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Introducing Sucrose phosphorylase activity into plants by 
transformation with a gene for the enzyme increases the rate 
of Sucrose hydrolysis, leading to increased starch, oil, and/ 
protein levels. Sucrose phosphorylase genes from Strepto 
coccus mutans and Leuconostoc mesenteroides have been 
found particularly advantageous for use in the present inven 
tion. Surprisingly, in potatoes transformed to express these 
genes in tubers, reduced bruise discoloration Susceptibility 
and increased uniformity of starch deposition throughout the 
tuber are achieved. 
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EXPRESSION OF SUCROSE 
PHOSPHORYLASE IN PLANTS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation-in-part of U.S. appli 
cation Ser. No. 08/596,024 filed Feb. 6, 1996, now U.S. Pat. 
No. 5.716,837, which is a continuation-in-part of U.S. 
application Ser. No. 08/386,860 filed Feb. 10, 1995 now 
abandoned. 

Recent advances in genetic engineering have provided 
the requisite tools to transform plants to contain foreign 
genes. It is now possible to produce plants which have 
unique characteristics of agronomic and crop processing 
importance. Certainly, one such advantageous trait is 
enhanced starch and/or solids content and quality in various 
crop plants. Another is enhanced oil and protein content of 
seeds of various crop plants. 

Sucrose is the carbon storage unit which is transported 
from the source tissues of most plants to the sink tissues. In 
sink tissues it is hydrolyzed and the components used to 
build other, more complex storage units, primarily starch, 
protein, and oil. The hydrolysis is primarily accomplished 
by sucrose synthase which produces UDPglucose and fruc 
tose. UDPglucose is converted to glucose 1-phosphate by 
UDPglucose pyrophosphorylase. 

The starch content of the sink tissues of various crop 
plants has been increased through the use of a gene encoding 
a bacterial ADPglucose pyrophosphorylase. See PCT Appli 
cation WO 91/19806 (equivalent to U.S. Ser. No. 08/120, 
703, Kishore, incorporated herein by reference). This 
enzyme catalyzes the production of ADPglucose from glu 
cose 1-phosphate. It has also been found that its expression 
during certain phases of seed development can decrease the 
oil content which is thought to be due to the shunting of raw 
material to the starch pathway with a concomitant decrease 
in its availability for oil production. 

Bruising of potatoes is a phenomenon found during 
large-scale production, handling, and storage. The bruise is 
seen as a dark spot primarily in the cortex area of the tuber. 
Bruising can lead to loss of quality in the tuber, lower 
consumer acceptance of potatoes and potato products, and 
processing loss of tubers having excessive levels of bruising. 
It has been found that potato varieties with higher starch 
content have greater susceptibility to bruising. It would be 
desirable to decrease the level or incidence of bruising and 
particularly desirable to do so while increasing the starch 
content of the tuber. 
A more uniform distribution of starch and solids within 

the potato tuber is also desirable. The pith or core of the 
potato generally has lower solids content that the outer or 
cortex region. When longitudinal strips are cut from the 
potato tuber to make french fries, the middle portions of 
these strips therefore have lower solids levels than the ends 
and this is especially true of strips cut from the center of the 
tuber. Strips with lower solids content or with regions of 
lower Solids content require longer cooking times to achieve 
the same degree of acceptability to the consumer. These 
longer cooking times may result in over-cooking of the 
higher solids strips. Longer frying times also result in greater 
absorption of fat and therefore low solids strips and those 
with lower solids content regions will have a higher fat 
content. Higher fat content fries are a less nutritious food. In 
the manufacture of potato chips, slices are cut across the 
potato tuber and the non-uniform distribution of solids can 
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2 
result in a fried product with overcooked edges, under 
cooked centers, and a higher fat content (especially in the 
center). The non-uniform distribution of solids in the potato 
tuber also results in disproportionate losses of potato solids 
(from the cortex) during the peeling process. 

Higher solids content is also desirable in tomato. Higher 
Solids in the form of soluble (usually sugars and acids) and 
insoluble solids contribute to processing efficiency and the 
yield of products such as ketchup, paste, sauces, and salsa. 
These solids also contribute to the taste and texture of the 
processed products. Higher solids also contribute to the 
improved taste of fresh tomatoes. 

Sucrose phosphorylase is a microbial enzyme which 
catalyzes production of glucose-1-phosphate directly from 
Sucrose. Its activity has been observed in a wide range of 
bacterial and fungal species, and the enzyme has been 
isolated from a number of them (Pimentel et al., 1992: 
Vandamme et al., 1987). Genes for this enzyme, have been 
isolated from Agrobacterium spp. (Fournier et al., 1994, and 
references cited therein), Streptococcus mutans, denomi 
nated gtfA, (Russell et al., Perry et al.) and Leuconostoc 
mesenteroides, denominated spl (Kitao et al., 1992). Heter 
ologous expression of the gene from S. mutans in E. coli is 
disclosed in U.S. Pat. No. 4,888,170 (Curtiss, 1989), incor 
porated herein by reference. The utility of the transformed 
microorganism is use as a vaccine against S. mutans. 

It is an object of this invention to provide an improved 
means for increasing starch content of various plants. It is a 
still further object to provide a means of decreasing the 
Sucrose content of seeds in oilseed crops resulting in a 
decrease in the level of undesirable carbohydrates such as 
stachyose and raflinose, while increasing the carbon avail 
able for oil and protein production. It is a still further object 
to provide novel DNA constructs which are useful in pro 
viding said means. It is a still further object to provide potato 
tubers which exhibit increased starch content more uni 
formly throughout the tuber. It is a still further object of this 
invention to provide potato tubers with a reduced suscepti 
bility to bruising. It is a still further object of this invention 
to provide improved cereal crops, such as maize, rice, wheat, 
and barley. 

SUMMARY OF THE INVENTION 

The present invention provides DNA constructs which 
encode a sucrose phosphorylase (SP) enzyme and which are 
useful in producing enhanced starch content in plants. In 
another aspect of the present invention, seeds having a 
decreased level of sucrose and other carbohydrates, which 
will result in increased oil and protein content as a result of 
SP expression are provided. 

In accomplishing the foregoing, there is provided, in 
accordance with one aspect of the present invention, a 
method of modifying the carbohydrate content of target 
tissues of transgenic plants, comprising the steps of: 

(a) inserting into the genome of a plant cell a recombinant, 
double-stranded DNA molecule comprising in 
sequence 
(i) a promoter which functions in the cells of a target 

plant tissue, 
(ii) a structural DNA sequence that causes the produc 

tion of an RNA sequence which encodes a sucrose 
phosphorylase enzyme, 

(iii) a 3' non-translated DNA sequence which functions 
in plant cells to cause transcriptional termination and 
the addition of polyadenylated nucleotides to the 
3'end of the RNA sequence; 

(b) obtaining transformed plant cells; and 
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(c) regenerating from the transformed plant cells geneti 
cally transformed plants. 

In another aspect of the present invention there is pro 
vided a recombinant, double-stranded DNA molecule com 
prising in sequence 

(i) a promoter which functions in the cells of a target plant 
tissue, 

(ii) a structural DNA sequence that causes the production 
of an RNA sequence which encodes a Sucrose phos 
phorylase enzyme, 

(iii) a 3' non-translated DNA sequence which functions in 
plant cells to cause transcriptional termination and the 
addition of polyadenylated nucleotides to the 3' end of 
the RNA sequence. 

There have also been provided, in accordance with 
another aspect of the present invention, transformed plant 
cells that contain DNA comprised of the above-mentioned 
elements (i), (ii), and (iii). In accordance with yet another 
aspect of the present invention, differentiated potato, tomato, 
and cereal plants are provided that have increased starch 
content in the tubers, fruit and seeds, respectively, and 
differentiated oilseed crop plants are provided that have 
decreased Sucrose and oligosaccharides containing Sucrose, 
Such as stachyose and raffinose, in the seeds. 

