity in 2008

The background activity of wild type tobacco suspen and callus cells was between 30 and
50 RLU/2s. After twelve months selection on PPTtaonng medium, one suspension cell
line showed no more Luciferase activity and twoyovery little. In contrast, after the same
cultivation period the callus cell lines showed84 times higher Luciferase activity than the
wild type cells. Callus cell line 3 showed a Luc#se activity of nearly 40 000 RLU/2s — this
is a 20 fold increase in comparison to the lumiease of the previous year. The increase of

Luciferase expression of cell line 3 is also illagtd in Fig. 27.

B: chemiluminescence in Nov. 2006

D: chemiluminescence in June 2008

Fig. 27: Luciferase activity of tobacco callus bneansformed with the HSPX consttuThe top picture
were taken in November 2006 and show callus lined@a wild type callus. The pictures at the botteene
taken in June 2008 and show callus lines 3 and 4.

Pictures B and D show the different intensitietuafinescenci
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Fig. 27 also shows that herbicide resistance and goowth on PPT containing medium were
not necessarily linked to high Luciferase exprassioth cell lines 3 and 4 were started with
1 to 2 mm small cell clusters and showed considgmdifferent cell mass accumulation after
four weeks of growth under the same conditionsl (@&t 4 proliferated better than cell line

3, but the latter cell line (3) illuminated to a chigher degree than cell line 4.

Since the here described HSPX cell lines were stabéished from single cells, they are
mixed populations consisting of diverse cells wharfginated from distinct transformation
events. Therefore in one cell line several celp&y’ occur expressing theciferase gene on
different levels. The degree of transgene exprassiay be influenced by different factors
such as the locus of transgene integration or tineber of insertion points.

So stable integration and copy number of the T-Difiifferent cell lines were characterised
and compared to the Luciferase activity. Theretiwe presence of thkciferase and hspx
genes in transformed cell cultures was first comdéid by PCR and Luciferase screening. Then
the established callus cell lines HSPX 3, HSPX d HSPX 5 were further characterized by
Southern Blot analysis.

An equal amount of Kpnl digested genomic DNA fromnsgenic callus cultures was

separated, blotted and finally hybridised with &Dé&belled luciferase-probe.

2.300 bp || i
2.000 bp : j
Fig. 28: Southern Blot analysis of genomic DNA fraransgenic tobaccoallus cultures, transforme

with the HSPX construct and digested with Kpnl
M: DIG-labelled DNA Marker Rochet: plasmid DNA
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Southern hybridization analysis confirmed the instign of T-DNA in the selected callus
cultures (Fig. 28). Plasmid DNA was used as pasitentrol. Three to five copies of the
luciferase gene were detected for each of the cell linesodid not be distinguished, in how
many different cell “types” the copy numbers spig. In cell line HSPX 7 three insertion
points were detected, the cell line could therefamesist of three cell “types”, each carrying
one copy of the luciferase gene, or of two celp#y”, the first carrying two copies and the
second carrying one copy.

The number and particularly the intensity of bandsresponded to the Luciferase activity
(Table 15). The cell lines HSPX 3 and HSPX 5 wita highest Luciferase activity of around
40 000 and 23 000 RLU/2s respectively, showed tmd five clearly visible bands of the
luciferase gene. In contrast, cell line HSPX 7 showed thiggty visible bands and also the
lowest Luciferase activity of only 469 RLU/2s.

The intensity of the bands might probably be takesna measure of the percentage of

transformed cells of which the specific callus ordtconsists at a given time.

Table 15: Luciferase activitiy and number of banflestablished callus cell lines used
Southern Blot analysis.

callus cell line LUC-activity [RLU/2s] Copy number
HSPX 3 39 581 4
HSPX 7 469 3
HSPX 5 22 576 5

Western blot analysis was repeated with proteimaetd from tobacco callus cell cultures
transformed with the same HSPX construct. Howed&R X extracted by cell cultures could

never be detected by Western blot.
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4 DISCUSSION

