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(57) Abstract

The invention concems the use of recombinant nucleotide sequences containing cDNA. coding for a produodenal lipase, or any
sequence derived from this cDNA for transforming plant cells in order to obtain recombinant preduodenal lipase or polypeptide derivatives.
The invention alsc concems the use of genetically modified plants or pants thereof, or extracts of these plants or the use of recombinant
preduodenal lipase or resultant polypeptide detivatives in the field of foodstuffs, or for producing medicaments, or in industry.

(57) Abrégé

L'invention a pour objet lutilisation de séquences nucléotidiques recombinantes contenant I'ADNe¢ codant -pour une lipase
préduodénale, on toute séquence dérivée de cet ADNc, pour la transformation de cellules végétales en vue de I'obtention de lipase
préducdénale recombinante, ou de polypeptides dérivés. Linvention conceme également |'utilisation des plantes, ou pardes de plantes,
transformées génétiquement, ou d’extraits de ces végétaux, ou de lipase préducdénale recombinante ou polypeptides dérivés obtenus, dans
le domaine de I'alimentation, ou pour 1’obtention de médicaments, ou encore dans le domaine industriel.




ABSTRACT

RECOMBINANT PREDUCDENAL LIPASES AND POLYPEPTIDES DERIVATIVES
PRODUCED BY PLANTS, PROCESSES FOR OBTAINING THEM AND THEIR
USES

The invention concerns the use of recombinant nucleotides
sequences containing cDNA coding for a preduodenal lipase, or
any seguence derived from thig c¢DNA, for transforming plant
cells in order to obtain recombinant preduodenal liipase or
polypeptide derivatives.

The invention also concerns the use of genetically
modified plants or parts thereof, or extracts of these plants
or the use of recombinant preduodenal lipase or résultant
polypeptide derivatives in the field of foodstuffs, or for

producing medicaments, or in industry.

(No figure}.
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RECCMBINANT PREDUODENAL LIPASES AND POLYPEPTIDES DERIVATIVES

PRODUCED BY PLANTS, PROCESSES FOR OBTAINING THEM AND THEIR
USES

The present invention relates to the preduction, by
plants, of recombinant preducdenal lipases, in particular
recombinant gastric lipases, and to other polypeptide
derivatives of these which have a lipase activity, and to
their |uses, in particular as functional foods or in
pharmaceutical compositions or in enzymatic formulations for
agro-alimentary or industrial applications.

Doy gastric lipase (DGL) is a glycoprotein of 379 amino
acids (AA) having a meolecular weight of about 50 kilodaltons
(kDa), which is synthesized in the form of a precursor
containing a signal peptide at the amino-terminal
(NHy-terminal) end and is secreted by median cells of the
mucosa of the fundus of the stomach of the dog (Carridre F. et
al., 1991).

Human gastric lipase (HGL) is naturally synthesized in
the form of a precursor and is described in the publication by
Bodmer et al., 1987. The mature HGL protein is constituted by
379 amino acids. Its signal peptide (HGLSP) is composed of
1¢ amino acids.

These enzymes belong to a family of lipases called
"preducdenal", some wmembers of which have already been
purified and in some cases even cloned (Docherty A.J.P. et
al., 1985; Bodmer M.W. et al., 1987; Moreau H. et al., 1988;
European Patents no. 0 191 061 and no. 0 261 016).

For a long time it has been taken for granted that
hydrolysis of food lipids took place in the small intestine by
the action of enzymes produced by the pancreas (Bernard C.,
1849) .

However, findings have suggested that the hydrolysis of
triglycerides could have taken place in the stomach by the
indirect means of preduodenal enzymes (Volhard, F., 1901;
Shonheyder, F., and Volquartz, K., 1945). These enzymes, and

particular dog gastric lipase, have enzymatic and physico-
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chemical properties which differentiate them from mammalian
pancreatic lipases. These differences between gastric and
pancreatic lipases essentially relate to the following points:
molecular weight, amino acid composgition, resistance to
pepsin, substrate specificity, optimum pH of action and
stability in an acid medium.

Moreover, in vitro, under certain conditions, it is
possible to demonstrate a synergistic action between gastric
and pancreatic lipases on the hydrolysis of long-chain
triglycerides (Gargouri, Y. et al., 1989).

Several pathological situations {cystic fibrosis,
exocrine pancreatic insufficiency) where patients are totally
or partly lacking in exocrine pancreatic secretion and
therefore in enzymes necessary for hydrolysis of foods
(amylases, lipases, proteases) are known. Non-absorption of
fats in the intestine, and in particular of long-chain
triglycerides, manifests itself by a very significant increase
in steatorrhoea in these patients and by a very considerable
slowing down in weight increase in young patients. To correct
this, porcine pancreatic extracts are administered to these
subjects at mealtimes. The therapeutic efficacy of these
extracts could be distinctly improved by co-prescription of
DGL due to the sgpecificity of its action on long-chain
triglycerides.

The article by Carridre et al. (1991} describes the
purification and determination of the NHp-terminal sequence of
DGL. A process for extraction of this enzyme from dog stomachs
is also described in this publication. This process
essentially comprises steeping the stomachs of dogs in an acid
medium (pH 2.5) in the presence of water-soluble salts which
promote the salting out of lipasge in the said medium. The DGL
can be purified to homogeneity by stages of filtration over a
molecular sieve and ion exchange chromatography. The purified
DGL obtained by these processes is a glycoprotein having a
molecular weight of 49,000 daltons, 6,000 of which correspond
to sugars and 43,000 to the protein part.

Obviocus reasons of the difficulties of procurement of the
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stomachs of dogs prevent any development of this process both
in the laboratory and industrially. This results in the need
to discover a process which allows production of DGL in a
large amount, dispensing with the use of the stomachs of dogs.

The nucleotide and peptide sequences of DGL were
determined with the aim of industrial production of DGL by a
process using genetic engineering. These works have been the
subject of the international application no. WO 94/13816,
filed on 16th December 1993,

The process for the production of recombinant DGL
described in this international application claims Escherichia
coli (E. coli) as the transformed host cell which can produce
DGL.

Some difficulties encountered during preduction of
recombinant DGL by E. coli, in particular the need to culture
large quantities of E. coli in a fermenter, with high costs,
have led to Iinventors seeking other processes for the
production of this DGL.

Mammalian cells are, a priori, mwmore suitable for
expression of mammalian genes. However, their wuse poses
problems of maturation of proteins. The enzymatic equipment
which realises post-translational maturation differs from one
tissue, one organ or one species to another. For example, it
has been reported that post-translational maturation of a
plasma protein may be different if it is obtained from human
bloed or if it is produced by a recombinant cell, such as
ovarian cells of the Chinese hamster or in the milk of a
transgenic animal. Furthermore, the low expression levels
obtained with mammalian cells involve cultures in vitro in
very large volumes at high «costs. The production of
recombinant proteing in the milk of transgenic animals (mice,

sheep and cows) allows production costs to be reduced and the

-problems of the level of expression to be overcome. However,

ethical problems and problems of viral and subviral
contamination (prions) remain.
For these reasons, transgenesis of mammalian genes into a

cell could provide a route for production of new
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recombinant proteins in large quantities, at a reduced
production cost and without 1risk of wviral or subviral
contamination.

In 1983, several laboratories discovered that it was
possible to transfer a heterologous gene into the genome of a
plant cell (Bevan et al., 1983; Herrera-Estrella et al., 1983
a and b) and to regenerate transgenic plants from these
genetically modified cells. All the cells of the plant thus
have the genetically modified characteristic, which 1is
transmitted to the descendants by sexed fertilization.

As a result of these works, wvarious teams concerned
themselves with the production of mammalian recombinant
proteins in plant cells or in transgenic plants (Barta et al.,
1986; Marx, 1982). One of the first truly significant results
in this field was the production of antibodies in transgenic
tobacco plants (Hiatt et al., 1989).

To express a heterologous protein in the seed, the
protein storage site in plants, Vandekerckhove's team (1989)
fused the sequence which codes for leu-enkephalin to the gene
which codes for the 2S albumin of Arabidopsis thaliana. With
this construction, transgenic rape plants which express the
leu-enkephalin gpecifically in the seeds at expression levels
of the order of 0.1% of the total proteins were produced. In
1990, Sijmons and colleagues transferred the gene of human
serum albumin into cells of tobacco and peotato. Whatever the
origin of the signal peptides (human or plant}, human serum
albumin levels of the order of 0.02% of the total proteins
were obtained in potato leaves, stems and tubers.

Other mammalian recombinant proteins have also Dbeen
produced in plants: the surface antigen of hepatitis B (Mason
et al., 1992), interferons (De Zoeten et al., 1989; Edelbaum
et al., 1992; Truve et al., 1993); a murine anti-Strepteococcus
mutans antibody, the agent of dental caries (Hiatt and Ma,
1992; Ma et al., 1994), fragments of the scFV anti-cancer cell
antibody (Russel D., 1994), an anti-herpes antibody (Russel
D., 1994), hirudin (Moloney et al., 1994}, the cholera toxin
Hein R., 1994) and human epidermal growth factor (EGF) (Higc
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et al., 1993).

All of these regsearches have demonstrated that the
production of mammalian recombinant proteins in plant cells is
possible and that the mechanisms of synthesis of proteins from
DNA sequences are similar in animal cells and plant cells.
However, some differences exist between plant and animal
cells, in particular in the maturation of polymannoside
glycans into complex glycans, or in the c¢leavage sites of
signal peptides, and it thus cannct be ensured that active or
sufficiently active mammalian proteins are obtained by
transformation of plant cells.

The inventors have demonstrated that the use of plant
cells transformed by an appropriate recombinant nucleotide
sequence allows recombinant DGL, or recombinant HGL, or
polypeptides derived from these having a sufficient enzymatic
activity to be capable cf being developed in an industrial
application to be obtained.

The aim of the present invention is to provide a new
process for the production, by plants, of mammalian
recombinant preduodenal 1lipases, and wmore particularly of
recombinant DGL or HGL, or polypeptides derived from these
having an enzymatic activity, and more particularly a lipase
activity, such that the said recombinant lipases or their
derived polypeptides can be used industrially.

Another aim of the present invention is to provide tools
for carrying out such a process, in particular new recombinant
nucleotide sequences, genetically transformed plant cells,
genetically transformed plants or parts of plant (notably
leaves, stems, fruits, seeds or grains, roots) and genetically
transformed fragments of these plants or parts of plants.

The aim of the invention is also to provide new mammalian
recombinant preducdenal lipase(s), or any derived polypeptide,
which are enzymatically active and are obtained from
genetically transformed plant cells or plants.

The aim of the invention is also to provide new enzymatic
compositions which can be used in the context of carrying out

nzymatic reactions, in particular on an industrial scale.
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The aim of the invention is- also to provide new
pharmaceutical compositions, in particular in the context of
treatment of pathologies associated with a deficit in the
production of lipase in the organism, such as cystic fibrosis.

Another aim of the present invention is to provide new
fuels, also called bicfuels, which have the advantage of being
less polluting than fuels derived from petroleum and of being
cheaper to produce.

The invention is illustrated below with the aid of the
following figures: )

- Figure 1 shows the nucleotide sequence of the c¢DNA, of
which the nucleotides situated at positionsg 1 to 1,137 code
for the DGL shown on Figure 2, and corresponding toc SEQ ID NO
2,

- Figure 2 shows the amino acid sequence of the DGL, and
corresponding to SEQ ID NO 2,

- Figure 3 shows a nucleotide sequence derived from the
cDNA shown on Figure 1, and corresponding to SEQ ID NO 1, the
nucleotides situated in positions 1 to 1,137 of the said
derived sequence coding for the DGEL shown on Figure 2, and
corresponding to SEQ ID NO 2,

- Figure 4 shows the nucleotide sequence of the cDNA of
which the nucleotides situated in positions 47 to 1240 code
for the precursor of the HGL of 398 amino acids, and the
nucleotides situated in positions 104 to 1240 code for the
mature HGL of 379 aminc acids,

- Figure 5 shows the amino acid sequence of HGL, the
precursor of HGL being delimited by the amino acids situated
at positions 1 and 398, the mature HGL being delimited by the
amino acids situated at positions 20 and 398,

~ Figures 6, 7 and 8 show the results of immunodetection
experiments of the "western" type on recombinant polypeptides
produced by the leaves and seeds of the tobacco Xanthi, rape
seeds and tomato leaves and fruits, asz transformed with the
aid of recombinant sequences according to the invention,

- Figures 9 and 10 show respectively the analysis by
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transfer of this gel onte nitrocellulose membrane and
revelation from a dog gastric anti-lipase antibody, of the DGL
purified from tobacco leaves,

- Figure 11 shows an example of the detection on membrane
of glycanic residues of the recombinant DGL,

- Figure 12 shows the analysis by electrophoresis on
polyacrylamide gel of the DGL purified from rape seeds,

- Figures 13, 14 and 15 illustrate the various tests
carried out in the context of the preparation of methyl oleate
from transformed seeds according to the invention.

The present invention relates to the use of a recombinant
nucleotide sequence containing, on the one hand, a c¢DNA which
codes for any mammalian preduodenal lipase, namely the lipases
whose nucleotide sequences which code for these have a
prercentage homology of at least about 75%, in particular of
about 77% to about 85%, and of which the amino acid sequences
have a percentage homology of at least 70%, in particular of
about 80% teo about 90% and having the property of being acid
resistant and of being active at a pH of about 1 to about 5,
and more particularly at a pH of about 1.5 to about 2, in
particular a c¢DNA which codes for any mammalian gastric
lipase, or a cDNA which codes for any polypeptide derived from
the preduodenal lipases mentioned above by the addition and/or
suppression and/or substitution of one ({(or more) amino
acid(s), this derived polypeptide having the properties
described above for preduodenal lipases and, one the other
hand, elements which allew a plant ecell to produce the
preduodenal lipase coded by said cDNA, or to produce a derived
polypeptide as defined above, in particular a transcription
promoter and a transcription terminator recognized by the
transcription machinery of plant cells, for the transformation
of plant cells with a view to obtaining, from these cells, or
from plants obtained from these, a mammalian recombinant
preducdenal lipase in active enzyme form or one {or more)
polypeptide(s) derived from the latter as defined above.

The present invention more particularly relates to the

e of a recombinant nucleotide sequence containing, on the
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one hand, the cDNA shown on Figure 1, which codes for the dog
gastric lipase ({(DGL) shown on Figure 2, or a nucleotide
sequence derived from this ¢DNA, in particular by addition
and/or suppression and/or substitution of one (or more)
nucleotide(s}), the said derived sequence being capable of
coding for a polypeptide, the amino acid segquence of which is
identical to that of the DGL shown on Figure 2, or for a
polypeptide derived from the DGL by addition and/or
suppression and/or substitution of one (or wore) amino
acid(s), this derived polypeptide having a lipase activity,
and, on the other hand, elements which allow a plant cell to
produce the polypeptide coded by the said cDNA or by an above
mentioned derived sequence, in particular a transcription
promoter and a transcription terminator recognized by the
transcription machinery of plant cells (and more particularly
by the RNA polymerases of the latter), for transformation of
plant cells in order to obtain, from these cells or plants
obtained from the latter, recombinant DGL in active enzyme
form or one (or more) polypeptide(s) derived from the latter
as defined above.

The invention also relates to any recombinant nucleotide
sequence as described above containing, as the c¢DNA, that
shown on Figure 1, or a nucleotide sequence derived from the
lakter as defined above.

In this respect, the invention more particularly relates
to any recombinant nucleotide sequence as described above
containing the cDNA shown on Figure 1, which codes for the dog
gastric lipase (DGL) shown on Figure 2.

The invention more particularly also relates to any
recombinant nucleotide sequence as described above containing
a nucleotide sequence derived from the cDNA shown on Figure 1,
the said derived nucleotide sequence being as defined above
and coding for the dog gastric lipase (DGL) shown in Figure 2.
Such a derived sequence is advantageously that shown on Figure
3, and corresponds tc that shown on Figure 1 in which the

nucleotide A in position 12 is replaced by the nucleotide G,
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C, and the nucleotide A in position 15 is replaced by the
nuclectide T,

The recombinant nuclectide sequeneces according to the
invention advantageously contain one (or more} sequence(s)
coding for a peptide which 1s responsible for directing the
recombinant polypeptides of the inventicn (that is to say the
recombinant DCL or the above mentioned derived polypeptides)
into a specific compartment of the plant cell, in particular
into the endoplasmic reticulum or into the vacuoles, or even
outside the cell, into the pectocellulosic wall or into the
extracellular space, also called the apoplasm.

Among the transcription terminators which can be used for
transformation of plant cells in the context of the present
invention there may be menticned the terminator polyA 35S of
the cauliflower mosaic virus (CaMV) described in the article
by Franck et al., 1980 or the polyA NOS terminator, which
corresponds to the non-coding region 3' of the gene of
nopaline synthase of plasmid Ti of Agrobacterium tumefaciens
strain with nopaline (Depicker et al., 1982).

In this respect, the invention relates to any recombinant
nucleotide sequence as described above containing, downstream
of the said cDNA or of its derived sequence, the terminator
polyA 358 of CaMV or the terminator polyA NOS of Agrobacterium
tumefaciens.

Among the transcription promoters which can be used for
transformation of plant cells in the context of the present
invention there may be mentioned:

- the promoter 358, or advantageously the double-
structured promoter 355 (pd358) of CaMV, these promoters
allowing expression of recombinant polypeptides according to
the invention in the entire plant obtained from transformed
cells according to the invention, and being described in the
article by Kay et al., 1987,

- the promoter pCRU of the gene of cruciferin of the
radish, which allows expression of the recombinant

polypeptides of the invention solely in the seeds (or grains)
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invention and is described in the article by Depigny-This et
al., 1892,

- the promoters pGEAl and pGEA6 corresponding to the non-
coding region 5' of the genes of the reserve protein of
graing, GEAl and GEA6, respectively, of Arabidopsis thaliana
(Gaubier et al. 1993}, and allowing a specific expression in
Jgrains,

- the chimaeric promoter super-promoter pSP
(PCT/US94/12946), constituted by the fusion of three
transcripticnal activators of the promoter of the gene of
octopine synthase of Agrobacterium  tumefaciens, of a
transcriptional activator element of the promoter of the gene
of mannopine synthase and of the promoter of mannopine
synthase of Agrobacterium tumefaciens,

- the actine promoter of rice followed by the actine
intron of rice (pAR-IAR) contained in the plasmid pActl-F4
described by McElroy et al. (1991),

- the promoter of the gene of yzeine of corn (pyzeine)
contained in the plasmid py63 described in Reina et al.
{1990), and allows expression in the albumen of corn seeds.

In this respect, the invention relates to any recombinant
nucleotide sequence as described above containing, upstream of
the said ¢DNA or of its derived sequence, the double-
structured promoter 358 (pd35S8) of CaMV or the promoter pCRU
of the gene of cruciferin of the radish or the promoters pGEAl
or pGEA6 of Arabidopsis thaliana, or the super-promoter pSP of
Agrobacterium tumefaciens, or the promoter pAR-IAR of rice, or
the promoter pyzeine of corn.

The sequences which code for a directing peptide used in
the context of the present invention can be of plant, human or
animal origin.

Among the sequences which code for a directing peptide of
plant origin there may be mentioned:

- the nucleotide sequence of 69 nucleotides (indicated in
the examples which follow) which codes for the prepeptide
(signal peptide) of 23 amino acids of sgporamin A in the sweet

potato, this signal peptide allowing entry of recombinant
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polypeptides of the invention into the secretion system of
transformed plant cells according to the invention (that is to
say chiefly into the endoplasmic reticulum),

- the nuclectide sequence of 42 nucleotides (indicated in
the examples which follow) which codes for the N-terminal
vacucle-directing propeptide of 14 amino acids of sporamin A
in the sweet potato, allowing the accumulation of recombinant
polypeptides of the invention in the vacuoles of transformed
plant cells according to the invention,

- the nucleotide sequence of 111 nucleotides (indicated
in the examples which follow} which «codes for the
prepropeptide of 37 amino acids of the sporamin A made up of
the N-terminal part to the C-terminal part of 23 amino acids
of the above mentioned signal peptide followed by the 14 amino
acids of the above menticned propeptide, this prepropeptide
allowing entry of recombinant polypeptides of the invention
into the secretion system, and their accumulation in the
vacuoles, of transformed plant cells according te the
inventiocn,
the three above mentioned sequences being described in the
articles by Murakami et al., 1986, and Matsucka and Nakamura,
1991,

- the carboxy-terminal propeptide of the lectin of barley
described, in particular, in the articles by Schroeder et al.,
1993, and Bednarek and Ralkhel, 1991.

Among the sequences which code for a directing peptide of
human or animal origin, there may be mentioned those which
code for the signal peptide of human gastric lipase (HGL) as
described in European Patent no. 0 191 061, or for that of
rabbit gastric lipase (RGL) as described in European Patent
Application no. 0 542 629, the sequence of which iz indicated
in the examples which follow, or for that of human pancreatic
lipase (HPL), or also for that of dog gastric lipase (DGL) .

There can alsc be mentioned, among the sequences which
code for a directing peptide, that which codes for the
tetrapeptide KDEL and allows directing in the endoplasmic
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In this respect, the invention relates to any recombinant
nucleotide sequence as described above containing a sequence
which codes for all or part of a signal peptide, such as that
of sporamin A of the sweet potato or that of HGL or of RGL or
of DGL, this sequence which codes for a signal peptide being
situated, 1in the said recombinant nucleotide sequence,
upstream of the said cDNA or of its derived sequence and
downstream of the promoter used, such that the last C-terminal
amino acid of the signal peptide is bonded toc the first N-
terminal amino acid of the polypeptide coded by the said cDNA-
or its derived sequence in the protein coded by the said
recombinant nucleotide sequence.

The invention also relates to any recombinant nucleotide
sequence as described above containing a sequence which codes
for all or part of a vacuole-directing peptide, in particular
that of sporamin A of the sweet potato, this sequence which
codes for a vacuole-directing peptide being situated, in the
said recombinant nucleotide seguence, between the sequence
which codes for a signal peptide and that which codes for the
said c¢DNA or its derived sequence such that first N-terminal
amino acid of the vacuole-directing peptide is bonded to the
last C-terminal amino acid of the signal peptide, and that the
last C-terminal amino acid of the said directing peptide is
bonded to the first N-terminal amino acid of the polypeptide
coded by the said ¢DNA or its derived sequence in the protein
coded by the said recombinant nucleotide sequence.

The invention also relates to any recombinant nucleotide
sequence as described above containing a sequence which codes
for all or part of a wvacuole-directing peptide, in particular
that of lectin cof barley, this sequence which codes for a
vacuole-directing peptide being situated, in the =said
recombinant nucleotide sequence, downstream of the sequence
which codes for the said cDNA or its derived seguence such
that the first N-terminal amino acid of the vacuole-directing
peptide is bonded to the last C-terminal amino acid of the
polypeptide coded by the said cDNA or its derived sequence in

protein coded by the said recombinant nucleotide sequence.
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The invention more particularly relates to the following
recombinant nucleotide segquences:

- that {called pd355-PS-DGL) containing, in the direction
5! = 3', the promoter pd35S of CaMV, the sequence which codes
for the signal peptide of sporamin A, the latter being
immediately followed by the nucleotide sequence shown on
Figure 3, and then the terminator polyA 35S of CaMV,

- that (called pd35S-PPS-DGL) containing, in the
direction 5' — 3', the prowmoter pd358 of CaMV, the sequence
which codes for the prepropeptide of sporamin 2, the latter
being immediately followed by the nucleotide sequence shown on
Figure 3, and then the terminator polyA 355 of CaMv,

- that (called pd35S-RGLSP-DGL) containing, in the
direction 5' — 3', the promoter pd3sS of CaMV, the sequence
which codes for part of the signal peptide of RGL {that is to
gay for a sequence made up of the first 1% amino acids,
indicated in the examples which follow below, the 9
nucleotides which code for the last 3 C-terminal amino acids
being suppressed), the latter bheing immediately followed by
the ¢DNA shown on Figure 1, and then the terminator polyA 358
of CaMv,

- that (called pCRU-PS-DGL) containing, in the direction
5' — 3', the promoter pCRU of cruciferin, the sequence which
codes for the signal peptide of sporamin A, the latter being
immediately followed by the nucleotide seguence shown on
Figure 3, and then the terminator polyA 358 of CaMV,

- that (called pCRU-PPS-DGL} containing, in the direction
5' = 3', the promoter pCRU of cruciferin, the sequence which
codes for the prepropeptide of sporamin A, the latter being
immediately followed by the nucleotide sequence shown on
Figure 3, and then the terminator polyA 3535 of Camv,

- that (called pCRU-RGLSE-DGL} containing, in the
direction 5' — 3' the promoter pCRU of cruciferin, the
sequence which codes for a part of the DGL signal peptide (as
described above), the latter being immediately followed by the
cDNA as represented in Figure 1, or in Figure 3, and the polyA
358 terminator of CaMV,
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- that (called pGEAL1-RGLSP-DGL) containing, in the
direction 5' — 3' the promoter pGEAl of Arabidopsis thaliana,
the sequence which codes for a part of the signal peptide of
RGL (as described above), the latter being immediately
followed by the cDNA shown on Figure 1, or on Figure 3, then
the terminator polyA 358 of CaMv,

- that ({called pGEA6-RGLSP-DGL) containing, in the
direction 5' - 3' the promoter pCEA6 of Arabidopsis thaliana,
the sequence which codes for a part of the signal peptide of
RGL (as described above), the latter being immediately
followed by the cDNA shown on Figure 1, or om Figure 3, then
the terminator polyA 35S of CaMV,

- that (called pAR-IAR-RGLSP-DGL) containing, in the
direction 5' — 3' the promoter pAR-IAR of rice, the sequence
which codes for a part of the signal peptide of RGL (as
described above), the latter being immediately followed by the
¢DNA shown on Figure 1, or on Figure 3, then the terminator
polyA 358 of CaMv, or the terminator polyA NOS of
Agrobacterium tumefaciens,

- that (called pyzeine-RGLSP-DGL} containing, 1in the
direction 5' — 3' the promoter pyzeine of corn, the seguence
which codes for a part of the signal peptide of RGL (as
described above), the latter being immediately followed by the
¢DNA shown on Figure 1, or on Figure 3, then the terminator
polyA 358 of CaMv,

- that (calied pyzeine-RGLSP-DGL-XDEL) containing, in the
direction 5' — 3' the promoter pyzeine of corn, the sequence
which codes for a part of the signal peptide of RGL (as
described above), the latter being immediately followed by the
CDNA shown on Figure 1, or on Figure 3, then the sequence
which codes for the tetrapeptide KDEL, then the terminator
polyA 358 of Camv,

The recombinant nucleotide sequences of the invention
advantageously also contain a nucleotide sequence which can be
used as a marker of the said recombinant sequences, in
particular for differentiation (and thus selection) of those
the plant «cells which are transformed by the said
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Such a nucleotide sequence which can be used as a marker
of the said recowmbinant sequences is preferably chosen from
the genes of resistance to antibiotics, in particular the gene
of resistance to kanamycin.

The invention also relates to any vector, in particular a
plasmid vector, containing a recombinant nucleotide seguence
according to the invention inserted at a site which is not
essential for its replication.

The invention also relates to any c¢ell host, in
particular any bacteria, such as Agrobacterium tumefaciens,
transformed by a vector as defined above.

The present invention also relatss to any process for the
preparation of recombinant DGL in active enzyme form and/or of
one (or more) polypeptide(s}) derived from the Jlatter, in
particular by addition and/or suppression and/or substitution
of one (or more) amino acid(s), this {or these) derived
polypeptide(s) having a lipase activity, characterized in that
it comprises:

- transformation of plant cells such that one {or more)
recombinant nucleotide sequence(s) according to the invention
is {or are) integrated into the genome of these cells,

- where appropriate, production of transformed plants
from the abovementioned transformed cells,

- recovery of the recombinant DGL and/or of the above
mentioned derived polypeptide{s) produced in the said cells or
above mentioned transformed plantsg, in particular by
extraction, followed, where appropriate, by purification.

According to one embodiment of the above mentioned
process of the invention, the transformation of plant cells
can be carried out by transfer of the recombinant nucleotide
sequence of the invention into the protoplasts, in particular
after incubation of the latter in a solution of polyethylene
glycol (PEG) in the presence of divalent cations (Ca2+) in
accordance with the method described in the article by Krens
et al., 1982.

The transformation of plant cells can also be carried out
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by electroporation, in particular in accordance with the
method described in the article by Fromm et al., 1986.

The transformation of the plant cells can also be carried
out by using a gene gun which allows projection, at very high
speed, of metal particles coated with recombinant nucleotide
sequences according to the invention, thus delivering genes
inside the cell nucleus, in particular in accordance with the
technique described in the article by Sanford, 1988.

Another method of transformation of plant cells is that
of cytoplasmic or nuclear microinjection as described in the
article by De La Penna et al., 1987.

According to a particularly preferred embodiment of the
abovementioned process of the invention, the plant cells are
transformed by bringing the latter together with a cell host
transformed by a wvector according to the invention, as
described above, the said cell host being capable of infecting
the said plant cells and allowing integration, into the genome
of the latter, of recombinant nuclectide sequences of the
invention initially contained in the genome of the
abovementioned vector.

The above mentioned cell host used is advantageously
Agrobacterium tumefaciens, in particular in accordance with
the methods described in the articles by Bevan, 1984 and An et
al., 1986, or also Agrobacterium rhizogenes, in particular in
accordance with the method described in the article by Jouanin
et al., 1987.

Among the plant cells which can be transformed in the
context of the present invention there may be mentioned those
of rape, tobacco, maize, pea, tomato, carrot, wheat, barley,
potato, soya, sunflower, lettuce, rice and lucerne.

According to one embodiment of the abovewmentioned process
of the invention, the transformed plant cells according to the
invention are cultured in vitro, in particular in bioreactors,
in accordance with the method described in the article by
Brodelius, 1988, in a liguid medium, or in accordance with the
method described in the article by Brodelius et al., 1979, in

immobilized form, or also in accordance with the method
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described in the article by Deno et al., 1987, which is
carried out by culture of transformed roots in vitro.

The abovementioned in vitroc culture media are then
recovered to extract from them, and where appropriate to
purify, in particular by chromatography, the recombinant DGL
and/oxr the derived polypeptide(s) defined above produced by
the said transformed cells cultured in vitro.

According to a preferred embodiment of the abovementioned
process for the preparation of recombinant DGL and/or derived
polypeptide (s} according to the invention, transformation of
the plant cells is followed by a stage of production of
transformed plants by c¢ulturing the said transformed cells in
a suitable medium. The recombinant DGL and/or the derived
polypeptide(s) produced in the c¢ells of the whole plants thus
cbtained are recovered by extraction, carried out on the whole
plants or fragments of these plants (in particular on the
leaves, the stems or fruits), or on seeds produced by these
plants, this extraction being followed, where appropriate, by
a stage of purification of the recombinant DGL and/or of the
derived polypeptide(s).

The transformed plants used for recovery of the
recombinant DGL and/or of the derived polypeptide{s) in the
context of the abovementioned process are those of generation
T0, that is to say those obtained by culture of transformed
c¢ells of the invention on a suitable medium, or advantageously
those of the following generations (Tl, T2 etc.}) which are
obtained by autofertilization of plants of the preceding
generation and in which the recowbinant nucleotide sequences
of the invention are reproduced in accordance with the laws of
Mendel.

Among the polypeptides derived from the recombinant DGL
which can be obtained in the context of carrying out a process
according to the invention there may be mentioned:

- the polypeptide delimited by the amino acids situated
in positions 55 and 379 of Figure 2, also called polypeptide
(A54), and represented by SEQ ID NO 4, said polypeptide being
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- the polypeptide delimited by the amino acids situated
in positions 5 and 37% in Figure 2, also called polypeptide
(A4), and represented by SEQ ID NO 6, said polypeptide being
encoded by the nucleotide sequence represented by SEQ ID NO 5.

The invention more particularly relates to any process as
described above for the preparation of the recombinant DGL
shown on Figure 2 and, where appropriate, the preparation of
one (or more) derived polypeptide(s), in particular the
abovementioned polypeptide (AS4) and/or polypeptide {A4), the
said process being characterized in that the stage of
transformation of plant cells is carried out by integration,
into the genome of the latter, of a recombinant sequence as
described above containing, on the one hand, the ¢DNA shown on
Figure 1 and, on the other hand, the sequence which codes for
the signal peptide of 22 amine acids of RGL, advantageously
that which codes for the first 19 amino acides of the signal
peptide of RGL.