There have also been provided methods of increasing the 
starch content in the starch production organs of plants, such 
as the tuber of potato and the seed of cereals, and decreasing 
the Sucrose levels in oilseed crop plants, such as soybean and 
canola, leading to increased oil and protein content. In 
carrying out the method in potato, it has unexpectedly been 
found that there is a more uniform distribution of starch as 
compared between the pith and the cortex of the tuber. In 
another aspect of the invention, a method of providing 
potatoes having a reduced Susceptibility to bruising is pro 
vided. 
An additional advantage of Sucrose phosphorylase activ 

ity in sink tissue, such as the tuber of potato, is related to 
providing an increased, novel Sucrose hydrolyzing activity 
having a much lower Km for sucrose (1–25 mM) than that 
for plant Sucrose hydrolyzing enzymes, Sucrose synthases 
and invertases, which have a K in the range of 50–300 mM. 
This advantage is important in the establishment of and 
strength of Such sink tissues, resulting potentially in yield 
enhancement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 refers to a western blot analysis of kernels sampled 
at 12, 25, 35 and 45 DAP. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The expression of a plant gene which exists in double 
stranded DNA form involves transcription of messenger 
RNA (mRNA) from one strand of the DNA by RNA 
polymerase enzyme, and the Subsequent processing of the 
mRNA primary transcript inside the nucleus. This process 
ing involves a 3' non-translated region which adds polyade 
nylate nucleotides to the 3' end of the RNA. 

Transcription of DNA into mRNA is regulated by a region 
of DNA usually referred to as the promoter. The promoter 
region contains a sequence of bases that signals RNA 
polymerase to associate with the DNA, and to initiate the 
transcription of mRNA using one of the DNA strands as a 
template to make a corresponding complimentary Strand of 
RNA. 

A number of promoters which are active in plant cells 
have been described in the literature. These include the 
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4 
nopaline synthase (NOS) and octopine synthase (OCS) 
promoters (which are carried on tumor-inducing plasmids of 
Agrobacterium tumefaciens), the caulimovirus promoters 
such as the cauliflower mosaic virus (CaMV) 19S and 35S 
and the figwort mosaic virus 35S-promoters, the light 
inducible promoter from the small subunit of ribulose-1,5- 
bis-phosphate carboxylase (ssERUBISCO, a very abundant 
plant polypeptide), and the chlorophyll afb binding protein 
gene promoter, etc. All of these promoters have been used to 
create various types of DNA constructs which have been 
expressed in plants; see, e.g., PCT publication WO 84/02913 
(Rogers et al., Monsanto). 

Promoters which are known or are found to cause tran 
scription of DNA in plant cells can be used in the present 
invention. Such promoters may be obtained from a variety 
of Sources such as plants and plant viruses and include, but 
are not limited to, the enhanced CaMV35S promoter and 
promoters isolated from plant genes such as ssRUBISCO 
genes. As described below, it is preferred that the particular 
promoter selected should be capable of causing Sufficient 
expression to result in the production of an effective amount 
of sucrose phosphorylase (SP) enzyme to cause the desired 
increase in starch content. In addition, it is preferred to bring 
about expression of the SP gene in specific tissues of the 
plant Such as root, tuber, seed, fruit, etc. and the promoter 
chosen should have the desired tissue and developmental 
specificity. Those skilled in the art will recognize that the 
amount of Sucrose phosphorylase needed to induce the 
desired increase in starch content may vary with the type of 
plant and furthermore that too much Sucrose phosphorylase 
activity may be deleterious to the plant. Therefore, promoter 
function should be optimized by selecting a promoter with 
the desired tissue expression capabilities and approximate 
promoter strength and selecting a transformant which pro 
duces the desired Sucrose phosphorylase activity in the 
target tissues. This selection approach from the pool of 
transformants is routinely employed in expression of heter 
ologous structural genes in plants since there is variation 
between transformants containing the same heterologous 
gene due to the site of gene insertion within the plant 
genome (commonly referred to as “position effect”). 

It is preferred that the promoters utilized in the double 
stranded DNA molecules of the present invention have 
relatively high expression in tissues where the increased 
starch content and/or dry mater is desired. Such as the tuber 
of the potato plant, the fruit of tomato, or seed of maize, 
wheat, rice, and barley. Expression of the double-stranded 
DNA molecules of the present invention by a constitutive 
promoter, expressing the DNA molecule in all or most of the 
tissues of the plant, will be rarely preferred and may, in some 
instances, be detrimental to plant growth. 
The class I patatin promoter has been shown to be both 

highly active and tuber-specific (Bevan et al., 1986; Jeffer 
son et al., 1990). A sequence of ~1.0 kb portion of the 
tuber-specific class I patatin promoter is preferred for tuber 
expression in the present invention. A number of other genes 
with tuber-specific or -enhanced expression are known, 
including the potato tuber ADPGPP genes, both the large 
and small subunits, (Muller et al., 1990), sucrose synthase 
(Salanoubat and Belliard, 1987, 1989), the major tuber 
proteins including the 22 kd protein complexes and protein 
ase inhibitors (Hannapel, 1990), the granule bound starch 
synthase gene (GBSS) (Rohde et al., 1990), and the other 
class I and II patatins (Rocha-Sosa et al., 1989; Mignery et 
al., 1988). Other promoters which are contemplated to be 
useful in this invention include those that show enhanced or 
specific expression in potato tubers, that are promoters 
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normally associated with the expression of Starch biosyn 
thetic or modification enzyme genes, or that show different 
patterns of expression within the potato tuber. Examples of 
these promoters include those for the genes for the granule 
bound and other starch synthases, the branching enzymes 
(Kossmann et al., 1991; Blennow, A. and Johansson, G., 
1991; WO 92/14827; WO 92/11375), diproportionating 
enzyme (Takaha et al., 1993), debranching enzymes, 
amylases, starch phosphorylases (Nakano et al., 1989; Mori 
et al., 1991), pectin esterases (Ebbelaar, et al., 1993), the 40 
kD glycoprotein, ubiquitin, aspartic proteinase inhibitor 
(Stukerlet al., 1990), the carboxypeptidase inhibitors, tuber 
polyphenol oxidases (Shahar et al., 1992; GenBank R. Acces 
sion Numbers M95196 and M95197), putative trypsin 
inhibitor and other tuber cDNAs (Stiekema et al., 1988), and 
for B-amylase and sporamins (from Ipomoea batatas; 
Yoshida et al., 1992: Ohta et al., 1991). 

In addition, promoters may be identified to be tuber 
specific by screening a cDNA library of potato for genes 
which are selectively or preferably expressed in tubers and 
then determine the promoter regions to obtain tuber selective 
or tuber-enhanced promoters. 

Other promoters can also be used to express a Sucrose 
phosphorylase gene in specific tissues, such as seeds or 
fruits. B-conglycinin (also known as the 7S protein) is one 
of the major storage proteins in Soybean (Glycine max) 
(Tierney, 1987). The promoter for B-conglycinin or other 
seed-specific promoters such as the napin and phaseolin 
promoters, can be used to over-express an SP gene specifi 
cally in seeds. This would lead to a decrease in the Sucrose 
content of the seeds, which will result in a decrease in 
undesirable oligosaccharides and potentially an increase in 
the oil and/or protein content, which would be desirable in 
seeds used for oil or protein production Such sa Soybean, 
canola, oilseed rape, sunflower, safflower, etc. The SP gene 
will provide more raw material more quickly, but the plants 
own regulatory mechanisms will, unless influenced by other 
enzymes produced from heterologous genes, direct its use in 
the sink tissues. 