Production of plant metabolites or recombinant g@ret in plant suspension cultures offers
many advantages. Nevertheless, for the efficiendyction of recombinant proteins two
major challenges have to be overcome. One challemgbe relative low protein yield
achieved in plant cell cultures. This problem igmewnore severe if the recombinant protein
contributes only to a small percentage of the tptatein content of the cells. Another
challenge is the instability in expression of botitive genes and transgenes shown in cell
cultures (Schillberg, 2003; Hellwig, 2004; Ketchamd Gibson, 1996; James and Lee, 2005).
To increase and stabilize protein expression intpaspension cultures in general different
strategies were applied. One strategy was to eehdine protein content per cell by
influencing the metabolism of the given cells. Thisuld be achieved by either the
enhancement of protein production or by minimizprgtein degradation. Such approaches
were demonstrated by Baur et al. (2005), who adutedoexpressed stabilizing agents to
enhance the recovery of a secreted recombinant mgmoavth factor inPhyscomitrella cell
cultures, or by Soderquist and Lee (2005), who eobad the production of recombinant
proteins from plant cells by the application of @it stress and protein stabilization through
the addition of mannitol and bovine serum albuni8A).

In the present work another strategy was investdjaBy Agrobacterium — mediated
transformation of a cell culture a high amount ehetically different cells were obtained.
Starting with this heterogeneous cell culture, lgrlls should be selected which express the
transgene at a high level and so produce the t@rgéein at a high percentage of the total
protein content.

By selecting these cells a high producing cellumaltshould be established. Even though the
production rate of total protein would not be irased, the percentage of the recombinant
protein in such a cell culture would increase. ds o be pointed out that this strategy is
supplementary and not alternative to the previdustegies to increase the total protein
production in plant cells. Possible reasons fohhegpression of the transgene could be due
to: transgene incorporation in an active gene regiacorporation into cell types with either
reduced protein degradation or higher metaboligesrar higher gene expression because of
insertion of multiple copies.

By using the present approach cells were achiexprtessing a recombinant target gene at a
high level and accumulating in the cell culturénertby means of chemical or in the case of

callus by manual selection or a combination of¢hes
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The investigated strategy to establish a high primdu suspension culture involved the
coexpression of a selectable marker and targetbepgene under control of the same
promoter. Therefore dicistronic transformation west were constructed and used for
transformation. As a part of our efforts to optieithe process of recombinant protein
expression in plant suspension cultures, we wese aiterested in gaining a broader
perspective into the stability of transgenes andirthexpression through successive

generations.

4.1 Establishment of a system for direct transformationof plant
suspension cells

Different strategies are used to establish a temsgsuspension culture. One approach is to
regenerate transformed plants and subsequentiaténitransgenic cell cultures from these
transgenic plants. In another approach wild typke @dtures are transformed to obtain a
transgenic cell culture. In some other studied firgnsgenic plants have been established,
selected and characterized and later cell cultoaee been derived out of these plants (Firek
et al., 1993; Girard et al., 2004). In the presswidy another concept was chosen. Here
benefit should be made from a heterogeneous podliftdrent transformation events by
inoculation of plant suspension cultures with aguibria. Subsequently these cells that
showed high expression rates of the desired tagygae were selected preferentially by
chemical means.

In this work a cocultivation system for plant susgien cultures in a suction strainer was
developed and successfully applied. The describeculivation system provides the
advantages of simultaneous transformation of alflexvolume of suspension culture cells
and successive coculture and washing proceduteisdame container minimising the risk of
losing cell material in the washing process. In pamnson to the establishment of suspension
cultures derived from transgenic plants, the diteahsformation of a suspension culture
offers a more heterogeneous mixture of differettipsformed cells.

Routinely we cocultivated 50 or 100 ml of suspensialtures in a suction strainer. The use
of such a large number of cells could lead to wdifferent environments in the strainer,
influencing such things as the moisture of the calture or the availability of oxygen in
different cell layers.

The distribution of transformation events in thectgan strainer was analysed by X-Glc-
staining of suspension cells transiently expressanglucuronidase gene. Glucuronidase
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activity could be detected spot wise in all cejldes above the holes of the suction strainer as
well as spread over big areas of cells both incr@re and at the edge of the funnel (Fig. 1).
Blue cells were discovered not only in the top tagethese wide spread areas, but also in
some deeper layers

Colour formation of the X-GIcA substrate requirbsee separate reactions: after enzymatic
turnover, the released indoxyl derivative dimeriaesl is subsequently oxidized to the final
indigo dye. That means the final step of the deirateaction requires oxygen for formation
of the blue dye. The blue staining was most cleadiple on the surface of the cell culture or
near the holes of the suction strainer. It musas®mumed that there is an oxygen gradient in
the suction strainer, and that the oxygen conceaoitravas higher in the superficial cell layers
of the cell culture or near the holes at the bottdrthe suction strainer. This might indicate
that at areas with higher oxygen supply the deieatif Glucuronidase activity will be better,
whereas the transformation rate will not be higlser, even cells in deeper layers could have
been transformed, but possibly this was not dededte to lack of oxygen. The heterogeneity
of the distribution of transformed cells in theastier could also be less pronounced than
expected.