The invention more particularly relates tc a process for
the preparaticn, as described above, of the recombinant DGL
shown on Figure 2, where appropriate in combination with the
polypeptide (A54) and/or the polypeptide (A4), characterized
in that it comprises:

- transformation of explant c¢ells of the leaves of a
plant by bringing the latter together with a strain of
Agrobacterium tumefaciens transformed by a plasmid as
described above containing the abovementicned recombinant
nucleotide sequence pd35S-RGLSP-DGL on a suitable culture
medium,

- selection of the transformed explants on a medium
containing kanamycin,

- production of transformed plants from the
abovementioned transformed explants by culture of the latter
on suitable media,

- extraction of the recombinant DGL and, where
appropriate, of the polypeptide {A54} and/or the polypeptide
(Ad}, in parpicular by grinding the leavegs and/or the seeds

and/or the fruits of the abovementioned transformed plants in
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a suitable buffer, centrifugation and recovery of the
supernatant constituting the plant extract of enzymatic
activity,

- where appropriate, purification of the recombinant DGL
from the extract obtained during the preceding stage, in
particular by chromatography carried out on the supernatant,
which leads to the preparation of the recombinant DGL in an
essentially pure form.

The invention also relates to the use of the
abovementioned process for the preparation of the polypeptide
(A54) or the polypeptide (A4) in an essentially pure form by
purification of the latter from the extract obtained in the
abovementioned process, in particular by chromatography
carried out on the supernatant of the extraction.

The invention meore particularly relates to the
preparation of the abovementioned polypeptide (A4), where
appropriate in an essentially pure form, by implementation of
the abovementioned procesg in which the cells transformed with
the sequence pd35S5-RGLSP-DGL, are explant cells of solanaceae,
in particular tobacco or tomato.

According to one ewbodiment of the abovementioned
process, the polypeptide (A4) can be specifically obtained by
extraction from the abovementioned leaves of transformed
tobacco plants, in particular by grinding these leaves in an
appropriate buffer, centrifuging and recovering the
supernatant. The polypeptide (A4) can then be purified from
the abovementioned leaf extract, containing said polypeptide
(Ad), in particular by chromatography carried out on the
abovementioned supernatant.

The invention more particularly relates to any process as
described above for the preparation of recombinant DGL and/or
of one (or more) polypeptide(s) derived from the latter, as
defined above, characterized in that the stage of
transformation of the plant cells is carried out by
integration, into the genome of the latter, of a sequence

containing, on the one hand, the nuéleotide sequence shown on

igure 3 and, on the other hand, the sequence which codes for

/ .

<,
b2

u
Y




20

25

30

35

20

the sgignal peptide of the sporamin A described above.

Amcng the polypeptides derived from the recombinant DGL
which can be obtained in the context of carrying out the
process described above there may be mwenticned the
abovementioned polypeptide (A54) and/or polypeptide (A4) .

The invention more particularly relates to a process for
the preparation of the abovementicned recombinant DGL and/cor
poelypeptide (A54) éﬁd/or’ polypeptide (A4), characterized in
that it comprises:

- transformation of explant c¢ells of a plant (in
particular explants of leaves}) by bringing the latter together
with a strain of Agrecbacterium tumefaciens transformed by a
plasmid as described above <containing the recombinant
nucleotide sequence pd355-PS-DGL and/or the sequence pd35S-
PPS-DGL,

- sgelection of the transformed explants on a medium
containing kanamyein,

- production of transformed plants from the
abovementioned transformed explants by culture of the latter
on suitable media,

- extraction of the reccmbinant DGL,. and/or the
polypeptide (A54) and/or the polypeptide (A4), in particular
by grinding the leaves and/or the seeds and/or the fruits of
the abovementicned transformed plants in a suitable buffer,
centrifugation and recovery of the supernatant constituting
the plant extract of enzymatic activity,

- where appropriate, purification of the recombinant DGL
and/or the polypeptide (A54) and/or the polypeptide (A4} from
the extract obtained during the preceding stage, in particular
by chromatography carried out on the supernatant, which leads
to the preparation of the recombinant DGL and/or the
polypeptide (AS4) and/oxr the polypeptide (A4} in an
essentially pure form.

The invention more particularly relates to a process for
the preparation of the abovementioned polypeptide (A54) and/or
polypeptide (A4) by carrying out the process described above,

in which the transformed cells are explant cells of the leaves
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of sclanaceae, in particular tobacco or tomato.

According to a particular embodiment of the
abovementioned process of the invention, the polypeptide (As54)
can be obtained specifically by extraction from the
abovementioned transformed tobacco seeds, in particular by
grinding these seeds in a suitable buffer, centrifuging and
recovering the supernatant. The polypeptide (A54) can then be
purified from the abovementioned seed extract containing the
said polypeptide {A54), in particular by chromatography
carried out on the abovementioned supernatant.

The invention more particularly relates to a process for
the preparation of recombinant DGL and/or the polypeptide
{A54) and/or the polypeptide (A4), characterized in that it
comprises:

- transformation of explant cells of a plant by bringing
the latter together with a strain of Agrobacterium tumefaciens
transformed by a plasmid as described above containing the
recombinant nucleotide sequence pCRU-PPS-DGL  and/or the
sequence pCRU-PS-DGL and/or the sequence pGEAl-RGLSP-DGL
and/or the sequence pGEA6-RGLSP-DCL and/or the sequence PAR-
IAR-RGLSP-DGL and/or the sequence pyzeine-RGLSP-DGL and/or the
sequence pyzeine-RGLSP-DGL-KDEL,

- selection of the transformed explants on a medium
containing kanamycin,

- production of transformed plants from the
abovementioned transformed explants by culture of the latter
on suitable media,

- extraction of the recombinant ©DGL and/or the
polypeptide (A54) and/or the polypeptide (A4), in particular
by grinding seeds produced by the abovementioned transformed
plants in a suitable buffer, centrifuging and recovering the
supernatant containing the plant extract of enzymatic
activity,

- where appropriate, purification of the recombinant DGL
and/or the polypeptide (A54) and/or the polypeptide (A4) from
the extract obtained during the preceding stage, in particular

chromatography carried out on the supernatant, which leads




22

to the preparation of the recombinant DGL and/or the
polypeptide  {A54) and/or the polypeptide  (A4) in an
essentially pure form.

The invention more particularly relates to a process for

5 the preparation of the abovementioned polypeptide (As4) by
carrying out the process described above, in which the
transformed cells are explant cells of rape, and tobacco, and
the extraction of the polypeptide (A54} is made by grinding
the transformed seeds.

10 The transformed plant cells in the processes described
above are advantageously chosen from those of tobacco, rape,
maize, pea, tomato, carrot, wheat, barley, potato, soya,
sunflower, lettuce, rice and lucerne.

A more particular aim of the invention is a process for

15 the preparation of recombinant DGL and/or of polypeptide (A54)
and/or polypeptide (A4), characterized in that it includes:

- the transformation of corn callus, by bombardment of
the latter using a particle gun, with plasmids containing the
recombinant nucleotide sequence pAR-IAR-RGLSP-DGL and/or the

20 sequence pyzeine-RGLSP-DGL and/or the sequence pyzeine-RGLSP-
DGL-KDEL,

- selection of the transformed calluses on a medium
containing a selection agent such as kanamycin,

- production of transformed corn plants from the

25 abovementioned transformed calluses by culture of the latter
on appropriate media,

- extraction of the recombinant DGL and/or the
pelypeptide (AS54) and/or the peolypeptide (A4) in particular by
grinding seeds produced by the abovementioned transformed

30 plants in a suitable buffer, centrifuging and recovering the
supernatant containing the plant extract of enzymatic
activity,

- where appropriate, purification of the recombinant DGL
and/or the polypeptide (A54) and/or the polypeptide (A4}, from

35 the extract obtained during the preceding stage, in particular
by chromatography carried out on the supernatant, which leads

= to the obtaining of the recombinant DGL and/or the polypeptide
S1RAL,
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{A54) and/or the polypeptide (A4} in an essentially pure form,

The invention also relates to any genetically transformed
plant cell containing one (or more) recombinant nucleotide
sequence (s) as described above, according te the inventionm,
integrated into its genome in a stable manner.

The invention alsc relates to any transgenic plant cell
as described above, containing one (or more} recombinant
polypeptide(s) according to the invention, such as the
recombinant DGL and/or the polypeptide (A54) and/or the
polypeptide (A4), the said plant cell alsc being called a
plant cell of enzymatic activity, and more particularly of
lipase activity as defined below.

The dinvention alsc relates to genetically transformed
seeds containing one (or more) recombinant nucleotide
sequence(s) as described above, according to the invention,
integrated into their genome in a stable manner.

The invention also relates to the transgenic seeds
described above which contain one (or more) recombinant
polypeptide(s) according to the invention, such as the
recombinant DGL and/or the polypeptide (A54) and/or the
polypeptide (A4), the said seeds also being called seeds of
enzymatic activity, and more particularly of lipase activity
as defined below.

The transformed seeds according to the invention are
these harvested from genetically transformed plants according
to the inventien, these transformed plants being either those
of the abovementioned generation TO0 and produced by culture of
transformed c¢ells according to the invention, or those of the
following generations (T1, T2 eta.) obtained by
autofertilization or by crossing plants of preceding
generations (as indicated above).

The invention also relates to genetically transformed
plants or parts of plants (in particular explants, stems,
leaves, roots, pollen etc.), characterized in that they
contain one (or more) recombinant nucleotide sequence(s) as
described above, according to the inventicn, integrated into
their genome in a stable manner.
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The invention also relates to the transgenic plants or
parts of plants described above containing one {or more)
recombinant polypeptide(s) according to the invention, such as
the recombinant DGL and/or the polypeptide (A54) and/or the
polypeptide (A4), the said plants or parts of plants also
being called plants or plant fragments of enzymatic activity,
and more particularly of lipase activity as defined below.

The invention more particularly relates to the
abovementioned transformed plants obtained by culture of cells
or seeds as described above, according to the invention.

The transformed plants, or parts of plants, according to
the invention are advantageously chosen from rape, tcbacco,
maize, pea, tomato, carrot, wheat, barley, potato, soya,
sunilower, rice, lettuce and 1lucerne, or parts of these
plants.

The present invention relates to any plant extract of
enzymatic activity, and more particularly of lipase activity
defined below, prepared by carrying out one of the processes
of the invention described above, and containing, as active
enzymes, cne {or more} recombinant polypeptide(s) according to
the invention, such as the recombinant DGL and/or the
polypeptide (A54) and/or the polypeptide (A4}.

The lipase (or lipolytic) activity of the plants or parts
of plants and plant extracts of enzymatic activity of the
invention, can be measured, in particular, in accordance with
the method of Gargouri (Gargouri et al., 1986) using a short-
chain triglyceride (such as tributyrin) as the substrate. The
enzymatic activity is stated in units U, one unit U
corresponding to the amount of enzyme required to liberate one
pmol of free fatty acids per minute at 37°C under optimum pH
conditions.

The plant extracts of enzymatic activity of the invention
are advantageously such that the percentage by weight of
enzymatically active recombinant polypeptides is about 0.1% to
20%, in particular about 1% to about 15%, with respect to the
total weight of proteins present in these extracts, which

corresponds to measures of enzymatic activity from about 0.5 U
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per g of fresh weight (FW) of leaves to about 1,000 U/g of FW
of leaves, in particular about 10 U/g of FW Lo about 300 U/g
of FW of leaves, or from about 1 U/g of FW of seeds to about
5,000 U/g of FW, in particular to about 10 U/g of FW of seeds
to about 1,000 U/g of FW of seeds.

The invention more particularly relates to the following
plant extracts of enzymatic activity:

* the extracts of leaves and/or fruits and/cr seeds of
plants obtained by transformation of explant cells of these
plants with the sequence pd353-RGLSP-DGL or the sequence
pd358-P8-DGL or the sequence pd35S$-PPS-DGL, according to one
of the processes described above, and containing the
recombinant DGL and/or the polypeptide (A54) and/or the
polypeptide (A4}, in particular:

- the  extract of tobacco leaves  obtained by
transformation of explant cells of tobacco leaves with the
sequence pd355-PS-DGL or the sequence pd35S-PPS-DGL, according
to the process described above, and containing the polypeptide
(A54) in combination with the polypeptide (A4), the percentage
by weight by the mixture of these two polypeptides with
respect to the total weight of proteins present in the said
extract being from about 0.1% to about 20%, the enzymatic
activity of the said extract being from about 100 U/g of FW to
about 300 U/g of FW,

- the extract of tomato leaves or fruits obtained by
transformation of explant cells of tomato leaves with the
sequence pd358-PS-DGL, oxr the sequence pd355-PPS-DGL,
according to the process described above, and containing the
polypeptide (AS54) in combination with the polypeptide (A4),
the percentage by weight of this mixture of two polypeptides
with respect to the total weight of proteins present in the
said extract being from about 0.1% to about 20%, the enzymatic
activity of the said extract being from about 100 U/g of FW to
about 300 U/g of FW,

- the extract of tobacco leaves obtained by
transformation of explant cells of tobacco leaves with the

sequence pd355-RGLSP-DGL, according to the process described
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above, and containing the polypeptide (A4), the percentage by
weight of this polypeptide with respect to the total weight of
proteins present in the said extract being from about 0.1% to
about 20%, the enzymatic activity of the said extract being
from about 100 U/g of FW to about 300 U/g of FW,

- the extract of tobacco seeds obtained by transformation
of explant cells of tobacco leaves with the sequence pd3s5s-BS-
DGL or the sequence pd355-PPS-DGL, according to the process
described above, and containing the polypeptide (A54), the
percentage by weight of the polypeptide (A54) with respect to
the total weight of proteins present in the said extract being
from about 0.1% to about 1%, the enzymatic activity of the
sald extract being from about 10 U/g of FW to about 300 U/g of
FW,

* the extracts of plant seeds obtained by transformation
of explant cells of these plants with the sequence pCRU-PS-DGL
or the seqguence pCRU-PPS-DGL, or the sequence pGEAl-RGLSP-DGL,
or the sequence pGEA6-RGLSP-DGL, according to one of the
processes described above, and containing the recombinant DGL
and/or the polypeptide (A54) and/or the polypeptide (A4), in
particular:

- the extract of rape seeds obtained by transformation of
explant cells of rape leaves with the sequence pCRU-PS-DGL or
the sequence pCRU-PPS-DGL, or the sequence pGEAL-RGLSP-DGL, or
the segquence pGEA6-RGLSP-DGL, according to the process
described above, and containing the polypeptide (AS4), the
percentage by weight of polypeptide (AS54) with respect to the
total weight of proteins présent in the said extract being
from about 0.1% to about 1%, the enzymatic activity of the
said extract being from about 10 U/g of FW to about 1,000 U/g
of FW,

* the extracts of plant seeds obtained by transformation
of explant cells of these plants with the sequence pAR-IAR-
RGLSP-DGL and/or the sequence pyzeine-RGLSP-DGL, and/or the
sequence pyzeine-RGLSP-DGL-KDEL, according to one of the
processes described above, and containing the recombinant DGL
and/or the polypeptide (A54) and/or the polypeptide (A4), in
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particular:

- the extract of corn seeds obtained by transformation of
explant cells of rape leaves with the sequence pAR-IAR-RGLSP-
DGL and/or the sequence pyzeine-RGLSP-DGL, and/or the sequence
pyzZeine-RGLSP-DGL-KDEL, according to the process described
above, and containing the polypeptide (A54), the percentage by
weight of polypeptide (A54) with respect to the total weight
of proteins present in the said extract being from about 0.1%
to about 1%, the enzymatic activity of the said extract being
from about 10 U/g of FW to about 1,000 U/g of FW.

The present invention also relates to any enzymatically
active recowmbinant DGL, the amino acid sequence of which is
that shown on Figure 2, or polypeptides derived from the
latter, in particular by additieon and/or suppression and/or
substitution of one (or more) amino acid(s}), these derived
polypeptides having a lipase activity, such as are obtained in
an essentially pure form by carrying out one of the processes
of the invention described above, these processes comprising a
stage of purification of the recombinant polypeptides of the
invention, in particular by chromatography carried out on the
enzymatic extracts described above.

As the polypeptides derived from the abovementioned
recombinant DGL, the invention wore particularly relates to
the polypeptides (A54) and (A4) mentioned above, the molecular
weights of which are, respectively, about 37 kDa and about
49 kDa.

Enzymatically active recombinant DGL or derived
polypeptides having a lipase activity, as mentioned above, is
understood as meaning any recombinant polypeptide which is
capable of having a lipase activity as measured in accordance
with the method of Gargouri mentioned above.

By way of illustration, the recombinant polypeptides
according to the invention have a lipase activity of from
about 10 U/mg of recombinant polypeptides to about 1,000 U/mg,
advantageously from about 100 U/wmg to about 600 U/mg.

The invention more particularly relates to  the
recombinant DGL obtalned by purification of the enzymatic
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extract cof tobacco leaves or seeds, these leaves or seeds
originating from transformed tobacco plants, themselves
cbtained from tobacce cells transformed with the sequence
pd358-RGLSE-DCL according to the process described above, the

5 said recombinant DGL having a lipase activity as described
above.

The invention also relates to the polypeptide (A54) and
the polypeptide (A4) obtained by purification of the enzymatic
extract of plant leaves and/or seeds and/or fruits, notably

10 solanaceae, such as transformed tobacco or tomato, themselves
obtained from plant cells transformed with the segquence pd355-
PS-DGL or the sequence pd35S-PPS-DGL, or the sequence pd35S5-
RGLSP-DGL, according to the process described above, the said
recombinant polypeptides (A54) and (A4) having a lipase

15 activity as described above.

The invention also relates to the polypeptide (A54)
obtained by purification of the enzymatic extract of tobacco
geeds, or that of rape seeds, these seeds originating,
respectively, from transformed tobacco or rape plants,

20 themselves obtained, respectively, from tobacco or rape cells
transformed with the sequence pCRU-PS-DGL or the sequence
pCRU-PPS-DGL, according to the processes described above, the
recombinant polypeptide (A54) having a lipase activity as
described above.

25 The invention also relates to the polypeptide (A54) and
the polypeptide (A4) obtained by purification of the enzymatic
extract of —rape seeds, these seeds originating from
transformed rape plants, themselves obtained from rape cells
transformed with the sequence pGEAl-RGLSP-DGL and/or the

30 sequernce PGEA6-RGLSP-DGL, according to the processes described
above, the said recombinant polypeptides {AS4) and (A4) having
a lipase activity as described above.

The invention also relates to the polypeptide (AS4) and
the polypeptide (A4) obtained by purification of the enzymatic

35 extract of corn seeds, these seeds originating from
transformed corn plants, themselves obtained from corn cells

=75 transformed with the sequence pAR-IAR-RGLSP-DGL and/or the
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sequence pyzelne-RGLSP-DGL, and/or the sequence pyzeine-RGLSP-
DGL-KDEL, according to the processes described above, 'the said
recombinant polypeptides {A54) and {A4) having a lipase
activity as described above.

The apparent molecular weights of the polypeptides (A54)
and {A4) according to the invention are, respectively, 37 kDa
and 49 kDa, measured by analysis in polyacrylamide gel and by
immunodetection after electrotransfer on nitrocellulose (these
methods being detailed in the embodiment examples of the
invention which follow) .

The invention relates to antibodies directed against the
recombinant polypeptides  of the invention, and more
particularly those directed against the recombinant DGL
according to the invention and/or against the abovementioned
polypeptide (A54) and/or against the abovementioned
polypeptide (A4), which can also recognize HGL.

Such antibodies can be obtained by immunization of an
animal with these polypeptides, followed by recovery of the
antibodies formed.

It goes without saying that this production is not
limited to polyclonal antibodies.

It also applies to any moncclonal antibody produced by
any hybridoma which can be formed by conventional methods from
animal spleen cells, in particular from the mouse or rat,
immunized against one of the purified polypeptides of the
invention on the one hand, and cells of a suitable myeloma on
the other hand, and which can be selected according to its
capacity to produce monoclonal antibodies which recognize the
abovementioned polypeptide initially used for immunization of
the animals, as well as HGL.

The invention also relates to the use of transformed
plants, plant parts, plant cells or seeds according to the
invention for the preparation of one ({(or more} recombinant
polypeptide(s) according teo the invention, such as recombinant
DGL or its derived polypeptides as defined above, in
particular by carrying out one of the abovementioned processes

f the invention, the said recombinant polypeptides being in
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an essentially pure form or contained in plant extracts of
enzymatic activity as defined above.

The invention also relates to the use, in the field of
human or animal foods, plants or parts of plants, of enzymatic
activity according to the invention, or of plant extracts of
enzymatic activity asz defined above or of recombinant
polypeptides according to the i1nvention, such as the
recombinant DGL or itg derived polypeptides as defined above.

The invention more particularly relates to the use of
plants or parts of plants, notably leaves, fruits, seeds of
enzymatic activity according to the invention as foods.

In this respect, the invention more particularly relates
to any food comprising a plant of enzymatic activity as
described above or parts of this plant, notably leaves cor
fruite, or seeds produced by the latter, which can be of an
edible character to man or animal.

The invention also relates to any alimentary composition
comprising one (or more) plant(s) of enzymatic activity as
described above and/or parts of this (these) plant(s) notably
leaves and/or seeds and/or fruits of this (these) plants
and/or one (or more} plant extract(s) of enzymatic activity as
described above and/or one {or more) recombinant
polypeptide (s) of the invention, where appropriate in
combination with one {or more) other edible compound(s) .

The plants or parts of plants contained in the
abovementioned alimentary composition are advantageously in
the form of ground material.

The foods according to the invention, also called
functional foods, or the alimentary compositions according to
the invention are more particularly intended to facilitate the
absorption of animal or vegetable fats ingested by a healthy
individual or an individual suffering from one or wmore
pathologies which may or may not affect the level of
production of gastric and/or pancreatic lipase. 1In this
respect, the foods or alimentary compositions of the invention
are advantageously used as nutritional supplements,

The invention also relates to the use of plants or parts
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cf plants, notably leaves and/or fruits and/or seeds, or plant
cells of enzymatic activity according to the inventicmn, or
plant extracts of enzymatic activity as defined above, or
recombinant polypeptides according to the invention, such as
the recombinant DGL or its derived polypeptides as defined
above, for the preparation of medicaments (or pharmaceutical
compositions) intended to facilitate the absorption of animal
or vegetable fats ingested by a healthy individual or an
individual suffering from one or more pathologies which may or
may not affect the level of production of gastric and/or
pancreatic lipase.

In particular, such pharmaceutical compositions are
advantageously used on individuals undergoing  medical
treatment which changes the mechanism of absorption of fats,
or on elderly persons.

The  pharmaceutical compositions  according to the
invention are also more particularly intended for treatment of
pathologies associated with lipase (in particular gastric
and/or pancreatic lipase) insufficiency in the organism, and
more particularly pathologies such as cystic fibrosis and
exocrine pancreatic insufficiency.

The invention more particularly relates to  any
pharmaceutical composition comprising one (or more) plant
extract (s) of enzymatic activity described above and/or one
{or more) recombinant polypeptide{(s) according to the
invention, where appropriate in combination with a
pharmaceutically acceptable vehicle.

The invention wmore  particularly relates to any
abovementioned pharmaceutical composition comprising the
recombinant DGL and/or the polypeptide (A54) and/or the
polypeptide (A4) in an essentially pure form or in the form of
enzymatic extracts as described above.

The pharmaceutical compositions according to the
invention can preferably be administered orally, and are, in
particular, in the form of capsules, tablets or powders for

dilution.

The daily dosage in humans is advantageocusly from about
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200 mg to about 1,000 mg, preferably distributed over the main
mealtimes, if the said pharmaceutical compositions comprise
enzymatic extracts as described above, and from about 100 myg
to about 500 mg if the said pharmaceutical compositions
comprise the recombinant polypeptides according to the
invention in an essentially pure form.

The invention also relates to the use of plants or parts
of plants, notably leaves and/or fruits and/or seeds, or plant
cells of enzymatic activity according to the invention, or
plant extracts of enzymatic activity as defined above, or
recombinant polypeptides according to the invention, such as
the recombinant DGL or its derived polypeptides as defined
above, for carrying out enzymatic reactions in the industrial,
agro-alimentary or agro-industrial field, in particular in the
fats industry, in lipochemistry and in the milk industry.

In this respect, the invention relates to any process, in
particular of enzymatic bioconversion or of biocatalysis by
carrying out one or more enzymatic reactions, in the
industrial, agro-alimentary or agro-industrial field, in
particular in the fats industry, in lipochemistry and in the
milk industry, these enzymatic reactions being carried out by
means of plants or parts of plants, notably leaves and/or
fruits and/or seeds, or plant cells of -enzymatic activity
according to the invention, or plant extracts of enzymatic
activity as defined above, or recombinant polypeptides
according to the invention, such as the recombinant DCL or its
derived polypeptides as defined above,

The invention more particularly relates to enzymatic
preparations intended for industrial, agro-alimentary or agro-
industrial use which can be used in the context of carrying
out a process as described above and comprige one (or more)
plant extract(s) of enzymatic activity as defined above,
and/or one (or more) recombinant polypeptide(s) according to
the invention, in particular the recombinant DGL and/or the
polypeptide (A54) and/or the polypeptide (A4), where
appropriate in combination with one {or more) additive(s) or

which can be used in the context of the
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abovementioned industrial use.

The invention more particularly relates te the uge of
plants or parts of plants, notably leaves and/or fruits and/or
seeds, or plant cells of enzymatic activity according to the
invention, for carrying out, on an industrial scale, enzymatic
bioconversion reactions or biocatalysis reactions, such as
enzymatie hydrolyses or trans-esterifications.

The plants of enzymatic activity or parts of these
plants, notably leaves and/or fruits and/or seeds, or plant
cells according to the invention are advantageously used both
as the enzymatic source and as the reactive substrate.

The invention alsc relates to any biocatalysis process
which uses plants or parts of plants, notably leaves and/or
fruits and/or seeds, or plant cells of enzymatic activity
according to the invention, and more particularly plants
containing the recombinant DGL and/or the polypeptide (A54)
and/or the polypeptide (A4}, the =said plants or parts of
plants, being used both as the enzymatic source and as the
reactive substrate.

The invention more particularly relates to the use of
plants of enzymatic activity or parts of these plants
according to the invention for the preparation of biofuels.

In this respect, the present invention relates to any
process for the preparation of a biofuel by addition of
alcohol, in particular methanol or ethanol, to ground material
of all or part of transformed plants according tc the
invention, advantageously ground material of transformed rape,
sunflower or soya geeds according to the invention, and
recovery of the biofuel, in particular by filtration.

The invention also relates to the esters of plant fatty
acids such as are obtained by carrying out the abovementioned
process, in particular the wethyl ester of oleic acid.

The invention also relates to any biofuel obtained by
carrying out a process as described above, and more
particularly any abovementioned biofuel comprising esters of
plant fatty acids.

The invention more particularly relates to any biofuel
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obtained by carrying out the abovementicned process on rape
seeds and comprising a methyl ester of oleic acid.

The invention also relates to the wuse of the
abovementioned antibodies directed against the recombinant
polypeptides of the invention for carrying out a method for
detection or assay of DGL or HGL in a biological sample which
may contain it,

The invention more particularly relates to the use of
these antibodies for carrying out a method for in wvitro
diagnosis of pathologies associated with excess production or,
as the opposite, insufficiency, or even the absence of
production, of lipase in the organism.

This method for in wvitro diagnosis carried out on a
biological sample taken from a patient comprises a stage of
bringing this sample together with one or more antibodies
according to the invention, followed by a stage of detection
of any antibody-HGL complexes formed during the preceding
stage.

In this respect, the invention also relates to a kit for
carrying out an abovementioned method of in vitro detection or
diagnosis comprising:

- antibodies as described above, advantageously labelled
in a &radicactive or enzymatic wanner, and reagents for
constitution of a medium £avourable for carrying out the
immunelogical reaction between these antibodies and the HGL,

- reagents which allow detection of immunclogical
complexes formed between these antibodies and the HGL.

The present invention more particularly relates to the
use of a recombinant nucleotide sequence containing on the one
hand, the ¢DNA shown on Figure 4 and which codes for the human
gastric lipase (HGL) shown on Figure 5, or a nucleotide
sequence derived from this ¢DNA, in particular by addition
and/or suppression and/or substitution of one (or more)
nucleotide(s), the said derived sequence being capable of
coding for a polypeptide, the amino acid sequence of which is
identical to that of the HGL shown on Figure 5, or for a
wolypeptide derived from the HGL by addition and/or
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suppression and/or substitution of one (or more) amino
acid(s), this derived polypeptide having a lipase activity,
and, on the other hand, elements which allow a plant cell to
produce the polypeptide coded by the said cDPNA or by an
abovementioned derived sequence, in particular a transcription
promoter and a transcription terminator recognized by the
transcription machinery of plant cells (and wore particularly
by the RNA polymerases of the latter), for transformation of
plant cells in order to obtain, from these c¢ells or plants
cbtained from the latter, recombinant DGL in active enzyme
form or one {or more} polypeptide(s) derived from the latter
as defined above.

In this respect, the invention relates to any recombinant
nucleotide sequence as described above in the context of the
transformation of plants with a view to the preparation of
recombinant DGL, in which the nucleotide sequence which codes
for the DGL and shown on Figure 1 or Figure 3, is replaced by
the nucleotide sequence which codes for the HGL and shown on
Figure 4.

The invention more particularly relates to the following
recombinant nucleotide sequences:

- that {called pSP-HGLSP-HGL) containing, in the
direction 5' — 3', the promoter pSP of Agrobacterium
tumefaciens, the sequence which codes for the signal peptide
of HGL, the latter being iwmediately followed by the
nucleotide sequence shown on Figure 4, and then the terminator
polya 358 of caMv,

- that (called pSP-HPLSP-HGL) <containing, in  the
direction 5' — 3', the promoter pSP of Agrobhacterium
tumefaciens, the sequence which codes for the signal peptide
of HPL, the latter being iﬁmediately followed by "the
nucleotide sequence shown on Figure 4, and then the terminator
polyA 358 of CaMV,

- that (called pSP-RGLSP-HGL) containing, in the
direction 5' — 3', the promoter pSP of Agrobacterium
tumefaciens, the sequence which codes for part of the signal

of RGL (as described above), the latter being
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immediately followed by the nucleotide sequence shown on
Figure 4, and then the terminator polyA 3538 of CaMV.

The invention also relates to the vectors and cellular
hosts transformed by these vectors, as described above, and
containing the abovementioned recombinant nuclectide sequences
which code for the HGL and/or its derived polypeptides.

The present invention also relates to any process for the
preparation of recombinant HGL in active enzyme form and/or of
one (or more) polypeptide(s) derived from the latter, in
particular by addition and/or suppression and/or substitution
of one {or more) amino acid(s), this ({(or these) derived
polypeptide(s) having a lipase activity, characterized in that
it comprises:

- transformation of plant cells such that one {(or more)
recombinant nucleotide sequence(s) according to the invention
ig (or are) integrated into the genome of these cells,

- where appropriate, production of transformed plants
from the abovementioned transformed cells,

- recovery of the recombinant HGL and/or of the
abovementioned derived polypeptide(s) produced in the said
cells or abovementioned transformed plants, in particular by
extracticn, followed, where appropriate, by purification.

The invention more particularly relates to any production
process for recombinant HGL by the implementation of a process
as described above in the context of the production of
recombinant DGL and/or its derived polypeptides wusing an
abovementioned recombinant sequence containing the sequence
shown on Figure 4.

Among the polypeptides derived from the recombinant HGL
which can be obtained in the context of carrying ocut a process
according to the invention there may be mentioned:

- the polypeptide delimited by the amino aclids situated
in positions 74 and 398 in Figure 5, also called polypeptide
(AS4HGL) , :

- the polypeptide delimited by the amino acids situated
in positions 24 and 398 in Figure 5, also called polypeptide
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The invention more particularly relates to a process for
the preparation, as described above, of the recombinant HGL
and/or the polypeptide (A54HGL) and/or the polypeptide
(AAHGL}, characterized in that it comprises:

- transformation of explant cells of the leaves of a
plant by bringing the latter together with a strain of
Agrobacterium tumefaciens transformed by a plasmid as
described above containing the abovementioned recombinant
nucleotide seguence pSP-HGLSP-HGL and/or pSP-HPLSP-HGL and/or
pPSP-RGLSP-HGL, on a suitable culture medium,

- selection of the transformed explants on a medium
containing kanamycin,

- production of transformed plants from the
abovementioned transformed explants by culture of the latter
on suitable media,

- extraction of the recombinant HGL and/or the
polypeptide (AS4HGL) and/or the polypeptide (A4HGL), in
particular by grinding the leaves and/or the seeds and/or the
fruits of the abovementioned transformed plants in a suitable
buffer, centrifuging and recovery of the supernatant
constituting the plant extract of enzymatic activity,

- where appropriate, purification of the recombinant HGL
and/or the polypeptide ({AS54HGL} and/or the peolypeptide (A4HGL)
from the extract obtained during the preceding stage, .in
particular by chromatography carried out on the supernatant,
which leads to the preparation of the recombinant HGL and/or
the polypeptide (A54HGL) and/or the polypeptide (A4HGL) in an
essentially pure form.

The invention also relates to any plant or part of this
plant, notably leaves and/or fruits and/or seeds, containing
one (or more) recombinant nucleotide sequence(s) as described
above, according to the invention, integrated into its genome
in a stable manner.