The Zeins are a group of storage proteins found in maize 
endosperm. Genomic clones for Zein genes have been iso 
lated (Pedersen, 1982), and the promoters from these clones, 
including the 15 kD, 16 kD, 19 kD, 22 kD, 27 kD, and 
gamma genes, could also be used to express an SP gene in 
the seeds of maize and other plants. Other promoters known 
to function in maize include the promoters for the following 
genes: waxy, Brittle, Shrunken 2, Branching enzymes I and 
II, starch synthases, debranching enzymes, oleosins, 
glutelins, and Sucrose synthases. A particularly preferred 
promoter for maize endosperm expression of an SP gene is 
the promoter for a glutelin gene from rice, more particularly 
the Osgt-1 promoter (Zheng et al., 1993). 

If one wanted to increase oil in maize seed, rather than 
starch, one would choose a promoter which causes expres 
sion of the SP gene during oil deposition. Such a promoter 
would be activated during the formation of the plant embryo. 
Examples of promoters active during embryogenesis are the 
promoters from the genes for globulin 1 and the late embryo 
genesis active (lea) proteins. 

Examples of promoters suitable for expression of an SP 
gene in wheat include those for the genes for the ADPglu 
cose pyrophosphorylase (ADPGPP) subunits, for the gran 
ule bound and other starch synthases, for the branching and 
debranching enzymes, for the embryogenesis-abundant 
proteins, for the gliadins, and for the glutenins. Examples of 
Such promoters in rice include those for the genes for the 
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6 
ADPGPP subunits, for the granule bound and other starch 
synthases, for the branching enzymes, for the debranching 
enzymes, for Sucrose synthases, and for the glutelins. A 
particularly preferred promoter is the promoter for rice 
glutelin, Osgt-1. Examples of Such promoters for barley 
include those for the genes for the ADPGPP subunits, for the 
granule bound and other starch synthases, for the branching 
enzymes, for the debranching enzymes, for Sucrose 
synthases, for the hordeins, for the embryo globulins, and 
the aleurone specific proteins. 
The solids content of tomato fruit can be increased by 

expressing an SP gene behind a fruit specific promoter. The 
promoter from the 2A11 genomic clone (Pear, 1989) will 
control expression of ADPglucose pyrophosphorylase in 
tomato fruit. The E8 promoter (Deikman, 1988) would also 
express the SP gene in tomato fruits. In addition, promoters 
which function during the green fruit stage of tomatoes are 
disclosed in PCT Application PCTUS94/07072, filed Jun. 
27, 1994, designating the U.S., incorporated herein by 
reference. They are designated TFM7 and TFM9. TFM7 
which is a DNA fragment, isolated from tomato, of about 2.3 
kb, of which 1.4 kb of the 3' end is shown in SEQID NO:3. 
TFM9 which is a DNA fragment of about 900 bp, of which 
400 bp of the 3'end is shown in SEQ ID NO:4. 

It is also now known that potato tuber promoters will 
function in tomato plants to cause fruit specific expression of 
an introduced gene. (See U.S. Ser. No. 08/344,639, Barry et 
al., filed Nov. 4, 1994, incorporated herein by reference.) 
Such promoters include potato patatin promoters, potato 
ADPGPP promoters, and potato granule bound starch syn 
thase promoters. A particularly preferred promoter for 
tomato fruit expression is the promoter for the gene encod 
ing the small subunit of ADPGPP in potato. 
The solids content of root tissue can be increased by 

expressing an SP gene behind a root specific promoter. The 
promoter from the acid chitinase gene (Samac et al., 1990) 
would express the SP gene in root tissue. Expression in root 
tissue could also be accomplished by utilizing the root 
specific subdomains of the CaMV35S promoter that have 
been identified (Benfey et al., 1989). 
The RNA produced by a DNA construct of the present 

invention may also contain a 5' non-translated leader 
sequence. This sequence can be derived from the promoter 
selected to express the gene, and can be specifically modi 
fied so as to increase translation of the nRNA. The 5' 
non-translated regions can also be obtained from viral 
RNAs, from suitable eukaryotic genes, or from a synthetic 
gene sequence. The present invention is not limited to 
constructs, as presented in the following examples, wherein 
the non-translated region is derived from the 5' non 
translated sequence that accompanies the promoter 
sequence. Rather, the non-translated leader sequence can be 
derived from an unrelated promoter or coding sequence as 
discussed above. 
Targeting Signal Sequences 
An alternative method of increasing the rate of Sucrose 

hydrolysis would be to target the SP to the apoplast. To do 
so requires a signal peptide is required on the N-terminus of 
the functional protein. A preferred example of a sequence 
encoding Such a signal sequence is a plant endoplasmic 
reticulum signal sequence from the PR-1B protein 
(Ohshima, et al., 1990). Thus the SP would be active in the 
apoplast and allow sucrose to be hydrolyzed extracellularly 
and allow for faster transport of glucose into the cell. 

Another alternative is to target the SP to the vacuolar 
space. Targeting of the SP to the vacuole of a plant cell 
requires information in addition to the signal peptide 
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(Nakamura and Matsuoka, 1993). A prepro-signal peptide 
could be fused to the amino terminus of the FT to target the 
enzyme to the vacuole (Sonnewald et al., 1991). 
Alternatively, a carboxy terminal sequence extension could 
be combined with an ER signal sequence to target the 
enzyme to the vacuole. 
Sucrose Phosphorylases 
As used herein, the term “Sucrose phosphorylase' means 

an enzyme which catalyzes a reversible conversion of 
Sucrose and inorganic phosphate to C-D-glucose-1- 
phosphate and D-fructose. It may be isolated from many 
microbial sources, including Streptococcus mutans, 
Clostridium pasteurianum (Vandamme et al., 1987), 
Pseudomonas saccharophila (Silverstein et al.), Pseudomo 
nas putrifaciens, Pullularia pullulans, Acetobacter Xylinum 
(Vandamme et al., 1987), Agrobacterium sp. (Fournier et al., 
1994), and Leuconostoc mesenteroides. 
The gene for the SP enzyme may be obtained by known 

methods and has already been isolated from several 
organisms, such as Agrobacterium sp. (Fournier et al., 1994) 
and Leuconostoc mesenteroides (Kitao et al., 1992). The 
gene from S. mutans has been expressed in E. coli (Robeson 
et al., 1983), identifying the activity as a glucosyl trans 
ferase. The isolation and use of SP coding sequences from 
Streptococcus mutans (gtfA) and Leuconostoc mesenteroi 
des (spl) is described in the Examples below. These genes 
have been found to be particularly useful in accordance with 
the methods of the present invention. Their sequences are 
shown in SEQ ID NO:5 and SEQ ID NO:6, respectively. 
These and other SP genes can be used for insertion into plant 
expression vectors suitable for a transformation method of 
choice as described below. 
A gene encoding SP (ORF 488) has been identified in the 

Ti plasmids of Agrobacterium Vitus (formerly A. tumefa 
ciens biotype 3). Related sequences have been reported in 
the Tiplasmids of other A. tumefaciens Strains, in particular 
pTiC58 (Fournier et al., 1994). It is likely that a gene 
encoding SP may be found on all Such plasmids. 

Purification of the SP enzyme has been demonstrated 
from other bacterial and fungal sources (described above). 
The availability of such materials renders facile the subse 
quent cloning of the gene for this enzyme: the protein may 
be used as an immunogen to raise antibodies that may be 
used to identify clones in expression-based libraries Such as 
wgt 11 (Sambrook et al.); peptide sequences at the 
N-terminus of such proteins may be obtained by routine 
protein sequencing; and, following well established limited 
proteolysis procedures, the sequences of internal regions 
may also be determined. Such sequences may be used in the 
design of nucleotide probes or primers that may be used to 
identify the genes from clone banks or to amplify the gene 
or portions of the gene from RNA, cDNA, or DNA prepa 
rations from the source organism. Detection of E. coli 
containing Sucrose phosphorylase clones is also possible by 
growth on minimal medium with Sucrose as the sole carbon 
source (Ferretti, et al. 1988). 

