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(57) ABSTRACT 

The present invention is related to a process based on a 
source-sink principle, for producing products of interest from 
crushed or uncrushed germinating dicotyledonous seeds 
comprising an expression system, Which is induced or can be 
induced during germination. The product is either a seed 
derived composition comprising one or more gene products. 
Alternatively, it is a product of interest obtained by placing 
the composition in contact With a substrate, containing a 
substance capable of being transformed by the seed derived 
composition as such, dried or in down-stream processed 
form. 

16 Claims, 15 Drawing Sheets 
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PROCESS FOR CONVERTING STORAGE 
RESERVES OF DICOTYLEDONOUS SEEDS 
INTO COMPOSITIONS COMPRISING ONE 

OR MORE GENE PRODUCTS 

This application is a Continuation-in Part application, of 
US. application Ser. No. 10/149,121 ?led Jun. 7, 2002 noW 
abandoned. This application claims priority of US. applica 
tion Ser. No. 11/433,097, Which is a divisional application of 
patent application Ser. No. 10/884,283 noW an issued US. 
Pat. No. 7,115,733, Which claims priority of US. provisional 
application No. 60/484,707. 

SEQUENCE DATA 

This application contains sequence data provided on a 
computer readable diskette and as a paper version. The paper 
version of the sequence data is identical to the data provided 
on the diskette. 

TECHNICAL FIELD OF THE INVENTION 

The present invention is related to a process based on a 
source-sink principle for converting the storage reserves of 
transgenic dicotyledonous seeds into a composition compris 
ing one or more gene products of interest. The invention also 
discloses a germinating seed derived composition comprising 
at least one gene product in the cotyledon including the seed 
ling or in the medium surrounding the germinating seed or 
seedling. 

BACKGROUND OF THE INVENTION 

Due to increased contamination risks, methods for produc 
ing therapeutically active mammalian proteins by isolation 
and puri?cation from mammalian sources have largely been 
replaced by recombinant DNA technology. Recombinant 
DNA technology provides neW means for producing large 
amounts of industrially desirable mammalian proteins and a 
large choice of hosts and expression systems. When mamma 
lian proteins are the desired target proteins, eukaryotic host 
systems are preferred in order to obtain glycosylated forms of 
the desired proteins. 

Fungi represent the most effective host system for high 
volume and loW cost production of glycosylated proteins. 
Even if fungi have been successful for producing high 
amounts of their native proteins, they have not been equally 
successful in expressing heterologous proteins, such as thera 
peutic mammalian proteins. 

Fungi are used mainly for large-scale production of 
homologous industrial enZymes, Whereas the focus of 
research is increasingly in ?nding alternative expression sys 
tems for producing glycosylated heterologous proteins. 
Because glycosylation patterns and folding processes in plant 
host systems resemble those in mammalian systems, plant 
host expression systems are by far the most cost-effective of 
the available systems. The main interest is on production of 
pharmaceuticals and industrially important enZymes. The 
production of interferon, enkephalins, epidermal groWth fac 
tor and human serum albumin in tobacco, and/or potato are 
mentioned as examples. The expression levels in transgenic 
plants, hoWever, have been rather loW. 

In plant expression systems, foreign genes are generally 
expressed under strong tissue speci?c plant promoters in 
developing plant organs. Typical examples are the seed stor 
age protein promoter or the tuber speci?c patatin promoter in 
potato tubers. Alternatively, cell or organ cultures and algal 
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2 
cultures are used as Well as even more sophisticated systems 

including plant virus based systems, With the desired gene 
coupled inside the virus genome and expressed concurrently 
With viral proteins. The mo st advanced systems rely on induc 
ible expression and secretion of recombinant protein to the 
medium. 

The US. Pat. No. 5,693,506 and US. Pat. No. 5,994,628 
disclose a production system for producing foreign proteins 
in germinating monocotyledonous seeds. Recombinant pro 
teins are expressed under a strong amylase promoter in a cell 
culture or in germinating seed and the protein is secreted into 
the groWth medium or extracted from malt. In a monocotyle 
donous seed, the storage reserves mainly consist of the 
starchy endosperm. The protein stores in monocotyledonous 
are scarce as compared to those in dicotyledonous seeds. In 
addition, even if the amylase expression is high in speci?c 
cells, only a small number of cells in the seed express amy 
lase. These cells are restricted to the scutellum of the embryo 
and the aleurone layer of the endosperm. There is a great 
demand to provide more cost effective systems, Which Would 
take advantage of the storage reserves of proteins and oils in 
dicotyledonous seeds. The US. Pat. No. 5,543,576 and US. 
Pat. No. 5,714,474 disclose a method in Which transgenic 
seeds are added Without any pregermination and in ground 
form into feed mixtures as additional enZyme sources. 