The present invention relates to any plant extract of
enzymatic activity, and wmore particularly of lipase activity
defined below, prepared by carrying out one of the processes

of the invention described above, and containing, as active
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enzymes, one (or more) recombinant polypeptide(s) according to
the invention, such as the recombinant HGL and/or the
polypeptide (A54HGL) and/or the polypeptide (A4HGL).

The invention more particularly relates to extracts of

5 leaves and/or seeds of plants, as obtained by the
transformation of explant cells of these plants with the
sequence pSP-HGLSP-HGL, or the sequence pSP-HPLSP-HGL, or the
gequence pSP-RGLSP-HGL, according to one of the processes
described above, and containing the recombinant HGL, and/or

10 the peclypeptide (AS4HGL), and/or the polypeptide (A4HGL), in
particular:

- the extract of tobacco leaves or seeds as obtained by
transformation of explant cells of tobacco leaves with the
gequence pSP-HGLSP-HGL, or the sequence pSP-HPLSP-HGL, or the

15 sequence pSP-RGLSP-HGL according to the process described
above, and containing the polypeptide (AS54HGL), in combination
with the polypeptide {(A4HGL), the percentage by weight of the
mixture of these two polypeptides with respect to the total
weight of proteins present in the said extract being from

20 about 0.1% to about 20%, the enzymatic activity of the said
extract being from about 100 U/g of FW to about 300 U/g of FW,

- the extract of tobacco leaves as obtained by
transformation of explant cells of tobacco leaves with the
sequence pSP-RGLSP-HGL, and containing the polypeptide

L {AdHGL), the percentage by weight of this polypeptide with
respect to the total weight of proteins present in the said
extract being from about 0.1% to about 20%, the enzymatic
activity of the said extract being from about 100 U/g of W to
about 300 U/g of FW.

30 The present invention alsc relates to any enzymatically
active recombinant HGL, the amino acid sequence of which is
that shown on Figure 5, or polypeptides derived from the
latter, in particular by addition and/or suppression and/or
substitution of o©ne (or more) amino acid{g), and mwmore

35 particularly the polypeptides (AS4HGL) and (A4HCL), these
derived polypeptides having a lipase activity, such as are

RAl/tained in an essentially pure form by carrying out one of

%
&
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the processes of the invention described above, these
processes comprising a stage of purification of the
recombinant polypeptides of the invention, in particular by
chromatography carried out on the enzymatic extracts described
above,

As has been described previousgly in the context of the
recombinant DGL, the inventicn alsc relates to:

- the polyclonal or monoclonal antibodies directed
against the recombinant HGL or its derived polypeptides
according to the invention, and their uses as described above,

- foods or alimentary compositions or pharmaceutical
compositions, or enzymatic preparations for industrial
purposes based on plants, or parts of plants, notably leaves
and/or fruits and/or seeds, or plant cells or extracts of
enzymatic activity as defined above, or also recombinant HCL
or its derived polypeptides according to the invention,

- any enzymatic bioconversion process or biocatalysis, or
biofuel preparation as described above, carried out from
recombinant HGL or its derived polypeptides according to the
invention, or plants, or parts of plants, notably leaves
and/or fruits and/or seeds and/or plant extracts of enzymatic
activity as defined above.

The invention will be illustrated further in the detailed
description which follows for the preparation of recombinant
nucleotide sequences as described above and transformed plants
which produce the recombinant polypeptides according to the

invention, and for a process for the preparation of a biofuel.

1. CONSTRUCTION OF CHIMAERIC GENES WHICH CODE FOR THE
RECOMBINANT PROTEIN OF DOG GASTRIC LIPASE AND ALLOW EXPRESSION
IN THE LEAVES AND SEEDS OF SOLANACEAE.

I-2) Construction of chimaeric genes which code for the
recombinant DGL and allow expression in tobacco.

Expression in tobacco leaves and seeds of the gene which

codes for dog gastric lipase (DGL) requires the following
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1. The double-structured prowoter 358 (pd3SS) of camv
{(cauliflower mosaic virus).

This corresponds to duplication of the sequences which
activate transecription and are situated upstream of the TATA
element of the natural promoter 358 (Kay et al., 1987);

2. The terminal transcription sequence, terminator polyA
355, which corresponds to the non-coding region 3' of the
sequence of the cauliflower mosaic virus, of double-stranded
circular DNA, which produces the transcript 358 (Franck et
al., 1980).

The constructions of the various plasmids wvia the use of
recombinant DNA techniques (Sambrook et al., 1989) are derived
from pBIOC4. This binary plasmid is derived from pGA492 (An,
1986}, which contains, between the right and left borders, the
following sequences originating from the plasmid pTiT37 of
Agrobacterium tumefaciens, on its transfer DNA:

The structural promoter of the nos gene which cedes for
nopaline synthase (Depicker et al., 1982), the sequence which
codes for the nptIl gene which <codes for neomycin
phosphotransferase II (Berg and Berg, 1983) deleted from the
region of the first 8 codons, of which the initiator codon is
methionine ATG, and fused to the sequence of the first 14
codons of the sequence which codes for the nos gene (Depicker
et al., 1982), the sequence which codes for the nos gene
devoid of the region of the first 14 codons, the nos
terminator (Depicker et al., 1982), a region containing
multiple cleoning sites (also called polylinker) (HindIII-XbaT-
SacI-HpaI-KpnI—CiaI—BglII) preceding the cat gene which codes
for chloramphenicol acetyltransferase (Close and Rodriguez,
1982) and the terminal sequences of the gene 6 of the plaswmid
pTiA6 of Agrobacterium tumefaciens (Liu et al., 1993}. To
eliminate virtually all the sequence which codes for the cat
gene, the plasmid pGR492 was digested twice by Sacl
(restriction site of the polylinker) and by 8cal (restriction
site present in the sequence of the cat gene) and then
subjected to the action of the enzyme T4 DNA polymerase (New

Biolabs) in accordance with the manufacturer's
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instructions. The ligation of the modified plasmid (20 ng) was
carried out in a reaction medium of 10 pl comprising 1 ul of
the buffer T4 DNA ligase x 10 (Amersham); 2.5 U of the enzyme
T4 DNA ligase (Amersham) at 14°C for 16 houra. The bacteria
Escherichia coli DH5¢, rendered competent beforehand, were
transformed (Hanahan, 1983). The plasmid DNA of the clones
obtained, selected on 12 ug/ml of tetracycline, was extracted
by the alkaline lysis method (Birnboim and Doly, 13979} and
analysed by enzymatic digestion by restriction enzymes. The
HindIII restriction site of the plasmid DNA of the clone
retained was then modified into an EcoRI restriction site with
the aid of an phosphorylated HindIII-EcoRI adaptor (Stratagene
Cloning Systemg). To carry out this modification, 500 ng of
plasmid DNA of the c¢lone retained were digested by HindIII,
dephosphorylated by the alkaline phosphatase enzyme of the
intestine of the calf (Boehringer Mannheim) in accordance with
the manufacturer's instructions and coprecipitated in the
presence of 1,500 ng of the HindIII-EcoRI DNA adaptor, 1/10
volume of 3M sodium acetate, pH 4.8, and 2.5 volumes of
absclute ethancl at -80°C for 30 min. After centrifugation at
12,000 g for 30 min, the DNA precipitated was washed with 70%
ethanol, dried, taken up in 8 pl of water, kept at 65°C for 10
min and then ligated in the presence of 1 pl of the buffer T4
DNA ligase x 10 (Amersham) and 2.5 U of the enzyme T4 DNA
ligase {Amersham) at 14°C for 16 hours. After inactivation of
the T4 DNA ligase at 65°C for 10 wmin, the ligation reaction
mixture was digested by EcoRI, purified by electrophoresis
over 0.8% agarose gel, electroeluted (Sambrook et al., 1889},
precipitated in the presence of 1/10 volume of 3M sodium
acetate, pH 4.8, and 2.5 volumes of absclute ethanol at -80°C
for 30 min, centrifuged at 12,000 g for 30 min, washed with
70% ethanol, dried and then ligated as described above. The
bacteria Escherichia coli DH50, rendered competent beforehand,
were transformed (Hanahan, 1983). The plasmid DNA of the
clones obtained, selected on 12 pg/ml of tetracycline, was
extracted by the alkaline 1lysis method (Birnboim and Doly,
1979) and analysed by enzymatic digestion by HindIII and EcoRI
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in particular. The resulting binary plasmid, which only has
the last 9 codons of the sequence which codes for the cat gene
and of which the EcoRI site is unique, was called pBIOC4.

The expression cassette made up of the promoter pd358 and
the terminator polyA 353 was isolated using the plasmid
pJIT163A. The plasmid pdIT163A is derived from the plasmid
pJIT163, which itself is derived from the plasmid pJITE0
(Guerineau and Mullineaux, 1993). The plasmid pJIT163
possesges an ATG codon between the HindIII and Sall siteg of
the polylinker. To suppress this ATG and to obtain the plasmid
pJIT163A, the plasmid pJdIT163 DNA was digested twice by
HindIIT and 8all, purified by electrophoresis over 0.8%
agarose gel, electroeluted (Sambrock et al., 1989},
precipitated in the presence of 1/10 volume of 3M sodium
acetate, pH 4.8, and 2.5 volumes of absolute ethanol at -80°C
for 30 min, centrifuged at 12,000 g for 30 min, washed with
70% ethanol, dried, subjected to the action of Klenow enzyme
(New England Biolabs) in accordance with the manufacturer's
instructions, deproteinated by extraction with 1 volume of
phencl:chloroform:isoamyl alcchol ({25:24:1) and then 1 volume
of chloroform:isoamyl alcohol (24:1), precipitated in the
presence of 1/10 volume of 3M sodium acetate, pH 4.8, and 2.5
volumes of absolute ethanol at -80°C for 30 min, centrifuged
at 12,000 g for 30 min, washed with 70% ethanol, dried and,
finally, ligated in the presence of 1 pl of the buffer T4 DNA
ligase x 10 (Amersham) and 2.5 U of the enzyme T4 DNA ligase
(Amersham) at 14°C for 16 hours. The bacteria Escherichia coli
DH5w, rendered competent beforehand, were transformed
{(Hanahan, 1983). The plasmid DNA of the c¢lones obtained,
selected on 50 pug/ml of ampicillin, was extracted by the
alkaline lysis method (Birnboim and Doly, 1979) and analysed
by enzymatic digestion by restriction enzymes. To isolate the
expression cassette made up of the promoter pd35s and the
terminator polya 355 (SacI-Xhel fragment), the plasmid DNA of
the clone pJIT163A retained was digested by SacI and XhoI. The
SacI-XhoI fragment, carrying the expression cassette, was

by  electrophoresis over 0.8% agarose gel,
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electroeluted (Sambrook et al., 1989), precipitated in the
presence of 1/10 volume of 3M sodium acetate, pH 4.8, and 2.5
volumes of absolute ethanol at -80°C for 30 min, centrifuged
at 12,000 g for 30 min, washed with 70% ethanol, dried and
then subjected to the action of Mung Bean Nuclease enzyme (New
England Biolabs) in accordance with the manufacturer's
instructions. This purified insert (200 ng! was cloned in the
plasmid DNA of pBIOC4 (20 ng), which had been digested by
EcoRI, treated with the enzyme Mung Bean Nuclease and
dephosphorylated by the alkaline phosphatase enzyme of the
intestine of the calf (Boehringer Mannheim) in accordance with
the manufacturer's instructions. The ligation reaction was
carried out in 20 pl in the presence of 2 pl of the buffer T4
DNA ligase x 10 (Amersham), 2 pl of 50% polyethylene glycol
8000 and 5 U of the enzyme T4 DNA ligagse (Amersham) at 14°C
for 16 hours. The bacteria FEscherichia coli DH5a, rendered
competent beforehand, were transformed (Hanahan, 1983). The
plasmid DNA of the clones obtained, selected on 12 pl/ml of
tetracycline, was extracted by the alkaline 1lysis method
(Birnboim and Doly, 1979) and analysed by enzymatic digestion
by restricticon enzymes. The vresulting plasmid was called
pBIOC21.

Dog gastric lipase (DGL) is synthesized naturally in the
form of a precursor. The mature DGL protein is wade up of 379
amino acids. The complementary DNA of DGL was cloned at the
BglII and Sall sites of the expression vector pRU303, leading
te the vector pDGL5.303 described in the international
application no. WO 94/13816. It was used for construction of
the binary plasmids pBIOC25, containing PS-DGL, and pBIOC26,
containing PPS-DGL, where the sequence which codes for the
mature DGL is preceded by that which codes for a signal
peptide (PS) or a prepropeptide (PPS, that is to say a signal
peptide followed by N-terminal vacuole-directing sequences) of
plant origin respectively. The PS and PPS sequences, made up,
respectively, of 23 and 37 amino acids, are those of a reserve
protein of the tuberous roots of the sweet potato: sporamin A

., 1986; Matsukoa and Nakamura, 1991).
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To simplify fusions between the sequence of mature DGL
and that of the directing signals, PS or PPS, the plasmid
pDGL5.303 was modified by introduction of a supplementary
HindIII restriction site into the fourth and fifth codcons of
the mature DGL sequence by mutagenesis directed by PCR using 2
oligodeoxynucleotides, 5' caggagate TTG TTT GGA AAG CTT CAT
CCC 3' (containing the unique BglIl site in the plasmid and
providing the supplementary HindIII site) and 5' CAT ATT CCT
CAG CTG GGT ATC 3' (containing the unique Pvull site in the
plasmid) . Amplification of the BglII-Pvull fragment by PCR was
carried out in 100 pl of reaction medium comprising 10 ul of
the buffer Tag DNA polymerase x 10 {500 mM KCl, 100 mM Tris-
HCl, pH 8.0, and 1% Triton x 100}, 6 ul of 25 mM MgCl,, 3 ul
of 10 mM dNTP (dATP, dCTP, dGTP and 4ATTP), 100 pM of each of
the 2 oligodeoxynucleotides described above, 5 ng of matrix
DNA (expression vector pRU303 including the complementary DNA
of DGL), 2.5 U of Tag DNA polymerage (Promega) and 2 drops of
vaseline oil. The DNA was denatured at 94°C for 5 min,
subjected to 30 cycles, each of 1 min of denaturation at 94°C,
1 min of hybridization at 50°C and 1 min of elcongation at
72°C, and then elongation at 72°C was continued for 5 min.
This PCR reaction was carried out in the "DNA Thermal Cycler"
machine of PERKIN ELMER CETUS. The o0il was removed by
extraction with chloroform. The DNA fragments contained in the
reaction medium were then precipitated in the presence of 1/10
volume of 3M sodium acetate, pH 4.8, and 2.5 volumes of
absolute ethanol at -80°C for 30 min, centrifuged at 12,000 g
for 30 min, washed with 70% ethanol, dried and digested by the
2 restriction enzymes BglII and Pvull. The digested DNA
fragments originating from the PCR were purified by
electrophoresis over 2% agarose gel, electroeluted (Sambrook
et al., 1989), precipitated in the presence of 1/10 volume of
3M sodium acetate, pH 4.8, and 2.5 volumes of absolute ethanol

at -80°C for 30 min, centrifuged at 12,000 g for 30 uin,

washed with 70% ethanol, dried and then ligated to the plasmid
DNA of the vecter pDGL5.303, which had been digested twice by
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gel, electroeluted, subjected to precipitation in alcohol,
dried and dephosphorylated by the alkaline phosphatase enzyme
of the intestine of the calf (Boehringer Mannheim) in
accordance with the manufacturer's instructions. The ligation
was carried out with 100 ng of the dephosphorylated vector
described above and 50 ng of the digested DNA fragments,
originating from the amplification by PCR, described above in
a reaction medium of 10 pl in the pregence of 1 ul of the
buffer T4 DNA ligase x 10 (Amersham) and 2.5 U of the enzyme
T4 DNA ligase (Amersham) at 14°C for 16 hourg. The bacteria
Escherichia coli DH5o, rendered competent beforehand, were
transformed (Hanahan, 1983). The plasmid DNA of the cloneg
obtained, selected on 50 pg/ml of ampicillin, was extracted by
the alkaline lysis method (Birmboim and Doly, 1979) and
analysed by enzymatic digestion by restriction enzymes. The
plasmid DNA of some of the clones retained was verified by
sequencing with the aid of the T7™ sequencing kit, marketed by
Pharmacia, by the dideoxynucleotide methed (Sanger et al.,
1977} . Introduction of this HindIII restriction site does not
modify the genetic code of the DGL. In fact, the natural DGL
sequence AAA TTA (Lys-Leu) becomes AAG CTIT (Lys-Leu). The
resulting plasmid was called pBIOC22 and includes the sequence

of the mature DGL protein corresponding to:

LEU PHE GLY LYS LEU------ THR ASP ASN LYS AMB
agatcTTG TTT GGA AAG CTT------ ACA GAT AAT AAG TAG TTCTAGA
BglII HindIII Xbal
uniqgue restriction site unique

restriction

site
LEU: first codon of the mature DGL, AMB: Stop codon.
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a. CONSTRUCTION OF THE BINARY PLASMID pBIOC25 CONTAINING
P5-DGL.

The plasmid pBIOC22 was digested totally by BglII and
partly by HindIII in order to suppress the sequence which
codes for the polypeptide Leu-Phe-Gly-Lys (first 4 amino
acids) of the mature DGL protein. This sequence was replaced
by that which codes for the signal peptide PS of 23 amino
acids (ATG AAA GCC TTC ACA CTC GCT CTC TTC TTA GCT CTT TCC CIC
TAT CTC CTG CCC AAT CCA GCC CAT TCC) fused to that of the
first 4 codons of the sequence which codes for the mature DGL
protein ("PS-first 4 codons of mature DGL") . The sequence "PS-
first 4 codons of mature DGL" was amplified by PCR using the
plasmid pMAT103 (Matsucka and Nakamura, 1991) with the aid of
the 2 following oligodeoxynucleotides 5' caggagatctgATG AAA
GCC TTC ACA CTC GC 3' and 5' G ATG AAG CTT TCC AAA CAA GGA ATG
GGC TGG ATT GGG CAG G 3', in accordance with the protocol of
PCR amplification described above in paragraph I. After double
enzymatic digestion by BGlII and HindIII, the DNA fragments
originating from the PCR amplification were purified by
electrophoresis over 2% agarose gel, electroeluted (Sambrock
et al., 1989), precipitated in the presence of 1/10 volume of
3M sodium acetate, pH 4.8, and 2.5 volumes of absolute ethanol
at -80°C for 30 min, centrifuged at 12,000 g for 30 min,
washed with 70% ethanol, dried and then ligated to the plasmid
DNA of pBIOC22, which had been doubly digested by BglITI and
HindIII, purified by electrophoresis over 0.8% agarose gel,
electroeluted (Sambrook et al., 1989), subjected to
precipitation with alcchol, dried and dephosphorylated by the
alkaline phosphatase enzyme of the intestine of the c¢alf
(Boehringer Mannheim) in accordance with the manufacturer's
instructions. The ligation was carried out with 100 ng of the
dephosgphorylated vector described above and 50 ng of the
digested DNA fragments, originating from the PCR
amplification, described above in a reaction medium of 10 ui
in the presence of 1 ul of the buffer T4 DNA ligase x 10
and 2.5 U of the enzyme T4 DNA ligase (Amersham) at
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14°C for 16 hours. The bacteria Escherichia coli DHS%a,
rendered competent beforehand, were transformed (Hanahan,
1983). The plasmid DNA of the clones obtained, selected on
50 pg/ml of ampicillin, was extracted by the alkaline lysis
method (Birnboim and Boly, 1979) and analysed by enzymatic
digestion by restriction enzymes. The plasmid DNA of some of
the clones retained was verified by sequencing with the aid of
the T7™ sequencing kit, marketed by Pharmacia, by the
dideoxynucleotide method (Sanger et al., 1977}. The sequences
of the PS and the mature DGL were c¢loned, maintaining their
open-reading frames. The cleavage sequence between the
sequences of the PS and the wature DGL 1s Ser-Leu. The
resulting plasmid was called pBIOC23. Starting from pBIOC23,
the BglII-Xbal fragment carrying the sequence of PS-DGL was
isolated by double enzymatic digestion by BglIlI and Xbal,
purification by electrophoresis over 0.8% agarose gel,
electroelution ({Sambrook et al., 1989), precipitation with
alcohol and drying. This DNA fragment was then treated with
Klenow  enzyme in  accordance with the manufacturer's
instructions and ligated to the plasmid DNA of pBIOC21, which
had been digested at the HindIII site, treated with Klenow and
dephospherylated by the alkaline phosphatase enzyme of the
intestine of the calf (Boehringer Mannheim) in accordance with
the manufacturer's instructions. The ligation was carried out
with 20 ng of the dephosphorylated vector described above and
200 ng of DNA fragments, containing the PS-DGL, described
above in a reaction medium of 20 ul in the presence of 2 ul of
the buffer T4 DNA ligase x 10 (Amersham), 2 ul of 50%
polyethylene glycol 8000 and 5 U of the enzyme T4 DNA ligase
(Amersham} at 14°C for 16 hours. The bacteria Escherichia coli
DH5a., rendered competent beforehand, were transformed
{(Hanahan, 1983). The plasmid DNA of the clones obtained,
selected on 12 ug/ml of tetracycline, was extracted by the
alkaline lysis method (Birmboim and Doly, 1979) and analysed
by enzymatic digestion by restriction enzymes. The resulting
clone was called pBIOC25. The nucleotide sequence of the

fragment which codes for the recombinant protein PS-DGL was
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verified by sequencing with the ‘aid of the 7™ sequencing kit,
marketed by Pharmacia, by the dideoxynucleotide method (Sanger
et al., 1977). The plasmid DNA of the binary vector pBIOC25S
wag introduced by direct transformation into the strain
LBA4404 of Agrobacterium tumefaciens in accordance with the
procesg of Holsters et al. (1978). The wvalidity of the clone
retained was verified by enzymatic digestion of the plasmid
DNA introduced.

b. CONSTRUCTION OF THE BINARY PLASMID pBIOC26 CONTAINING
PPS-DGL

The plasmid pBIQOC22 was digested totally by BglII and
partly by HindIII in order to suppress the seguence which
codes for the polypeptide Leu-Phe-Gly-Lys of the mature DGL
protein. This sequence was replaced by that which codes for
the signal peptide PPS of 37 amino acids (ATG AAA GCC TTC ACA
CTC GCT CTC TTC TTA GCT CTT TCC CTC TAT CTC CTG CCC AAT CCA
GCC CAT TCC AGG TTC AAT CCC ATC CGC CTC CCC ACC ACA CAC GAA
CCC GCC) fused to that of the first 4 codons of the mature DGL
protein ({"PPS-first 4 codons of mature DGL"). The sequence
"PPS-first 4 codons of mature DGL" was amplified by PCR using
the plasmid pMAT103 (Matsucka and Nakamura, 1991) with the aid
of the 2 following oligodeoxynucleotides S' caggagatctgATG AAA
GCC TTC ACA CTC GC 3' and 5' G ATG RAAG CTT TCC AAA CAA GGC GGG
TTC GTG TGT GGT TG 3', in accordance with the protocol of PCR
amplification described above in paragraph 1. After double
enzymatic digestion by BGlII and HindIII, the DNA fragments
originating from the PCR amplification were purified by
electrophoresis over 2% agarose gel, electroeluted {Sambrook
et al., 1989), precipitated in the presence of 1/10 volume of
3M sodium acetate, pH 4.8, and 2.5 volumes of absolute ethanol
at -80°C for 30 min, centrifuged at 12,000 g for 30 win,
washed with 70% ethanol, dried and then ligated to the plasmid
DNA of pBIOC22, which had been doubly digested by BglII and
HindIII, purified by electrophoresis over 0.8% agarose gel,

ectroeluted, subjected to precipitation with alcchol, dried
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and dephosphorylated by the alkaline phosphatase enzyme of the
intestine of the calf (Boehringer Mannheim) in accordance with
the manufacturer's instructions. The ligation was carried out
with 100 ng of the dephosphorylated vector described above and
50 ng of the digested DNA fragments, originating from the PCR
amplification, described above in a reaction medium of 10 ul
in the presence of 1 pl of the buffer T4 DNA ligase x 10
(Amersham] and 2.5 U of the enzyme T4 DNA ligase {Amersham) at
14°C for 16 hours. The bacteria Escherichia coli DH5a,
rendered competent beforehand, were transformed (Hanahan,
1983). The plasmid DNA of the clones obtained, selected on
50 pg/ml of ampicillin, was extracted by the alkaline 1lysis
method ({(Birnboim and Doly, 1979} and analysed by enzymatic
digestion by restriction enzymes.

The plasmid DNA of some of the c¢lones retained was
verified by sequencing with the aid of the 7™ sequencing kit,
marketed by Pharmacia, by the dideoxynucleotide method (Sanger
et al., 1977). The sequences of the PPS and the mature DGL
were c¢loned, maintaining their open-reading frames. The
cleavage sequence between the two sequences is Ala-Leu. The
resulting plasmid was called pBIOC24. Starting from pBIOC24,
the BglII-Xbal fragment carrying the sequence of PPS-DGL was
isolated by double enzymatic digestion by BglIl and Xbal,
purified by electrophoresis over 0.8% agarose gel,
electroeluted (Sambrook et al., 1989), precipitated with
alcohol and dried. This DNA fragment was then treated with
Klenow enzyme in accordance with the manufacturer's
instructions and ligated to the plasmid DNA of pBIOC21, which
had been digested at the HindITI site, treated with Klenow and
dephosphorylated by the alkaline phosphatase enzyme of the
intestine of the calf (Boehringer Mannheim) in accordance with

the manufacturer's instructions. The ligation was carried out

~with 20 ng of the dephosphorylated vector described above and

200 ng of DNA <fragments, containing the PPS-DGL, described
above in a reaction medium of 20 pl in the presence of 2 ul of
the buffer T4 DNA ligase x 10 (Amersham), 2 pul of 50%

u; yethylene glycol 8000 and 5 U of the enzyme T4 DNA ligase
“@
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(Amersham) at 14°C for 16 hours. The bacteria Escherichia coli
DH5a, rendered  competent beforehand, were  transformed
(Hanahan, 1983). The plasmid DNA of the clones obtained,
selected on 12 pug/ml of tetracycline, was extracted by the
alkaline lysis wethod (Birmboim and Doly, 1979) and analysed
by enzymatic digestion by restriction enzymes. The resulting
clone was called pBIOC26. The nucleotide sequence of the
fragment which codes for the recombinant protein PPS-DGL was
verified by sequencing with the aid of the o d sequencing kit,
marketed by Pharmacia, by the dideoxynucleotide method (Sanger
et al., 1977). The plasmid DNA of the binary vector pBIOC26
was introcduced by direct transformation into the strain
LBA4404 of Agrobacterium tumefaciens in accordance with the
process of Holsters et al. (1978). The wvalidity of the clone
obtained was verified by enzymatic digestion of the plasmid
DNA introduced.

c. CONSTRUCTION OF THE BINARY PLASMID pBIOC4l CONTAINING
RGLSP-DGL.

Rabbit gastric lipase ig synthesized in the form of a
precursor composed of a signal peptide of 22 amino acids
situated at the NH,-terminal end and preceding the polypeptide
sequence of the mature lipase. The clone pJ0101 containing the
complete cDNA which codes for rabbit gastric lipase is
described in European Patent Application no. 92 403 055.4
filed on 12.11.92 by "Institut de Recherche Jouveinal" and
entitled "Nucleic acids which code for rabbit gastric lipase
and polypeptide derivatives, their use for the production of
these polypeptides, and pharmaceutical compositions based on
the latter".

Alignment of the polypeptide sequences of dog gastric
lipase and of the precursor of rabbit gastric lipase has
demonstrated that the sequence LFGK is present in the two
proteing. In the polypeptide seguence of the rabbit lipase
determined from the purified natural protein (Moreau et al.,

). the first three residues L, F and ¢ are absent and form
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part of the signal peptide of 22 amino acids of RGL. As a
result, the signal peptide of rabbit gastric lipase devoid of
these three common aminc acids was fused to the mature protein
sequence of dog gastric lipase. Its polypeptide sequence is
made up of the following 19 amino acids: MWVLFMVAALLSALGTTHG.
The plasmid pBIOC22 was thus digested totally by BglII
and partly by HindIII in order to suppress the seqguence which
codes for the polypeptide Leu-Phe-Gly-Lys (first 4 amino
acids) of the mature DGL protein. This sequence was replaced
by that which codes for the signal peptide RGLSP of rabbit
gastric lipase of 19 amine acids (ATG TGG GTG CTT TTC ATG CTG
GCA GCT TTG CTA TCT GCA CTT GGA ACT ACA CAT GGT) fused to that
of the first 4 codons of the mature DGL protein ("RGLSP-first
4 codons of mature BDGL"). The sequence "RGLSP-first 4 codons
of mature DGL" was amplified by PCR using the plasmid pJoicl
with the aid of the 2 following oligodeoxynucleotides 5!
aggagatctcaacadTG TGG GTG CIT TTC ATG GTG 3' and 5' G ATG AAG
CTT TCC AAA CAA ACC ATG TGT AGT TCC AAG TG 3', in accordance
with the pretocol of PCR amplification described above in
paragraph I. After double enzymatic digestion by BGLII and
HindIII, the DNA fragments originating from the PCR
amplification were purified by electrophoresis over 2% agarose
gel, electroeluted (Sambrook et al., 1989), precipitated in
the presence of 1/10 volume of 3M sodium acetate, pH 4.8, and
2.5 volumes of absolute ethanol at -80°C for 30 min,
centrifuged at 12,000 g for 30 min, washed with 70% ethanol,
dried and then ligated to the plasmid DNA of pBIOC22, which
had been doubly digested by BgllIl and HindIII, purified by
electrophoresis over 0.8% agarose gel, electroeluted (Sambrook
et al., 1989), subjected to precipitation with alcohol, dried
and dephosphorylated by the alkaline phosphatase enzyme of the
intestine of the calf (Boehringer Mannheim) in accordance with
the manufacturer's instructions. The ligation was carried out
with 100 ng of the dephosphorylated vector described above and
50 ng of the digested DNA fragments, originating from the PCR
amplification, described above in a reaction medium of 10 gl
in the presence of 1 pl of the buffer T4 DNA ligase x 10

&)
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{Bmersham) and 2.5 U of the enzyme T4 DNA ligase (Amersham) at
14°C for 16 hours. The bacteria Escherichia c¢oli DHSa,
rendered competent beforehand, were transformed (Hanahan,
1983). The plasmid DNA of the clones obtained, selected on a
medium containing 50 pg/ml of ampicillin, was extracted by the
alkaline lysis method (Birnboim and Doly, 1979) and analysed
by enzymatic digestion by restriction enzymes. The plasmid DNA
of some of the clones retained was verified by sequencing with
the aid of the T7" sequencing kit, marketed by Pharmacia, by
, 1977} . The
sequences of the RGLSP and the mature DGL were cloned,

maintaining their open reading frames (that is to say such

the dideoxynucleotide method (Sanger et al.

that they constitute a unigue open reading frame). The
cleavage sequence between the sequences of the RGLSP and the
mature DGL 1is Gly-Leu. The resulting plasmid was called
pBIOC40. Starting from pBIOC40, the BglIlI-Xbal fragment
carrying the sequence of RGLSPS-DGL was isolated by double
enzymatic digestion by BgllII and XbalI, purification by
electrophoresis over 0.8% agarose gel, electroelution
(Sambrook et al., 1989}, precipitation with alcohol and
drying. This DNA fragment was then treated with Klenow enzyme
in accordance with the manufacturer's instructions and ligated
to the plasmid DNA of pBIOC21, which had been digested at the
HindIII site, treated with Klenow and dephosphorylated by the
alkaline phosphatase enzyme of the intestine of the calf
(Boehringer Mannheim) in accordance with the manufacturer's
instructions. The ligation was carried ocut with 20 ng of the
dephosphorylated vector described above and 200 ng of DNA
fragments, containing the RGLSP-DGL, described above in a
reaction medium of 20 ul in the presence of 2 pl of the buffer
T4 DNA ligase x 10 (Amersham}, 2 pl of 50% polyethylene glycol
8000 and 5 U of the enzyme T4 DNA ligase (Amersham) at 14°C
for 16 hours. The bacteria Escherichia coli DH50, rendered
competent beforehand, were transformed {Hanahan, 1983). The
plasmid DNA of the clones obtained, selected on a wmedium
containing 12 ug/ml of tetracycline, was extracted by the
kaline lysis method (Birnboim and Doly, 1979) and analysed
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by enzymatic digestion by restriction enzymes. The resulting
clone was called pBIOC4l. The nucleotide sequence of the
fragments which code for the recombinant protein RGLSP-DGL was
verified by seqguencing with the aid of the ™ sequencing kit,
marketed by Pharmacia, by the dideoxynucleotide method (Sanger
et al., 1977). The plasmid DNA of the binary vector pBIOC41
was introduced by direct transformation into the strain
1BA4404 of Agrobacterium tumefaciens in accordance with the
process of Holsters et al. (1978). The wvalidity of the clone
retained was verified by enzymatic digestion of the plasmid
DNA introduced.