Other microorganisms that use SP to hydrolyze sucrose 
can be found by assaying for organisms which can utilize 
sucrose as the sole carbon source (Russell et al.). The protein 
can be isolated by following the enzymatic activity in the 
fractions using known methods. The gene encoding the 
protein can then be isolated as just described. 

Thus, many different genes which encode an protein 
having Sucrose phosphorylase activity may be isolated and 
used in the present invention. 
Polyadenylation Signal 
The 3' non-translated region of the chimeric plant gene 

contains a polyadenylation signal which functions in plants 
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to cause the addition of polyadenylate nucleotides to the 3' 
end of the RNA. Examples of suitable 3' regions are (1) the 
3' transcribed, non-translated regions containing the poly 
adenylated signal of Agrobacterium the tumor-inducing (Ti) 
plasmid genes, such as the nopaline synthase (NOS) gene, 
and (2) plant genes like the Soybean storage protein genes 
and the small subunit of the ribulose-1,5-bisphosphate car 
boxylase (ssRUBISCO) gene. An example of a preferred 3 
region is that from the ssRUBISCO gene of pea, also known 
as the E9 3' region. 
Synthetic Gene Construction 
The SP gene from Streptococcus mutans is high in A+T 

content, which may be inimical to high level expression in 
plant cells, although as shown below, the gene is expressed 
at levels sufficient to positively affect starch content. If 
desired, the gene sequence of the SP gene can be changed 
without changing the protein sequence in Such a manner as 
may increase expression, and thus even more positively 
affect starch content in transformed plants. The rules for 
making the changes in the gene sequence are set out in WO 
90/10076 (Fischhoff et al.). A gene synthesized by following 
the rules set out therein may be introduced into plants as 
described below and result in higher levels of expression of 
the SP enzyme. This may be particularly useful in monocots 
Such as maize, rice, wheat, and barley. 
Combinations with Other Transgenes 
The effect of SP in transgenic plants can be enhanced by 

combining it with other genes which positively affect starch 
and/or oil content. For example, a gene which will increase 
ADPglucose pyrophosphorylase (ADPGPP) activity in 
plants may be used in combination with an SP gene to 
increase starch. Such ADPGPP genes include the E. coli 
glgC gene and its mutant glgC16. WO 91/19806 discloses 
how to incorporate this gene into many plant species in order 
to increase starch and/or solids. 

Another gene which can be combined with SP to increase 
starch is a gene for sucrose phosphate synthase (SPS) which 
can be obtained from plants. WO 92/16631 discloses one 
Such gene and its use in transgenic plants. 

Another gene which can be combined with SP to increase 
oil is a gene for acetyl CoA carboxylase, which can be 
obtained from plants. WO 93/11243 discloses one such 
gene. 
Plant Transformation/Regeneration Plant Transformation/ 
Regeneration 

Plants which can be made to have increased polysaccha 
ride (e.g. starch) content by practice of the present invention 
include, but are not limited to, maize, wheat, rice, tomato, 
potato, Sweet potato, peanut, barley, cotton, Strawberry, 
raspberry, and cassava. Plants which can be made to have 
modified carbohydrate content by practice of the present 
invention include, but are not limited to, maize, wheat, rice, 
tomato, potato, Sweet potato, peanut, barley, Sugarbeet, 
Sugarcane, apple, pear, orange, grape, cotton, Strawberry, 
raspberry, and cassava. Plants which can be made to have 
reduced bruising discoloration by practice of the present 
invention include, but are not limited to, wheat, potato, 
Sweet potato, barley, Sugarbeet, Sugarcane, apple, pear, 
peach, orange, grape, banana, plantain, and cassava. Plants 
which can be made to have improved uniform solids content 
by practice of the present invention include, but are not 
limited to potato, Sweet potato, banana, plantain, and cas 
sava. Plants which can be made to have increased yield of 
harvested material by practice of the present invention 
include, but are not limited to, maize, wheat, rice, tomato, 
potato, Sweet potato, peanut, barley, Sugarbeet, Sugarcane, 
apple, pear, orange, peach, banana, plantain, grape, cotton, 
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Strawberry, raspberry, and cassava. Plants which can be 
made to have decreased Sucrose leading to increased oil or 
protein content include Soybean, maize, canola, and Sun 
flower. 

A double-stranded DNA molecule of the present invention 
containing an SP gene can be inserted into the genome of a 
plant by any suitable method. Suitable plant transformation 
vectors include those derived from a Ti plasmid of Agro 
bacterium tumefaciens, as well as those disclosed, e.g., by 
Herrera-Estrella (1983), Bevan (1984), Klee (1985) and 
EPO publication 120,516 (Schilperoort et al.). In addition to 
plant transformation vectors derived from the Ti or root 
inducing (Ri) plasmids of Agrobacterium, alternative meth 
ods can be used to insert the DNA constructs of this 
invention into plant cells. Such methods may involve, for 
example, the use of liposomes, electroporation, chemicals 
that increase free DNA uptake, free DNA delivery via 
microprojectile bombardment, and transformation using 
viruses or pollen. 
A plasmid expression vector, suitable for the introduction 

of an SP gene in monocots using microprojectile bombard 
ment is composed of the following: a promoter that is 
specific or enhanced for expression in the starch storage 
tissues in monocots, generally the endosperm, such as 
promoters for the Zein genes found in the maize endosperm 
(Pedersen et al., 1982); an intron that provides a splice site 
to facilitate expression of the gene, such as the Hsp70 intron 
(PCT Publication WO93/19189); and a 3' polyadenylation 
sequence such as the nopaline synthase 3' sequence (NOS 3'; 
Fraley et al., 1983). This expression cassette may be 
assembled on high copy replicons suitable for the production 
of large quantities of DNA. 
A particularly useful Agrobacterium-based plant transfor 

mation vector for use in transformation of dicotyledonous 
plants is plasmid vector pMON530 (Rogers, S. G., 1987). 
Plasmid pMON530 is a derivative of pMON505 prepared by 
transferring the 2.3 kb StuI-HindIII fragment of pMON316 
(Rogers, S. G., 1987) into pMON526. Plasmid pMON526 is 
a simple derivative of pMON505 in which the SmaI site is 
removed by digestion with Xmal, treatment with Klenow 
polymerase and ligation. Plasmid pMON530 retains all the 
properties of pMON505 and the CaMV35S-NOS expression 
cassette and now contains a unique cleavage site for SmaI 
between the promoter and polyadenylation signal. 

Binary vector pMON505 is a derivative of pMON200 
(Rogers, S.G., 1987) in which the Ti plasmid homology 
region, LIH, has been replaced with a 3.8 kb HindIII to SmaI 
segment of the mini RK2 plasmid, pTJS75 (Schmidhauser & 
Helinski, 1985). This segment contains the RK2 origin of 
replication, oriV, and the origin of transfer, oriT, for conju 
gation into Agrobacterium using the tri-parental mating 
procedure (Horsch & Klee, 1986). Plasmid pMON505 
retains all the important features of pMON200 including the 
synthetic multi-linker for insertion of desired DNA 
fragments, the chimeric NOS/NPTII'/NOS gene for kana 
mycin resistance in plant cells, the spectinomycin/ 
streptomycin resistance determinant for selection in E. coli 
and A. tumefaciens, an intact nopaline synthase gene for 
facile scoring of transformants and inheritance in progeny 
and a pBR322 origin of replication for ease in making large 
amounts of the vector in E. coli. Plasmid pMON505 con 
tains a single T-DNA border derived from the right end of 
the pTiT37 nopaline-type T-DNA. Southern analyses have 
shown that plasmid pMON505 and any DNA that it carries 
are integrated into the plant genome, that is, the entire 
plasmid is the T-DNA that is inserted into the plant genome. 
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10 
One end of the integrated DNA is located between the right 
border sequence and the nopaline synthase gene and the 
other end is between the border sequence and the pBR322 
Sequences. 