The conclusion drawn from the X-Glc staining wasntaned, which is that the cells were
mixed before continuing the cultivation processmixing of cells also guarantees that cells
which suffered from the specific conditions in thection strainer like for example low
oxygen availability were properly mixed with moredithy cells and equally distributed over

the samples used for further investigations.
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4.2 Independent expression of a SMG and reporter gel

Vectors pGll 0229 MAS gus IRES luc (GUS constructand pGll 0229 MAS hspx IRES
luc (HSPX construct)

Reduction or loss of Luciferase expression was roksgein the present study when the
selectable marker gene was expressed under thelcohanother promoter than the reporter
gene.

This was the case in tobacco callus cultures toamsdd with the GUS construct. Even though
some transgenic cells proliferated well on the EBBiitaining medium, these cells did not
show high Luciferase activity. Furthermore LucifsFaexpression could not be increased
despite picking the brightest part of the cell tdus each month (Fig. 3).

Similar observations were made with suspensionursgt transformed with the HSPX
construct: whereas thbar gene in these suspension cultures was active aoddpd
herbicide tolerance to the well-proliferating trgesic cells, expression of the Luciferase
gene dropped completely (Table 14).

Register et al. (1993) reported similar observatidrhis group transformed maize plants with
vectors carrying two distinct expression cassettea non-selectable expression cassette
containing theuidA gene for Glucuronidase expression and a selecigdabe expression
cassette containing thmr gene. Where there was no difference in the nurabertegrated
bar and uidA expression cassettes, differencesaimsgiene expression were reported. The
non-selectableidA gene was expressed in fewer plants than was kbetagle transgene.

One possible reason for the loss of reporter getigity could be the silencing of the reporter
gene. However, a quantitative comparison whetheh silencing events take place more
often in dedifferentiated cell cultures than infeli€ntiated tissues or plants cannot be decided

from the present study.
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Application of manual selection for enrichment of arget gene production

Because all cell cultures in the present study wemasformed with dicistronic vectors
carrying theluciferase reporter gene as second cistron behind the IRE®ezit, manual
selection according to Luciferase expression wasipte. By applying manual selection to
callus cultures, which was always done additiontdlghemical treatment, it was possible to
establish cell lines showing high Luciferase at§ivWia picking of high luminescent callus
parts, the Luciferase activity of one Hspx and feraise expressing cell line could be
increased to nearly 40 000 RLU/2s. These resuliscansistent to experiences made in
classical production systems for secondary metsoliln Catharanthus roseus cell
suspension cultures high alkaloid production coutdy be achieved by manually picking
fluorescent callus parts, but subsequent rapid @dsproductivity occurred, when clonal
selection was not applied permanently (Deus-Neuntanand Zenk M., 1984). In former
studies with secondary metabolites it has beenrebdethat cell cultures lose their high
production capacity during culture periods withaalection pressure. To overcome this
problem in our study, selection pressure was miaiedathrough chemical selection during
the growth phase of calli. Indeed this approacHhdstabilize the high productivity that was
obtained in the selection steps. However, permamamtual selection is only possible with
callus cultures and cannot be applied for suspansidtures, especially when suspension

cells are cultivated in closed containers sucleaaénters.
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4.3 IRES-mediated coexpression of a SMG and a reporteyene