I1-B} Construction of chimaeric genes which code for the
recombinant DGL and allow expression in the tomato.

The constructions used are the same as those used for the
genetic transformation of tobacco, namely the plasmids
pBIOC25, pBIOC26 and pBIOC4l.

II. CONSTRUCTION OF CHIMAERIC GENES WHICH CODE FOR THE
RECOMBINANT PROTEIN OF DOG GASTRIC LIPASE AND ALLOW EXPRESSION
IN RAPE SEEDS.

a) Construction of the binary plasmid pBIOC28 containing
the promoter pCRU,

Expression of dog gastric lipase (DGL} in rape seeds
required the insertion of the c¢DNA which codes for the DGL
between the following regulator sequences:

1. The promoter pCRU which corresponds to the non-coding
region 5' of the gene of the reserve protein of the seeds,
CRUCIFERIN A of radish {(Depigny-This et al., 1992), and allows
specific expression in the seeds;

2. The terminal transcription sequence, terminator polyA
358, which corresponds to the non-coding region 3' of the
sequeance of the cauliflower mosaic virus, of double-stranded

circular DNA, which produces the transcript 355 (Franck et
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al., 1980).

To obtain a binary plasmid similar to pBIOC21, but in
which the promoter pdi55 was replaced by the promoter pCRU,
the fragment "EcoRI treated with Klenow-BamHI", containing the
promoter pCRU, was isclated using the plasmid pBI221-CRURSP
derived from pBI221 (marketed by Depigny-This et al., 1592.
The plasmid pBI221-CRURSP is derived from pBI221 (marketed by
Clontech] by replacement of the promoter 358 by the promoter
pCRU.

The fragment "EcoRI treated with Klenow-BamHI" carrying
the promcter pCRU was purified by electrophoresis over 0.8%
agarose gel, electroeluted (Sambrook et al., 1989}, subjected
to precipitation with alcohol, dried and ligated to the

plasmid DNA of pJITi63 (described in paragraph I.), digested
by KpnI, which had been treated with T4 DNA Polymerase (New
England Biolabs) in accordance with the manufacturer's

instructions and then digested with BamHI, purified by
electrophoregis over 0.8% agarose gel, electroeluted (Sambrook
et al., 1989}, subjected to precipitation with alcohol, dried
and dephosphorylated by the alkaline phosphatase enzyme of the
intestine of the calf (Boehringer Mannheim) in accordance with
the manufacturer's instructions. The ligation was carried out
with 20 ng of the dephosphorylated wvector described above and
200 ng of DNA fragments of "EcoRI treated with Klenow-BamHI"
described above in a reaction medium of 20 pl in the presence
of 2 pl of the buffer T4 DNA ligase x 10 (Amersham), 2 pl of
50% polyethylene glycol 8000 and 5 U of the enzyme T4 DNA
ligase (Amersham) at 14°C for 16 hours. The bacteria
Egcherichia coli DH50, rendered competent beforehand, were
transformed (Hanahan, 1983}. The plasmid DNA of the clones
obtained, selected on a medium containing 50 pg/ml of
ampicillin, was extracted by the alkaline 1lysis method
(Birnboim and Doly, 1979) and analysed by enzymatic digestion
by restriction enzymes. The resulting plasmid was called
pBIOCC27.

The expression cassette made up of the promoter pCRU and
terminator polyA 353 was isolated using pBIQOC27 by total
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digestion with XhoI fellowed by partial digestion with EcoRI.
It was purified by electrophoresis over 0.8% agarose gel,
electroeluted (Sambrook et al., 1989}, subjected to
precipitation with alcohol, dried, treated with Klenow (New
England Biolabs) in accordance with the manufacturer's
instructions and ligated tec the plasmid DNA of pBIOC24 at the
EcoRI site treated with Klenow and dephosphorylated by the
alkaline phosphatase enzyme of the intestine of the calf
{(Boehringer Mannheim)} in accordance with the manufacturer's
instructions. The ligation was carried out with 20 ng of the
dephosphorylated vector described above and 200 ng of the DNA
fragments XhoI-EcoRI described above in a reaction medium of
20 pl in the presence of 2 ul of the buffer T4 DNA ligase x 10
(Amersham), 2 ul of 50% polyethylene glycol 8000 and 5 U of
the enzyme T4 DNA ligase {Amersham) at 14°C for 16 hours. The
bacteria Escherichia coli DH5a, rendered competent beforehand,
were transformed (Hanahan, 1983). The plasmid DNA cof the
clones obtained, selected on a medium containing 12 pg/ml of
tetracycline, was extracted by the alkaline 1lysis method
(Birnboim and Doly, 1979) and analysed by enzymatic digestion

by restriction enzymes. The resulting plasmid was called
pBIOC28.

b. Construction of the binary plasmid pBIOC2% containing
PPS-DGL.

Isolation of the BglII-Xbal fragment carrying the
sequence PPS-DGL using pBIOC24 has already been described in
I-A-b. This fragment was ligated to the plasmid DNA of pBIOC28
at the EcoRI gite treated with Klenow and dephosphorylated by
the alkaline phosphatase enzyme of the intestine of the calf
{Boehringer Mannheim) in accordance with the manufacturer's
instructions. The ligation was carried out with 20 ng of the
dephosphorylated vector described above and 200 ng of the DNA
fragments BglII-Xbal containing PPS-DGL in a reaction medium
of 20 pl in the presence of the buffer T4 DNA ligase x 10
{(Amersham), 2 pl of 50% polyethylene glycol 8000 and 5 U of
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the enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours. The
bacteria Escherichia coli DH5a, rendered competent beforehand,
were transformed (Hanahan, 1983). The plasmid DNA of the
clones cbtained, selected on a medium containing 12 pg/ml of
tetracycline, was extracted by the alkaline 1lysis method
(Birnboim and Doly, 1979) and analysed by enzymatic digestion
by restriction enzymes. The resulting plasmid was called
pBI0OC29. The nucleotide sequence of the recombinant protein
PPS-DGL was verified by sequencing with the aid of the 7
sequencing kit, marketed by Pharmacia, by the
dideoxynuclectide method (Sanger et al., 1977). The plasmid
DNA of the binary vector pBIOC29 was introduced by direct
transformation into the strain LBA4404 of Agrobacterium
tumefaciens in accordance with the process of Holsters et al.
{1978) . The wvalidity of the c¢lone retained was verified by
enzymatic digestion of the plasmid DNA introduced.

¢) Construction of binary plasmids pBIOC90 and pBIOCI1
containing the pGEALD promoter.

Expression of the animal gene which codes for dog gastric
lipase (DGL) in rape seeds reguired the following regulator
sequences:

1. the promoter pGEAl corresponding to the non-coding
region 5' of the gene of the reserve protein of the seeds,
GEAl of Arabidopsis thaliana (Gaubier et al., 1993), and
allows specific expression in the seeds;

2. the terminal transcription sequence, terminator polyA
358, which corresponds to the non-coding region 3' of the
sequence of the cauliflower mosaic virus, of double-stranded
circular DNA, which produces the transcript 358 (Franck et
al., 1980).

To obtain the binary plasmid pBIQOC%0 similar to pBIOC21
but in which the promoter pd35S was replaced by the promoter
PGEALD, the fragmwent HindIIT - BamHI treated with Klenow,
containing the promoter pGEAl, was isolated using plasmid
pGUSZ2-pGEALl. The clone pGUS-2-pGEAl deriving from pBI221 by
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replacement of the promoter p355 by the promoter pGEAL,
contains 2 ATG in frame: ATG of the gene GEAL (Em2) and ATG of
the gene gus. The ATG of the gene GEAl was destroyed. The DNA
fragment contained between the Sall site and the sequences
upstream from the ATG of the gene GEAl of the clone pGUS-2-
pGEAl was then amplified by PCR using 2 oligonucleotides: 5!
CAAACGTGTACAATAGCCC 3' and 5' CCCGGGGATCCTTITTTIG 3'. The
hybridization temperature was adjusted. The fragment amplified
by PCR was digested by Sall and BamHI, purified by
electrophoresis over 2% agarcse gel, electroeluted {Sambrook
et al. 1989), precipitated in the presence of 1/10 volume of
3M sodium acetate pH 4.8 and 2.5 wolumes of absclute ethanol
at -80°C for 30 minutes, centrifuged at 12000 g for 30
minutes, washed with 70% ethanol, then ligated to plasmid DNA
of pGUS-2-GEAl double digested by Sall and BamHI, purified by
electrophoresis over 0.8% agarose gel, electoeluted (Sambrook
et al., 1989), subjected to precipitation with alcohol, dried..

Ligation was carried out with 100 ng of wvector and 50 ng of
digested DNA fragments originating from the PCR amplification
described above, in a reaction medium of 10 ul in the presence
of 1 pul of the buffer T4 DNA ligase x 10 (Amersham) and 2.5 U
of the enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours.
The Dbacteria Esgcherichia coli DHSo, rendered competent
beforehand, were transformed (Hanahan, 1983). The plasmid DNA
of the clones obtained, selected on 50 pg/ml ampicillin, was
extracted by the alkaline 1lysis method (Birnboim and Doly,
1979) and analysed by enzymatic digestion by restriction
enzymes. Certain retained clones were verified by sequencing
with the aid of the T7 sequencing kit, marketed by Pharmacia,
by the dideoxynucleotide method (Sanger et al., 1977). The
resulting clone was called pBUS-2-pGEALD.

The HindI1I-BamHI fragment carrying the promoter pGEALD
igolated from pGUS-2-pGEA1D, treated with Klenow in accordance
with the manufacturer's instructions (Biolabsg), was purified
by electrophoresis over 0.8% agarose gel, electreoluted
(Ssambrook et al., 1989), subjected to precipitation with
, dried and ligated to the plasmid DNA of pBIOC21 at
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KpnI and HINDIII sites treated with the enzyme T4 DNA
polymerase (Biolabs) in accordance with the manufacturer's
instructions. The ligation was carried out with 20 ng of
dephosphorylated pBIOC21 and 200 ng of the XhoI-EcoRI DNA

5 fragments described above in a reaction medium of 20 ul in the
presence of 2 pl of the buffer T4 DNA ligase x 10 (Amersham),
2 pl of 50% polyethylene glycol 8000 and 5 U of the enzyme T4
DNA ligase (Amersham) at 14°C for 16 hours. The bacteria
Escherichia coli DHSw, rendered competent beforehand, were

10 transformed (Hanahan, 1983). The plasmid DNA of the clones
cbtained, selected on 1i2 ug/ml tetracyclin, was extracted by
the alkaline 1lysis wmethod (Birnboim and Doly, 1979} and
analysed by enzymatic digestion by restriction enzymes. The
resulting plasmid was called pBIOCSO.

15 To obtain the binary plasmid pBIOC91, the expression
cassette "pGEA1lD-tNOS", isolated from pBSII-pGEAlD, was
introduced into the binary plasmid pSCV1.2 itself obtained by
cloning of the HindIII1 fragment carrying the expression
caggette "p35S-nptII-tNOS" described by Fromm et al. (1986) at

20 the HindIII site of pSCV1l constructed by Edwards G.A. in 1990
following the usual cloning procedures.

The plasmid pBSII-pGEALD was obtained in two stages:
- on the one hand, the Sacl-EcoRI fragment carrying tNOS
(terminator of the gene of nopaline synthase) of Agrobacterium

25 tumefaciens, treated with the enzyme T4 DNA polymerase
{Biolabs} in accordance with the manufacturer's instructions
and purified, was <c¢loned at the EcoRV site of pBSIISK+
marketed by Stratagene, dephosphorylated by the alkaline
phosphatase enzyme of the intestine of the calf (Boehringer

30 Mannheim) in accordance with the manufacturer's instructions.
The ligation was «carried out with 20 ng of the
dephosphorylated vector and 200 ng of the DNA fragments
containing tNOS described above in a reaction medium of 20 gl
in the presence of 2 pl of the buffer T4 DNA ligase x 10

35 (Amersham), 2 pl of 50% polyethylene glycol 8000 and 5 U of
the enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours. The

‘RAL-acteria Escherichia coli DHS«, rendered competent beforehand,

L

‘7
)
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were transformed (Hanahan, 1983). The plasmid DNA of the
clones obtained, selected on 50 pug/ml  ampicillin, was
extracted by the alkaline lysis method (Birmboim and Doly,
1979) and analysed by enzymatic digestion by restriction
5 enzymes. Certain retained clones were verified by sequencing
with the aid of the T7™ gequencing kit, marketed by Pharmacia,
by the dideoxynucleotide method (Sanger et al., 1977). The
resulting plasmid was called pBSII-tNOS.
- on the other hand, the fragment carrying pGEARID double
10 digested by HindIII treated with the enzyme Klenow and BamHT,
purified, was cloned at the "Xbal treated with Klenow and
BamHI" sites of the plasmid pBSII-tNOS. The ligation was
carried ocut with 100 ng of the vector described above and 50
ng of the DNA fragments described above in a reaction medium
15 of 10 pl in the presence of 1 pl of the buffer T4 DNA ligase x
10 (Amersham) and 2.5 U of the enzywme T4 DNA ligase (Amersham)
at 14°C for 16 hours. The bacteria Escherichia ccli DHS5a,
rendered competent beforehand, were transformed {Hanahan,
1583). The plasmid DNA of the clones obtained, selected on
20 50 upg/ml ampicillin, was extracted by the alkaline 1lysis
method (Birnbeim and Doly, 1979) and analysed by enzymatic
digestion by restriction enzymes. The resulting plasmid was
called pBSII-pGEALD.
Then, the expression cassette "pGEALD - tNOS" carried by
5 the Xbal-HindIII fragment treated with Klenow, was cloned at
the Smal site of pSCV1.2 dephosphorylated by the alkaline
phosphatase enzyme of the intestine of the calf (Boehringer
Mannheim} in accordance with the manufacturer's instructicns.
The ligation was carried out with 20 ng of dephosphorylated
30 pS5CV1.2 and 200 ng of the fragments carrying the expression
cassette "pGEALID-tNOS", in a reaction medium of 20 pl in the
presence of 2 pl of the buffer T4 DNA ligase x 10 (Amersham),
2 ul of 50% polyethylene glycol 8000 and 5 U of the enzyme T4
DNA 1ligase (Amersham) at 14°C for 16 hours. The bacteria
35 Escherichia coli DH5a, rendered competent beforehand, were

transformed (Hanahan, 1983). The plasmid DNA of the clones
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the alkaline lysis wethod (Birnboim and Doly, 1879} and
analysed by enzymatic digestion by restriction enzymes. The
resulting plasmid was called pBIOCY91.

d) Construction of binary plasmid pBIOCYS2 containing the
pGEA6D promoter.

Expression of the animal gene which codes for dog gastric
lipase (DGL) in rape seeds required the following regulator
sequences:

1. the promoter pGEA6 corresponding to the non-coding
regicn 5' of the gene of the reserve protein of the seeds,
GEA6 of Arabidopsis thaliana (Gaubier et al., 199%3), and
allows specific expression in the seeds;

2. the terminal transcription sequence, terminator polyA
358, which corresponds to the non-coding region 3' of the
gsequence of the cauliflower mosaic virus, of double-stranded
circular DNA, which produces the transcript 358 (Franck et
al., 1980).

To obtain the binary plasmid pBIOC92 similar to pBICC21
but in which the promoter pd3i58 was replaced by the promoter
pGEA6D, the fragment EcoRI - BamHI treated with Klenow,
containing the promoter pGERG, was isolated using plasmid
pGUS2-pGEA6, The clone pGUS-2-pGEA6 deriving from pUCLS8,
contains 2 ATG in phase: ATG of the gene GEA6 (Emé) and ATG of
the gene gus. The ATG of the gene GEA6 was destroyed. The DNA
fragment contained between the Accl site and the sequences
upstream from the ATG of the gene GEA6 of the clone pGUS-2-
pGEA6 was then amplified by PCR using 2 oligonucleotides: 5°
AAGTACGGCCACTACCACG 3! and 5! CCCGGGGATCCTGGCTC 3'. The
hybridization temperature was adjusted. )

The fragment amplified by PCR was digested by Accl and
BamHI, purified by electrophoresis over 2% agarose gel,
electroeluted (Sambrook et al. 1889), precipitated in the
prezence of 1/10 volume of 3M sodium acetate pH 4.8 and 2.5
volumes of absolute ethanocl at -80°C for 30 minutes,

at 12000 g for 30 winutes, washed with 70%
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ethanol, dried, then ligated to plasmid DNA of pGUS-2-GEA6
double digested by Accl and BamHI, purified by electrophoresis
over 0.8% agarose gel, electoeluted (Sambrook et al., 1989)
subjected to precipitation with alcohol, dried. Ligation was
carried out with 100 ng of the vector described above and 50
ng of digested DNA fragments originating from the PCR
amplification described above, in a reaction medium of 10 pul
in the presence of 1 ul of the buffer T4 DNA ligase x 10
{aAmersham) and 2.5 U of the enzyme T4 DNA ligase (Amersham) at
14°C for 16 hours. The bacteria Escherichia coli DH5a,
rendered competent beforehand, were transformed (Hanahan,
1983). The plasmid DNA of the clones obtained, selected on
50 pg/ml ampiecillin, was extracted by the alkaline lysis
method (Birnboim and Doly, 1579) and analysed by enzymatic
digestion by restriction enzymes. Certain retained clones were
verified by sequencing with the aid of the 7" sequencing kit,
marketed by Pharmacia, by the dideoxynucleotide method (Sanger
et al., 1977). The resulting clone was called pGUS-2-pGEAGD.

The EcoRI-BamHI fragment carrying the promoter pGEAGD
isclated from pGUS-1-pGEA&D, treated with Klenow in accordance
with the manufacturer's instructions (Biclabs), was purified
by electrophoresis over 0.8% agarose gel, electroluted
(Sambrook et al., 1989}, subjected to precipitation with
alcohol, dried and ligated to the plasmid DNA of modified
pBIOC21 at the Xhol site treated with Xlenow. The wmodified
plasmid pBLOC21 was obtained by double digestion of pBIOC21 by
HindIIT treated with Klenow and Kpnl to delete the fragment
carrying the promoter pd35S and to replace it with the KpnI-
BcoRV fragment carrying the compound polylinker of sites KpnI-
XhoI-SalI-ClaL-HindIII-BamHI-Smal-EcoRI-EcoRV of pBSIISK+.

The ligation was . carried out with 20 ng of
dephosphorylated modified pBIOC21 and 200 ng of the EcoRI-
BamHI DNA fragments degcribed above in a reaction medium of 20
il in the presence of 2 pl of the buffer T4 DNA ligase x 10
(Amersham), 2 pl of 50% polyethylene glycol 8000 and 5 U of
the enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours. The
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were transformed (Hanahan, 1983}). The plasmid DNA of the
clones obtained, selected on 12 ug/ml tetracyclin, was
extracted by the alkaline lysis methed (Birnboim and Doly,
1979) and analysed by enzymatic digestion by zrestriction
enzymes. The resulting plasmid was called pBIOCSZ.

e) Cconstruction of binary plasmids pBIOC93, DpBIOCY94,
pBIOCY95, pBIOCY6 and pBIOCYS7 containing RGLSP-DGL.

The plasmid pBIOC40 is described above. This plasmid
containsg the fragment BglII-Xbal carrying the sequence RGLSP-
DGL.

This fragment was isolated by double enzymatic digestion
by BglII and Xbal, purified by electrophoresis over 0.8%
agarose gel, electroluted, subjected to precipitation with
alcohol, dried, treated with Klenow and ligated to pBIOC28
(described above) digested by EccRI treated with Klenow and
dephosphorylated; to pBIOC90 digested by EcoRI treated with
Klenow and dephosphorylated; to pBIOC91 digested by Smal and
dephosphorylated; to pBIOC92 digested by HindIII treated with
Klenow and dephosphorylated to produce pBIOC93, pBIOCY4,
pBIOCSS and pBIOCY96 respectively.

The plasmid pBIOCY97 results from the cloning of the
fragment Kpnl-EcoRV carrying the expression cassette "pGEA6D-
RGLSP-DGL-£3538", treated by the enzyme T4 DNA polymerase,
purified by electrophoresis over 0.8% agarose gel,
electroeluted, subjected to precipitation with alcohol, dried
and ligated to pSCV1.2 digested by Swmal and dephosphorylated.
The expression cassette "pGEAGD-RGLSP-DGL-t358" originates
from pBIOC92.
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ITI. CONSTRUCTION OF CHIMAERIC GENES WHICH CODE FOR THE
RECOMBINANT PROTEIN OF HUMAN GASTRIC LIPASE AND ALLOW
CONSTITUTIVE EXPRESSION, FOR EXAMPLE, IN TOBACCO LEAVES AND
SEEDS.

a) Construction of the binary plasmid pBIOCB2 containing
the chimaeric promoter SUPER-PROMOTER pSP.

Expression of the gene which codes for human gastric
lipase (HGL) in tobacco 1leaves required the following
regulator sequences:

1. the chimaeric promoter super-promoter (pSP;
PCT/US94/12946). It is constituted by the fusion of three
transcriptional activator elements of the promoter of the gene
of octopine synthase of Agrobacterium tumefaciens, of a
transcriptional activator element of the promoter of the gene
of mannopine synthase and of the mannopine synthase promoter
of Agrobacterium tumefaciens;

2. the terminal transcription sequence, terminator polyA
358, which corresponds to the non-coding region 3' of the
sequence of the cauliflower mosaic virus of double-stranded
circular DNA, which produces the transcript 358 (Franck et
al., 1980).

To obtain a binary plasmid similar to pBIOC21, but in
which the promoter pd358 was replaced by the promoter pSP, the
pvuil-Sall fragment, subjected to Klenow, containing the
promoter  pSP, was i1solated using the plasmid pBISNI
(PCT/US94/12946), purified by electrophoresis over 1% agarose
gel, electroeluted (Sambrook et al., 1989%), subjected to
precipitation with alcohol, dried and ligated to the plasmid
DNA of pBIQC81, doubly digested by KpnI and EcoRI, subjected
to DNA T4 polymerase and dephosphorylated by the alkaline
phosphatase enzyme of the intestine of the calf (Boehringer
Mannheim) in accordance with the manufacturer's instructions.
The plasmid pBIOC81 corresponds to pBIOC21 the Xbal site of
which has been deleted. In order to do this, the plasmid
pBIOC21 was digested by Xbal, then subjected to the action of
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the Klenow enzyme and ligated by the action of T4 DNA ligase.

The 1ligation was carried out with 20 ng of the
dephosphorylated vector described above and 200 ng of DNA
fragments carrying pSP described above in a reaction medium of
20 pl in the presence of 2 pl of the buffer T4 DNA ligase x 10
{Amersham), 2 pl 50% polyethylene glycol 8000 and 5 U of the
enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours. The
bacteria Escherichia colil DHSa, rendered competent beforehand,
were transformed ({(Hanahan, 1983). The plasmid DNA of the
clones obtained, selected on 12 ug/ml of tetracyclin, was
extracted by the alkaline lysis method (Birnboim and Doly,
1979) and analysed by enzymatic digestion by restriction
enzymes. The resulting plasmid was called pBIOC82.

Human gastric lipase (HGL) 1& s8ynthesized naturally in
the form of a precursor described in the publication by Bodmer
et al., 1987. The mature HGL protein 1is constituted by 379
amino acids. Its signal peptide (HGLSP) 1s composed of 19
amino acids. The restriction site between HGLSP and HGL is
Gly-Leu.

The sequence which codes for the precursor of HGL was
used for the construction of the binary plasmids pBIOC85S
containing HGLSP-HGL, pBIOC87 containing HPLSP-HGL and pBIOC89
containing RGLSP-HGL where the sequence which codes for HGL is
preceded by those which code for its natural signal peptide
HGLSP, the signal peptide of human pancreatic lipase (HPLSP;
Giller et al., 1992) and the signal peptide of rabbit gastric
lipase (RGLSP; already described previously; European Patent
No. 92.403055.4) respectively.

The sequence which codes for the precursor of HGL was
isolated by double digestion with PstI and Dral, purified by
electrophoresis over 0.8% agarose gel, electroeluted (Sambrook
et al., 1989), precipitated in the presence of 1/10 volume of
3M sodium acetate pH 4.8 and 2.5 volumes of absclute ethanol
at minus 80°C for 30 minutes, centrifuged at 12000 g for 30
minutes, washed with 70% ethanol and dried. Then, it was
cloned at the Pst! and Spel sites (subjected to the action of
enzyme T4 DNA polymerase ({Biolabs) in accordance with the
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manufacturer's instructions) of the plasmid pBSIISK+ marketed
by Stratagene. The ligation was carried out with 100 ng of the
vector and 50 ng of the DNA fragments carrying the sequence
which codes for the precursor of HGL described above, in a
reaction medium of 10 pl in the presence of 1 ul of the buffer
T4 DNA ligase x 10 (Amersham} and 2.5 U of the enzyme T4 DNA
ligase (Bmersham) at 14°C for 16 hours. The bacteria
Escherichia coli DH5a, rendered competent beforehand, were
transformed (Hanahan, 1983)., The plasmid DNA of the clones
obtained, selected on 50 pg/ml of ampicillin, was extracted by
the alkaline 1lysis method (Birnboim and Doly, 1379} and
analysed by enzymatic digestion by restriction énzymes. The
resulting plasmid was called pBIOCB3.

The sequence which codes for mature HGL was modified by
the introduction of a BamHI site, which did not exist
beforehand, in the ninth and tenth codens, by directed
mutagenesis by PCR using 2 oligodeoxynucleotides, 51
aaactgcaggctegag TTG TTT GGA AAA TTA CAT CCT GGA tce CCT GAA
GTG ACT ATG 3' {containing the unique PstI, Xhol and BamHI
gites) and 5' BAT GGT GGT GCC CTG GGA ATG GCC BAC ATA GTG TAG
CTG ¢ 3' (containing the unique Mscl site in the ‘plasmid
pBIOCE3) .

The PCR amplification of the fragment PstI-Mscl was
carried out in 100 gl of reaction medium containing 10 pl of
the buffer Taq DNA polymerase x10 (500 mM KCl, 100 mM Tris-
HC1, pH 9.0 and 1% Triton x100), 6 pl of 25 mM MgCl,, 3 pl of
10 mM ANTP (dATP, 4CTP, dGTP and 4TTP), 100 pM of each of the
2 oligodeoxy-nucleotides described above, 5 ng of wmatrix DNA
{vector pBIOC83)}, 2.5 U of Tag DNA polymerase (Promega) and 2
drops of vaseline oil. The DNA was denatured at 94°C for 5
minutes, subjected to 30 cycles each constituted by 1 minute
of denaturation at 94°C, 1 minute of hybridization at 65°C and
1 minute of elongation at 72°C, then elongation at 72°C was
continued for % minutes. This PCR reaction was carried out in
the "DNA Thermal Cycler" machine of PERKIN ELMER CETUS. The
0il was removed by extraction with chloroform. The DNA

contained in the reaction wedium were then
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precipitated in the presence of 1/10 volume of 3M sodium
acetate, pH 4.8, and 2.5 volumes of absolute ethanol at minus
80°C for 30 min, centrifuged at 12,000 g for 30 min, washed
with 70% ethanol, dried and digested by the 2 restriction
enzymes PstI and MscI. The digested DNA fragments originating
from the PCR amplification were purified by electrophoresis
over 2% agarose gel, electroeluted (Sambrook et al., 1989),
precipitated in the presence of 1/10 wvolume of 3M sodium
acetate, pH 4.8, and 2.5 volumes of absolute ethanol at -80°C
for 20 min, centrifuged at 12,000 g for 30 min., washed with
70% ethanol, dried and then ligated to the plasmid DNA of
pBICC83, which had been digested twice by PstI and MscI,
purified by electrophoresis over 0.8% agarose gel,
electroeluted, subjected to precipitation with alcohol, dried.
The ligation was carried out with 100 ng of the vecter and
50 ng of the digested DNA fragments, originating from the
amplification by PCR, described above, in a reaction medium of
10 pl in the presence of 1 pl of the buffer T4 DNA ligase x 10
{Amersham) and 2.5 U of the enzyme T4 DNA ligase (Amersham) at
14°C for 16 hours. The bacteria Escherichia coli DHSo,
rendered competent beforehand, were = transformed (Hanahan,
1983). The plasmid DNA of the clones obtained, selected on
50 pg/ml of ampicillin, was extracted by the alkaline 1lysis
method (Birnboim and Doly, 1979) and analysed by enzymatic
digestion by restriction enzymes. Some of the retained clones
were verified by sequencing with the aid of the 7 sequencing
kit, marketed by Pharmacia, by the dideoxynucleotide methed
(sanger et al., 1977). Introduction of the BamHI restriction
site does not modify the genetic code of the HGL. In fact, the
natural HGL sequence GGA AGC (Gly-Ser) becomes GGA TCC (Gly-
Ser) . The resgulting plasmid was called pBIOCS84.

b) Construction of the binary plasmid pBIOC85 containing
HGLSP-HGL.

The fragment PstI-Xbal carrying the sequence of HGLSP-HGL
was isolated by double enzymatic digestion by PstI and Xbal
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from pBIOCS3, purified by electrophoresis over 0.8% agarose
gel, electroeluted (Sambrook et al., 1989}, subjected to
precipitation with alcchol and dried. Then, this DNA fragment
was treated with the enzyme T4 DNA polymerase (Biolabs) in
accordance with the manufacturer's instructions and ligated to
the plasmid DNA of pBIOCS82 digested at the EcoRI site, treated
with Klenow {(Biolabs) and dephosphorylated by the alkaline
phosphatase enzyme of the intestine of the calf (Boehringer
Mannheim) in accordance with the manufacturer's instructions.
The ligation was carried out with 20 ng of the
dephosphorylated vector described above and 200 ng of DNA
fragments containing the HGLSP-HGL described above, in a
reaction medium of 20 pl in the presence of 2 ul of the buffer
T4 DNA ligase x 10 {Amersham}), 2 gl of 50% polyethylene glycol
8000 and 5 U of the enzyme T4 DNA ligase (Amersham) at 14°C
for 16 hours. The bacteria FEscherichia c¢oli DH5t, rendered
competent beforehand, were transformed (Hanahan, 1983). The
plasmid DNA of the clones obtained, selected on 12 pg/ml of
tetracycline, was extracted by the alkaline lysis method
(Birnboim and Doly, .1979) and analysed by enzymatic digestion
by restriction enzymes. The resulting clone was called
PBIOC85. The nucleic sequence of the fragment which codes for
the recombinant protein HGLSP-HGL was verified by sequencing
with the aid of the T7" sequencing kit, marketed by Pharmacia,
by the dideoxynucleotide methed (Sanger et al., 1977). The
restriction sequence between the HGLSP and mature HGL
sequences is Gly-Leu. The plasmid DNA of the binary vector
PBICC85 was dintroduced by direct transformation into the
strain LBA4404 of Agrobacterium tumefaciens in accordance with
the method of Holsters et al. (1978). The wvalidity of the
retained clone was verified by enzymatic digestion of the
plasmid DNA introduced.

¢) Construction of the binary plasmid pBIOC8S6 containing
HPLSP-HGL.

The plasmid pBIOCB4 was digested twice by PstI and BamHI

order to suppress the sequence which codes for the signal
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peptide HGLSP and the first 8 amino acids of the mature HGL
protein (Leu-Phe-Gly-Lys-Leu-His-Pro-Gly). This sequence was
replaced by that which codes for the signal peptide HPLSP of
16 amino acids (ATG CTG CCA CTT TGG ACT CTT TCA CTG CTG CTG
GGA GCA GTA GCA GGR) fused to that which codes for the first 8
codons of the mature HGL protein ("HPLSP - first 8 codons of
mature HGL"). The sequence "HPLSP - first 8 codons of mature
HGL" was amplified by PCR from the matrix 5!
aaactgcaggctcgagaacaATG CTG CCA CTT TGG ACT CTT TCA CTG CTG
CTG GGA GCA GTA GCA GGA TTG TTT GGA AAA TTA CAT CCT GGA tcc
CCT G 3 using the 2 ocligodeoxynucleotides, 5!
aaactgcaggctcgagaacaATG € 3' and 5' C AGG gga TCC AGG ATG TAA
TTT TCC 3', following the PCR amplification protocel described
previously {(see paragraph I above). The hybridization
temperature was adjusted. After double enzymatic digestion by
PstI and BamHI, the DNA fragments originating frem the PCR
amplification were purified by electrophoresis over 2% agarose
gel, electroeluted (Sambrook et al. 1989), precipitated in the
presence of 1/10 volume of 3M sodium acetate pH 4.8 and 2.5
volumes of absolute ethanol at -80°C for 30 minutes,
centrifuged at 12000 g for 30 mninutes, washed with 70%
ethanol, dried, then ligated with plasmid DNA of pBIOCS84
double digested by Pstl and BamHI, purified by electrophoresis
over 0.B% agarose gel, electoeluted (Sambrook et al., 1989),
subjected to precipitation with alcchol, dried. Ligation was
carried out with 100 ng of vector and 50 ng of digested DNA
fragments originating from the PCR amplification described
above, in a reaction medium of 10 ul in the presence of 1 ul
of the buffer T4 DNA ligase X 10 (Amersham) and 2.5 U of the
enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours. The
bacteria Escherichia coli DH50, rendered competent beforehand,
were transformed (Hanahan, 1983). The plasmid DNA of the
clones obtained, selected on S0 pupg/ml ampicillin, was
extracted by the alkaline lysis method ({(Birnboim and Doly,
1979) and analysed by enzymatic digestion by restriction
enzymes. Certain retained cleones were verified by seguencing
with the aid of the T7" sequencing kit, marketed by Pharmacia,
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by the dideoxynucleotide methed (Sanger et al., 1977). The
sequences of HPLSP and mature HGL were cloned while
maintaining their open reading frames (that is to say, such
that they constitute a wunique open reading frame). The
restriction sequence between the sequences HPLSP and mature
HGL is Gly-Leu. The resulting plasmid was called pBIOC86.