Another particularly useful Tiplasmid cassette vector is 
pMON17227. This vector is described by Barry et al. in WO 
92/04449 (corresponding to U.S. Ser. No. 07/749,611, incor 
porated herein by reference) and contains a gene encoding 
an enzyme conferring glyphosate resistance (denominated 
CP4) which is an excellent selection marker gene for many 
plants, including potato and tomato. The gene is fused to the 
Arabidopsis EPSPS chloroplast transit peptide (CTP2) and 
expressed from the FMV promoter as described therein. 
When adequate numbers of cells (or protoplasts) contain 

ing the SP gene or cDNA are obtained, the cells (or 
protoplasts) are regenerated into whole plants. Choice of 
methodology for the regeneration step is not critical, with 
Suitable protocols being available for hosts from Legumi 
nosae (alfalfa, Soybean, clover, etc.), Umbelliferae (carrot, 
celery, parsnip), Cruciferae (cabbage, radish, canola/ 
rapeseed, etc.), Cucurbitaceae (melons and cucumber), 
Gramineae (wheat, barley, rice, maize, etc.), Solanaceae 
(potato, tobacco, tomato, peppers), various floral crops. Such 
as Sunflower, and nut-bearing trees, such as almonds, 
cashews, walnuts, and pecans. See, e.g., Ammirato, 1984; 
Shimamoto, 1989: Fromm, 1990; Vasil, 1990; Vasil, 1992: 
Hayashimoto, 1989: Shimamoto, 1989; and Datta, 1990. 
The following examples are provided to better elucidate 

the practice of the present invention and should not be 
interpreted in any way to limit the scope of the present 
invention. Those skilled in the art will recognize that various 
modifications, truncations, etc. can be made to the methods 
and genes described herein while not departing from the 
spirit and scope of the present invention. 

All basic DNA manipulations and genetic techniques 
described in the Examples provided herein, unless otherwise 
stated, such as PCR, agarose electrophoresis, restriction 
digests, ligations, E. coli transformations, Western blots etc. 
were performed by standard protocols as described in Sam 
brook et al. (1989) and/or Maniatis et al. (1982). 

EXAMPLES 

Example 1 
A Sucrose phosphorylase gene, gtfA, was generated by 

PCR amplification from Streptococcus mutans cells. The 
gene was amplified using the 5' oligonucleotide: 
5CCCGGATCCATGGCAATTACAAATAAAAC (SEQ ID 
NO: 1) and the 3' oligonucleotide: 

5' G. G. G. G. A G CT CA CTC GAA G CTTAT 
TGTTTGATCATTTTCTG (SEQ ID NO:2) 
The PCR cycling conditions were as follows: 94° C., 

3',550 C. 2':720 C., 2 (5 cycles):940 C. 1":55° C. 2';72° C. 
2 (30 cycles). The 1462 bp PCR product was purified using 
the GeneClean purification system (Biol O1, Vista, Calif.), 
digested with BamHI and SacI, and ligated into the BamHI 
and SacI sites of puC119. The ligated DNA was transformed 
into JM101 and a blue-white screen was used to identify 
colonies for plasmid preparation and restriction digestion. 
Digestion with HindIII was used to screen for transformants 
containing the gtfA gene. Clones with correct restriction 
patterns were screened for phenotypic expression by the 
ability to utilize sucrose as sole carbon source as follows: 
clones were transformed into a gal-E. coli strain, SK1592, 
and grown on minimal medium containing raffinose (which 
is taken up and hydrolyzed to galactose and Sucrose) and an 
active clone was identified and named pMON17353. 
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An expression cassette was constructed to allow for 
constitutive expression of gtfA in plants. A fragment con 
taining the enhanced 35S promoter (Kay, R. 1987), the 
Nopaline synthase 3' region (Bevan, M. 1984), and the puC 
vector backbone was prepared from pMON999 (Rogers et 5 
al., 1987a) by restriction digestion with BglII and SacI. A 
fragment containing the gtfA coding region was prepared 
from pMON17353 by restriction digestion with BamHI and 
SacI. The correct fragments were separated by agarose gel 
electrophoresis and purified by the GeneClean procedure. 10 
The fragments were ligated, transformed into E. coli JM 
101, and putative recombinant plasmids were screened by 
restriction digestion with NotI. One clone was identified and 
named pMON17359. 
A second expression cassette was constructed to direct 15 

expression ofgtfA to the potato tuber. A fragment containing 
the patatin 1.0 promoter (described above), the Nopaline 
synthase 3' region, and the puC vector backbone was 
prepared from an intermediate vector by restriction digestion 
with BamHI and SacI. An expression cassette was also 20 
constructed to direct expression of gtfA to the tomato fruit. 
A fragment containing the TFM7 promoter, the Nopaline 
synthase 3' region, and the puC vector backbone was 
prepared from pMON16987 (PCT Application PCTUS94/ 
07072, filed Jun. 27, 1994), which is derived from 25 
pMON999 but contains the TFM7 promoter, by restriction 
digestion with BglII and SacI. The correct fragments were 
separated by agarose gel electrophoresis and purified by the 
GeneClean procedure. These fragments were each ligated to 
the BamHI and SacI fragment from pMON17353. Transfor- 30 
mation and screening of clones were as described above. 
Clones were designated as correct and named pMON17356 
(Pat 1.0/gtfA/NOS) and pMON17389 (TFM7/gtfA/NOS). 
A third expression cassette was constructed to direct 

expression of gtfA to the potato tuber using a 3.5 kb 35 
promoter of patatin. The patatin 3.5 promoter was obtained 
from the plasmid p3I240.7 (Bevan et al., 1986). The major 
ity of the 3.5 promoter was excised from pBI240.7, from the 
HindIII site (at-3500) to the Xbal site at -337, and com 
bined with the remainder of the promoter, from the Xbal site 40 
to a BglII site at +22 (formerly a Dral site), in a triple 
ligation into a vector which provided a BglII site to form 
pMON17280. An intermediate vector was prepared by 
digestion of pMON17353 with BamHI/SacI and insertion of 
the fragment into pBS. This vector was then digested with 45 
EcoRI and SacI. pMON17280 was digested with EcoRI and 
SacI resulted in a fragment containing the patatin 3.5 
promoter, the Nopaline synthase 3' region, and the puC 
vector backbone. The correct sized fragments were obtained 
by agarose gel electrophoresis and the GeneClean proce- 50 
dure. The fragments were ligated, transformed into E. coli 
JM101, and screened by restriction digestion with HindIII. 
One clone was designated as correct and named 
pMON17495. 