Growth of transgenic cell cultures

The value for water content of the transformed sekécted callus material was taken as a
parameter for the enrichment of transgenic cellhécell culture due to chemical selection
and was compared to the water content of unseleetéd
The water content percentage in cell cultures Wgwakies in different stages of the growth
curve. Immediately after subculture, cells normaliyw a low degree of vacuolization and a
relatively high dry matter percentage, which is #aene as a low value of water content.
Water uptake increases as well as the size and ewaflvacuoles during the growth phase
and specifically in the late stationary phase. Tikigndicated by a general increase of the
water content. In contrast, a comparatively low evatontent value at the end of the
subculture may also represent a higher percentadeanl cells due to the selection process.
The water content percentage of the transformedsatetted callus material was therefore
measured to see if differences could be observadhwhay be linked to the percentage of
dead cells caused by the influence of the toxiecti®le agents.
As shown in Chapter 3.1, the cocultivated cell undltin the Buchner funnel consisted of a
mixture of untransformed and transformed cellse&ele agents were therefore applied to
select for the transgenic cells and to drive theamsformed cells to extinction. Dead cells
should have released their water content wheream#oluble parts of the dry matter should
have persisted at least to some extent in the reultessel thereby increasing the measured
value for dry matter.
With the ongoing selection procedure, the wateteunof transgenic selected callus cultures
shifts to the same level as the water contentamisggenic non-selected callus cultures.
As Figures 8 and 13 illustrate, the values of watertent of cell cultures transformed with
one of both transformation vectors and selectechenbicides or antibiotics increased to a
similar water content value as the non-selectedsgenic callus cultures, which ranged
between 96 and 98% after a period of ten weekstpastformation.
It has to be pointed out that any conclusion whetthese effects were caused by the selection
process have to be taken with care since the dlifference lies well within the fluctuation
that a normal cell culture shows throughout differgrowth stages. The same caution has to
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be applied for the conclusion that the differeraesdue to the percentage of dead cells in the
culture. It may also be the consequence of ungpestifess exerted by the selective agents
even for tolerant cells.

The necessary caution must also be applied forgrelvth under salt selection. Here the
water content values calculated for transgeniasatlltures treated with NaCl remained on a
similar low level during the whole investigationrjpel. Since NaCl has an osmotic effect on
plant cells, dehydration of the cells is causedN&Cl. In contrast, PPT and G418 do not
change osmolarity of the plant medium, so thisafé®uld only be observed in cell cultures
treated with NaCl.

Luciferase expression in transgenic cell culture

To summarise the selection experiments with caflod suspension cultures carrying the
BAR construct, it can be reported that chemicad&@n on the selectable marker gebar (
gene) which is under control of the same promosetha reporter gene reliably yielded the
highest expression of thkiciferase gene. Whereas cell cultures selected on the other
selectable marker genapfll gene) driven by a distinct promoter, obtained engarably
lower Luciferase expression. Luciferase activity a#ll cultures treated with G418 also
decreased during the investigation period. Withapplying chemical selection, the cell
cultures lost Luciferase expression.

In suspension cultures transformed with the BARstmrtt the same trends were observed.
However, higher Luciferase activity levels thancallus cultures were obtained. We assume
that usage of selective agents in suspension esligrmore efficient than in callus cultures,
because in suspension cultures all cells (or ckisters) are in direct contact to the

surrounding medium and the selective agent.

Luciferase activity of cell cultures transformedtwihe PR10a construct and not treated with
any selective agent was detectable over the whaolestigation period. In manually
preselected callus cultures two clones even excedlde detectable level of Luciferase
activity at the end of the investigation period.e@Gfical selection on theR10a gene which is
controlled by the MAS-promoter in the same expEssiassette as thaciferase gene, did
not lead to the highest Luciferase activity.

Highest Luciferase expression was measured aft€rtfeatment in cell cultures transformed
with the PR10a construct.
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Similar results were observed in suspension cudttrensformed with the same construct and
treated with the same selective agents. Suspensitures showed an up to ten times higher
Luciferase activity than the callus cultures.

4.4 Comparison of theefficiency of selection regime

In the present study different types of selectiegimes such as herbicides, antibiotics and
salts were applied.

Against our expectations the highest Luciferasaviagtcould be achieved in tobacco
suspension cultures transformed with the PR10ateansand chemical selection exerted by
PPT. The resistance against the herbicide PPT wasded by thebar gene which in these
transgenic cell cultures was driven by a NOS-pr@mavhereas expression of theiferase
gene was controlled by a MAS-promoter. So herehiigh expression of the model target
gene luciferase was caused by selection through a selectable may&ee driven by a
promoter different from the promoter controllingttarget gene. In this case silencing effects
should occur for both genes to the same degreglsdt shows that in this case herbicide
selection was more effective than antibiotic or oBmselection.