The fragment PstI-Xbal carrying the sequence HPLSP-HGL
was isolated from BIOCS86 by double enzymatic digestion by Pstl
and XbalI, purified by electrophoresis over 0.8% agarose gel,
electroeluted (Sambrook et al., 1989), subjected to
precipitation with alcchol and dried. Then, this DNA fragment
was treated with the enzyme T4 DNA polymerase (Biolabs) in
accordance with the manufacturer's instructions and ligated to
the plasmid DNA of pBIOC82 digested at the EcoRI site, treated
with Klenow (Biclabs) and dephosphorylated by the alkaline
phosphatase enzyme of the intestine of the calf {Boehringer
Mannheim) in accordance with the manufacturer's instructions.
The 1ligation was «carried out with 20 ng of the
dephosphorylated vector described above and 200 ng of DNA
fragments containing the HPLSP-HGL described above in a
reaction medium of 20 pl in the presence of 2 pl of the buffer
T4 DNA ligase x 10 (Amersham), 2 pl of 50% polyethylene glycol
8000 and 5 U of the enzyme T4 DNA ligase (Amersham) at 14°C
for 16 hours. The bacteria Escherichia coli DH5a, rendered
competent beforehand, were transformed (Hanahan, 1983). The
plasgmid DNA of the clones obtained, selected on a medium
containing 12 pug/ml of tetracyline, was extracted by the
alkaline lysgis wmethod (RBirnboim and Doly, 1979) and analysed
by enzymatic digestion by restriction enzymes. The resulting
clone was called pBIOCB7. The nucleic sequence of the fragment
which codes for the recombinant protein HPLSP-HGL was verified
by sequencing with the aid of the ™ sequencing kit, marketed
by Pharmacia, by the dideoxynucleotide method (Sanger et al.,
1977) . The plasmid DNA of the binary vector pBIOC87 was
introduced by direct transformation in the strain LBA4404 of
Agrobacterium tumefaciens in accordance with the wmethod of

Holsters et al. (1978). The validity of the retained clone was
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verified by enzymatic digestion of the plasmid DNA introduced.

d) Construction of the binary plasmid pBIOC89 containing
RGLSP-HGL.

The plasmid pBIOC84 was double digested by PstI and BamHI
in order to suppress the sequence which codes for the signal
peptide HCGLSP and the first 8 amino acids of the mature HGL
protein (Leu-Phe-Gly-Lys-Leu-His-Pro-Gly). This sequence was
replaced by that which codes for the signal peptide RGLSP of
19 amino acids (ATG TGG GTG CTT TTC ATG GTG GCA GCT TTG CTA
TCT GCA CTT GGA ACT ACA CAT GGT) fused to that which codes for
the first 8 codons of the mature HGL protein ("RGLSP - first 8
codons of mature HGL"). The sequence "RGLSP - first 8 codons
of mature HGL" was amplified by PCR from the matrix 5'
aaactgcaggctecgagaacadTG TGG GTG CTT TTC ATG GTG GCA GCT TIG
CTA TCT GCA CTT GGA ACT ACA CAT GGTTTG TTT GGA AAA TTA CAT CCT
GGA tce C€CT G 3' wusing the 2 oligodeoxynucleotides, 5!
aaactgcaggctegagaacaATG TGG 3' and 5' € AGG gga TCC AGG ATG
TAA TTT TCC 3', following the PCR amplification protccol
described previously (see paragraph I above) . The
hybridization temperature was adjusted. After double enzymatic
digestion by PstI and BamHI, the DNA fragments originating
from the PCR amplification were purified by electrophoresis
over 2% agarose gel, electroeluted (Sambrook et al. 1983%),
precipitated in the pregsence of 1/10 volume of 3M sodium
acetate pH 4.8 and 2.5 volumes of absolute ethancl at -80°C
for 30 minutes, centrifuged at 12000 g for 30 minutes, washed
with 70% ethanol, dried, then ligated with plasmid DNA of
pBIOC84 double digested by PstI and BamHI, purified by
electrophoresis over 0.8% agarose gel, electoeluted (Sambrook
et al., 1989), subjected to precipitation with alcohol, dried.
Ligation was carried out with 100 ng of vector and 50 ng of
digested DNA fragments originating from the PCR amplification
described above, in a reaction medium of 10 ul in the presence
of 1 ul of the buffer T4 DNA ligase x 10 (Amersham) and 2.5 U
of the enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours.
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The bacteria Escherichia coli DH5q, rendered competent
beforehand, were transformed (Hanahan, 1983). The plasmid DNA
of the clones obtained, selected on 50 pg/ml ampicillin, was
extracted by the alkaline lysis method (Birnboim and Doly,
1979} and analysed by enzymatic digestion by restriction
enzymes. Certain retained clones were verified by sequencing
with the aid of the T7" sequencing kit, marketed by Pharmacia,
by the dideoxynucleotide method (Sanger et al., 1977). The
sequences of RGLSP and mature HGL were cloned while
maintaining their open reading frames (that is to say, such
that they constitute a wunique open reading frame). The
restriction sequence between the sequences RGLSPE and mature
HGL is Gly-Leu. The resulting plasmid was called pBIOCBS.

The fragment PstI-Xbal carrying the sequence RGLSP-HGL
was isoclated from pBIOC88 by double enzymatic digestion by
Pstl and Xbal, purified by electrophoresis over 0.8% agarose
gel, electroeluted (Sambrook et al., 1989), subjected to
precipitation with alcohol and dried. Then, this DNA fragment
was treated with the enzyme T4 DNA polymerase (Biolabs) in
accordance with the manufacturer's instructions and ligated to
the plasmid DNA of pBIOC82 digested at the Xbal site, treated
with Klenow (Biolabs} and dephosphorylated by the alkaline
phosphatase enzyme of the intestine of the calf (Boehringer
Mannheim) in accordance with the manufacturer's instructions.
The 1ligation was carried out with 20 ng of the
dephosphorylated vector and 200 ng of DNA fragments containing
the RGLSP-HGL described above in a reaction medium of 20 pl in
the presence of 2 pul of the buffer T4 DNA ligase x 10
(Amersham), 2 pl of 50% polyethylene glycol 8000 and S U of
the enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours. The
bacteria Escherichia coli DH5w¢, rendered competent beforehand,
were transformed (Hanahan, 1983). The plasmid DNA of the
clones obtained, selected on 12 pg/ml of tetracyline, was
extracted by the alkaline lysis method (Birnboim and Doly,
1979) and analysed by enzymatic digestion by restriction
enzymes. The resulting clone was called pBIOCBY. The nucleic

sequence of the fragment which codes for the recombinant
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protein RGLSP-HGL was verified by sequencing with the aid of
the T7™ sequencing kit, marketed by Pharmacia, by the
dideoxynucleotide method (Sanger et al., 1977). The plasmid
DNA of the binary vector pBIOC8S was introduced by direct
transformation in the strain LBA4404 of Agrobacterium
tumefaciens in accordance with the method of Holsters et al.
{1978). The wvalidity of the retained clone was verified by
enzymatic digestion of the plasmid DNA introduced.

IV. CONSTRUCTION OF CHIMAERIC GENES WHICH CODE FOR THE

RECOMBINANT PROTEIN OF DOG GASTRIC LIPASE AND ALLOW EXPRESSION
IN CORN SEEDS.

a) Construction of ©plasmids pBIOC98 and pBIOCSS
containing RGLSP-DGL and allow constitutive expression in corn

geeds.

The constitutive expression of the animal gene which
codes for dog gastric lipase (DGL) in corn seeds required the
following regulator sequences:

1. one of two promoters which allow constitutive
expression:

- actine promoter of rice followed by the actine intron
of rice (pAR-IAR) contained in the plasmid pAct1-F4 described
by McElroy et al. (1991);

- double constitutive promoter 353 (pd358) of CaMV
(cauliflower mosaic virus). It corresponds to a duplication of
sequences activating the transcription situated upstream from
the TATA element of the natural 35S promoter {Kay et al.,
1987) ;

2. one of two terminators:

- the terminal transcription sequence, terminator polyA
358, which corresponds te the non-coding region 3' of the
gsequence of the cauliflower mosaic #irus, of double-stranded

circular DNA, which produces the transcript 355 (Franck et

- the terminal transcription sequence, terminator polyA
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NOS, which corresponds to the non-coding region 3' of the gene
of nopaline sgynthase of plasmid Ti of Agrobacterium
tumefaciens nopaline strain (Depicker et al., 1982).

The plasmid pBIOCS8 where the sequence which codes for
RGLSP-DGL ig placed under the control of pAR-IAR was obtained
by ¢loning the fragment BglII-Xbal carrying the sequence which
codes for RGLSP-DGL at the sites "Ncol and Sall" cf pBSII-pAR-
IAR-tNOS.

The fragment BglII-XBal carrying the sequence which codes
for RGLSP-DGL was isolated from pBIOC40 (described above) by
double enzymatic digestion by BglII and Xbal, purified by
electrophoresis over 0.8% agarose gel, electroeluted,
subjected to precipitation with alcchol, dried, then treated
with Klenow enzyme. The plasmid pBSII-pAR-IAR-tNOS was double
digested by Sall and Ncol, purified, treated with Mung Bean
Nuclease enzyme (Biolabs) and dephosphorylated by the alkaline
phosphatase enzyme of the intestine of the calf (Boehringer
Mannheim) in accordance with the manufacturer's instructions.
The ligation was <carried out with 20 ng of the
dephosphorylated vector and 200 ng of DNA fragments containing
the sequence which codes for RGLSP-DGL described, above in a
reaction medium of 20 pl in the presence of 2 pl of the buffer
T4 DNA ligase x 10 (Bmersham), 2 ul of 50% polyethylene glycol
8000 and 5 U of the enzyme T4 DNA ligase (Amersham} at 14°C
for 16 hours. The bacteria Escherichia coli DH5a, rendered
competent beforehand, were transformed (Hanahan, 1983). The
plasmid DNA of the clones obtained, selected on a medium
containing 50 pg/ml of ampicillin, was extracted by the
alkaline lysis method (Birnboim and Doly, 1979) and analysed
by enzymatic digestion by restriction enzymes. The resulting
plasmid was called pBIOCS8.

The plasmid pBSII-pAR-IAR-tNOS results from the cloning
at sites "Eco01091 treated with Klenow and KpnI" of pBSII-tNOS

of the fragment SnaBI-Kpnl carrying the sequence corresponding

to "pBR-IAR-start of the sequence which codes for the gene
gus" isolated from the plasmid pActi-F4. The ligation was
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fragments described above in a reaction medium of 10 gl in the
presence of 1 pl of the buffer T4 DNA ligase x 10 {(Amersham)
and 2.5 U of the enzyme T4 DNA ligase (Amersham} at 14°C for
16 hours. The ©bacteria Escherichia coli DH5¢, rendered

5 competent beforehand, were transformed (Hanahan, 1983}, The
plasmid DNA of the clones obtained, selected on a medium
containing 50 pg/ml of ampicillin, was extracted by the
alkaline lysis method (Birnboim and Doly, 1979) and analysed
by enzymatic digestion by restriction enzymes.

10 The plasmid pBSII-tNOS was obtained by cloning at the
dephosphorylated sgite EcoRV  of  pBSIISK+ marketed by
Stratagene, of the fragment SacI-EcoRI carrying the seguence
tNOS isclated from pBIl21 marketed by Clontech by double
enzymatic digesticn by SacI and EcoRV, subjected to

15 purification by electrophoresis over 2% agarose dgel and
treated with the enzyme T4 DNA polymerase., The ligation was
carried out with 20 ng of the dephosphorylated vector and 200
ng of DNA fragments containing the sequence tNOS described
above, in a reaction medium of 20 ul in the presence of 2 ul

20 of the buffer T4 DNA ligase x 10 (Amersham}, 2 pl of 50%
poclyethylene glycocl 8000 and 5 U of the enzyme T4 DNA ligase
(Amersham) at 14°C for 16 hours. The bacteria Escherichia coli

DHb@, rendered competent beforehand, were transformed
{Hanahan, 1983). The plasmid DNA of the clones obtained,
25 selected on a medium containing 50 wpg/wl of ampicillin, was

extracted by the alkaline lysies method (Birnboim and Doly,

1979) and analysed by enzymatic digestion by restriction
enzymes.

The plasmid pBICC99 where the sequence which codes foxr

30 RGLSP-DGL is placed under the control of pd3sS was obtained by

cloning at sites "Kpnl and BamHI" of the plasmid pBSII-t35S,

of the fragment KpnI-BamHI carrying the sequence corresponding

to "pd355-RGLSP-DGL" isolated from pBIOC4l described above.

The ligation was carried out with 100 ng of the vector and

35 50 ng of DNA fragments described above in a reaction medium of

10 pul digested in the presence of 1 ml of the buffer T4 DNA

ligase x 10 {(Amersham) and 2.5 U of the enzyme T4 DNA ligase
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(Amersham)} at 14°C for 16 hours. The bacteria Escherichia coli
DH5q, rendered competent beforehand, were transformed
(Hanahan, 1983). The plasmid DNA of the clones obtained,
selected on a medium containing 50 ug/ml of ampicillin, was
extracted by the alkaline lysis method (Birnboim and Doly,
1979) and analysed by enzymatic digestion by restriction
enzymes .

The plasmid pBSII-t355 was obtained by cloning at the
dephosphorylated site Spel treated with Klenow, of plasmid
PBSIISK+ marketed by Stratagene, of the fragment Smal-EcoRV
carrying the sequence t358 isolated from pJIT163 {described
above) by double enzymatic digestion by Smal and EcoRV,
subjected to purification by electrophoresis over 2% agarose
gel. The ligation was carried out with 20 ng of the
dephosphorylated vector and 200 ng of DNA fragments containing
the sequence t358 described above, in a reaction medium of
20 pl in the presence of 2 pl of the buffer T4 DNA ligase x 10
(Amersham), 2 pl of 50% polyethylene glycol 8000 and 5 U of
the enzyme T4 DNA ligase (Amersham) at 14°C for 16 hours. The
bacteria Escherichia ceoli DH5a, rendered competent beforehand,
were transformed (Hanahan, 1983). The plasmid DNA of the
clones obtained, selected on a medium containing 50 pg/ml of
ampicillin, was extracted by the alkaline lysis wmethod
(Birnboim and Doly, 1979) and analysed by enzymatic digestion
by restriction enzymes.

b) Construction of plasmids pBIOCL00 and pBIOC101
containing RGLSP-DGL and RGLSP-DGL-XDEL respectively and allow

expresggion in the albumen of corn seeds.

The expression of the animal gene which cedes for deog
gastric lipase (DGL) in the albumen of corn seeds required the
following regulator sequences:

1. the gene promoter of yzeine of corn (pyzeine) contained
in the plasmid py63 described in Reina et al., 19%0. The
plasmid py63 results from the cloning of pyzeine at the HindIII

Xbal sites of a plasmid pUC18 containing, between its
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HindIII and EcoRI sites, the expression cassette "p35S-gus-
LNOS" of pBI221 marketed by Clontech. It allows expression in
the albumen of corn seeds.

2. the terminal transcription sequence, terminator polyA
NOS, which corresponds to the non-coding region 3' of the gene
of nopaline synthase of the plasmid Ti of Agrobacterium
tumefaciens nopaline strain (Depicker et al., 1882).

The plasmid pBIOCL1CO0 where the sequence which codes for
RGLSP-DGL is placed under the control of pyzeine was obtained
by cloning at the sites "Sacl treated by the enzyme T4 DNA
polymerase and BamHI" of the plasmid py63, of the fragment
"¥bal treated with Klenow - BglII" isolated from pBIOC40
{described above). The ligation was carried out with 100 ng of
the vector and 50 ng of DNA fragments described above in a
reaction medium of 10 pl in the presence of 1 ul of the buffer
T4 DNA ligase x 10 (Amersham) and 2.5 U of the enzyme T4 DNA
ligase (Amersham) at 14°C for 16 hours., The bacteria
Escherichia coli DH50, rendered <competent beforehand, were
transformed (Hanahan, 1983). The plasmid DNA of the clones
obtained, selected on a medium containing 50 pg/ml of
ampicillin, was extracted by the alkaline lysis wmethod
(Birnbeim and Doly, 1979) and analysed by enzymatic digestion
by restriction enzymes. The resulting clone was <called
pBIOC100.

The plasmid pBIOCl01 results from the substitution of
fragment NcoI-Af1I1 of pBIOC100 by the fragment NcoIl-Af1TT
carrying the sequence which codes for the tetrapeptide KDEL
(allowing directing in the endoplasmic reticulum) placed
before the stop codon obtained by PCR amplification according
to the processes described above. The 2 oligodeoxynucleotides
used during this reaction were: 5' AAT CAC TTG GAC TTT ATC TGG
Gece atg gAT GCC 3' (unigue Ncol site) and 5' ATT ctt aag AAA
CTT TAT TGC CAA ATG TTT GAA CGA TCG GGG AAA TTC GAC GCG TCT
AGA ACT ATA GCT CAT CCT TAT TAT CTG TTC CCA TCA TGG 3' (the
gequence which codes for KDEL and a unique Af1II site). The

hybridization temperature was 70°C. The cloning was carried
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V. EXAMPLE OF THE PRODUCTION OF TRANSGENIC RAPE PLANTS

Seeds of spring rape (Brassica mnapus c¢v WESTAR or
Limagrain stock) are disinfected for 40 minutes in a 15%
solution of Domestos. After rinsing 4 times with sterile
water, the seeds are germinated in an amount of 20 seeds per
pot of 7 cm diameter and 10 cm height on a mineral medium of
Murashige and Skoog (Sigma M 65519) with 30 g/1 of sucrose,
solidified with 5 g/l of agar gel. These pots are placed in a
growing room at 26°C with a photoperiod of 16 h/8 h under a
luminous intensity of the order of 80 uE m~2 g-1.

After 5 days of germination, the cotyledons are removed
under sterile conditions by cutting each petiole about 1 mm
above the cotyledonary node.

In parallel, Agrobacterium tumefaciensg, strain LBA4404,
containing the plasmid pBIOC29 (or pBIOC25), that ig to say
the plasmid pGAZE into which has been insgerted the sequence
which codes for dog gastric lipase fused to that which codes
for a directing signal PPS (or PS), under control of the
promoter pCRU {or pd358), is precultured in a conical flask of
50 ml for 36 h at 28°C in 10 ml of bacterial medium 2¥YT
(Ssambrook et al., 1989), supplemented with the antibiotics
which can be uszed for selection of the strain used.

This preculture is used toc seed, in an amount of 1%, a
new bacterial culture prepared under the same conditions.
after 14 h, the culture is centrifuged for 15 min at 3,000 g
and the bacteria are taken up in an equivalent volume of the
ligquid germination medium. This suspension is divided among
Petri dishes of 5 cm diameter in an amount of 5 ml/dish.

The cut end of the petiole is immersed for a few seconds
in the agrobacterial solution thus prepared and the petiole is
then pushed a few millimeters into the regeneration medium.

‘This medium has the same base composition as the germination

medium, with an addition 4 mg/l of benzyl-amino-purine (BAP),
a phytohormone which promotes neoformation of buds. Ten
explants (cotyledon with petiole) are grown per Petri dish of
9 cm diameter (Greiner reference 664102).
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After 2 days of coculture under the same environmental
conditions as the germination, the explants are planted out
into Phytatray boxes (Sigma, reference P1552) containing the
previous medium supplemented with a selective agent: 45 mg/l
of kanamycin sulphate (Sigma, reference K4000) and a
bacteriostatic: mixture of 1/6 (by weight) of the potassium
salt of clavulanic acid and 5/6 of the sodium salt of
amoxicillin (Augmentin, injectable) in an amount of &00 mg/1.

The explants are planted out under sterile conditions on
new medium under the same conditions on two subsequent
occasions, at an interval of 3 weeks.

The green buds which have appeared at the end of the
second or third planting out are separated from the explant
and grown individually in transparent pots of 5 cm diameter
and 10 cm height containing a medium identical to the previous
but devoid of BAP. After growing for 3 weeks, the stem of the
transformed bud is cut and the bud is planted out in a pot of
fresh medium. At the end of three to four weeks, the roots are
sufficiently developed to allow acclimatization of the
plantlet in a phytotron. The buds which are not green or have
not taken root are removed. These plantlets are then
transplanted into bowls with 7 om sides filled with soil
(standard NF U44551: 40% brown peat, 30% sifted heath and 30%
sand) saturated with water. After two weeks of acclimatization
in the phytotron (temperature 21°C, photoperiod 16 h/8 h and
84% relative humidity), the plantlets are repotted in pots of
12 cm diameter filled with the same soil enriched with slow-
acting fertilizer (Osmocote, in an amount of 4 g/l of soil)
and then transferred to a greenhouse (class S2) regulated at
18°C with two daily waterings with water for 2 minutes.

When the flowers appear, these are placed in bags
(Crispac, reference SM 570y 300 mm*700mm) in a manner such
that cross-fertilization is prevented.

When the pods have reached maturity, these are harvested,
dried and then c¢rushed. The seeds obtained are used for
analysis of the Dbiochemical activity. The <transgenic

gigndants are selected by germination on a medium containing
i
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kanamycin sulphate in an amount of 100 to 150 mg/l (depending
on the gencotypes). The working conditions are identical to
those described above, except that the germinations are
carried out in glass tubes with a single seed per tube. Only
the plantlets which develop secondary roots in the first three
weeks are acclimatized in the phytotron before being passed to
the greenhouse.

VI. EXAMPLE OF THE PRODUCTION OF TRANSGENIC SOLANACEAE
PLANTS.

a) Production of transgenic tobacco plants

The tchacco  plants used for the transformation
experiments (Nicotiana tabacum var. Xanthi NC and PBD6) are
cultivated in vitro on the base medium of Murashige and Skoog
{(1962), to which are added vitamins according to Gamborg et
al. (1968, Sigma reference M0404), sucrose in an amount of
20 g/l and agar (Merck) in an amount of 8 g/l. The pH of the
medium is adjusted to 5.8 with a sclution of potash, betore
autoclaving at 120°C for 20 min. The tobacco plantlets are
planted ocut by taking cuttings at the internodes every 30 days
on this multiplication medium MS20.

All the in wvitro cultures are <carried out in a
climatically controlled chamber under the conditions defined
below:

- luminous intensity of 30 pE.m~2.5"1; photoperiod of
16 h;

- thermal period of 26°C during the day, 24°C at night.

The transformation technique used is derived from that of
Horsch et al. (1985).

Agrobacterium tumefaciens, strain LBA4404, containing the
plasmids pBI0OC29 or pBICC26 or pBIDC25 is precultured for 48 h
at 28°C, wunder agitation, in medium LB (Sambrock et al.,
198%), to ‘which adequate antibiotics (rifampicin and
tetracycline] have been added. The preculture is then diluted

in the same medium and cultured under the same
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conditions. After one night, the culture 1is centrifuged
{10 min, 3,000 g), the bacteria are taken up in an equivalent
volume of liquid medium MS30 (30 g/l of sucrose) and this
suspension is diluted 10-fold.

Explants of about 1 em? are cut from the leaves of the
plantlets described above. They are subsequently brought into
contact with the bacterial suspension for 1 h and then dried
rapidly on filter paper and placed on a coculture medium
(solid MS30}.

After 2 days, the explants are transferred to Petri
dishes on regeneration medium MS30 containing a selective
agent, kanamycin (200 wmg/l), a bacteriostatic, Augmentin
{400 mg/l), and the hormones necessary for induction of buds
{BAP, 1 mg/l, and ANA, 0.1 mg/l). The explants are planted out
on the same medium after growing for 2 weeks. After two
additional weeks, the buds are planted out in Petri dishes on
the development wedium, composed of medium MS20 to which
kanamycin and Augmentin have been added. After 15 days, half
the buds are planted out. Rooting takes about 20 days, at the
end of which the plantlets can be cloned by cutting at the

internodes or put out in a greenhouse.

b) Production of transgenic tomato plants.

The tomato seeds c¢v, UC82B are sterilized with 10%
Domestos for 15 minutes and rinsed 3 times with sterile water.
The last rinsing 1s <carried out for 10 minutes under
agitation.

The seeds thus sterilized are germinated on medium MSSV/2
(base medium of Murashige and Skoog (1962, Sigma reference
M6899) /2 to which are added vitamins according to Nitsch
(Thomas and Pratt, 1981), saccharose at 30 g/l, agar (Mexck)
at 8 g/l, pH 5.9, for 7 or 8 days in a climatically-controclled
chamber (luminous intensity of 30 uE.m"2, 1, photoperiod of
16 h/8 h, 26°C).

The transformation technique used is derived from that of
Fillatti et al. (1987).

Agrobacterium tumefaciens, strain LBA4404, containing the
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plasmids pBIOC25 or pBIOC26 is precultured for 24 hours at
28°C under agitation in wmedium LB to which adequate
antibictics (rifampicin and tetracycline} have been added. The
preculture is then diluted 50-fold in the same medium and
cultured under the sawme conditions for one night. The 0D is
measured at 600 nm, the agrobacteria are centrifuged (10
minutes, 3000 g) and taken up in a liguid medium KCMS
{described in the publication by Fillatti et al., 1987) so as
to obtain an OD of 0.8 at 600 nm.

Technical improvements were used in some stages of the
protocol described by Fillatti et al. (1987).

The preculture of the explants and the coculture were
carried out as described by Fillatti et al. (1987) except that
the medium KCMS was supplemented by acetosyringone (200 mM).

The washing medium 22 differs by the addition of
cefotaxime at 500 mg/l instead of carbenicillin. The
development medium used ig composed of base medium of
Murashige and Skoog (Sigma MS6899) to which are added vitamins
according to Nitsch, saccharose at 20 g/1, kanamycin at

50 mg/l, augmentin at 200 mg/l, ANA at 1 mg/l and zeatin at
0.5 mg/l.

VII. PRODUCTION OF TRANSGENIC CORN PLANTS

a) Production and use of corn callus as a target fox
genetic transformation.

The genetic transformation of corn, whatever the method
employed {electroporation; Agrobacterium, microfibres,
particle gun), generally requires the use of rapid division
undifferentiated cells which have zretained the ability to
regenerate entire plants. This type of c¢ell includes the
embryogenic friable callus (called type I1} of corn.

These calluses are obtained from immature embryos of
genotype H1 II or (A188 x B73}) according to the wethod and on
the media described by Armstrong (Malze Handbook; (1994) M.
Freeling, V. Walbot Eds.; pp. 665-671}. The calluses obtained

this way are multiplied and mwaintained by successive
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plantings every fifteen days on the initiation medium.

Plantlets are then regenerated from these calluses by
modifying the hormonal and osmotic balance of the c¢ells
according to the method described by Vain et al. (Plant Cell
Tisgsue and Organ Culture (1989}, 18:143-151). These plants are
then acclimatized in a greenhouse where they can be crossed or
gelf-fertilized.

b) Use of a particle gun for the genetic transformation
of corn

The preceding paragraph describes the production and the
regeneration of cell lines necessary for the transformation; a
genetic transformaticn method is described here which leads to
a stable integration of the modified genes in the genome of
the plant. This method depends on the use of a particle gun
identical to that described by J. Finer (Plant Cell Report
(19%2) 11: 323-328); the target cells are callus fragments
described in paragraph 1. These fragments with a surface area
of 10 to 20 mm? were arranged, 4 hours before bombardment, at
the rate of 16 fragments per dish in the centre of 'a Petri
dish containing a culture medium identical to the initiation
medium, to which is added 0.2 M of mannitel + 0.2M of
sorbitol. The plasmids carrying the genes to be introduced are
purified on a Qiagen® column, following the manufacturer's
instructions. They are then precipitated on particles of
tungsten (M10) following the protocol described by Klein
(Nature (1987) 327:70-73). The particles thus coated are fired
towards the target cells using the gun and in accordance with
the protocol described by J. Finer (Plant Cell Report{(1932)
11:323-328).

The dishes of calluses thus bombarded are then sealed
using Scellofrais® then cultured in the dark at 27°C. The
first plantings take place 24 hours later, then every fifteen
days for 3 months on a medium identical to the initiation

medium witch a szelection agent added to it the type and
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(cee paragraph 3). The selection agents which can be used
generally consist of the active compounds of certain
herbicides (RBasta®, Round up®) or certain antibiotics

(Hygromycin, Kanamycin...).

After 3 wonths or sometimes earlier, calluses are
obtained whose growth is not inhibited by the selection agent,
usually and for the most part is composed of cells resulting
from the division of a cell having integrated into its gene
pool one or more copies of the selection gene. The frequency
with which such calluses are obtained is about 0.8 callus per
bombarded dish.

These calluses are identified, individualized, amplified
then cultured so as to regenerate the plantlets (cf. paragraph
a). In order to avoid any interference with the non-
transformed cells all these operations are carried out on
culture media containing the selection agent.

The plants thus regenerated are acclimatized then

cultivated in a greenhouse where they can be crossed or self-
fertilized.

VIII. ANALYSIS OF THE EXPRESSION OF DOG GASTRIC LIPASE IN
TRANSGENIC TOBACCO PLANTS.

a) Protocol

The protocol for extraction of the lipase from tobacco
leaves taken from the plants in the greenhouse is as follows:
1 g of leaves {fresh weight) is ground in liguid nitrogen and
then at 4°C in 5 ml of the buffer 25 mM Tris-HCl1 buffer,
pH 7.5, to which 1 mM EDTA and 10 mM mercaptoethanol have been
added (buffer A}, or 25 mM glycine-HCl buffer, pH 3, to which
1 mM EDTA, 10 uwM fp-mercaptoethancl, 0.2% Triton X-100 and
250 wmM NaCl have been added (buffer B). The total ground
material is immediately centrifuged at 4°C for 15 min at
10,000 g.

For tobacco seeds, the extraction is carried out in

buffer B in an amount of 0.1 g of sgeeds per 4 ml of buffer.
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The lipase activity is determined with the aid of a pH-
STAT by the titrimetric method of Gargouri et al. (1986}, in
which the substrate used 1is tributyrin. The emulsion of
tributyrin (4 wl per 30 ml of emulsion) is prepared in a
vortex in the presence of bile salts (1.04 g/l), bovine
albumin (0.1 g/1) and NaCl ({9 g/l). The analysis comprises
neutralization of the butyric acid liberated under the action
of the lipase by a sclution of sodium carbonate at a pH
regulated at 5.5 and at 37°C. One unit of lipase corresponds
to the amount of enzyme which causes the liberation of one
micromole of fatty acids in 1 min at 37°C under optimum pH
conditions (5.5). Natural (purified) dog gastric lipase has a
specific activity of 570 units/mg of protein. The lipase
activity can be measured on the total ground material, on the
sediment or on the centrifugation supernatant.

Analysis of the total soluble proteins on the
centrifugation supernatant (buffer A} is carried out by the
method of Bradford (1976} .

A sandwich ELISA test (Carriére et al., 1993} is also
carried out on the centrifugation supernatant with 2
populations of natural anti-DGL polyclonal antibodies. The
first population includes the antibodies which react with
human gastric¢ lipase and have been purified by affinity using
total antiserum on human gastric lipase grafted on a column of
Affigel 10 (Acubala et al., (1993). These antibodies are used
to coat the wells of the ELISA plates in a concentration of
1 pg/ml. The 2nd population comprises antibodies which do not
recognize human lipase. They are subsequently purified on a
column of Sepharose, bound to protein A and then bound to
biotin. Fixing of the antibody is detected by the indirect
means of a streptavidin/peroxidase conjugate, the enzymatic
activity of which is demonstrated by means of the substrate o-
phenylenediamine. The results obtained are of qualitative
value and are recorded with the aid of the symbols + and -.
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The extraction yield can be improved by adding to the
extraction buffer a2 detergent of CHAPS type {3-(3-
cholamidopropyl)dimethyl-ammonio-1-propane sulphonate) {STGMA) .
In fact, in this «c¢ase, the extraction vyields in the
supernatant increase by about 100% (cf. Table 1}.

Table 1
Lipase activity (U/gFW) in the extracts obtained from 4
tobacco plants originating from the genetic transformation
with pBIOC25, in the presence of 1% CHAPS.