In pMON 17356, pMON17359, pMON 17389, and 55 
pMON17495, the promoter, gtfA gene and the Nos 3' region 
can be isolated on a Not restriction fragment. These frag 
ments can then be inserted into a unique NotI site of either 
vector pMON17227 (described above) or pMON17320 to 
construct glyphosate selectable plant transformation vectors. 60 
pMON17320 is a pMON17227 derivative which also con 
tains a Patatin 1.0/CTP1-glgC16 cassette. The CTP1-glgC16 
fusion encodes a modified ADPglucose pyrophosphorylase 
as described by Kishore in WO 91/19806. A vector was also 
constructed for tomato expression of gtfA by combining the 65 
gtfA gene and 3' region from pMON17356 with the -2.0 kp 
potato Small ADPglucose pyrophosphorylase subunit gene 

12 
promoter (See U.S. Ser. No. 08/344,639, Barry et al., filed 
Nov. 4, 1994, incorporated herein by reference.) in a plant 
transformation vector to form pMON17486. 
The vector DNA is prepared by digestion with NotI 

followed by treatment with calf intestinal alkaline phos 
phatase (CIAP). The gtfA containing fragments are prepared 
by digestion with Not, agarose gel electrophoresis and 
purification with GeneClean. Vector and insert DNA is 
ligated, transformed into the E. coli strain LE392, and 
transformants were screened by restriction digestion to 
identify clones containing the gtfA expression cassettes. 
Clones in which transcription from the gtfA cassette is in the 
same direction as transcription from the selectable marker 
were designated as correct and named pMON17357 (FMV/ 
CP4/E9, Pat1.0/gtfA/NOS), pMON17358 (Pat1.0/CTP1 
glgC16/E9, Pat1.0/gtfA/NOS, FMV/CP4/E9), pMON17360 
(FMV/CP4/E9, E35S/gtfA/NOS), pMON17390 (FMV/CP4/ 
E9, TFM7/gtfA/NOS), pMON17392 (Pat1.0/CTP1-glgC16/ 
E9, TFM7/gtfA/NOS, FMV/CP4/E9), and pMON17496 
(FMV/CP4/E9, Pat 3.5/gtfA/NOS). 
A transformation vector was constructed to direct expres 

sion of gtfA in maize seed. A fragment containing the 
glutelin promoter Osgt-1, Hsp70 intron (described above). 
Nopaline synthase 3' region, kanamycin resistance, and puC 
backbone was prepared by restriction digestion, agarose gel 
electrophoresis, and GeneClean. A fragment containing the 
gtfA coding region was prepared from pMON 17359 by 
restriction digestion with NcoI and NotI. The fragments 
were ligated, transformed and screened by restriction diges 
tion. A correct clone was identified and named pMON24502 
(Osgt1/Hsp70/gtfA/NOS). 
A transformation vector was constructed to direct expres 

sion of gtfA in seeds of oilseed crops. A BamHI-EcoRI 
fragment of pMON17353 was ligated into the BglII-EcoRI 
sites of an intermediate vector to give pMON26104 which 
placed the gtfA gene behind the 7s promoter (discussed 
above) and used the E9 3' terminator sequence. A NotI 
fragment containing the FMV promoter, the fusion of the 
CTP2 and glyphosate resistance gene and a Nos 3' sequence, 
was ligated into the NotI site of pMON26104 to give 
pMON26106, a double border plant transformation vector 
with both of the cassettes in the same orientation. 

Example 2 

The vector pMON17357 was transformed into Russet 
Burbank potato callus following the method described by 
Barry et al. in WO 94/28149 for glyphosate selection of 
transformed lines. A number of lines were obtained and 
evaluated in field tests. The results of this test are shown in 
Table 1. As can be seen therein, several lines were identified 
as containing higher starch levels (measured as total Solids) 
and some of those had decreased bruising. 

TABLE 1. 

Bruising 
Line Solids (%) Index 

Identification Mean Mean 

Control 21.9 3.399 
1 22.9 3.798 
3 22.2 3.479 
4 23.3 2.899 
6 21.8 2.798 
8 22.7 2.979 

11 21.6 2.968 
12 22.0 3.383 
14 22.3 3.218 
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TABLE 1-continued 

Bruising 
Line Solids (%) Index 

Identification Mean Mean 

15 22.7 2.979 
17 22.3 3.394 
18 21.7 3.394 
19 22.4 3.213 
22 22.7 3.SO3 

Tubers from twelve lines were tested for any change in the 
distribution of starch between the pith or cortex. This was 
accomplished by peeling the tubers, cutting them into Strips 
resembling french fries, and measuring Solids using a brine 
flotation comparison test. The average solids level for Strips 
from the pith was subtracted from the average solids level 
for strips from the cortex. Thus a difference in solids which 
is less than that for the control (4.61% in this test) is an 
indication of more uniform distribution of starch in the tuber, 
which is highly desirable. The results are shown in Table 2. 
As can be seen, the difference in solids between the cortex 
and the pith was reduced in ten of the twelve lines. 

TABLE 2 

Line Solids Difference (%) 

Control 4.61 
3 4.53 
4 4.16 
6 3.57 
8 3.2O 

11 3.94 
12 4.39 
14 4.67 
15 3.56 
17 2.61 
18 3.79 
19 5.19 
22 3.92 

Five of these lines were tested the next year in the field, 
four of them in multiple locations. (Line number 8 was 
tested in only one location). The absolute increase in Solids 
in those five lines, indicating an increase in starch content, 
was again demonstrated in each line. The results are shown 
in Table 3. 

TABLE 3 

Line Solids increase 

1 O.256 
4 O.856 
8 2.61 

15 O.211 
22 O.162 

Example 3 
Expression of gtfA in corn introduces a novel catalytic 

activity which may facilitate Sucrose import into the 
endosperm by creating a steeper concentration gradient and 
conserve energy since the equivalent of one mole of ATP is 
normally required to convert Sucrose to a hexose plus a 
hexose phosphate. The vector pMON24502 has been intro 
duced into maize cells by microprojectile bombardment 
using two different types of embryogenic callus tissue for 
transformation. It was cotransformed with either (1) 
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pMON19476 which contains a selection cassette of the 
enhanced 35S promoter, the Hsp70 intron, the NPTII coding 
sequence for kanamycin resistance, and the nos 3' sequence 
or (2) pMON19336 which contains two selection cassettes 
for glyphosate resistance, each using the rice actin promoter 
and the Hsp70 intron, but one uses a gene encoding gly 
phosate oxidase and one uses the CP4 glyphosate resistance 
gene. 

(1) Immature maize embryos (H99 genotype) were iso 
lated as described in EP 586 355 A2. Embryogenic callus 
was obtained by culturing the immature embryos for about 
two weeks on the medium described by Duncan et al. 
(1985), called Medium D. After 2 weeks, callus (Type I) is 
obtained and is maintained by Subculturing every 2–3 weeks 
onto fresh Medium D. Approximately four hours prior to 
bombardment, actively growing callus (mid subculture 
cycle) is placed on Medium D with added mannitol and 
sorbitol for osmotic pretreatment. Approximately 16–24 
hours after bombardment with particles coated with 
pMON24502 and pMON19476, the tissue is placed on 
Medium D without mannitol or sorbitol. Approximately two 
days later, the tissue is transferred onto Medium D contain 
ing paromomycin. Resistant tissue is transferred to fresh 
Medium D with paromomycin at approximately three week 
intervals. Plant regeneration is accomplished on Medium D 
with 6-benzylaminopurine (without dicamba) for a 3–6 day 
“pulse', followed by placement on MS medium without 
hormones. 

(2) Type II callus, derived from immature embryos of the 
"Hi-II genotype, is used by following the method of 
Dennehy et al., 1994. Type II callus was pretreated on N6 
1-100-25 medium containing 0.4 M mannitol--sorbitol (0.2 
M of each) for four hours prior to bombardment with 
pMON24502 and pMON19336 and left on this same 
medium for 16 to 24 hours after bombardment. The tissue 
was then transferred to N6 1-100-25 medium without added 
mannitol or Sorbitol. Selection was accomplished using 1-3 
mM glyphosate in N6 1-0-25 medium (containing no 
casamino acids). 