The US. Pat. No. 5,670,349 discloses the use of Wound 
inducible HMGR/HMG2 promoters for expressing recombi 
nant proteins in fresh tobacco leaves harvested from the ?eld. 
Wounding of fresh or stored plant material by excision or 
crushing triggers a rapid increase in expression. HoWever, the 
protein content in tobacco leaf is small as compared to that 
obtainable from a dicotyledonous seed. Furthermore, the 
storability of fresh leaves is not comparable to that of dry seed 
in respect of time, space and/or storage costs. The use of fresh 
plant material, such as leaves harvested from the ?eld is also 
a major source of microbial contamination, Which is a serious 
problem in fermentation technology. 
The patent applications W0 94/ 11519 and WO 97/32986 

disclose methods and plants for producing degradation and 
conversion products in plants by the aid of a malting process. 
In said methods, it is suggested that the enZymes are active in 
glyoxysomes, Which catalyZe the breakdoWn of fatty acids 
into acetyl-CoA. This acetyl-CoA Which normally is used to 
make organic acids that can be exported from the glyoxy 
somes and used in other metabolic pathWays, such as respi 
ration and sucrose synthesis should be replaced With gene 
encoding enZymes in a pathWay leading to polyhydroxyal 
kanoates useful for the production of biodegradable thermo 
plastics. 
Even if malting process is knoWn and has been used espe 

cially for preparing monocotyledonous plants, it is restricted 
to processing starch. Even if the methods disclosed in the 
patents WO 94/11519 and WO 97/32986 suggest the use of 
the storage reserves in dicotyledonous, these methods are still 
restricted to the use of enZymes and pathWays that lead 
sucrose and energy production and to use of these products 
from the respiratory pathWays for resynthesis. 
Even if malting is knoWn and methods for using the respi 

ratory pathWays in plants for production of polyhydroxyal 
kanoates, the use of the storage reserves in dicotyledonous 
plants for producing proteinaceous products, such as struc 
tural proteins and enZymes has not been solved. 

There is a great demand for proteinaceous products and 
because of that it is the main objective of the present invention 
to solve the problem of converting the storage reserves in 
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dicotyledonous plants into different proteinaceous products, 
Which can be further applied for production of desired prod 
ucts. 

The main objective of the present invention is to provide a 
neW, more feasible, cost-effective, environmentally friendly 
process and production system for producing gene products, 
especially proteinaceous gene products in the cotyledons of 
transgenic dicotyledonous seeds. 

Another objective of the present invention is to provide a 
production system for contained use, in Which the gene prod 
uct can be produced in con?ned conditions and not in the 
?eld. This alloWs the present process to be carried out under 
almost contaminant-free conditions. 

The objectives of the present invention are achieved by 
harnessing the regulatory sequences of transient proteins 
accumulating during the initiation of germination for the 
production of desired gene products. 

The characteristics of the present invention are as set out in 
the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A shoWs a germinated transgenic seed expressing 
the GUS gene. The GUS gene is linked to a soybean heat 
shock promoter. On the right side an untransformed control 
seedling is shoWn. 

FIG. 1B shoWs a germinated transgenic seed expressing 
the GUS gene. The GUS gene is linked to an endopeptidase 
promoter. 

FIG. 1C shoWs a germinated transgenic seed expressing 
the GUS gene. The GUS gene is linked to a salicylate induc 
ible promoter. 

FIG. 1D shoWs a germinated transgenic seed expressing 
the GUS gene. The GUS gene is linked to a CaMV 35S 
promoter. 

FIG. 2 shoWs the colorless substrate [3-Glucuronide (100 
ug/ml) Which is enZymatically converted into the blue-col 
ored glucopyranosiduronic acid and aglycone by the GUS 
enZyme produced by the germinated transgenic seed. 

FIG. 3 depicts various germination stages of a Brassica 
campeslris seed, indicated as days after the onset of germi 
nation. 

FIG. 4 shoWs a SDS-PAGE gel of germinated seeds of 
Brassica campeslris (rapa). The samples Were collected 
daily, starting from the dry seed. The storage proteins and 
Rubisco subunits are marked in the Coomassie-stained gel. 
After three days of germination, the degradation of storage 
proteins and de novo synthesis of Rubisco proteins is clearly 
visible. 