Plants NaCl NaCl
0.2M/EDTA 0.2M/EDTA

1 mM 1 oM
pH 3.0 pH 3.0 +
1% CHAPS

1 80 112

2 40 104

3 43 109

4 54 92

b) Expression with plant signal peptides; analyses on
tobacco leaves and seeds transformed with pBIOC25 and pBIOC26;
ELISA test.

The results obtained on 98 T0 plants of the genotype
Xanthi (15 to 20 leaf stage) are shown in Table 2. The
analyses were all carried out on the ground mixture of leaves
oi geeds before centrifugation. For each c¢onstruct, the
activities measured show a wide variability according to the
transformants. About 20% of the plants have no activity or an
activity which is too weak for detection. The mean activities
and the maximum activities are given in Table 2.

The amounts of total proteins are similar for the 23
constructs, with means of 7 and 8 mg/g of FW in the leaves and
31 and 38 mg/g of FW in the seeds.
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The mean lipase activity in the transformed leaves with
the construct pBIOC26 is 34 U/g of FW, that is to say 0.8%
expression with respect to the total proteins. In the seeds,
the mean activity is 36 U/g of FW, that is to say 0.2%. The
maximum activity obtained on one of the transformants is
146 U/g of FW (leaves; 2.5% expression) and 148 U/g of FW
(seeds; 0.7% expression).

The enzymatic activities analyzed on the plants
transformed with the construct pBIOC25 are similar. The mean
activity in the leaves is 34 U/g of FW (0.8% expression) and
the maximum activity is 134 U/g of FW (3% of the total
proteins). In the seeds, the mean activity is 42 U/g of FW
(0.3%) and the maximum activity is 159 U/g of FW (1%).

For plants transformed with the construct pBIOC29, no
activity is detected in the leaves (seed-specific promoter).
In the seeds, the mean activity is 12 U/g of FW (0.1%
expression) and the maximum activity is 137 U/g of FW {(0.7%).

The expression in the 1leaves and seeds of the same
transformation event generally correlates well.

The results of the ELISA tests alsoc agree with those of
the analyses of the enzymatic activity, that is to say a plant
having a lipase activity gives a positive result in the ELISA
test.

Results obtained subsequently on these same plants show
that the lipase activity can vary in the course of development
of the plant. In fact, a plant of which the expresgsion, with
respect to the total proteins, was 3% at the 12-15 leaf stage
gave an expression of 6% during a subsequent analysis (older
plant having flowered).
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TABLE 2: EXPRESSION OF LIPASE IN THE LEAVES AND SEEDS OF
XANTHI TOBACCO.

TOTAL LIPASE
PROTEINS ACTIVITY

mg/g of FW U/g of FW Expression
(% of total

proteing)
CONSTRUCT ORGAN min-max min-max min-max
(mean) (mean) {mean)
Leaves 3 - 15 0 - 145.6 0 - 2.5
(n = 34) (7 {34.4) {0.8)
DPBIOC26 mmmmm i m e m e e e e -
Seeds 24 - 43 0 - 147.6 c - 0.7
(n = 34) (34) (36.3) (0.,2)
Leaves 3 - 18 0 - 133.5 0 -3
(n = 35) (8) (34) {0.8)
PBIOC25 mmmm e o m oo
Seeds 17 - 35 0 - 158.5 0 -1
{n = 35) (31) (41.9) (0.3)
pBIOC29 Seeds 29 - 55 0 - 137.4 o0 - 0.7
(n = 29) (38) {11.8) {0.1)

FW, fresh weight; min, value obtained for the transformation
event expressing the least; max, wvalue obtained for the
transformation event expressing the most; n, number of
transformation events analyzed.

b) Expression with the signal peptide of RGL; analyses of
the lipase activity on tobacco leaves.

The results obtained on 44 TO plants of genotypes Xanthi
and pBDé (15 to 20 leaf stage) are as follows:
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The analyses were all carried out on the ground mixture
of leaves before centrifugation. The activities analyzed show
a wide variability according to the transformants. About 20%
of the plants have no activity or an activity which is tco
weak for detection. The mean lipase activities in the leaves
transformed with the construct pBI0C41 is 38 U/g FW for the
genotype ZXanthi and 48 U/g FW for the genotype PBD6. The
maximum activities are 152 and 226 U/g FW respectively.

IX. ANALYSIS OF THE EXPRESSICN OF DOG GASTRIC LIPASE IN
TRANSGENIC TOMATO PLANTS.

a) Protocol

The protocol for the extraction of the lipase from the
tomato leaves and fruits is similar to that described for the
tobacce leaves, except that 1 g of fresh material is taken up
in 4 ml of buffer B. The lipase activity is determined as
described for the tobacco leaves.

b) Analysis in tomato fruits.

The fruits of thirty primary transformants were analyzed.

The lipase activity analyzed in the fruits is variable
depending on the fruits for the same transformant. It is an
average of 5 U/g FW for ripe fruit and 35 U/g FW for unripe
fruit, independent of the construct tested (pBIOC25 or
pBIOC26) .

It should be noted that during the ripening of fruit the
activity reduces. For example, for a given primary
transformant, the 1lipase activity 1is 132 U/g FW for a green
fruit with a diameter of 10 mm, 44 U/g FW for a red-green
fruit with a diameter of 33 wm and 36 U/g FW for a red fruit
with a diameter of 45 mm.
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X. IMMUNODETECTION OF THE “"WESTERN'" TYPE OF THE
RECOMBINANT DGL.

a) DGL expressed in transgenic tobacco and rape leaves
and seeds.

a.l) Expresasion with plant signal peptides;
immunodetection in tobacco and rape leaves and seeds

trangformed by pBIOC25, pBIOC26 and pBIOC29.

Immunodetection experiments of the "western” type
{("western blots"]) (Renart and Sandoval, 1984) on the dog
gastric lipase were carried out on the proteins of tobacco
leaves and tobacco and rape seeds extracted with buffers A and
B (see the extraction protocol above). To carry out these
experiments, the proteins extracted (30 pg of total proteins
per sample) are first separated over 12.5% of denaturing
polyacrylamide gel in accordance with the technique of Laemmli
U.K. (1970) and are then transferred on to a nitrocellulose
membrane. An anti-dog lipase polyclonal antibody obtained in
the guinea-pig is used as the probe and the detection is
carried out by means of an anti-IgG antibody of the guinea-pig
labelled with alkaline phosphatase.

The control protein is natural dog gastric lipase (LC.
Fig. 6), which migrates in the form of a single band at an
apparent meolecular weight of about 50 kDa. The migration of
the dog gastric lipase is slightly retarded in the presence of
the extract of non-transformed tobacco leaves (Fig. 6, LC +
T) .

No band is detected in the protein extracts of non-
transformed leaves and seeds of tobacco and rape. The lipase
produced in the tobacco leaves is in the form of 2 bands. The
band which is the 1largest guantitatively has an apparent
molecular weight of about 37 kDa and corresponds to the
abovementioned polypeptide (AS4). The winor band has an
apparent molecular weight of about 49 kDa and corresponds to
the abovementioned polypeptide (A4) (Fig. 6, F). In the
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protein extracts of seeds, only the band of lower molecular
weight is wvisible (Fig. 6, GT and GC).

a.2) Expression with the signal peptide of RGL;
immunodetection in tobacce leaves and seeds transformed with
pBIOC41.

Western blots (Renart and Sandoval, 1984) were carried
out on the proteins of tobacco leaves and seeds extracted with
buffer B {see the extraction protocol above). The proteins
extracted are first geparated over denaturing polyacrylamide
gel (SDS-PAGE) in accordance with the technique of Laemmli
{1970) and are then transferred on to a nitrocellulose
membrane. An anti-dog lipase polyclonal antibody obtained in
the guinea-pig is used as the probe and the detection is
carried out by means of an anti-guinea pig antibody labelled
with alkaline phosgphatase.

An example of a western blot of tobacco leaves is shown
in Figure 7. The control protein is dog gastric lipase, which
migrates in the form of a single band at an apparent molecular
weight of about 50 kDa. No band is detected in the protein
extracts of non-transformed leaves of tobacce (T). The lipase
produced in the leaf extracts is in the form of a major band
at an apparent molecular weight of about 48-49 kDa and
corresponds to the abovementiocned polypeptide (D4).

In tobacco seeds transformed with the construct pBIOC41,
the recombinant lipase is in the same form as in the leaves.

b) DGL in a protein extract of transformed tobacco
leaver: deglycosylation experiment.

The protocol for extraction of the proteins for the
deglycosylation experiments is ag follows: 0.5 g of leaves
(fresh weight) is ground in liquid nitrogen and then at 4°C in
1 ml of denaturation buffer (100 mM phosphate buffer, pH 7.5,
to which 1% p-mercaptoethanol, 25 mM EDTA and 1% SDS have been
added) . The ground material is centrifuged at 4°C for 15 min
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at 10,000 g. The supernatant is incubated for 5 min at 100¢C
in order to denature the proteins and then centrifuged for
2 min at 10,000 g. The supernatant is then diluted 10-fold in
the deglycosylaticn buffer (100 mM phosphate buffer, pH 7.5,
to which 1% [-wmercaptoethanol, 25 mM EDTA, 0.1% 8DS and 1%
octyl glucoside have been added). The enzyme (N-glycosidase F,
PNGage Boehringer) is added in an amount of 1 U per 100 gl of
supernatant. A control without enzyme is carried out for each
sample. The deglycosylation of the control protein (dog or
rabbit gastric lipase) takes place under the same conditions.
The various protein samples are incubated at room temperature
for 8 hours. The proteing are then  separated by
electrophoresis over polvacrylamide gel and transferred on a
nitrocellulose membrane as described in  the preceding
paragraph.

According to the '"western blots" results, the gastric
lipase used as the control has an apparent molecular weight of
about 50 kDa. After deglycosylation, its apparent molecular
weight is only about 43 kDa.

The lipase produced in the tobacco leaves, after
incubatien without DPNGase under the conditions described
above, appears in the form of 3 bands of apparent molecular
weights 49 (polypeptide (A4)), 37 (polypeptide (A54}) and
28 kDa, The band of molecular weight 28 kDa is without doubt
the result of a proteolysis which has taken place during the
incubation for 8 hours at room temperature. After
deglycosylation, the molecular weights of the 3 bands are
reduced by about 1 to 2 kDa, which shows that the proteins
produced in the tobacco leaves are glycosylated.

c) DGL expressed in transgenic tomato leaves and fruits.

Immunodetection experiments of the "western" type on the
dog gastric lipase were carried out on the proteins of tomato
leaves and fruits extracted with buffer B {see the extraction
protoccl above). To carry out these experiments, the proteins

(15 ug and 6 ug of total soluble proteins for the
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leaves and fruits respectively) are separated over denaturing
polyacrylamide gel as described in paragraph X.a).

The control protein is natural gastric lipase (track 4,
Fig. 8), which migrates in the form of a single band at an
apparent weight of about 50 kDa.

Nc band is detected in the protein extracts of non-
transformed tomato leaves and fruits.

The lipase produced in the tomato leaves and fruits is in
the form of 2 bands, whichever construct is used (pBIOC25 or
pBIOC26) . The band which is the largest quantitatively has an
apparent weight of about 37 kba and corresponds to the
abovementioned polypeptide (A54). The mincr band has an
apparent molecular weight of about 49 kDa and corresponds to
the abovementioned polypeptide (A4) (Fig. 8).

XI. PURIFICATION OF THE DOG GASTRIC LIPASE FROM PLANTS.
a) Purification of DGL from tobacco leaves.

The activity of the dog gastric lipase produced in the
tobacco leaves is determined by a titrimetric method, the
regulated pH being kept at 5.5 and the temperature at 37°C
with the aid of a pH-stat (Mettler-Toledo-DL25), wusing
tributyrin as the substrate: 1 wml of tributyrin is emulsified
in 29 ml of an aqueocus solution of 0.15 M NaCl in a vortex.
The analysis comprises neutralizing the butyric acid liberated
under the action of the lipase by addition of 0.02 N sodium
carbonate, while the emulsion is maintained by vigorous
mechanical agitation. One lipase wunit corresponds to 1
micromole of fatty acid liberated per minute under these
conditions of pH and temperature.

After the first chromatography stage, the lipase activity
is demonstrated with an analytical sample of 0.5 ml on an
emulsion of 1 ml of tributyrin in 29 ml of a solution of 0.15
M NaCl, 2 mM sodium taurcdeoxycholate and 1.5 uM bovine sgerum
albumin in accordance with the analysis described by Gargouri
(1.986) .
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1 gram of lyophilized leaves is ground at 4°C in 30 ml of
20 mM glycine buffer, pH 2.5, and the mixture is stirred
gently for 15 minutes. During the steeping, the pH is kept at
2.5 by addition of 1N HCl. The product of the steeping is
centrifuged at 15,000 g for 5 minutes. The pH of the
supernatant is adjusted to 4 by addition of 1N NaOH. After
filtration over MIRACLOTH (Calbiochem), all the supernatant is
applied to a cation exchange resin column (S-Sepharose Fast
Flow =xresin - Pharmacia) of 10 ml (diameter 1.6 c¢m)
equilibrated in a buffer of 20 mM sodium acetate, pH 4.0, and
20 mM NaCl at a flow rate of 1 ml per minute. Fractions of
2 ml are collected. After passage of the supernatant, the
cclumn is washed with 40 ml of the equilibration buffer. The
proteins retained on the column are eluted in accordance with
the following protocol:

- linear gradient in 20 mM sodium acetate buffer, pH 4.0,
of 20 mM to 210 mM NaCl in the course of 30 minutes for
elution of a first set of peaks of proteins which do not
contain lipase activity, the test being carried out on
analytical samples of 1 ml,

- plateau at 210 wM NaCl for 20 minutes,

- linear gradient in 20 mM sodium acetate buffer, pH 4.0,
of 210 mM to 500 mM NaCl in the course of 30 minutes for
elution of a second set of peaks. The lipase activity measured
on analytical samples of 0.5 ml is eluted during this second
gradient at an ionic strength of between 300 and 400 mM.

The active fractions are collected and concentrated with
the aid of an OMEGACELL concentration cell of molecular weight
limit 30 kDa (Filtron Technology Corporation).

The concentrate is dialysed for 12 hours against a buffer
of 10 mM Tris-HCl, pH 8, and then applied to an anion exchange
resin column (MonoQ HR 5/5 of diameter 0.5 cm and height 5 cm
- Pharmacia) equilibrated in 10 mM Tris-HCl buffer, pH 8. The
lipase activity is measured on an analytical sample of 0.5 ml.
The flow rate is kept at 1 ml per minute, that is to say a

pressure of 2.0 mPa. After elution of the fraction which isg

;.. not retained and washing of the column with 10 ml of 10 uM
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Tris-HCl buffer, pH 8, a linear gradient of ionic strength
from 0 to 400 mM NaCl is applied in the course of 60 minutes.
The lipase activity is eluted for an ionic strength between
100 mM and 200 mM.

The active fractions are collected and concentrated with
the aid of an OMEGACELL concentration cell of molecular weight
limit 30 kDa. The concentrate constitutes the purified form of
the dog gastric lipase extracted from tobacco leaves.

The concentration of proteing is deterwined in accordance
with the method of M. Bradford (1976) on the concentration
supernatants and in accordance with the method of O.H. Lowry
(1951) for the sclutions after the first ion exchange
chromatography .

The various stages of the purification are analyzed by
electrophoresis over denaturing polyacrylamide gel (SDS-PAGE
12.5%) in accordance with the technique of U.XK. Laemmli
{1970} . The proteins separated in this way on the
polyacrylamide gel are, on the one hand, detected by staining
with Coomassie blue and, on the other hand, transferred on a
nitrocellulose membrane by the technique of semi-dry
electrotransfer (Transblot 8D, BIORAD) in a buffer of 20 mM
Tris base, 150 mM glycine and 20% ethanol at 2.3 mA per cm? of
membrane. The recombinant dog gastric lipase transferred on
the nitrocellulose membrane is detected by immunodetection in
accordance with the following protocol:

- labelling of the target protein by an dog gastric anti-
lipase polyclonal antibody obtained in the guinea-pig and
diluted to 1/5,000 in PBS buffer, to which lipid-free milk
powder in an amount of 5% and Tween 20 in an amount of 0.1%
have been added, for 1 hour at room temperature,

- rinsing of the membrane in three successive baths of
PBS buffer, to which lipid-free milk powder in an amount of 1%
and Tween 20 in an amount of 0.1% have been added, for 10
minutes for each bath,

- labelling with an anti-guinea-pig antibody bound to
peroxidase (Sigma) diluted teo 1/2,000 in PBS buffer, to which

ipid-free milk powder in an amount of 1% and Tween 20 in an
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amount of 0.1% have been added, for 1 hour at room
temperature,

- rinsing of the membrane in three successive baths of
PBS buffer, to which lipid-free milk powder in an amount of 1%
and Tween 20 in an amount of 0.1% have been added, for 10 min
for each bath,

- detection by the action of the peroxidase on 4-chloro-
l-naphthel (Sigma) in the presence of Hy0p to produce a blue
coloration which is stable in the course of time.

The lipase produced in the leaves is in the form of two
bands of about 49 {(polypeptide {A4)) kDa and 37 {polypeptide
(AS4)} kDa.

b) Variant for the purification of DGL from tobacco

leaves.

The activity of the dog gastric lipase produced in the
tobacco leaves is determined by the titrimetric methods
described by Gargouri et al. (1986} with the aid of a pH-stat
(METTLER-TOLEDO-DL25) .

The analysis on short-chain triglycerides is carried out
using tributyrin as the substrate: 1 ml of tributyrin is
emulsified in 29 ml of an aqueous solution of 0.15 M NacCl,
1.5 pM of Bovine Serum Albumin (BSA) and 2 wM of sodium
taurodeoxycholate (NaTDC). The regulated pH is kept at 5.0 and
the temperature at 37°C.

The analysis comprises neutralizing the butyric acid
liberated under the action of the lipase by addition of 0.02 N
sodium carbonate, while the emulsion is maintained by vigorous
mechanical agitation.

The analysis on long-chain triglycerides is carried out
using an agqueous emulsion with 30% purified soya bean oil,
1.2% of purified egg phospholipids, 1.67% of anhydrous
glycerol {Intralipid™ 30% - PHARMACIA AB Stockholm, Sweden) as
the substrate. Ten ml of this suspension is emulgified in
20 ml of an aqueocus solution of 0.15 M NaCl, 30 pM of BSA and
.5 mM of CaCl,;. The regulated pH is kept at 4.0 and the
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temperature at 37°C.

The analysis consists of neutralizing the fatty acids
liberated under the action of the lipase by addition of 0.2 N
sodium carbonate, after a jump in the pH from 4 to 9 while the
emulsion is maintained by vigorous mechanical agitation.

One lipase unit corresponds to 1 micromole of fatty acid
liberated per minute under the defined conditions of pH and
temperature for each of the substrates.

2 grams of lyophilized leaves is ground up at 4¢C in
60 ml of 0.2 M NaCl, pH 3, and the mixture is gently agitated
for 15 minutes at 4°C. During this steeping, the pH is kept at
3 by the addition of 1N HCl. The preduct of the steeping
(homogenate) is centrifuged at 10,000 g for 10 minutes. After
filtration over MIRACLOTH {Calbiochem) and a 0.45 p MILLIPORE
filter, all the supernatant is injected into a cation exchange
regin eolumn (RESOURCE S 6 mi - Pharmacia - 16 mm i.d. x
30 mm) equilibrated in a buffer of 20 mM sodium acetate, 0.2 M
NaCl pH 3 at a flow rate of 8 ml/minute {240 cm h-1).

After passage of the non-retained fraction, the column is
washed with 30 times its volume of the equilibration buffer.
The proteins retained on the column are eluted with a linear
gradient in 20 mM sodium acetate buffer, pH 3, of 0.2 M NacCl
to 0.5 M NaCl in 7 column volumes. Fractions of 4 ml are
collected.

The 1lipase activity measured on analytical samples of
0.5 ml is eluted at an ionic strength of 0.35 M NacCl.

The active fractions are collected and concentrated with
the aid of an OMEGACELL concentration cell (Filtroen Technology
Corporation) with a molecular weight limit of 30 kDa.

Determination of the protein concentration is carried out
in accordance with the method of O.H. Lowry (1951),

An example of polyacrylamide gel and the result of the
transfer of this gel onto a nitrocellulose membrane and
detection from a dog gastric anti-lipase antibody are shown
(Fig. 9 and 10), the detection was carried out by the action
of peroxydase on Lumincl in the presence of activator (ECL
estern blotting - AMERSHAM LIFE SCIENCE) and recording on a
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photographic f£ilm.
- The presence of glycanic residues on the protein was
determined according to the following protocol:
immobilization of the pretein on a microcellulose
5 membrane
treatment with periodate
specific reaction with streptavidin coupled with
alkaline phosphatasge
coloured reaction with alkaline phosphate (GLYCOTRACK
10 OXFORD GLYLOSYSTEM) .
An example of membrane detection of glycanic residues is
shown (Fig. 11}.
The purity of the fractions is ensured by high
performance liquid chromatography.
15 Chromatograph WATERS 625 LC
Diode array detector WATERS 991
Column VYDAC (4

Elution conditions:

Time Flow rate % A ¥ B
(min) (ml/min)
0 1 100 0
35 1 40 60
40 1 40 60
45 1 20- 8¢
50 1 100 ]

20
Buffer A: 89.9% H20 10% Acetonitrile, 0.1%
trifluorcacetic acid
Buffer B: 100% Acetonitrile.




20

98

Purification takle : recombinant DGL
Total mg of Specific | Purification | Yield

units* | proteins | activity | factor

Homogenate 3200 / / / /
Super- 2800 230 13 1 88%
natant
Qutlet 1600 6 250 20 50%

Resource S

* Tributyrin units

n-DGL* r-DGL extract from

tobacco leaves

Tributyrin 570 U/mg 250 U/mg

Intralipid 30% 1000 U/mg 950 U/mg

*+ ref: Carriére et al (1991} Eur. J. Biochem, 202, 75-83.

c) Purification of DGL from rape seeds

The activity of the recombinant DGL produced in rape
seeds 1is determined in the same way as in the case of
extraction from leaves.

Ten grams of rape seeds are ground up in ligquid nitrogen.
The flour obtained is delipidated with hexane by a first
steeping at 4°C under gentle agitation for 12 hours. The whole
is decanted, the hexane is eliminated. The flour is rinsed

twice with 100 ml of hexane under gentle agitation for

1/2 hour at 4°C for each rinsing. The hexane is eliminated by
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94200) . The delipidated flour is stored at -20°C.

Extraction of the DGL is carried out from the delipidated
flour by steeping at 4°C in a 0.2 M gqueous solution of NaCl
pH3 (1IN HCl) for 30 minutes at the rate of 2 ml of aqueous
soluticn per 0.1 g of flour. The resultant material from the
steeping is centrifuged at 10,000 g for 10 minutes at 4°(C,

The pellet is eliminated. The supernatant constitutes the
seed extract.

The seed extract is dialyzed against a buffer of 10 mM of
socdium acetate, pH4, 140 mM of NaCl, 3 mM of KC1 then applied
to an immuncaffinity column constituted by dog gastric anti-
lipase polyclconal antibodies obtained from guinea-pigs coupled
to a resin (hydrazide Avidgel - BIOPROBE INTERNATIONAL, Inc.).

The resgin/seed extract contact is for 30 minutes at 4°C
under gentle agitation. The resin is then rinsed with 10
column volumes of buffer, 10 mM sodium acetate, pH4, 150 mM
NaCl, 3 mM KCl. The DGL is eluted with 5 column volumes of
buffer, 0.2 M glycine, pH 2.8, 150 mM NaCl. The collected
fractions have a volume equal to 1 column volume and contain
1/20th Vv/v  of 1M Tris  buffer, pH 9. Analysis by
electrophoresis over polyacrylamide gel in denaturing medium

(cE. Fig. 12) shows a protein of molecular weight of about
37 kDa.

XI1. SYNTHESIS OF FATTY ACID ESTERS,

The tests were carried out with non-transformed rape
seeds, the lipase being provided:

- either in the form of an immobilized enzymatic
preparation (lipozyme (NOVO)) or in the free form (rabbit
gastric lipase (JO 4002)})),

- or in the form of tcbacco seeds transformed with the
gene of dog gastric lipase (tobacco Tl4-44 0.85% expression).

The esterification reactions are carried out at 37°C for
16 hours in hermetically stoppered glass bottles placed on an
agitation bench (250 rpm). The organic solvent used is hexane,

n which the fatty acids are soluble. The methanol is added in
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a stoichiometric amcunt with respect to the thecretical amount
of triacylglycerol contained in the rape seeds.

The major component of the fatty acids of rape is oleic
acid, and the reference control chogen is also a methyl ester
of oleic acid. The synthesis is monitored by thin 1layer
chromatography (TLC). The migration solvent is a mixture of
hexane, diethyl ether and water (70:10:1). Detection on the
plates is carried out under hot conditions after spraying with
sulphuric acid (5%) in ethanol.

In a first test, 27 pl of methanol (0.66 mmol) and 0.02 g
of lipozyme are added to 0.2 g of rape oil (0.22 mmel): no
spot appears at the level of the reference methyl oleate
(Figure 13, column 2).

In the second test, the rape oil is replaced by 0.5 g of
rape seeds ground in the dry state, and 1 ml of hexane is
added: a methyl ester is synthesized (Figure 13, coclumn 5).

In the following tests, the conditions above are repeated
with the following modifications: the amount of lipozyme 1is
reduced to 0.006 g and the lipozyme is replaced by rabbit
gastric 1lipase (0.007 g of JO 4002). Methyl oleate is
synthesized in the presence of the 1lipozyme but not in the
presence of JO 4002 (Figure 14, column 2).

Finally, in the last tests, the lipase is provided by
transformed tobacco seeds {1 g of tobacco seeds). A
characteristic spot of a methyl ester appears (Figure 15,
column 3).

In conclusion, the results described above demonstrate
that if extracts of rape seeds, alcohel and recombinant dog
gastric lipase produced by transgenic tobacco are brought
together, an esterification reaction which leads to the
synthesis of a methyl ester which can be used as a biofuel is

obtained.
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Legend to the figures:

- Figure 1: Nucleotide sequence of the cDNA which codes
for the DGL,

- Figure 2: Amino acid sequence of the DGL,

-~ Figure 3: Nucleotide sequence derived from the ¢DNA
which codes for the DGL, coding for the DGL shown on Figure 2,

- Figure 4: Nucleotide sequence of the c¢DNA which codes
for HGL and the amino acid sequence of HGL,

- Figure 5: Amino acid sequence of HGL,

- Figure 6: Immunodetection of recombinant polypeptides
produced by Xanthi tobacco leaves and seeds and rape seeds
transformed with the constructs pBIOC26, pBIOC25 and pBIOC29;
E, molecular weight range; LC, dog gastric lipase; F, tobacco
leaves and OGT, tobacco seeds transformed with the construct
pBIOC25; GC, rape seeds transformed with the construct
pBIOC29; T, non-transformed tebacco leaves,

- Figure 7: Immuncdetection of recombinant polypeptides
produced by tobacco leaves transformed with the constructs
pBIOC25 and pBICC4l; E, wolecular weight range; LC, dog
gastric lipase; 1 and 3, tobacco leaves transformed with the
construct pBIOC4l; 2, tobacco leaves transformed with the
construct pBIOC25; T, non-transformed tobacco leaves,

- Figure 8: Immunodetection of recombinant polypeptides
produced by tomato leaves and fruits transformed with the
constructs pBIOC25 and pBIOC26:

T1l: nen-transformed tomato fruit

1 and 3: transformed tomato fruits

2: transformed tcmato leaf

R: molecular weight range

LC: dog gastric lipase

T2: non-transformed tomato leaf.

- Figure 9: Bnalysis by electrophoresis over
polyvacrylamide gel in denaturing medium (SDS-PAGE).

1: Rape seed extract

2: Recombinant dog gastric lipase produced from tobacco
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3: Natural dog gastric lipase

4: molecular weight range.

- Figure 10: Immunological detection of the preceding
analysis after transfer on nitrocellulose membrane

1: Natural dog gastric lipase

2: Recombinant dog gastric lipase produced from tobacco
leaves

3: Rape seed extract.

- Figure 11: Detection of the presence of glycanic
residues from a polyacrylamide gel after transfer on
nitrocellulose membrane

1: Rape seed extract

2: Recowbinant dog gastric lipase produced from tobacco
leaves

3: Natural dog gastric lipase.

- Figure 12: SDS-PAGE analysis of the immunopurification
of r-DGL produced in rape seceds

1: Natural dog gastric lipase

2: Recombinant dog gastric lipase

3 to 6: Non-retained fractions eluted from the
immuncpurification column.

- Figure 13: Detection on a TLC plate; 1: rape oil, no
enzyme; 2: rape oil + lipozyme; 3: methyl ester of oleic acid;
4: rape seeds, no enzyme; 5: rape seeds + lipozyme,

- Figure 14: Detection of a TLC plate; 1 and 4: rape
geeds without enzyme; 2: rape seeds + J04002; 3: wethyl ester
of oleic acid; 5: rape seeds + lipozyme,

- Figure 15: Detection on a TLC plate; 1: wmonoclein,
diolein, triolein; 2: methyl ester of oleic acid; 3: rape
seeds + transformed tcbacco seeds.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:

(A)
(B)
<)
(E)
(F)

(A)
(B)
c)
(E)
{F)

NAME: BIOCEM S.A.