Fertile maize plants have been obtained by each method 
and their seeds tested. Production of the GitfA protein was 
confirmed by Western blot analysis using goat antibody 
raised against E. coli-expressed gtfA. Of the 16 lines 
screened, 9 express GiftA, at approximately 0.05 to 0.5% of 
the total cellular protein. The starch biosynthetic rate in 
maize endosperm tissue expressing Gift A (Sucrose 
phosphorylase) was measured in vitro using a Sugar feeding 
assay which has been described previously (Felker, et al., 
1990). Field grown plants were screened by PCR to identify 
the positive and negative segregants. Positive and control 
ears from two GftA transformed lines (Knowl and De) were 
harvested at 20 to 22 days post pollination, at the time of 
linear grain fill. Endosperm sections were recovered and 
were fed ''C-sucrose at concentrations of 50 and 200 mM. 
The 200 mM concentration is the most physiologically 
relevant but due to the lower Km of GftA for sucrose than 
the endogenous enzymes, the lower concentration (50 mM) 
was used to improve the likelihood of measuring an effect 
from GftA. Time points were taken at one and two hours 
after feeding ''Cand the radioactivity incorporated into the 
starch fraction was determined. The results with the two 
lines, are summarized in the following Table (data reported 
as average counts incorporated into starch fraction): 
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TABLE 4A 

Feeding with 50 nM sucrose 

time of sampling control 

Knowl 

1 hr 9033 2O895 
2 hr 15947 26695 

De 

1 hr 10909 10860 
2 hr 19193 24284 

TABLE 4B 

Feeding with 200 nM Sucrose 

time of sampling control 

Knowl 

1 hr 988O 1298O 
2 hr 11175 214O7 

De 

1 hr 7703 74.71 
2 hr 11038 13007 

The results demonstrate that corn endosperm tissues 
expressing GitfA can produce starch at a more rapid rate 
(two-fold) than controls. The differences in starch rate are 
more apparent at the lower substrate concentrations, poten 
tially due to the differences in substrate kinetics between 
GitfA and the endogenous Sucrose synthase. Differences 
were also noted when comparing the effects in the lines De 
and Knowl, with Knowl displaying a more positive effect. 
GtfA protein was very high in Knowl, in the range of 0.5% 
of the total protein, whereas GitfA levels in De were in the 
range of 0.05%. The differences in starch biosynthetic rates 
are likely a function of GitfA expression levels. 

Example 4 
The vector pMON26106 has been introduced into canola 

and soybean callus via Agrobacterium transformation 
(Hinchee et al.). After selection of transformed cells using 
glyphosate and regeneration into whole plants, the seeds set 
by those plants will be analyzed. 

Example 5 
The vector pMON24502 has been introduced into wheat 

cells by microprojectile bombardment. Immature wheat 
embryos were isolated as described by Vasil et al. (1993). 
Embryogenic callus was obtained by culturing the immature 
embryos for 4 to 7 days, on a modified MS medium 
comprising about 40 g/l maltose and about 2 mg/l 2,4-D. The 
callus was subjected to bombardment with microprojectiles 
coated with pMON24502 and a plasmid containing a bialo 
phos resistance gene. One day after bombardment the imma 
ture embryos were transferred to a growth medium contain 
ing the selective agent bialaphos. After seven days on the 
growth and selective medium the immature embryo-derived 
callus was removed to a shoot-producing medium (modified 
MS medium no 2,4-D) containing bialophos and grown for 
28–40 days. A PCR assay will be done to confirm that the 
gtfA gene is present in the shoots. Shoots containing the gtfA 
gene will be rooted and taken to soil. When transformed 
plants are recovered and grown to maturity, their seeds will 
exhibit increased starch levels. 
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Example 6 

The vector pMON24502 may be introduced into rice cells 
by microprojectile bombardment. Upon regeneration and 
selection, transformed plants will be assayed for expression 
of the gtfA gene and those plants demonstrating high expres 
sion will be grown to maturity. The seeds of the mature 
plants will exhibit increased starch levels. 

Example 7 
In order to evaluate the kinetic properties of two sucrose 

phosphorylase enzymes, the Sucrose phosphorylase genes 
from Streptococcus mutans and Leuconostoc mesenteroides 
were separately cloned into pET15 expression vectors so 
that they could be overexpressed in E. coli. 
The Leuconostoc mesenteroides gene sequence was 

obtained from Genbank (Accession Number D90314: Kitao 
et al., 1992) and nucleotide primers with homology to the 5' 
and 3' ends were designed for PCR amplification. Leuconos 
toc mesenteroides chromosomal DNA was extracted and the 
spl gene was amplified by PCR using the 5' oligonucleotide: 

5' GGGGAGATCTAACCATGGAAATTCAAAA 
CAAAGC 3' (SEQ ID NO:7) 

and the 3' oligonucleotide: 
5' GGGGGAGCTCATTAGTTCTGAGTCAAATTATC 3' 
(SEQ ID NO: 8). 

The 1.5 kb PCR product was gel purified and digested with 
NcoI and SacI. The resulting restriction fragment was gel 
purified and ligated into the NcoI/SacI backbone of an E. 
coli expression vector, pMON5723, to form a vector con 
struct which was used for transformation of component E. 
coli cells. The pMON5723 vector contains the E. coli recA 
promoter and the T7 gene 10 leader (G10L) sequences 
which enable high levels of expression in E. coli (Wong et 
al., 1988). 
A 1491 bp NcoI/BamHI fragment containing the spl gene, 

encoding the Leuconostoc mesenteroides Sucrose phospho 
rylase enzyme, was isolated from this vector construct using 
restriction digestion, gel purified, and cloned into the 
BamHI/NcoI backbone of the expression vector plT15b 
(obtained from Novagen), following manufacturers 
instructions, resulting in the plasmid pMON21633. 
Similarly, a 1461 bp NcoI/BamHI fragment containing the 
gtfA gene coding for the Streptococcus mutans Sucrose 
phosphorylase, was cloned into the expression vector 
pET15b, resulting in the plasmid pMON21634. The result 
ing plasmids, pMON21633 and pMON21634, were trans 
formed into subcloning efficiency-DH5C. competent cells 
(obtained from Gibco BRL), serving as a non-expression 
host to obtain establishment of the correct plasmids. 
Subsequently, these plasmid constructs were used for the 
transformation of competent BL21 (DE3) cells, a host strain 
provided with the pET system, to obtain high levels of 
expression. All DNA manipulations, cell transformation, 
selection etc. were performed according to the manufactur 
er's directions (Novagen). 

For the purification of sucrose phosphorylase (Spl or 
GitfA), colonies of cells containing the correct plasmid 
construct were picked and used to grow liquid cultures 
(under Ampicillin selection), induced with IPTG (all puri 
fication steps were conducted at 4° C.). After growing an 
induced cell culture, the bacterial cell pellet was spun down 
and suspended in Buffer A (50 mM Tris-HCl, pH 7.5, 1 mM 
EDTA, 5% glycerol and 40 ul/ml protease inhibitor cocktail, 
purchased from Boehringer Mannheim Cat.#1-697-498)and 
cells were lysed using a French Press. The cell lysate was 
clarified by centrifugation at 15,000 rpm for 10 minutes. 
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Ammonium sulfate was added to the Supernatant to reach 
30% saturation, and the resultant mixture was then applied 
onto a phenyl-Sepharose 4B column which was pre 
equilibrated with Buffer B (10 mM Tris-HCl, pH 8.0, 1 mM 
DTT and 1 mM EDTA) plus 20% (w/v) ammonium sulfate. 
The sucrose phosphorylase was eluted from the column with 
a linearly decreased ammonium sulfate gradient concentra 
tion from 20% to 0% in Buffer B. The fractions containing 
active Sucrose phosphorylase were collected and pooled. 
Combined proteins were concentrated by precipitation with 
70% saturation of ammonium sulfate followed by resuspen 
sion of the protein pellet in a small volume (2 or 4 ml) of 
Buffer C (10 mM Tris-HCl, 1 mM EDTA and 10% 
Glycerol). The sample was dialyzed in 2 liters of Buffer C 
two to three times (about 2h for each) to completely remove 
ammonium sulfate prior to further purification. The dialyzed 
sample was injected into a Mono Q column which was 
pre-equilibrated with Buffer C. The sucrose phosphorylase 
was eluted from the column with a linear gradient of NaCl 
from 0 to 0.4M in Buffer C. Sucrose phosphorylase active 
fractions were collected and analyzed by SDS-PAGE which 
indicated that the sucrose phosphorylase was at least 90% 
pure (at least 98% pure for Spl; at least 95% pure for GitfA), 
with molecular masses around 53 kDa. 