FIG. 5 shoWs a northern blot of germinated seeds using 
RNA probes. The samples Were collected daily, starting from 
dry seed. 

FIG. 6 shoWs an SDS-PAGE gel of total soluble proteins of 
germinating seeds of Brassica campeslris. Seeds Were ger 
minated in an airlift tank for 12-168 hours and a sample for 
total soluble proteins Was harvested at time points shoWn 
beloW the ?gure. 

FIG. 7A shoWs Northern blot shoWing the synthesis of 
Rubisco SSU mRNA after 24-36 h of sprouting in an airlift 
tank. Total RNA Was isolated form spouts germinated from 
12 to 168 hours. Duration of sprouting is shoWn beloW the 
blot. 

FIG. 7B shoWs unlabelled Rubisco RNA produced by in 
vitro transcription Was loaded as a control on the same ?lter. 
Amount of the control RNA is shoWn in picograms beloW the 
blot. 
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4 
FIG. 8 shoWs an SDS-PAGE gel of total proteins of trans 

genic rapeseeds sprouted in an airlift With (lane 1) and With 
out (lane 2) of streptomycin at 100 mg/L. 

FIG. 9 illustrates gusA gene expression in transgenic rape 
seeds. Transgenic rapeseeds expressing gusA reporter gene 
Were germinated in an airlift tank With streptomycin added to 
the medium (100 mg/L). Steptomycin Was added 0.38.42 or 
50 hours after germination. 

FIG. 10 is a schematic illustration of laboratory scale 10-L 
spouting equipment. 

FIG. 11 shoWs results of sprouting of rapeseeds at various 
temperatures (180 C., 25° C. and 30° C.). 

FIG. 12 illustrates the positive effect of nitrogen fertiliZer 
(potassium nitrate) on the groWth and productivity of trans 
genic sprouts. The groWth rate is measured as an increase in 
fresh Weight during sprouting. 

FIG. 13 illustrates HSA mRNA content in germinating 
seeds of transgenic Brassica napus plants at various times. 

FIG. 14 A illustrates quantitative GUS-activity data for 
transgenic Camelina and tobacco plants transformed With 
RbcS-2-GUS or RbcS-4-GUS constructs. Plants transformed 
With 35Sp-GUS are used as positive controls. 

FIG. 15 illustrates Northern blot data, obtained from trans 
genic Camelina and tobacco plants carrying TNFR-con 
structs. Rbcs-2-TNFR-Fc-56UTRshort contains rbcS-2 
(SEQ ID NO:3) promoter, TNFR part (489 nt) (SEQ ID 
NO: 1 9), linked to the part of IgG1 heavy chain constant 
region (C H2+C H3 domains), and terminator from natural 
rbcS-4 gene (0, 5 kb length). Rbcs-2-TNFR-FcKDEL 
56UTRshort is the same construct, but there is also KDEL 
signal (12 nt) (SEQ ID NO:24) after Fc region (just before 
STOP codon). Rbcs-4-TNFR-Fc-56UTRlong contains rbcS 
4A (SEQ ID NO: 1) promoter, TNFR part (SEQ ID NO: 19), 
linked to the part of IgG1 heavy chain constant region (C H2+ 
C H3 domains), and terminator from natural rbcS-4 gene (2 kb 
length). Rbcs-4-TNFR-FcKDEL-56UTRlong is the same as 
previous construct, but there is also KDEL signal (12 nt) 
(SEQ ID NO:24) after Fc region (just before STOP codon). 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

In the present invention, most terms used have the same 
meaning as they generally have in the ?eld of recombinant 
DNA techniques, molecular biology and botany, especially in 
?elds related to production of transgenic plants and gene 
products. Some terms are used, hoWever, in a someWhat dif 
ferent Way and are explained in more detail beloW. 
The term “seed plants” means Spermalophyla the most 