Similar results are described by Register et &94). They reported from experiments with
transgenic maize plants that selection on bialogagsecursor of PPT), mediated by tiae

or pat genes, was more efficient, than the selectionasrakycin, mediated by tmptll gene.
While working with toxic substrates the transforimoat efficiencies might be suboptimal
because dying untransformed cells may inhibit fiansed cells from proliferating by
secreting inhibitors or by preventing essentiafrieats from reaching the living transformed
cells (Haldrup et al., 1998).

The inhibition of glutamine synthetase by PPT rssirl an accumulation of ammonium to
toxic levels for all plant cells. For non-photodyetic tissues growingn vitro, it is not clear
which biochemical mechanisms are responsible f@& #&mmonium production. When
photosynthesis and photorespiration are minimaé temaining possible sources for
ammonium are nitrate assimilation and metabolicg@sses. De Block et al. (1995) did not
find a correlationin vitro between nitrate assimilation and ammonium produag¢tbut they
reported that the mechanism of PPT toxicityitro is largely determined by the metabolic
activity of the tissue. Tissues with a high metabattivity are more sensitive to ammonium,

while tissues with a low metabolic activity are maensitive to glutamine deprivation.
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Measured by the settled cell volume at the end séwen day long subculture period, the
suspension cultures showed the lowest incrememelbfmass during PPT treatment. This
could be due to the harmful effect of ammonium jdns#t also due to the observation that
high producing cells showed lower growth. That kmghduction cultures show growth
inhibition upon subculture, whereas non-producinfjuces show little growth inhibition was
reported by Kim et al. (2004), who investigated #ifect of subculture and elicitation on
instability of taxol production infaxus suspension cultures. They assumed that the growth
inhibition may be an indication of cellular differgation leading to cell death occurring in the
high producing cells within the culture and thaggé cells emit chemical signals to switch
cells into a high producing state. Such an explanatan probably be ruled out for our cell
lines as well, where a recombinant protein is peeduwhich was probably not participating

in special differentiation processes of the plaatisc
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4.5 Enhancing effect of thePR10a gene on transgene expression

Pathogenesis-related (PR) proteins are expressedirtmally all plants in response to
pathogen infection and, in many cases, in respomsabiotic stresses as well. The PR10
protein family consists of relatively diverse memsb@nd more than 100 PR10 or PR10-
related sequences have been identified from vafliougering plants. PR10 proteins are not
only involved in plant defence, but display sevedtitional functions, including a role in
developmental processes and enzymatic activitiessanondary metabolism (Liu and
Ekramoddoullah, 2006). Srivastava et al. (2004brigl that the constitutive expression of a
pea PR10 gene iBrassica napus enhances their germination and growth in the presef
NaCl. Recently salt tolerant potato cell cultureavédn been achieved at DSMZ by
overexpression of the potaRR10a gene (El Banna, 2008). PR10a expressing callveeri
from transgenid\icotiana tabacum strain SR1 plants showed growth up to a levelGdf &M
NaCl. This is a clearly higher salt tolerance thlam 50 mM salt tolerance which could be
obtained in the present study fidrcotiana tabacum strain Bruessel cell cultures expressing
the saméR10a gene.

More remarkable than the moderate salt toleranaeged by thePR10a gene is the effect on
transgene expression in cell cultures transformidda tvis construct. Even in non-selected cell
cultures, calli transformed with tHféR10a gene containing transformation vector showed an
up to 20 fold higher Luciferase activity than callansformed with the BAR construct.
Whereas non-selected cell cultures transformed thith BAR construct showed an initial
Luciferase activity of only 150 RLU/2s and then quetely lost the transgene expression,
Luciferase activity of non-selected cell culturesnsformed with the PR10a construct ranged
between 500 and 3 000 RLU/2s. Thus, incorporatibthe Solanum tuberosum derived
PR10a protein into tobacco cell cultures enhanhecekpression of thieiciferase gene. This
enhancing effect was obtained in three differesmgformations. Although the expression of
Luciferase was higher in these cell cultures, ttaal protein content remained similar to cell
cultures containing the BAR-construct and did matéase (data not shown).