STREET: 24, avenue des Landais
CITY: AUBIERE

COUNTRY: FRANCE

POSTAL CODE (ZIP): 63170

NAME: INSTITUT DE RECHERCHE JOUVE
STREET: 3-9, rue de la loge

CITY: FRESNES

COUNTRY: FRBNCE

POSTAL CODE (ZIP): 94265 CEDEX

INAL

(ii) TITLE OF INVENTION: RECOMBINANT PREDUCDENAL LIPASES AND

POLYPEPTIDES DERIVATIVES PRODUCED BY PLANTS,
PROCESSES FOR OBTAINING THEM AND THEIR USES

{iii) NUMBER OF SEQUENCES: 6

(iv) COMPUTER READABLE FORM:

(A)
{B)
fo!
(D}

MEDIUM TYPE: Floppy disk
COMPUTER: IBM PC compatible
OPERATING SYSTEM: PC-DOS/MS-DOS
SOFTWARE: PatentIn Release #1.0,

{(vi) PRIOR APPLICATION DATA:

(A)
(B)

APPLICATION NUMBER: FR 9504754
FILING DATE: 20-APR-1995

{2) INFORMATICN FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:

(a)

LENGTH: 1528 base pairs

(B) TYPE: nucleic acid
(C¢') STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii} MOLECULE TYPE: cDNA to mRNA

{ix) FEATURE:
(A) NAME/KEY: CDS

(B)

LOCATION: 1..1137

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 1:

Version #1.25 (EPO)

TTG TTT GGA ARG CTT CAT CCC ACA AAC CCT GAA GTG ACC ATG AAT ATA

1

5 10

v.Leu Phe Gly Lys Leu His Pro Thr Asn Pro Glu Val Thr Met Asn Ile

15

48
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AGT
Ser

GTG
val

AGG
Arg

CAC
His
65

Asn

GGG
Gly

cee
Pro

TAT

GAC
hap
145

ATC

Ile

TAT
Tyr

CAG
Gln

ACC
Thr

Lys

GGT
Gly

AGC
Ser

AAC
Asn

GAC
Asp

GAC
Asp
130

ARG

Lys

GCC
Rla

GCA
Ala

Lys

Lys
210

GTA
Val

ATG
Met

GBA
Glu
35

AAT
Asn

TTG
Leu

CTG
Leu

AGC
Ser

TCC
Ser
115

CTT
Leu

CTA
Leu

TTT
Phe

TTA
Leu

CTC
Leu
195

ATA

Ile

TGC
Cys

ATC
Ile
20

GAC
Asp

TCA
Ser

CTC
Leu

Gce
Ala

AGG
Arg
100

GTC
val

cCce
Pro

CAC
His

TCC
Ser

GCT
Ala
180

ATG
Met

TTC
Phe

TCC
Ser

ACC
Thr

GGT
Gly

GAG
Glu

GCA
Ala

TTC
Phe
85

GGC
Gly

GAR
Glu

GCC
Ala

TAC
Tyr

ACC
Thr
165

cce

Pro

CTC
Leu

TAC
Tyr

CcGC
Arg

TAC

TAT
Tyr

AAT
Asn

TCA
Ser
70

ATC
Ile

AAC
Asn

TTC
Phe

ACC
Thr

GTT
val
150

AAT
Asn

GTT
Val

GTC
val

CCA
Pro

GAG
Glu
230

TGG
Trp

ATC
Ile

ATA
Ile
55

GCC
RAla

CTG
Leu

ACC
Thr

TGG
Trp

ATT
Ile
135

GGC
Gly

cce
Pro

GCC
Ala

CCT
Pro

cac
His
215

ACG
Thr

GGA
Gly

CTT
Leu
40

GGC
Gly

ACA
Thr

aee
Ala

TGG
Trp

GCT
Ala
120

GAC
Asp

CAT
His

AAG
Lys

ACC
Thr

TCG
Ser
200

CAC

Hig

GTG
val

TAC
Tyr
25

GGG
Gly

CGG
Arg

AAC
Asn

GAC
Asp

GCC
Ala
105

TTC
Phe

TTC
Phe

TCC
Ser

CTG
Leu

GTG
val
185

TTC

Phe

TTC
Phe

GAT
Asp

109

CCA
bro

ATC
Ile

AGA
Arg

TGG
Trp

ace
Ala
90

BAGG
Arg

AGC
Ser

ATC
Ile

CAG
Gln

GCG
Ala
170

ARG

Lys

CTC
Leu

TTT
Phe

CTC
Leu

GCT
Ala

GAC
Asp

cer
Pro

ATC
Ile
75

GGG
Gly

MGG
Arg

TIT
Fhe

TTG
Leu

GGC
Gly
155

Lys

TAC
Tyr

TTC
Phe

GAT
Asp

cTC
Leu
235

GAG
Glu

AGA
Arg

GTT
val
60

TCC
Ser

TAC
Tyr

AAT
Asn

GAC
Bhsp

ARG
Lys
140

ACC
Thr

CGG
Arg

ACC
Thr

ARMG
Lys

CAA
Gln
220

TGC
Cys

GAA
Glu

ATT
Ile
45

GCA
Ala

AMC
Asn

GAC
Asp

CTG
Leu

GAG
Glu
125

Lys

ACC
Thr

ATC
Ile

GAR
Glu

CTT
Leu
205

TTT

Phe

AGC
Ser

TAT
Tyr
30

CCT
Pro

TTT
Phe

CTG
Leu

eike
Val

TAC
Tyr
110

ATG

Met

ACG
Thr

ATT
Ile

Lys

ACC
Thr
190

ATA

Ile

CTC
Leu

AAC
Asn

GAA
Glu

TAT
Tyr

TTG
Leu

cce
Pro

TGG
Trp
g5

TAC
Tyr

GCT
Ala

GGA
Gly

GGT
Gly

ACC
Thr
175

CTG

Leu

TTT
Phe

GCC
Ala

GCcc
Ala

GTT
val

GGG
Gly

CAA
Gln

ARC
Asn
80

CTG

Leu

TCG
Ser

Lys

CAG
Gln

TTC
Phe
160

TTC

Phe

TTA
Leu

GGA
Gly

ACC
Thr

CTG
Leu

96

144

192

288

336

384

432

480

528

576

624

672

720
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TTT ATC ATT TGT GGA TTT GAC ACT ATG AAC TTG AAC ATG AGT CGC TTG 768
Phe Ile Ile Cys Gly Phe Asp Thr Met Asn Leu Asn Met Ser ARrg Leu
245 250 255

GAT GTG TAT CTG TCA CAT AAT CCA GCA GGA ACA TCG GTT CAG AAC GTG 816
Asp Val Tyr Leu Ser His Asn Pro Ala Gly Thr Ser Val Gln Asn Vval
260 265 270

10 CTC CAC TGG TCC CAG GCT GIT AAG TCT GGG AAG TTC CAA GCT TTT GAC 864
Leu His Trp Ser Gln Ala val Lys Ser Gly Lys Phe Gln Ala Phe Asp
275 280 285

TGG GGA AGC CCA GTT CAG AAC ATG ATG CAC TAT CAT CAG AGC ATG CCT 91z
15 Trp Gly Ser Pro Val Gln Asn Met Met His Tyr His Gln Ser Met Pro
290 295 300

CCC TAC TAC AAC CTG ACA GAC ATE CAT GTG CCA ATC GCA GTG TGG RAAC 960
Pro Tyr Tyr Asn Leu Thr Asp Met His Vval Pro Ile Ala val Trp Asn
20 305 310 31s 320

GGT GGC AAC GAC TTG CTG GCC GAC CCT CAC GAT GTT GAC CTT TIG CIT 1008
Gly Gly Ren Asp Leu Leu Ala Asp Pro His Asp Val Asp Leu Leu Leu
325 330 135
25
TCC AAG CTC CCC AAT CTC ATT TAC CAC AGG AAG ATT CCT CCT TAC AAT 1056
Ser Lys Leu Pro Asn Leu Ile Tyr His Arg Lys Ile Pro Pro Tyr Asn
340 345 350

30 CAC TTG GAC TTT ATC TGG GCC ATG GAT GCC CCT CAA GCG GTT TAC AAT 1104
His Leu Asp Phe Ile Trp Ala Met Asp Ala Pro Gln Ala val Tyr Asn
355 360 365

GAA ATT GTT TCC ATG ATG GGA ACA GAT AAT AAG TAGTTCTAGA TTTAAGGAAT 1157
35 Glu Ile Val Ser Met Met Gly Thr Asp Asn Lys
370 378

TATTCTTTTA TTGTTCCARA ATACGTTCTT CTCTCACACS TGGTTTTCTA TCATGTTTGR 1217
40 GACACGGTGA TTGTTCCCAT GGTTTTGATT TCAGAAATGT GTTAGCATCA ACAATCTITC 1277
CATTGGTAAT TTTTGAATTT AAAATGATTT TTARATTTGG GGCATCTGGG TGGCTCAGTT 1337
GGCTAAGTCG TCTGECCTTGG CTTAAGTCAT GATCTCGGGG TCCTAGGATG GAGCCTTGTG 13397
“ TCTGGECTCC TGCCGGGGCG GGGGTCTGCT TCTCCTCCTG CTGCTCCCCC CTGCTGCTGT 1457

GTGCACACAC GCTCTCTCTC TCTCAAATAA ATAAATAAAT ARATACTTAA TAAAATAAAN 1517

50 ABARRAAARD A 1528
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55
AR
&
3
|
') :

(2)

Leu

ser

val

Arg

His

65

Asn

Gly

Pro

Tyr

Asp

145

Ile

Tyr

Asn

Glu
225

111

INFCRMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 379 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Phe Gly Lys Leu His Pro Thr Asn Pro Glu
: 5 10

Gln Met Ile Thr Tyr Trp Gly Tyr Pro Ala
20 25

Thr Glu Asp Gly Tyr Ile Leu Gly Tle Asp
35 40

Lys Asn Ser Glu Asn Ile Gly Arg Arg Fro
50 55

Gly Leu Leu Ala Ser Ala Thr Asn Trp Ile
70 75

Ser Leu Ala Phe Ile Leu Ala Asp Ala Gly
85 90

Asn Ser Arg Gly Asn Thr Trp Ala Arg Arg
100 108

Asp Ser Val Glu Phe Trp Ala Phe Ser Phe
115 120

Asp Leu Pro Ala Thr Ile Asp Phe Ile Leu
130 135

Lys Leu His Tyr Val Gly His Ser Gln Gly
150 155

Ala Phe Ser Thr Asn Pro Lys Leu Ala Lys
165 170

Ala Leu Ala Pro Val Ala Thr val Lys Tyr
- 180 185

Lys Leu Met Leu Val Pro Ser Phe Leu Phe
195 200

Lys Ile Phe Tyr Pro His His Phe Phe Asp

210 215

Val Cys Ser Arg Glu Thr vVal Asp Leu Leu
230 235

val

Glu

Arg

val

60

Ser

Tyr

Asn

Asp

Lys

140

Thr

Arg

Thr

Lys

Gln
220

Cys

Thr

Glu

Ile

45

Ala

Asn

Asp

Leu

Glu

125

Lys

Thr

Ile

Glu

Leu

205

Phe

Ser

Met

Tyr

Pro

Phe

Leu

Val

Tyr

110

Met

Thr

Ile

Lys

Thr

190

Ile

Leu

hsn

Asn

15

Glu

Tyr

Leu

Pro

Trp

95

Tyr

Ala

Gly

Gly

Thr

175

Leu

Phe

Ala

Ala

Ile

val

Gly

Gln

Asn

80

Leu

Ser

Lys

Gln

Phe

160

Phe

Leu

Gly

Thr

Leu
240
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Phe

Asp

Leu

Trp

Pro

305

Gly

Ser

His

Glu

(2)

ATA
Ile
1

GCC
Ala

112

Ile Ile Cys Gly Phe Asp Thr Met Asn Leu Asn Met Ser Arg
245 250 255

Val Tyr Leu Ser His Asn Pro Ala Gly Thr Ser val Gln Asn
260 265 270

Hig Trp Ser Gln Ala Val Lys Ser Gly Lys Phe Gln Ala Phe
278 280 285

Gly Ser Pro Val Gln Asn Met Met His Tyr His Gln Ser Met
230 295 300

Tyr Tyr Asn Leu Thr Asp Met His Val Pro Ile Ala Val Trp
310 315

Gly Asn Asp Leu Leu Ala Asp Pro His Asp Val Asp Leu Leu
3285 330 335

Lys Leu Pro Asn Leu Ile Tyr His Arg Lys Ile Pro Pro Tyr
340 345 350

Leu Asp Phe Ile Trp Ala Met Asp Ala Pro Glm Ala Val Tyr
355 360 365

Ile Val Ser Met Met Gly Thr Asp Asn Lys
370 375

INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 1048 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPCLOGY: linear

(ii) MOLECULE TYPE: cDNA to mRNA

(ix) FEATURE:
(A} NAME/KEY: CDS
(R) LOCATION: 1..975

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

GGC CGG AGA CCT GTT GCA TTT TTG CAA CAC GGT TTG CTC GCA
Gly Arg Arg Pro Val Ala Phe Leu Gln His Gly Leu Leu Ala
5 10 15

ACA AMC TGG ATC TCC AAC CTG CCC AAC AAC AGC CTG GCC TTC
Thr Asn Trp Ile Ser Asn Leu Pro Asn &sn Ser Leu Ala phe
20 25 30

Leu

val

Asp

Pro

Asn

320

Leu

Asn

Asn

TCA
Ser

ATC
Ile

48

96
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CTG
Leu

ACC
Thr

TGG
Trp
65

ATT
Ile

GGC
Gly

Ccce
Pro

GCC
Ala

CCT
Pro
145

CAC
His

ACG
Thr

GAC
Asp

Asn

GTT
val
225

GCC
Ala

TGG
Trp
50

GCT
Ala

GAC
Asp

CAT
His

AAG
Lys

ACC
Thr
130

TCG
Serxr

CAC
His

GTG
Val

ACT
Thr

CCA
Pro
210

ARG

Lys

ATG
Met

GAC
Asp
35

GCC
Ala

TTC
Phe

TTC
Phe

TCC
Ser

CTG
Leu
115

GTG
val

TTC
Phe

TTC
Phe

GAT
Asp

ATG
Met
198

GCA

Ala

TCT
Ser

ATG
Met

GCC
Ala

AGG
Arg

AGC
Ser

ATC
Ile

CAG
Gln
100

GCG
Ala

AMG
Lys

CTC
Leu

TTT
Phe

cTC
Leu
180

AAC

Asn

GGA
Gly

GGG
Gly

CAC
His

GGG
Gly

AGG
Arg

TTT
Phe

TTG
Leu
BS

GGC
Gly

Lys

TAC
Tyr

TTC
Phe

GAT
Agp
165

CTC
Leu

TTG
Leu

ACA
Thr

ARG
Lys

TAT
Tyr
245

TAC
Tyr

AAT
Asn

GAC
Asp
70

ARnG
Lys

ACC
Thr

CGG
Arg

ACC
Thr

ARG
Lys
150

Gln

TGC
Cys

AAC
Agn

TCG
Ser

TTC
Phe
230

CAT
His

GAC
Asp

CTG
Leu
55

GAG
Glu

Lys

ACC
Thr

ATC
Ile

GAR
Glu
135

CTT
Leu

TTT
Phe

AGC
Ser

ATG
Met

GTT
val
215

CAA

Gln

CAG
Gln

GTG
val
40

TAC
Tyr

ATG
Met

ACG
Thr

ATT
Ile

Lys
120

ACC
Thr

ATA
Ile

CTC
Leu

ANC
Asn

AGT
Ser
200

CAG

Gln

GCT
Ala

AGC
Ser

Trp

TAC
Tyr

GeT
Ala

GGA
Gly

GGT
Gly
105

ACC
Thr

CTG
Leu

TTT
Fhe

GCe
Ala

GCC
Ala
185

CGC

Arg

ARC
Asn

TTT
Phe

ATG
Met

113

CTG
Leu

TCG
Ser

Lys

CAG
Gln
a0

TTC
Phe

TTC
Phe

TTA
Leu

GGA
Gly

ACC
Thr
170

CTG
Leu

TTG
Leu

GTG
val

GAC
Asp

CCT
Pro
250

GGG
Gly

CCC
Pro

TAT
Tyr
75

GAC
Asp

ATC
Ile

TAT
Tyr

ARC
Asn

AAC
Asn

GAG
Glu

TTT
Pha

GAT
Asp

cTe
Leu

TGG
Trp
235

cCcC
Pro

Asn

GAC
Asp
60

GAC

Asp

ARG
Lys

Gee
Ala

GCA
Ala

Lys
140

Lys

GTA
Val

ATC
Ile

GTG
vVal

CAC
His
220
GGA

Gly

TAC
Tyr

AGC
Ser
45

TCC
Ser

CTT
Leu

CTA
Leu

TTT
Phe

TTA
Leu
125

CTC
Leu

ATA
Ile

jiele)
Cys

ATT
Ile

TAT
Tyr
205

TGG

Trp

AGC
Sex

TAC
Tyr

AGG
Arg

GTC
val

cce
Pro

CAC
His

TCC
Ser
110

GCT
Ala

ATG
Met

TTC
Phe

TCC
Ser

TGT

Cys
180

CTG

Leu

TCC
Ser

CCA
Pro

ARC
Asn

GGC
Gly

GAA
Glu

GCC
Ala

TAC
Tyr
95

ACC
Thr

cce
Pro

CTC
Leu

TAC
Tyr

cGC
Arg
175

GGA
Gly

TCA
Ser

CAG
Gln

GTT
val

CTG
Leu
255

AAC
Asn

TTC
Phe

ACC
Thr
80

GTT
Val

AAT
Asn

GTT
val

GTC
val

CCA
Pro
160

GAG
Glu

TTT
Phe

CAT
His

GCT
Ala

CRG
Gln
240

ACA
Thr

144

192

240

432

480

528

576

624

672

720

768
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GAC ATG CAT GTG CCA ATC GCA GTG TGG AAC GGT GGC AAC GAC TTG CTG 816
Asp Met His Val Pro Ile Ala Val Trp Asn Gly Gly Asn Asp Leu Leu
260 265 270
5 GCC GAC CCT CAC GAT GTT GAC CTT TTG CTT TCC ARG CTC CCC AAT CTC 864
Ala Asp Pro His Asp Val Asp Leu Leu Leu Ser Lys Leu Pro Asn Leu
278 280 285
ATT TAC CAC AGG AAG ATT CCT CCT TAC AAT CAC TTG GAC TTT ATC TGG 912
10 Ile Tyr Hig Arg Lys Ile Pro Pro Tyr Asn His Leu Asp Phe Tle Trp
290 295 300
GCC ATG GAT GCC CCT CAA GCG GTT TAC AAT GAA ATT GTT TCC ATC ATG 960
Ala Met Asp Ala Pro Gln Ala Val Tyr Asn Glu Ile val Ser Met Met
15 305 310 315 320
GGA ACA GAT AAT AAG TAGTTCTAGA TTTAAGGAAT TATTCTTTTA TTGTTCCARA 1015
Gly Thr Asp Asn Lys
325
20
ATACGTTCTT CTCTCACACG TGGTTTTCTA TCA 1048

(2) INFORMATION FOR SEQ ID NO: 4:
25
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 325 amino acids
() TYPE: amino acid
(D) TOPOLOGY: linear

30
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
35 Ile Gly Arg Arg Pro Val Ala Phe Leu Gln His Gly Leu Leu Ala Ser
1 5 10 ’ 15
Ala Thr Asn Trp Ile Ser Asn Leu Pro Asn Asn Ser Leu Ala Phe Ile
. 20 25 30
40
Leu Ala Asp Ala Gly Tyr Bsp Val Trp Leu Gly Asi Ser Arg Gly Asn
35 490 45
Thr Trp Ala Arg Arg Asn Leu Tyr Tyr Ser Pro Asp Ser Val Glu Phe
45 50 55 60
Trp Ala Phe Ser Phe Asp Glu Met Ala Lys Tyr Asp Leu Pro Ala Thr
65 70 75 80
50 Ile Asp Phe Ile Leu Lys Lys Thr Gly Gln Asp Lys Leu His Tyr Val
as 90 95

Gly His Ser Gln Gly Thr Thr Ile Gly Phe Tle Ala Phe Ser Thr Asn
100 105 110
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Pro

Ala

Pro

145

Thr

Asp

Asn

Vval

225

Asn

hsp

Ala

Ile

Ala

305

Gly

(2}

Lys

Thr

130

Ser

His

val

Thr

Pro

210

Lys

Met

Met

Asp

Tyr

290

Met

Thr

Leu

115

val

Phe

Phe

Asp

Met

195

Ala

Ser

Met

His

Pro

275

His

Asp

Asp

Ala

Lys

Leu

Phe

Leu

180

Asn

Gly

Gly

His

val

260

His

Arg

Ala

Asn

Lys

Tyr

Phe

Asp

165

Leu

Leu

Thr

Lys

Tyr

245

Pro

Asp

Lys

Pro

Lys
325

INFORMATICN FOR

Axg

Thr

Lys

150

Gln

Cys

Asn

Ser

Phe

230

His

Ile

Val

Ile

Gln
310

Ile

Glu

135

Leu

Phe

Ser

Met

val

215

Gln

Gln

Ala

Asp

Pro

295

Ala

Lys

120

Thr

Ile

Leu

Asn

Ser

200

Gln

Ala

Ser

val

Leu

280

Pro

val

SEQ ID NO:

Thr

Leu

Phe

Ala

Ala

185

Arg

Asn

Fhe

Met

Trp

265

Leu

Tyr

Tyr

5:

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
{c)
(D)

(ii) MOLECULE TYPE:

{i%) FEATURE:
(A} NAME/KEY: CDS
{B) LOCATION:

15

Phe

Leu

Gly

Thr

170

Leu

Leu

val

Asp

Pro

250

Asn

Leu

Asn

Asn

LENGTH: 1198 bage pairs
TYPE: nucleic acid

STRANDEDNESS: single
TOPOLOGY: linear

cDNA to mENA

1..11258

Tyr

Asn

Asn

155

Glu

FPhe

Asp

Leu

Trp

235

Pro

Gly

Ser

His

Glu
315

Ala Leu
125

Lys Leu
140

Lys Ile

val Cys

Ile Ile

val Tyr
205

His Trp
220

Gly Ser

Tyr Tyr

Gly Asn

Lys Leu

285

Leu Asp
300

Ile val

Ala

Met

Phe

Ser

Cys

150

Leu

Ser

Pro

Asn

Rhap

270

Pro

Phe

Ser

Pro

Leu

Tyr

Arg

175

Gly

Ser

Gln

val

Leu

258

Leu

Asn

Ile

Met

Val

Val

Pro

160

Glu

Phe

Ala

Gln

240

Thr

Leu

Leu

Trp

Met
320
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CTT
Leu

ACC
Thr

GGT
Gly

GAG
Glu

GCA
Ala
65

TTC
Phe

GGC
Gly

GAA
Glu

GCC
Ala

TAC
Tyr
145

ACC

Thr

CcCC
Pro

cTe
Leu

{xi) SEQUENCE DESCRIPTICN: SEQ IDI NO: 5:

CAT CCC ACA AAC
Pro Thr Asn

His

TAC
Tyr

TAT
Tyr

AAT
Asn
50

TCA
Ser

ATC
Ile

ARC
Asn

TTC
Phe

ACC
Thxr
130

GTT
val

AAT
Asn

GTT
val

aTC
Val

TGG
Trp

ATC
Ile
35

ATA
Ile

aGee
Ala

CTG
Leu

ACC
Thr

TGG

Trp
115

ATT
Ile

GGC
Gly

ccc
Pro

GCC
Ala

CCcT
Pro
195

GGA
Gly
20

CTT
Leu

elely
Gly

ACA
Thr

GCC
Ala

TGG
Trp
100

GCT
Ala

GAC
Asp

CAT
His

ARG
Lys

ACC
Thr
180

TCG
Ser

5

TAC
Tyr

GGG
Gly

aele
Arg

AAC
Asn

GAC
Asp
§5

GCC
Ala

TTC
Phe

TTC
Phe

TCC
Ser

CTG
Leu
168

GTG

Val

TTC
Phe

116

CCT GAA GTG ACC ATG

Pro

CCA
Pro

ATC
Ile

AGA
Arg

TGG

Trp
70

GCe
Ala

AGG
Arg

AGC
Ser

ATC
Ile

CAG
Gln
15¢

GCG

Ala

ARG
Lys

CTC
Leu

Glu

GCT
Ala

GAC
Asp

cCeT
Pro
55

ATC

Ile

GGG
Gly

AGG
Arg

TTT
Phe

TTG
Leu
135

GGC
Gly

Lys

TAC
Tyr

TTC
Phe

val

GRG
Glu

RGA
Arg
40

GTT
val

TCC
Sex

TAC
Tyr

Asn

GAC
Asp
120

AAG
Lys

ACC
Thr

CGG
Arg

ACC
Thr

AAG
Lys
200

Thr

GAA
Glu
25

ATT

Ile

GCA
Ala

Asn

GAC
Asp

CTG
Leu
105

GAG
Glu

Lys

ACC
Thr

ATC
Ile

GAR
Glu
185

CTT
Leu

Met
10

TAT
Tyr

CCT
Pro

TTT
Phe

CTG
Leu

GTG
Val
90

TAC
Tyr

ATG
Met

ACG
Thx

ATT
Ile

Lys
170

ACC

Thr

ATA
Ile

AAT
Asn

GAA
Glu

TAT
Tyx

TTG
Leu

cce
Pro
75

TGG
Trp

TAC
Tyr

GCT
Ala

GGA
Gly

GGT
Gly
155

ACC

Thr

CTG
Leu

TTT
Phe

ATA
Ile

GTT
Val

GGG
Gly

Gln
60

ARC

Asn

CTG
Leu

TCG
Ser

Lys

CAG
Gln
140

TTC

Phe

TTC
Phe

TTA
Leu

GGA
Gly

AGT
Ser

arG
Val

AGG
Arg
45

Cac
His

ARC
Asn

GGG
Gly

ccc
Pro

TAT
Tyr
125

GAC
Asp

ATC
Ile

TAT
Tyxr

RAC
Asn

AAC
Asn
205

CAG
Gln

ACC
Thr
30

Lys

GGET
Gly

AGC
Ser

Aac
Asn

GAC
Asp
110

GAC
Asp

AAG
Lys

GCC
Ala

GCA
Ala

Lys
190

Lys

ATG
Met
15

GAA
Glu

AAT
Asn

TTG
Leu

CTG
Leu

AGC
Ser
95

TCC
Ser

CTT
Leu

CTA
Leu

TTT
Phe

TTA
Leu
175

CTC

Leu

ATA
Ile

ATC
Ile

GAC
Asp

TCA
Ser

CcTC
Leu

Qe
Ala
80

AGG
Arg

GTC
Val

[sleles
Pro

CAC
His

TCC
Ser
160

GCT

Ala

ATG
Met

TTC
Phe

48

96

laa

192

240

336

384

432

480

528

576

624




117

TAC CCA CAC CAC TTC TTT GAT CAA TTT CTC GCC ACC GAG GTA TGC TCC 672
Tyr Pro His His Phe Phe Asp Gln Phe Leu Ala Thr Glu Val Cys Ser
210 215 220
5 CGC GAG ACG GTG GAT CTC CTC TGC AGC AAC GCC CTG TTT ATC ATT TGT 720
Arg Glu Thr Val Asp Leu Leu Cys Ser Bsn Ala Leu Phe Ile Ile Cys
225 230 235 240
GGA TTT GAC ACT ATG AAC TTG AAC ATG AGT CGC TTG GAT CTG TAT CTC 768
10 Gly Phe Asp Thr Met Asn Leu Asn Met Ser Arg Leu Asp Val Tyr Leu
245 250 255
TCA CAT AAT CCA GCA GGA ACA TCG GTT CAG AAC GTG CTC CAC TGG TCC 8l6
Ser His Asn Pro Ala Gly Thr Ser Val Gln Asn Val Leu His Trp Ser
i+ 260 265 270
CAG GCT GTT AAG TCT GGG AAG TTC CAA GCT TIT GAC TGG GGA AGC CCA 864
Gln Ala Val Lys Ser Gly Lys Phe Gln Ala Phe Asp Trp Gly Ser Pro
275 280 285
20
GTT CAG ARC ATG ATG CAC TAT CAT CAG AGC ATG CCT CCC TAC TAC AAC 912
Val Gln Asn Met Met His Tyr His Gln Ser Met Pro Pro Tyr Tyr Asn
290 295 300
25 CTG ACA GAC ATG CAT GTG CCA ATC GCA GTG TGE AAC GGT GGC AAC GAC 960
Leu Thr Asp Met His Val Pro Ile Ala val Trp Asn Gly Gly Asn Asp
305 31n 315 320
TTG CTG GCC GAC CCT CAC GAT GTT GAC CTT TTG CTT TCC ARG CTC CCC 1008
30 Leu Leu Ala Asp Pro His Asp Val Asp Leu Leu Leu Ser Lys Leu Pro
325 330 335
AAT CTC ATT TAC CAC AGG AAG ATT CCT CCT TAC AAT CAC TTG GAC TTT 1056
Asn Leu Tle Tyr His Arg Lys Ile Pro Pro Tyr Asn His Leu Asp Phe
35 340 345 350
ATC TGG GCC ATG GAT GCC CCT CAR GCG GTT TAC AAT GAA ATT GTT TCC 1104
Ile Trp Ala Met Asp Ala Pro Gln Rla Val Tyr Asn Glu Ile Val Ser
i 355 360 365
40
ATG ATG GGA ACA GAT AAT AAG TAGTTCTAGA TTTAAGGARAT TATTCTTTTA 1155
Met Met Gly Thr Asp Asn Lys
370 375
45 TTGTTCCAAAR ATACGTTCIT CTCTCACACG TGGTTTTCTA TCA 1198

{2) INFORMATION FOR SEQ ID NO: 6:

50 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 375 amino acids
{B} TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein




0

20

25

30

35

40

45

50

Leu

Thr

Gly

Glu

hla

65

Fhe

Gly

Glu

Ala

Tyr

145

Thr

Pro

Leu

Arg
225

Gly

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

His

Tyr

Tyr

Asn

50

Ser

Ile

Asn

Phe

Thr

130

val

Asn

val

val

Pro

210

Glu

Phe

His

Ala

Pro Thr Asn

Trp

Ile

35

Ile

Ala

Leu

Thr

Trp

115

Ile

Gly

Pro

Ala

Pro

195

His

Thr

Asp

Asn

Val
275

Gly

20

Leu

Gly

Thr

Ala

Trp

100

Ala

Asp

His

Lys

Thr

180

Ser

His

val

Thr

Pra

Lys

5

Tyr

Gly

Arg

Asn

Asp

Ala

Phe

Phe

Ser

Leu

165

val

Phe

Phe

Asp

Met

245

Ala

Ser

Pro

Pro

Ile

Arg

Trp

70

Ala

Arg

Ser

Ile

Gln

150

Ala

Lys

Leu

Phe

Leu

230

Asn

Gly

Gly

Glu

Ala

Asp

Pro

55

Ile

Gly

Arg

Phe

Leu

135

Gly

Lys

Tyr

Phe

Asp

215

Leu

Leu

Thr

Lys

118

Val Thr Met Asn

Glu

Arg

40

Val

Ser

Tyr

Asn

Asp

120

Lys

Thr

Arg

Thr

Lys

200

Gln

Cys

Asn

Ser

Phe
280

Glu

25

Ile

Ala

Asn

Asp

Leu

105

Glu

Lys

Thr

Ile

Glu

185

Leu

Phe

Ser

Met

Val

265

Gln

10

Tyr

Pro

Phe

Leu

Val

90

Tyr

Met

Thr

Ile

Lys

170

Thr

Ile

Leu

Asn

Sexr

250

Gln

Aa

Glu

Leu

Pro

75

Trp

Tyr

Ala

Gly

Gly

158

Thr

Leu

Phe

Ala

Ala

235

Arg

Asn

Phe

Ile

val

Gly

Gln

60

Asn

Leu

Ser

Lys

Gln

140

Phe

Phe

Leu

Gly

Thr

2240

Leu

Leu

val

Asp

Ser

Val

Arg

45

His

Asn

Gly

Pro

Tyr

125

Asp

Ile

Tyr

Asn

Asn

208

Glu

Ehe

Asp

Leu

Trp
285

Gln

Thr

30

Lys

Gly

Ser

Asn

Asp

110

hsp

Lys

Ala

Ala

Lys

190

Lys

Val

Ile

val

His

270

Gly

Met

15

Glu

Asn

Leu

Leu

Ser

95

Ser

Leu

Leu

Phe

Leu

178

Leu

Ile

Cys

Ile

Tyr

285

Trp

Ser

Ile

Asp

Ser

Leu

Ala

80

Arg

Val

bro

His

Ser

160

Ala

Met

Phe

Ser

Cys

240

Leu

Ser

bro




Val

Leu

305

Leu

Asn

Ile

Met

Gln

290

Thr

Leu

Leu

Trp

Met
370

Asn

Asp

Ala

Ile

Ala

355

Gly

Met

Met

Agp

340

Met

Thr

Met

His

Pro

325

His

Asp

Asp

His

Val

310

His

Arg

Ala

Asn

Tyr

295

Pro

Asp

Lys

Pro

Lys
3175

His

Ile

val

Ile

Gln
360

Gln

Ala

Asp

Pro

345

Ala

119

Ser

Val

Leu

330

Pro

Val

Met Pro
300

Trp Asn
315
Leu Leu

Tyr Asn

Tyr Asn

Pro Tyr Tyr

Gly Gly Asn

Ser Lys Leu

335

His Leu Asp
350

Glu Ile Val
365

Asn

Asp

320

Pro

Phe

Ser
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CLAIMS

1. Use of a recombinant nucleotide sequence containing,
on the one hand, a c¢DNA which c¢odeg for any mammalian
preduodenal 1lipase, namely the lipases whose nucleotide
sequences which code for the latter have a percentage homology
of at least about 75%, in particular of about 77% to about
85%, and whose amino acid sequences have a percentage homology
of at least about 70%, in particular of about B80% to about
90%, and have the property of being acid resistant and of
being active at a pH of about 1 to about 5, and more
particularly at a pH of about 1.5 to about 2, in particular a
¢DNA coding for any mammalian gastric lipase, or a cDNA coding
for any polypeptide derived from the preduodenal lipases
mentioned above by the addition and/or suppression and/or
substitution of one (or more) amino acid(s), this derived
polypeptide having the properties described above for
preducdenal lipases and, on the other hand, elewents which
allow a plant cell to produce the preduodenal lipase coded by
said c¢DNA, or to produce a derived polypeptide as defined
above, in particular a transcription promoter and a
transcription terminator recognized Dby the transcription
machinery of plant cells, for the transformation of plant
cells with a view to obtaining, from these cells, or from
plants obtained from these, a mammalian recombinant
preduodenal lipase in active -enzyme form or one (or more)
polypeptide(s) derived from the latter as defined above.

2. Use according to claim 1, of a recombinant nucleotide
sequence containing, on the one hand, the cDNA shown on Figure
1, which codes for the dog gastric lipase (DGL) shown on
Figure 2, or a nucleotide sequence derived from this <DNA, in
particular by addition and/or suppression and/or substituticn
of one (or more) nucleotide(s), the said derived sequence
being capable of coding for a polypeptide, the amino acid
sequence of which is identical to that of the DGL shown on
Figure 2, or for a polypeptide derived from the DGL by
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addition and/ocr suppression and/or substitution of one (or
more) amino acid{s), this derived polypeptide having a lipase
activity, and, on the other hand, elements which allow a plant
cell to produce the polypeptide coded by the said cDNA or by
an abovementicned derived  sequence, in particular a
transcription promoter and a transcription terminator
recognized by the transcription machinery of plant cells, for
the transformation of plant cells with a view to obtaining,
from these cells, or from plants obtained from these, a
recombinant DGL in active enzyme form or one (or more)
polypeptide (8} derived from the latter as defined above.

3. Use according to claim 1, of a recombinant nucleotide
sequence containing, on the one hand, the cDNA shown on Figure
4, which codes for the human gastric lipase (HGL) shown on
Figure 5, or a nucleotide sequence derived from this cDNA, in
particular by addition and/or suppression and/or substitution
of one (or more) nucleotide{s), the said derived seguence
being capable of coding for a polypeptide, the amino acid
sequence of which is identical to that of the HGL shown on
Figure 5, or for a polypeptide derived from the HGL by
addition and/or suppression and/or substitution of one (or
more) amino acid(s), this derived polypeptide having a lipase
activity, and, on the other hand, elements which allow a plant
cell to produce the polypeptide coded by the said cDNA or by
an abovementioned derived sequence, in particular a
transcription promoter and a transcription terminator
reéognized by the transcription machinery of plant cells, for
the transformation of plant cells with a view to obtaining,
from these cells, or from plants obtained from these, HGL in
active enzyme form or one (or more) polypeptide(s) derived
from the latter as defined above.