developed plants, characterized by complex structures 
including fully developed organs like root, stem, leaf, ?oWer 
and the vascular system. Seed plants are divided into tWo 
classes, angiosperms and gymnosperms. Angiosperms are 
further divided into subclasses, i.e. monocotyledonous and 
dicotyledonous. The embryo of a mature seed of a monocoty 
ledonous plant comprises only one cotyledon, Which is 
reduced to the absorptive scutellum. A dicotyledonous 
embryo has tWo cotyledons, Which serve as storage organs. 
The assimilates required for storage deposition in the dicoty 
ledonous cotyledons are translocated from the mother plant 
through the vascular system to the seed coat and ?nally to the 
cotyledon. The seed coat is a maternal tissue and there are no 
symplastic connections to the embryo. The assimilates pass to 
the apoplasmic space and are then taken up by the embryo, 
redistributed symplastically and utiliZed in the synthesis of 
the reserves. 
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The term “dicotyledonous seed” means seed obtainable 
from a dicotyledonous plant comprising a versatile storage 
reserve including proteins, lipids and carbohydrates present 
in the cotyledons in contrast to the storage reserves of mono 
cotyledonous seeds, Which consist mainly of carbohydrates 
and only minor amounts of other compounds. In the present 
invention, “dicotyledonous seed” means the complete seed or 
a fragment or a part of the seed obtainable by precrushing the 
seed, preferably in dry form. The present invention is related 
to dicotyledonous plants, seeds of monocotyledonous plants 
cannot be used to achieve the objectives of the present inven 
tion. 

The most preferred plant genera, Which can be applied for 
producing gene products of interest according to the process 
of the present invention, include, but are not limited to dicoty 
ledonous plants With high protein or oil content in seeds. 
Typical examples are the folloWing genera: Brassicaceae, 
Fabaceae and Polygonaceae. The genus Brassicaceae 
includes for example the folloWing species: Brassica napus, 
Brassica campeslris, Camelina saliva, Sinapis alba, 
Fabaceae includes Lupinus angusllfolius, Phaseolus vul 
garis, Glysine max, I/lcia faba, Lens culinaris, Pisum sali 
vum, I/lgna mango and Medicago saliva. The genus Polygo 
naceae includes the species Polygonum. In addition, 
sun?ower, Helianlhus annuus, is potentially useful because 
of high oil contents in seeds. 

The term “con?ned system” is used to describe a produc 
tion system that does not take place in ?eld conditions. A 
“con?ned system” may refer for example to closed green 
house, groWth chamber, or to an airlift tank. 

The term “source-sink principle” means a production sys 
tem or production entity, Which can be separated into tWo 
distinct stages, the accumulation stage in Which protein, car 
bohydrate and lipid reserves are stored into the seed and the 
mobilization/production stage in Which the accumulated 
reserves normally mobiliZed for the initiation of groWth of the 
plant are instead mobiliZed or harnessed for the production of 
one or more foreign gene products of interest by triggering on 
the expression system. The accumulation stage comprises 
cultivation of the transgenic plant With substantially no 
expression of the gene product in the ?eld Whereas the pro 
duction of the gene products is restricted to the germination in 
con?ned conditions. This is achievable by the speci?city of 
expression systems, described in more detail elseWhere in the 
speci?cation. 
The term “surrounding medium” means an aqueous buffer 

solution either in liquid, semisolid or solid form, Which com 
prises substances capable of initiating, enhancing, delaying 
or elongating the most favorable stage of the germination. 
The “surrounding medium” can contain germination induc 
ing, factors up-regulating certain processes and/or factors 
doWn-regulating certain other processes as Well as external 
nutrients. The “surrounding medium” can also be a humid 
space or room. 

The term “substrate” means a solid, semisolid or liquid 
composition or medium, Which comprises at least one com 
pound or substance, Which can be transformed into another 
compound or substance With more desirable properties by 
using the composition of the present invention comprising 
one or more of the gene products of interest as catalysts. 

The term “seed derived composition” means the crude 
mixture produced by the process of the present invention 
obtainable from a germinating dicotyledonous seed, Which 
comprises one or more de novo synthesized gene products 
expressed in the cotyledon of the germinated dicotyledonous 
seed including the seedling or secreted into the medium sur 
rounding the germinating seed or seedling. The “seed derived 
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6 
composition” can be used as such, or by placing it in contact 
With the substrate. Naturally, the seed derived composition 
can be dried and/ or treated With applicable doWn-stream pro 
ces sing methods as Well as isolated and/ or puri?ed before use. 
Alternatively, the substrate is a reagent comprising one or 
more compounds capable of modifying one or more of the 
gene products in the composition. For example substituents 
may be added or the folding patterns of the gene product may 
be modi?ed or fragments or parts removed or added in order 
to get a more stable product. The “seed derived composition” 
can also be formulated, i.e. provided With suitable additives, 
such as granulation improving agents, ?llers, lubricants, etc. 
The germinated seed-derived composition of the present 
invention can also be added into animal fodder to improve the 
digestive properties of the fodder. 
The term “substantially sterile source-sink production sys 