In general, functions of the PR10 proteins areé stiknown, but some PR10 proteins may
interact in plant cells with other proteins. Itgessible that some PR10 proteins might have
evolved the capacity for catalytic activities armdiigand-binding activities due to selective
pressure (Liu and Ekramoddoullah, 2006).
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4.6 Experiments using the HSPX protein as an example rfgractical
application

The final aim of the present study was the improseinof recombinant protein production by
plant cell cultures. As a practical example of erait importance the HSPX protein from
Mycobacterium tuberculosis was chosen. HSPX is already used by Lionex companthe
production of ELISA kits for diagnosis of tubercsi®. The Lionex company is located in
Braunschweig close to DSMZ and they providedhfex gene as well as antibodies for the
detection of the protein. Lionex is interested lteraative production systems, because the
high hydrophobicity of HSPX causes problems forghaduction in transformeH. coli such

as formation of inclusion bodies.

Dicistronic transformation vectors have been appli;mm which the target genbspx is
coexpressed with kuciferase gene mediated by an IRES-element. Transient idditfration
assays for functionality testing of the vectors éndween carried out as well as stable
transformations of cell cultures.

The only case in which recombinant HSPX expressidiobacco was detectable by western
blot analysis in this work, was transient HSPX esggion in leaf-infiltratedN. benthamiana
plants. In transgenic tobacco cell cultures co-esging thduciferase andhspx genes HSPX
was not detectable by Western blot analysis. Toiddcbe due to different reasons. First the
total protein content of leaves is much higher thantotal protein content of cell cultures.
Since transgenic plant material usually expressmssgenes in low yield of an estimated
range between 0.1 to 1% of the total protein canteée recombinant protein yield might have
been beyond the detection level. Another reasoiddoel the low number of producing cells
in a suspension culture. Chemical selection orséhectable marker gene which in the HSPX
construct was controlled in a separate expressamsette than the target protein did not
necessarily result in high luciferase activity.comtrary, suspension cultures which were only
chemically selected with Phosphinotricin lost theuciferase activity after 14 months of
subculture. Only in callus cultures was it probabbssible to achieve a high transgene yield
judged by Luciferase monitoring and manual selectio high luminescent callus parts. Just
recently after a very long selection process ifdusatultures comparably high levels of
Luciferase activity could be achieved as by leéftration (100 000 RLU/2s). Possibly in this
high Luciferase expressing callus culture (40 OQWARS) the HSPX is also expressed in a

detectable amount.
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Reasons for the difficult detection of the HSPX tpno could come from incomplete
extraction due to the high hydrophobicity of thiegein. Such difficulties could occur in the
extraction process but also hinder the electrofloaile separation of the protein. The
possibility that production and glycosylation irapts may affect the antibody binding and
thus handicap the immunological detection in thesi& blot is unlikely since the detection
was possible usinggrobacteriunmtinfiltrated transient expressing tobacco leavasalfy this
problem could not be solved in the present study.

Callus cultures carrying the HSPX construct andiched for Luciferase expression by
manual selection were analysed by Southern hylatidis (Fig. 28). The two cell lines with
the highest Luciferase activity show the highesihber of bands which means the highest
number of different integration loci. From this $wern blot it cannot be concluded whether
these integration loci occur in different cellssawveral within the same cells. These cell lines
show also the highest intensity of bands (Table TBg intensity may be taken as measure for
the percentage of cells carrying gene insertiortheéncell culture. One cell line showed four
bands inserted probably representing four diffenesertion loci, the other one five. It has to
be pointed out again that it is not clear, how ¢hassertion loci are distributed over the

heterogeneous mixture of cells in the culture.
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5 CONCLUSIONS

In transgenic cell cultures carrying the BAR couastrthe highest and most stable Luciferase
expression was achieved after selection on thetable marker gene which is coexpressed
with the reporter gene; whereas non-selected gklires lost transgene expression.

However, in transgenic cell cultures carrying BR1l0a gene the highest Luciferase activity
was measured, no matter if and which selectivetagas used.

Besides, it could be shown, that not only the pmsitf the SMG is important but also its
selection efficiency.

In respect to Luciferase expression selection om ®Bs more efficient than selection on
G418 or NaCl, regardless if thar gene was under control of the same or another gieam
than thduciferase gene.