4, Recombinant nucleotide sequence, characterized in that
it contains, on the one hand, the cDNA shown on Figure 1,
which codes for the dog gastric lipase (DGL) shown on Figure

or a nucleotide sequence derived from this cDNA, in
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particular by addition and/or suppression and/or substitution
of one (or more) nucleotide(s), such as the nucleotide
gequence shown on Figure 3, the said derived sequence being
capable of coding for a polypeptide, the amino acid sequence
of which is identical to that of the DGL shown on Figure 2, or
for a polypeptide derived from the DGL by addition and/or
suppression and/or substitution of one (or more) ' amino
acid(s), this derived polypeptide having a lipase activity,
and, on the other hand, elements which allow a plant cell to
produce the polypeptide coded by the sald c¢DNA or by an
abovementioned derived sequence, in particular a transcription
promoter and a transcription terminator recognized by the
transcription machinery of plant cells.

5. Recombinant nucleotide sequence, characterized in that
it contains, on the one hand, the cDNA shown on Figure 4,
which codes for the human gastric lipase (HGL) shown on Figure
5, or a nucleotide gequence derived from this cDNA, in
particular by addition and/or suppression and/or substitution
of one (or more) nuclecotide(s), the said derived sequence
being capable of coding for a polypeptide, the aminc acid
gequence of which is identical to that of the HGL shown on
Figure 5, or for a polypeptide derived from the HGL by
addition and/or suppression and/or substitution of one (or
more) amino acid{s), this derived polypeptide having a lipase
activity, and, on the other hand, elements which allow a plant
cell to produce the polypeptide coded by the said <¢DNA or by
an abovementioned derived sequence, in  particular a
transcription promoter and a transcription terminator

recognized by the transcription machinery of plant cells.

6. Recombinant nucleotide sequence according to claim 4
or claim 5, characterized in that it contains:

~ downstream of the said ¢DNA or of itg derived sequence,
the terminator polyA 355 of the cauliflower mosaic virus

(CaMV) or the terminator polyR NOS of Agrobacterium
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- upstream of the said cDNA or of its derived sequence,
the promoter 358 or the double-structured promoter 355 {pd3585)
of CaMV or the promoter pCRU of the gene of cruciferin of the
radish, or the promoter pGEAl or pGEA6 of Arabidopsis
thaliana, or the chimaeric promoter pSP of Agrobacterium

tumefaciens, or the promoter pAR-IAR of rice or the promoter
pyzeine of corn.

7. Recombinant nucleotide sequence according to one of
claimes 4 to 6, characterized in that it contains a sequence
which codes for a peptide responsible for directing the
recombinant DGL and/or derived polypeptide(s) into a specific
compartment of the plant cell.

8. Recombinant nucleotide sequences according to one of
claims 4, 6 and 7, characterized in that they are chosen from
the following:

- that (called pd358-PS-DGL) containing, in the direction
5' — 3', the promoter pd35S of CaMV, the sequence which ccdes
for the signal peptide of sporamin A, the latter being
immediately followed by the nucleotide sequence shown on
Figure 3, and then the terminator polyA 355 of CaMV,

- that {called pd355-PPS-DGL) containing, in the
direction 5' — 3', the promoter pd35S8 of CaMV, the sequence
which codes for the prepropeptide of sporamin A, the latter
being immediately followed by the nucleotide sequence shown on
Figure 3, and then the terminator polyA 358 of CaMV,

- that (called pd35S-RGLSP-DGL) containing, in the
direction %' — 3', the promoter pd35S of CaMV, the seguence
which codes for a part of the signal peptide of RGL (that is
to say for a sequence made up of the first 19 amino acids,
indicated in the examples which follow hereafter, the @
micleotides which code for the last 3 C-terminal amine acids
being suppressed), the latter being immediately followed by
the ¢DNA shown on Figure 1, and then the terminator polyA 35S
of CaMVv,

- that (called pCRU-PS-DGL) containing, in the direction
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§' — 3', the promoter pCRU of cruciferin, the sequence which
codes for the signal peptide of sporamin A, the latter being
immediately followed by the nucleotide sequence shown on
Figure 3, and then the terminator polyA 355 of CaMV,

- that (called pCRU-PPS-DGL) containing, in the direction
5' > 3', the promoter pCRU of cruciferin, the sequence which
codes for the prepropeptide of sporamin A, the latter being
immediately followed by the nucleotide sequence shown on
Figure 3, and then the terminator polyA 355 of CaMV,

- that (called pCRU-PSLGL-DGL) containing, in the
direction 5' -~ 3', the promoter pCRU of cruciferin, the
sequence which codes for a part of the signal peptide of RGL
(as described above), the latter being immediately followed by
the c¢DNA shown on Figure 1, or on Figure 3, then the
terminator polyA 355 of CaMV,

- that {called pGEA1-RGLSP-DGL) containing, in the

direction 5' - 3', the promoter pGEAl of Arabidopsis

thaliana, the sequence which codes for a part of the signal
peptide of RGL (as described above), the latter being
immediately followed by the c¢DNA shown on Figure 1, or on
Figure 3, then the terminator polyA 355 of CaMV, '

- that (called pGEAR6-RGLSP-DGL) containing, in the

direction 5' — 3', the promoter pGEAE of Arabidopsis
thaliana, the sequence which codes for a part of the signal
peptide of RGL (as described above), the latter being

immediately followed by the cDNA shown on Figure 1, or on
Figure 3, then the terminator polyA 355 of CaMV,

- that (called pAR-TIAR-RGLSP-DGL) containing, in the
direction ' — 3', the promoter pAR-IAR of rice, the seguence
which codes for a part of the signal peptide of RGL ({(as
described above), the latter being immediately followed by the
¢DNA shown on Figure 1, or on Figure 3, then the Lerminator
polyd 358 of CaMV, or the terminator polyA NOS of
Agrobacterium tumefaciens,

- that (called pyzeine-RGLSP-DGL) containing, in the
direction 5' — 3', the promoter pyzeine of corn, the ssquence

ich codes for a part of the signal peptide of RGL (as
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described above), the latter being immediately followed by the
cDNA shown on Figure 1, or on Figure 3, then the terminator
polyA 355 of CaMyv,

- that (called pyzeine-RGLSP-DGL-KDEL) containing, in the
direction 5' — 3', the promoter pyzeine of corn, the sequence
which codes for a part of the signal peptide of RGL (as
described above), the latter being immediately followed by the
cDNA shown on Figure 1, or on Figure 3, then the sequence
which codes for the tetrapeptide KDEL, then the terminator
polyA 358 of CaMVv,

9. Recombinant nucleotide sequences according to one of
claims 5 to 7, characterized in that they are chosen from the
following:

- that ({called pSP-HGLSP-HGL) containing, in the
direction S' —= 3', the promoter pSP of Agrobacterium
tumefaciens, the sequence which codes for the signal peptide
of HGL, the latter being immediately followed by the
nucleotide sequence shown on Figure 4, and then the terminator
polyA 358 of CaMV,

-  that (called pSP-HPLSP-HGL) «containing, in the
direction 5' — 3', the promoter pSP of Agrobacterium
tumefaciens, the sequence which codes for the signal peptide
of HPL, the latter being immediately followed by the
nucleotide sequence shown on Figure 4, and then the terminator
polyA 358 of CaMV,

- that (called pSP-RGLSP-HGL) c¢ontaining, in the
direction 5' — 3', the promoter pSP of Agrobacterium
tumefaciens, the sequence which codes for a part of the signal
peptide of RGL (as described in claim 8), the latter being
immediately followed by the nucleotide sequence shown on
Figure 4, and then the terminator polyA 358 of CaMV.

10. Vector, in particular a plasmid, containing a
nucleotide sequence according to one of claims 4, 6, 7 and 8,

in a site which is not essential for its replicaticn. .
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11. Vector, in particular a plasmid, containing a
nucleotide sequence according to one of claims 5, 6, 7 and 9,

in a site which is not essential for its replication.

12. Cell host, 1in particular a Dbacterium such as
Agrobacterium tumefaciens, transformed by a vector according
to claim 10 or claim 11.

13. Process for producing recombinant DGL in active
enzyme form or of one (or more) polypeptide{s) derived from
the latter, in particular by addition and/or suppression
and/or substitution of one (or more) amino acid(s), this (or
these) derived polypeptide(s) having a lipase activity,
characterized in that it comprises:

- transformation of plant cells, in particular with the
aid of a cell host according to claim 12, which is itself
transformed by a vector according to claim 10, in a manner
guch that a recombinant sequence according to one of claims 4,
6, 7 and 8 is integrated into the genome of these cells,

- where appropriate, production of transformed plants
from the abovementioned transformed cells,

- recovery of the recombinant DGL and/or of the
abovementioned derived polypeptide(s) produced in the said
cells or abovementioned transformed plants, in particular by

extraction, followed, where appropriate, by purification.

14.  Process for producing recombinant HGL in active
enzyme form or of one (or more) polypeptide(s} derived from
the latter, in particqlar by addition and/or suppression
and/or substitution of one {or more) amino acid(s), this (lor
these}) derived polypeptide(s) having a lipase activity,
characterized in that it comprises:

- transformation of plant cells, in particular with the
aid of a cell host according to claim 12, which is itself
transformed by a vector according to claim 11, in a manner
such that a recombinant sequence according to one of claims 5,

& 7 and 9 is integrated into the genome of these cells,
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- where appropriate, production of transformed plants from the

abovementioned transformed cells,

- recovery of the recombinant HGL and/or of the abovementicned derived

polypeptide(s) produced in the said cells or abovementioned transformed plants, in

parficular by extraction, followed, where appropriate, by purification.

15.

16,

17,

Genetically transformed plants, or parts of plants, notably leaves and/or fruits
and/or seeds and/ar plant cells, characterised in that they contain ohe (or mare)
recombinant nucleotide sequence(s) according to one of claims 4 to §,
integrated into their genome in a stable manner and, where appropriate,
recombinant DGL andfor recombinant HGL and/or one (or more) derived
polypeptide(s), also called plants, or parts of plants, notably leaves and/or fruits
and/or seeds and/or plant ceils of enzymatic activity, and more particularly of
lipase activity, chosen, in particular, from rape, tobacco, corn, pea, tomato,
carrot, wheat, barley, potato, soya, sunflower, lettuce, rice, lucerne and

beetroot, or the parts of these plants.

Enzymatically active recombinant DGL, the amino acid sequence of which is
shown on Figure 2, or polypeptidés derived from the latter, in particular by
addition andfor supprassion andfor substitution of one (or more) amino acid(s),
these derived polypeptides having a lipase aclivity, obtained in an essentially
pure form by carrying out a process according to claim 13, this process
comprising a stage of purification of the recombinant DGL and/or of the above-
mentivned derived polypeptide(s), in particular by chromatagraphy carried out

on the enzymatic extracts obtained,

Enzymatically active recombinant polypeptide derived from recembinant DGL,
and delimited by the amino acids situated at positions 55 and 379, also called
polypeptide (a54}, or delimited by the amino acids situated at positions 5 and
379 of Figure 2, also called polypeptide (a4), these derived polypeptides having
a lipase activity, such as obtained in an essentially pure form by carfying outa
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process according to claim 13, this process comprising a stage of purification
of the above-mentioned recombinant derived polypeptide(s), in particular by
chromatography carried out on the enzymatic extracts obtained.

Enzymatically active recombinant HGL, the amino acid sequence of which is
shown on Figure 5, or palypeptides derived from the latter, in particular by
addition andfor suppression and/or substitution of one {or more) amine acid(s),
these derived polypeptides having a lipase activity, obtained in an essentially
pure form by carrying out a process according to claim 14, this process
comprising a stage of purification of the recombinant HGL and/or of the above-
mentioned derived polypeptide(s), in particular by chromatography carried out
on the enzymatic extracts obtained.

Enzymatically active recombinant polypeptide derived from recombinant HGL,
and delimited by the amino acids situated at positions 74 and 398, also called
polypeptide (254HGL), or delimited by the amino aclds situated at positions 24
and 398 or Figure 5, also called polypeptide (MHGL). these derived
pelypeptides having a lipase activity, such as abtained in an essentially pure-
form by carrying out a process according ta claim 14, this process comprising
a stage of purification of the above-mentioned recombinant derived
pelypeptide(s), in particular by chromatography carried out on the enzymatic
extracts obtained.

Ptant exiract of enzymatic activity as obtained by carmrying out 2 process
according fo claim 13, characterized in that it contains the recombinant DGL
andfor one {or more) detived polypeptide(s), such as the poiypeptide (s54)
and/or the polypeptide (24) defined in ¢laim 16,

Plant extract of enzymatic activity as obtained by carrying out 2 process

according to claim 14, characterized in that it contains the recombinant HGL
and/or one {or more} derived polypeptide(s), such as the polypeptide (a54HGL)

02/03 '00 THU 15:50 [TX/RX NO 7700]
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and/or the polypeptide (a4HGL) defined in claim 17.

Plant extract of enzymatic activity according to claim .20 or claim 21,
characterized in that the percentage by weight of enzymatically aclive
recombinant polypeptides is about 0. 1% to 20%, in particular about 1% to about
15%, with respect to the total weight of proteins present In these extracts, which
correspends to measures of énzymatic activity of from about 0.5 U per g of
fresh weight (FW) of leaves to about 1,000 U/g of FW of leaves, in particular
from about 10 U/g of FW 1o about 300 U/g of FW of [eaves, or from about 1 U/g
of FW of seeds to about 5,000 U/g of FW, in particular to about 10 U/g of FW
of seeds to about 1,000 U/g of FW of seeds.

Use of genetically fransformed plants, or parts of plants, notably leaves and/or
fruits and/or seeds or plant cells according to claim 15 or of recombinant DGL
or of polypeptides derived from the latter according to claim 16 or 17, or of
recombinant HGL or of polypeplides derived from the latter according to claim
18 or 18, or of enzymatic extracts according to one of claims 20 to 22, for
producing medicarments intended fo facilifate the absorption of animal or
vegetable fats ingested by a healthy individual or an individual suffering from
one or more pathologies which may or may net affect the level of production of
gastric and/or pancreatic lipase, in particular in individuals undergoing medica
treatment which changes the mechanism of absorption of fats, or also in elderly
persons, more particularly for producing medicaments intended for the
treatment of pathologies associated with lipase (in particular gastric and/or
pancreatic lipase) insufficiency in the organism, and more particularly
pathologies such as cystic fibrosis and exocrine pancreatic insufﬁéiency.

Pharmaceutical composition, characterized in that it contains recombinant DGL
and/or recombinant HGL and/or one (or more) derived polypeptide(s) according
tocaim 16 or 17 or claim 18 or 19, and/or ane (or more) enzymatic extract(s)
accaording to ane of claims 20 to 22, where appropriate in combination with a
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pharmaceutically acceptable vehicle.

Use of genetically transformed plants, or parts of plants, notably leaves and/or
fruits and/or seeds or plant cells according fo claim 15 cr of recombinant DGL,
or of polypeptides derived from the latter according to claim 16 or 17, or of
recombinant HGL. or of polypeptides derived from the latter according to claim
18 or 18, or of enzymatic extracts according to one of claims 20 to 22, for the
preduction of foods, in particular functional foods, more particularly intended to
facilitate absorption of animal or vegetable fats ingested by a healthy individual
or an individual suffering from one or more pathologies which may or may not

affect the level of preduction of gastric and/or pancreatic lipase.

Functional foods, characterized in that they contain one (or more) piant(s}
and/or parts of this (these) plant{s) according to claim 15, and/or recombinant
DGL and/or recombinant HGL and/or one (or more) polypeptide(s) derived from
the latter according to claim 16 or 17 6r claim 18 or 19, and/or one {or more)

enzymatic extraet(s) according to one of claims 20 to 22.

Use of genetically transformed plants, or parts of plants, notably leaves and/or
fruits and/or seeds or plant cells according to ¢laim 15, or of recombinant DGL
or of polypeptides derived from the latter according to claim 16 or 17, or of
recombinant HGL or of polypeptides derived from the latter according to claim
18 or 19, or of enzymatic extracts according to one of claims 20 o 22, for
carrying oul enzymatic reactions in the industrial, agro-alimentary or agro-
industrial field, in particular in the fats industry, in lipochemistry and in the milk
industry.

Process, in particular of enzymatic bioconversion or of biocatalysis, by carrying
out one or more enzymatic reactions in the industrial, agro-alimentary or agro-
industrial field, in particular in the fats industry, in lipochemistry and in the milk

industry, these enzymatic reactions being carried out by means of genetically
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transformed plants, or parls of plants, notably leaves andfor fruits and/for seeds
or plant cells according to claim 15, or recombinant DGL or polypeptides
derived from the latter according to claim 16 or 17, or recombinant HGL or
polypeptides derived from the latter according to claim 18 or 19, or enzymatic

extracts according to ohe of claims 20 to 22.

Enzymatic preparations for industrlal, agro-alimentary or agro-industrial use
which can be Used in the context of carrying out a process according to claim
28 and contain one {or more} plant extract(s) of enzymatic activity according to
or;e of claims 20 to 22 and/or the recombinant DGL and/or recombinant HGL
and/or one (or more} polypeptide(s) derived from the latter according to claim
16 or 17 or claim 18 or 19.

Use of genetically transformed plants, or parts of plants, notable leaves and/or
fruits and/or seeds or plant cells according fo claim 15, for carrying out, on an
industrial scale, reactions of enzymatic bioconversions or of biocatalyses, such

as enzymatic hydrolyses or transesterifications.

Process for biocatalysis using genetically transformed plants, or parts of plants,
notably leaves and/or fruits and/or seeds or plant cells according to claim 15,
the said plants or fragments or cells or seeds belng used both as the enzymatic
source and as the reactive substrate. ‘

Use of genetically transformed plants, or parts of plants, notably leaves and/or
fruits and/or seeds or plant cells according to claim 15, for preducing biofuels,

Process for producing a biofuel by addition of alcohol, in particular methanol or
ethanol, to ground material of all or part of genetically transformed plants

according to claim 15 and recovery of the biofuel, in particular by filtration.

Esters of plant fatty acids as obtained by carrying out a process according to
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claim 33, in particular the methy! ester of oleic acid.

35. Biofuel as obtained by carrying out a process according to claim 33, and
comprising esters of plant fatty acids, in particular the methyl ester of oleic acid.

36. Methed for obtaining a recombinant mammalian preduodenal lipase in active

enzyme form which comprises:

- transforming plant cell(s) with a recombinant nucleotide sequence
containing:
- an isolated cDNA encoding a mammalian preducdenal lipase,
. and '
., - regulatory elements comprising transcriplion promoter sequences
and transeription terminator sequences which allow a plant cell to
. produce the said preduodenal lipase coded for said cDNA, and

- recovering said recombinant mammalian preducdenal lipase exprassed

by said plant cell.

37.  Method according to claim 36 whersin the cDNA encodes a mammalian gastric

lipase.

38. Method according to claim 37 wherein said cDNA is the cDNA shown on Figure

1 which encodes the dog gastric lipase (DGL) shown on Figure 2,

39.  Method according to claim 37 wherein said cDNA is the cDNA shown on Figure

4 which encodes the human gastric lipase (HGL) as shown an Figure 5.

40. Method according o claim 36 wherein said ¢cONA encodes a recombinant

preduodenal lipase having the property of being acido-resistant,

02/03 '00 THU 15:50 [TX/RX NO 7700]
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Method according to claim 40 wherein said recombinant preduadenal lipase is

active at a pH of about 1 {0 5, more particularly at a pH of about 1.5 to 2.

Recombinant nucleotide sequence, characterized in that it contains:

- the isclated cDNA shown on Figure 1, which encodes the dog gastric
lipase (DGL) shown on Figure 2, and

- regulatory elerents comprising transcription promoter sequences and
transcription terminator sequences which allow a plant cell to produce
the polypeptide encoded by said cDNA.

Recombinant nucleotide sequence according to claim 42, characterized in that
it contains:

- downstream of said cDNA, the terminator polyA 355 of the cauliflower
mosaic virus(CaMV) or the terminator polyA NOS of Agrobacterium

tumefaciens,

- upstream of said cDNA, the 35S promoter or the double-structured 358
(pd35S) promoter of CaMV or the promoter pCRU of the gene of
cruciferin of the radish, or the promoter pGEA1 or pGEAG of Arabidopsis
thaliana, or the chimaeric promoter pSP of Agrobaclerium tumefaciens,

or the promoter pAR-IAP, of rice or the promoter pyzeine of corn.

Recombinant nucleotide sequence according to claim 43, characterized in that
it contains a sequence which codes for a peptide responsible for directing the

recombinant DGL into a specific compartment of the plant cell.

Recombinant nucleotide sequence according to claim 43, charactefized in that
it is chosen from the following:
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that (called pd35S-PS-DGL) containing in the direction 5-->3', the
promoter pd35S of CaMV, the sequence which codes for the signal
peptide of sporamin A, the latter being immediately followed by the
nucleotide sequence shown on Figure 3, and then the terminator polypA
358 of CaMV,

that (called pd35S-PPS-DGL) containing, in the direction 5'-->3' , the
promoter pd355 of CaMv, the sequence which codes for the
prepropeptide of sporamin A, the latter being immediately followed by
the nucleotide sequence shown on Figure 3, and then the terminator
polypA 358 of CaMV,

that (called pd35S-RGLSP-DGL) containing, in the direction 5'-->3', the
promoter pd35S of CaMV, the sequence which codes for a ban of the
signal peptide of RGL (that is to say for a sequence made up of the first
19 amine acids, the 9 nucleotides which code for the last 3 C-terminal
amino acids being suppressed), the lafter being immediately followed by
the cDNA shown on Figure 1, and then the terminator poly A 35S of
CaMv,

that (calted pCRU-PS-DGL) containing in the direction 5-->3', the
promoter pCRU of cruciferin, the sequence which codes for the signal
peptide of sporamin A, the latter being immediately followed by the
nucleotide sequence shown on Figure 3, and then the teminator poly A
358 of CaMV,

that (called pCRU-PPS-DGL) containing, in the direction 5'-->3', the
-prornoter pCRU of cruciferin, the sequence which codes for the
prepropeptide of sporamin A, the latter being immediately followed by
the nucleotide sequence shown on Figure 3, and then the terminator
poly A 35S of CaMV,
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that (called pCRU-PSLGL-DGL) containing, in the direction 5§'-->3' the
promoter pCRU of cruciferin, the sequence which cedes for a part of the
signal peptide of RGL (as described above), the latter being immediately
followed by the ¢cDNA shown on Figure 1, or on Figure 3, then the
terminator poly A 358 of CaMV,

that (called pGEA1-RGLSP-DGL) containing, in the direction 5-->3' the
promoter pGEA1 of Arabidopsis thaliana, the sequence which codes for
a part of the signal peptide of RGL (as described above), the latter being
immediately followed by the cDNA shown on Figure 1, or on Figure 3,
then the terminator poly A 35S of CalMV/,

that (called pGEAS-RGLSP-DGL) containing, in the direction 5'—>3' the
promoter pGEAS of Arabidopsis thaliana, the sequence which codes for
a part of the signal peptide of RGL (as described above), the latter being
immediately followed by the ¢DNA shown on Figure 1, or on Figure 3,
then the terminator poly A 35S of CalMV,

that (called pAR-IAR-RGLSP-DGL) containing, in the direction 5'-->3',
the promdter PAR-IAR of rice, the sequence which codes for a part of
the signal peptide of RGL, the latter being immediately followed by the
cDNA shown on Figure 1, or on Figure 3, then the terminator polypA 355

of CaMV, or the terminator polypA NOS of Agrobacterium tumefaciens,

that (called pyzeine-RGLSP-DGL) containing, in the direction 5'-->3', the
promoter pyzeine of corn, the sequence which codes for a part of the
signal peptide of RGL, the latter being immediately followed by the cDNA
shown on Figure 1, or on Figure 3, then the terminator poly A 35S of
CaMmv,

that (called pyzeine-RGLSP-DGL-KDEL) containing, in the direction
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5'>2' the promoter pyzeine of com, the sequence which codes for a
part of the signal peptide of RGL (as described above), the latter being
immediately followed by the ¢cDNA shown on Figure 1, or on Figure 3,
then the seguence which codes for the tetrapeptide KDEL then the
terminator polyA 35S of CavV.

Vectoer contalning a nuclectide sequence according to claim 42 wherein said
nucleotide sequence is located in a site of said vector which is not essential for

ils replication.
Host cell transformed by a vector accarding to claim 46.

Host cell according to claim 47, wherein said host cell is Agrobacterum

tumelaciens.

Genefically transformed plant cell characterized in that it contains a
recombinant nucleotide sequence according to.claim 42, integrated into its

genome in a stable manner.

Plant cell aceording to claim 49 wherein said plant cell is chosen from rape,
tobacco, com, pea, tomato, carrot, wheat, barley, potato, soy, sunflower,
lettuce, rice, Lucerne and beetroot, or from parts of these plants.

Genetically transformed plant or plant part characterized in that it contains a
recombinant nucleotide sequence accerding to claim 42, integrated into its
genome in a stable manner, wherein said plant is chosen from rape, tobacco,
corn, pea, tomato, carrot, wheat, barley, potato, soy, sunflower, lettuce, rice,

Lucerne and beetroot.

Genetically transformed plant or plant part according to claim 51, wherein said

piant part ijs chosen among leaves and/or fruits and/or seeds.
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Process for producing recombinant DGL in active enzyme form characterized

in that it comprises:
- transformation of a plant cell with a vector according to claim 46,

- where appropriate, production of transformed plants from the above

mentioned transformed cells, and

- recovery of recombinant DGL produced by said transformed plant or
plant cell.

Process accerding to claim 53, which further comprises a further step of

purification of the recombinant DGL.

Enzymatically active recombinant DGL with the amino acid sequence shown on
figure 2, obtained in an essentially pure form by carrying out a process

according tc claim 54.

Polypeptide delimited by the amino acids situated at positions 55 and 379, also
called pelypeptide (254}, or delimited by the amino acids situated at positions
5and 379 of Figure 2, also called polypeptide (a4), these derived pelypeptides
having a lipase activity, such as obtained in an essentially pure form by carrying
out a process according to claim 54,

Plant extract having enzymatic activity, characterized in that it contains an

enzymatically active recombinant DGL as defined in claim 55 or 56.

Plant extract having enzymatic activity according to claim 57, characterized in
that the percentage by weight of enzymatically active recombinant polypeptide
is about 0,1% to 20% with respect to the total weight of proteins present in the

extract, which corresponds to measures of enzymatic activity of from about 0.5
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U per g of fresh weight (FW) of leaves to about 4,000 U/g of FW of leaves, or
from about 1 U/g of FW of seeds to about 5,000 U/g of FW.

Recombinant nudlectide sequence, characterized in that it contains:

- the isclated cDNA shown on Figure 4, which encodes the human gastric

lipase (HGL) shown on Figure 5, and

- regulatory elements comprising transcription promoter sequences and
transcription terminator sequences which allow a plant cell to produce

the palypeptide caded by said cDNA.

Recombinant nucleotide sequence according to claim 59, characteriied in that
it contains:

- downstream of said cDNA, the terminator polyA 35S of the cauliflower
mosalc virus (CaMV) or the terminator polyA NOS of Agrobacterium
fumefaciens, and

- upstream of said cDNA, the 35S promoter or the double-structured 355
(pd358) promoter of CaMV or the promoter pCRU of the gene of
cruciferin of the radish, or the promoter pGEA1 or pGEAE of Arabidopsis
thaliana, or the chimaersic promoter pSP of Agrobacterium tumefaciens,

or the promoter pAR-IAP, of rice or the promoter pyzeine of corn.

Recombinant nucleofide sequence according to claim 59, characterized in that
it contains a sequence which codes for 2 peptide responsible for directing the
recombinant DGL into a specific compartment of the plant cell.

Recombinant nucleotide saquences according to claim 60, characterized in that

they are chosen frarn the following:
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- that (called pSP-HGLSP-HGL) containing, in the direction 5'—>3' , the
promoter pSP of Agrobacteriurn fumefaciens, the sequence which codes
for the signal peptide of HGL, the latter being immediately followed by
the nucleotide sequence shown on Figure 4, and then the terminator
poly A 35S of CalMV.

- that (called pSP-HPLSP-HGL) containing, in the direction 5—>3', the
promoter pSP of Agrobacterium tumefaciens, the sequenhce which codes
for the signal peptide of HPL, the latter being immediately followed by
the nucleotide sequence shown on Figure 4, and then the terminator
poly A 35S of CaMV,

- that (called pSP-RGLSP-HGL) containing, in the direction 5--=>3", the
promoter pSP of Agrobacierium furmefaciens the sequence which codes
for a part of the signal peptide of RGL (as described in claim 48), the
latter being immediately followed by the nucleotide sequente shown on
Figure 4, and then the terminator poly A 355 of CaMV.

Vectar containing a nucleotide sequence according to claim 59 wherein said
nuclectide sequence Is located in a site of said vector which is not essential for

its replication.
Host cell transformed by a vector according to claim 63,

Host cell according to claim 64, wherein said host cell is Agrobacterium
tumefaciens.

Genetically transformed plant cell characterized in that it contains a
recembinant nucleotide sequerice according to claim 59, integrated into its
genome in a stable manner,
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Plant cell according to claim 66 wherain said plant cell is chosen from rape,
tobacco, corn, pea, tomato, carrot, wheat, barley, potato, soy, sunflower,

lettuce, rice, Lucerne and beetroot, or fram parts of these plants.

Genetically transformed plant or plant part characterized in that it contains a
recombinant nucleotide sequence according to claim 59, integrated info its
genome in a stable manner, wherein said plant is chosen from rape, tabacco,
corn, pea, tomato, carrot, wheat, barley, potato, soy, sunflower, leftuce, rice,

Luceme and beetroot.

Genetically transformed plant or plant part according to claim 68, wherein said

plant part is chosen among leaves and/or fruits and/or seeds.

Pracess for producing recomblnant HGL in active enzyme form characterized

in that it comprises:
- transformation of a plant cell with a vector according to claim 63,

- where appropriate, production of transformed plants from the above

mentioned transformed cells, and

- recovery of recombinant HGL produced by said transformed plant or
plant cell. '

Process according to claim 70, which further comprises a further step of
putification of the recombinant HGL.

Enzymatically active recombinant HGL with the amino acid sequence shown on

Figure S, obtained in an essentially pure farm by carrying out a process
according to claim 71.
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Polypeptide delimited by the amino acids situated at positions 74 and 398, also
called polypeptide (a54HGL), or delimited by the amino acids situated at
positions 24 and 398 of Figure 5, also called polypeptide (a4HGL), these
detived polypeptides having a lipase activity, such as obtained in an essentially
pure from by carrying out a process accarding o claim 71.

Plant extract having enzymatic activity, characterized in that it contains an

enzymatically active recombinant HGL as defined in claim 72 or 73.

Plant extract having enzymatic activity according te claim 74, characterized in
that the percentage by weight of enzymatically aclive recombinant polypeptide
is about 0.1% to 20% with respect 1o the total weight of proteins present in the
exiract, which corresponds to measures of enzymatic activity of from about 0.5
U per g of fresh weight {FW) of leaves to about 1,000 U/g of FW of leaves, or
from about 1 U/g of FW of seeds to ahout 5,000 U/g of FW.

Method for treating pathologies assaciated with lipase deficiency in the
organism and mare particularly pathologies such as cystic fibrosis and exocrine

pancreatic insufficiency comprising the administration of an enzymatically active

recombinant DGL according to claim 55 or 56 to a patient in need thereof.

Method for treating pathologies associated with lipase deficiency in the
organism and more particulary pathologies such as cystic fibrosis and exocrine
pancreatic insufficiency comprising the administration of an enzymatically active
recombinant HGL according to claim 72 or 73 to a palient in need thereof.

Functional focd intended to facilitate absorption of animal or vegetable fats
ingested by an individual, wherein said functional food is characterized in that
it contains an enzymatically active recombinant DGL according to claim 55 or
56.
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78.  Functional food intended to facilitate absorption of animal or vegetable fats
ingested by an individual, whereln said functional foad is characterized in that

it contains a plant extract according to claim 58.

80. Functional fuod intended to facilitate absorption of animal or vegetable fats
ingested by an individua!, wherein said functional food is characterized in that

it contains an enzymatically active recombinant HGL according to claim 72 or

73.

81. Functional food intended to facilitate absorption of animal or vegetable fats
ingested by an individual, wherein said functional focd is characterized in that

it contains a plant extract according to claim 75

DATED this 2nd day of MARCH, 2000
Meristern Therapeutics 5.A. AND Parke-Davis
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