tem” means that the dicotyledonous seed can be surface ster 
iliZed With methods such as radiation or chemical steriliza 
tion. The germination can be carried out in or on a pre 
steriliZed surrounding medium, using methods applied in 
aseptic Working and/or When Working in sterile or super clean 
conditions. Because the Whole production can be performed 
in sterile conditions, the main causes of seed being killed or 
not germinating, i.e. fungal or bacterial contamination of 
seed, can be avoided. Furthermore, the end-product is also 
substantially contaminant-free and not prone to degradation 
by contaminants having proteolytic activities. Thus, the pro 
duction system is also especially suitable for producing phar 
maceutical products, Which require high hygienic standards. 
The term “initiating the germination of the transgenic 

dicotyledonous seed” means providing conditions favorable 
for germination. Optionally, it includes storing, drying, ster 
iliZing, adding Water, supplementing the seed With inducing 
or up- and/or doWn-regulating factors as Well as external 
nutrition. The supplements include both physical and chemi 
cal means. External nutrition comprises for example N- and/ 
or C-sources, vitamins, minerals, trace elements, etc. GroWth 
factors, germination-triggering factors, inducers, factors 
capable of up-regulating some and doWn-regulating other 
processes during the de novo synthesis, include for example 
plant hormones, such as auxin and cytokinin. The physical 
means includes for example a ?ash of light or illumination for 
a longer time, as Well as sterilization and/or heating. 

The term “expression system” means a DNA construct 
comprising one or more DNA sequence encoding one or more 

gene products of interest, operably linked With expression 
regulating sequences, such as enhancers, promoters and/or 
terminators. The expression system is preferably such that it 
is induced or can be induced during germination of the seed, 
but is substantially silent or can be silenced When the dicoty 
ledonous plant is multiplied and cultivated in ?eld conditions. 
Preferably, the expression regulating sequences comprise a 
promoter, Which can be called a “camera obscura” promoter, 
i.e. a promoter that is triggered on or activated during germi 
nation, When the seed is kept in non-illuminated conditions in 
a dark room. This does not preclude the use of illumination or 
light. On the contrary subjecting the source-sink production 
system to a ?ash of light may increase the production of the 
gene product of interest by inducing and enhancing the activ 
ity of the speci?c promoters. 
The expression systems take advantage of such expression 

regulating sequences, Which are especially active in de novo 
synthesis of transient proteins, Which accumulate in the coty 
ledon during the initiation of the germination. Said inducible 
expression system comprises inducible regulatory sequences 
selected from the regulatory sequences of the genes encoding 
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transient proteins Which are de novo synthesized during the 
initiation of germination and accumulating in the cotyledons 
and endosperm of the plant. 

Said expression systems can be prepared by selecting suit 
able regulatory sequences. The selection method comprises 
the steps of: 

(a) isolating total RNA from cotyledons and/or leaves of 
dicotyledonous plant; 
(b) preparing cDNA from said isolated RNA by amplifying 
said RNA With one plant speci?c primer and a primer speci?c 
for a protein Which is de novo synthesiZed during the initia 
tion of germination and accumulating in the cotyledons and 
endosperm of the plant; 

(c) collecting and plating the cDNA comprising clones; 

(d) comparing the results With clones obtained from leave 
derived RNA; and 

(e) recovering the clones comprising the cDNA shoWing an 
increased activity in germinating dicotyledonous seeds. 

The term “gene product” in the present invention means 
proteins, polypeptides, including both structural proteins 
and/or enZymes. Usually, the “gene product” is a peptide, 
comprising at least tWo amino acids linked together by a 
peptide bond. Peptides comprising 2-10 amino acids are 
called oligopeptides, Whereas peptides comprising more than 
10 amino acids are called polypeptides.A polypeptide may be 
a polyamino acid chain, such as a polylysine chain consisting 
solely of lysine molecules, but it can also be a protein, a 
protein complex, a part, or a fragment of the protein. 
As said in the previous paragraph the term “gene product” 

can also mean nucleotide-based products, such as mRNA. 
Also included in the term are other desired biochemicals, 
compounds or substances, Which are obtainable for example 
by biotransformation processes, in Which one or more of the 
gene products present in the seed derived compositions of the 
present invention act as catalyZators When placed in contact 
With a substrate comprising the compound or substance 
Which can be transformed to the desired product or trans 
forms the gene product in desired manner. 