It turned out that, th®R10a gene cannot be used in tobacco strain Bruesdetudalres for

selection on NaCl, because it provided only miradt tolerance.

In summary, it was demonstrated that the newlygiesl dicistronic transformation vectors
can be used

1) to increase expression stability of a targeedganits coexpression with a selectable marker
gene; and

2) to enrich production of a target protein by quession with a detectable reporter gene

such asuciferase as a tool for manual selection.
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6 OUTLOOK

Dicistronic transformation vectors can be usedatstto express recombinant proteins in cell
cultures on reliably high levels. By placing thdestable marker gene as second cistron
behind the IRES element the efficiency of the dioisic vector might even be exaggerated,
because the IRES-mediated translation in generblwer compared to the cap dependent
translation.

The functionality of thebar or nptll or PR10a genes as selective markers behind the IRES
element needs to be demonstrated and an appropei&etion regime has to be established
for different plant systems or species.

The PR10a gene might be a good option for a selectable nnagkae in other plant species
than N. tabacum strain Bruessel cells, because a non-toxic setedigent can be used.
Recently, it could be shown in DSMZ that tRR10a gene provided high salt tolerance in
potato cell cultures and plants and also in otblea¢co species (El Banna, 2008).
Polycistronic constructs for parallel monitoringdaselection of a target gene under control of
the same promoter might also be applicable forarebein plants, as they have long been used

in mammalian cell culture.
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8 APPENDICES

8.1 Appendix I: LS plant medium for Nicotiana tabacum L. strain
Bruessel cell cultures

LS and vitamins (Duchefa L0230) 4.402 g/l
2,4-D 0.22 mg/I
1-NAA 0.186 mg/l
Sucrose 30 g/l

Adjust to a pH of 6.
For solid medium: add 9 g/l plant agar (Duchefa@2}0

For transgenic cell cultures, the same medium waplemented with 150 mg/l Ticarcillin
and other selective agents AFTER autoclaving.

8.2 Appendix Il: LB Broth— Low Salt for Agrobacteria (Duchefa L1703)

Trypton 10 g/l
Sodiumchloride 5 g/l
Yeast extract 5 g/l
Total 20 g/l

For solid medium: add 15 g/l agar.

8.3 Appendix Ill: LB Broth — High Salt for Escherichia coli (Duchefa

L1704)
Trypton 10 g/l
Sodiumchloride 10 g/l
Yeast extract 5 g/l
Total 25 g/l

For solid medium: add 15 g/l agar.
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8.4 Appendix IV: SOC-Medium for heat shock transformation and
electroporation

Tryptone 20 g/l
Yeast extract 5 g/l
Sodium chloride 10 mM 580 mg/l
Potassium chloride 2,5 mM 186.4 mg/I
Magnesium chloride sextahydrate 10 mM 2.033 g/l

For 250 ml SOC, add 5 il M sterile-filtrated glucoseafter autoclaving the SOC.

8.5 Appendix V: MMA for tobacco leaf infiltration

MS salt and vitamins Duchefa M 0222 4.6 g
Sucrose 20 g/l
MES 1.95 g/l

NAA 0.5 mg/l

Adjust the pH to 6.3.

8.6 Appendix VI: MS 0 for Nicotiana tabacum SR1 transformation

MS-salt and vitamins (Duchefa M 0222) 4.4 g/l
MES Monohydrate (Duchefa M 1503) 0.25 g/l
[solid: sucrose 20 g/l
plant-agar 8.5 a/l]

Adjust pH to 5.6 to 5.8 using 1 N KOH.

8.7 Appendix VII: MS 1 for callus and shoot formation

MS salt and vitamins (Duchefa M0222) 4.4 g/l
MES Monohydrate 0.25 g/l
Sucrose 20 g/l
Plant-agar (Duchefa P 1001) 8.5 g/l
NAA (o-Naphtalene acetic acid) 0.5 gll
BAP (6-Benzylaminopurin) 1.0 g/l

Adjust to a pH of 5.6 — 5.8.
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8.8 Appendix VIII: MS 2 for root generation

MS-salt and vitamins (Duchefa M0222) 4.4 I g
MES Monohydrate 0.25 g/l
Sucrose 20 g/l
Plant-agar 8.5 g/l
BAP 0.2 g/l

Adjust to a pH of 5.6 — 5.8.
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