Alternatively, “derivatives of the gene products” are 
obtainable by transformation processes, in Which one or more 
of the original “gene products” of the present invention are 
modi?ed by alloWing a reagent present in the substrate to 
modify it. The gene products canbe made more stable or more 
active by changing their secondary and/ or tertiary structures 
eg by refolding or unfolding the amino acid chain, removing 
or adding fragments complexing, or adding structures or sub 
stituents to said gene products. Such “derivatives of the gene 
products” are also included Within the term “gene products” 
of the present invention. Usually, the gene products produced 
by the process of the present invention are heterologous for 
eign proteins. This means that the “gene product” is not 
produced by the Wild type plant. In other Words, it is not native 
to the host plant. Naturally, the native seed products can be 
produced using the process of the present invention. It is 
especially useful to increase the production of certain phar 
maceutically useful native homologous plant-derived prod 
ucts. 

The term “recovering With or Without doWn-stream pro 
cessing the gene product expressed by the germinating trans 
genic dicotyledonous seed” means that the cotyledons includ 
ing the seedlings can be recovered as such by separating them 
from the surrounding liquid medium With or Without any 
doWn-stream processing. Alternatively, the surrounding 
medium is recovered as such. The storability of the “seed 
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8 
derived composition” can be improved by drying, extracting, 
?ltering, crushing, etc. Many of these means are simulta 
neously used for stopping the germination. Heating, drying, 
crushing, separating, extracting, pressing and ?ltering are 
usually applied to stop the germination before the rate of de 
novo synthesis declines and/or the concentration of the 
desired gene products goes doWn. The stopping is of impor 
tance, since the germination When alloWed to continue too 
long, start to reuse de novo synthesiZed desired proteins for 
production of other substances needed by the nascent plant. 

GENERAL DESCRIPTION OF THE INVENTION 

The goal of the present invention is to develop a novel 
process based on a source-sink production system for produc 
ing gene products in dicotyledonous seeds. The production 
system comprises tWo distinct stages. The ?rst stage is taking 
advantage of the versatile reneWable resources of raW mate 
rial, such as protein and oil, Which are accumulating in the 
storage reserves of the dicotyledonous plant during cultiva 
tion and Which can be optionally harvested in form of seeds. 
The second stage comprises mobilization of the storage 
reserves in germinating transgenic seed for production of one 
or more gene products by de novo synthesis of the desired 
gene product. The second stage may comprise addition of 
supplements, such as nutritional factors and providing physi 
cal and/or chemical means as Well as genetic engineering for 
inducing germination and up- and/or doWn-regulating the de 
novo synthesis including transcription, expression and/or 
secretion. 

Structure and Storage Compounds of Dicotyledonous Seeds 
The seeds of dicotyledonous plants have tWo cotyledons, 

or seed leaves, Which are part of the embryo. The cotyledons 
usually are the main storage tissue. During development in 
the ?eld, seeds gradually accumulate storage oils, proteins 
and carbohydrates. Table 1 beloW, shoWs percentages of main 
seed storage compounds in different crop species, including 
both monocotyledonous as Well as dicotyledonous species. 

TABLE 1 

Percentages of main seed storage compounds in different crop species 

Species Oil Protein Carbohydrate 

Brassica rapa 45-48% 22-24% 18-20% 
Glycine max 18-20% 38-40% 22-27% 
Medicago sariva 8-9% 38-40% 40% 

3% 
4% 

12% 
8% 

76% 
74% 

Hordeum vulgare 
Zea mays 

The cotyledons make up about 90% of the mass of a rape 
seed, ?lling the seed coat and forming a hemisphere around 
the embryonic axis. The total protein content of rapeseed seed 
is 22-25% depending on cultivar, groWing conditions and 
crop management. The major rapeseed storage proteins are a 
12S type globulin, called cruciferin, Which makes up to 60% 
of the total protein, and 2S type albumin called napin, Which 
make up to 20% of the total protein. Both of these proteins are 
formed in embryonic cells and stored in specialiZed vacuoles, 
knoWn as protein bodies. 

In its ?rst stage, the present invention takes advantage of 
the versatile storage reserves comprising proteins, oils and/or 
carbohydrates, present in dicotyledonous seeds, but lacking 
from monocotyledonous seeds. In seeds of monocotyledon 
ous plants, the storage reserves mostly comprise tWo related 
forms of starch, amylose and amylopectin. Starch is mobi 
liZed by amylases during germination and subsequent groWth 










