Spl and GitfA activities were measured at 25°C. using a 
continuous spectrophotometric assay in which the produc 
tion of glucose-1-phosphate from Sucrose and inorganic 
phosphate is coupled to the production of NADP in the 
presence of phosphoglucomutase and glucose-6-phosphate 
dehydrogenase. The assay reaction mixture (1 ml final 
volume) contained 50 mM Hepes-NaOH pH 7.0, 50 mM 
sucrose, 5 mM MgCl2, 1 mM NADP 20 mM Kpi monoba 
sic pH 7.0 (50 mM for GitfA), 8 IU phosphoglucomutase, 2 
IU glucose-6-phosphate dehydrogenase and appropriate 
amounts of Spl or GitfA. Production of NADPH was moni 
tored spectrophotometrically at 340 nm. One unit of Spl or 
GtfA activity was defined as the amount of the enzyme 
which caused the reduction of 1 umol of NADP per minute 
under the above conditions. A control reaction in which 
inorganic phosphate was omitted from the reaction mixture 
was always conducted for each Spl or GitfA assay. 
Enzyme kinetic analysis yielded results shown in the 

following table. Unexpectedly, Sucrose phosphorylase from 
S. mutans had a Vmax about 9 times lower than that of the 
enzyme from L. mesenteroides. In addition, the 
Km(sucrose) of the S. mutans enzyme was about 10 times 
lower than that of the L. mesenteroides enzyme. 

Kn(sucrose) Kmpi) Vmax Io.5(P) 
(mM) (mM) (Umg) (mM) 

S. militans SP O.33 15.3 8.5 -70 
L. mesenteroides SP 3.39 4.88 71.3 --SS 

Example 8 
To further characterize the sucrose phosphorylases from 

S. mutans and L. mesenteroides, plasmid constructs con 
taining the spl or the gtfA genes were made for protoplast 
transformation. A 1461 bp NcoI/BamHI fragment, contain 
ing the gtfA gene was isolated by restriction digestion, gel 
purified, and ligated to a 4646 bp BamHI/NcoI vector 
fragment containing the enhanced 35S promoter (e35S; Kay 
et al., 1987), the HSP70 intron (U.S. Pat. No. 5,593.874), the 
Nopaline synthase 3' region (Fraley et al., 1983), and a puC 
vector derived backbone. A vector was thus created, con 
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18 
taining the expression cassette p-e35S/HSP70/gtfA/ 
NOS3"). After ligation, the plasmid constructs were trans 
formed into competent DH5C. cells, and the transformed 
cells were plated out on Ampicillin-containing medium. 
From the colonies that were formed, positive clones were 
identified by restriction digest. In a similar experiment a 
1491 bp NcoI/BamHI fragment, containing the spl gene, was 
isolated by restriction digestion, gel purified, and ligated to 
the same 4646bp BamHI/NcoI vector fragment (described 
above). After ligation, transformation of competent cells, 
and identification of positive clones, the resulting plasmid 
constructs were used for corn leaf protoplast transformation. 
Corn leaf protoplast transformation was performed essen 
tially as described by Sheen J., 1991, with some modifica 
tions to the protocol. The protoplast culture media was MS 
Fromm--0.6M mannitol (Fromm et al., 1987). Protoplast 
transformations were done in triplicate for both the gtfA and 
Spl constructs. 

Extraction buffer containing 100 mM Hepes pH 7.5, 1 
mM EDTA, 5 mM DTT, 1 mM Benzamidine, 5% glycerol, 
and 40 l/ml protease inhibitor cocktail solution at 1 tablet/2 
ml (Boehringer Mannheim Cat.#1-697-498), was added to 
harvested protoplasts and the mixture was ground about 1-2 
minutes. The protoplast homogenates were transferred into 
eppendorf tubes and spun at 14,000 rpm. To desalt the 
Supernatant, spin columns (Boehringer Quick Spin Columns 
Cat. # 100973) were washed 3–5 times with double deion 
ized HO, then once with 1 ml of extraction buffer. The 
buffer was removed from the spin column by centrifugation 
at 1400 rpm for 2 minutes. The protoplast extract was 
applied onto each column, spun at 1400 rpm for 2 minutes, 
and the passthrough was collected. 40 ul protease inhibitor 
cocktail stock solution (1 tablet/2 ml) was added into every 
ml of desalted extract. The desalted samples were used for 
enzyme assayS. 

Spl or GitfA activity was measured at 35° C. using a 
continuous spectrophotometric assay in which the produc 
tion of glucose-1-phosphate from Sucrose and inorganic 
phosphate is coupled to the production of NADP in the 
presence of phosphoglucomutase and glucose-6-phosphate 
dehydrogenase. The assay reaction mixture (1 ml final 
volume) contains 50 mM Hepes-NaOH pH 7.0, 100 mM 
sucrose, 5 mM MgCl2, 5 mM NaF. 1 mM NADP and 50 mM 
Kpi monobasic pH 7.0. 796 ul of reaction mix was mixed 
with a coupled enzyme mix (8 IU phosphoglucomutase, 2 IU 
glucose-6-phosphate dehydrogenase final concentrations) 
and 100 ul of the desalted protoplast extract. Sucrose (100 
mM final concentration) was added to initiate the reaction. 
Production of NADPH was monitored spectrophotometri 
cally at 340 nm. One unit of Spl or GitfA activity was defined 
as the amount of enzyme which caused the reduction of 1 
umol of NADP per minute under the above conditions. A 
control reaction in which inorganic phosphate was omitted 
from the reaction mixture was conducted for each assay. 
Under these reaction conditions (50 mM P.) GitfA has 
optimal activity (100%), but Spl only reaches about 80% of 
its optimal activity. 
The following results were obtained: 

Average 
Core Protein Units/mg Units/mg 
Protoplasts AU/min UnitSiml mg/ml protein protein 

gtfA-1 O.OOS8 O.047 O.186 O.O2S26 O.O3154 
gtfA-2 O.OO62 O.0498 O.109 O.O4567 
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Average 
Core Protein Units/mg Units/mg 
Protoplasts AU/min UnitSiml mg/ml protein protein 

gtfA-3 O.OO39 O.OO39 O.313 O.O132 
spl-1 O.0245 O.1967 O.O82 O.23984 O.21753 
spl-2 O.O197 O.1582 O.O82 O.1929S 
spl-3 O.O172 O.1385 O.063 O.21979 
control O.OOOS O.OO38 O.228 O.OO166 

As seen from the Table, Spl exhibits about a 7-fold 
increase in enzyme activity compared to GitfA in corn 
protoplasts. 

Example 9 
A vector was constructed for use in expressing spl and 

other Sucrose phosphorylases in core, wheat or rice 
endosperm. For this, a 1588 bp BamHI/SmaI DNA 
fragment, containing the T7 gene 10 leader sequence (G10L) 
and the Spl gene sequence, was isolated and ligated to an 
8555 bp SmaI/BamHI vector fragment containing the 
HSP70 intron, the rice glutelin promoter Osgt-1 (Zheng et 
al., 1993), a pUC vector-derived backbone, and an expres 
sion cassette for the neomycin phosphotransferase type II 
gene (to confer Kanamycin resistance). From the resulting 
plasmid vector, a 10131 bp SstI/SmaI fragment was isolated 
and ligated to a 287 bp SmaI/SstI fragment, isolated from 
pMON999 (Rogers et al., 1987a), containing the NOS3' 
polyadenylation sequence. This created a plasmid vector, 
from which a 7831 bp NotI expression cassette p-osgt-1/ 
HSP70 intron/G10L/spl/NOS3' was isolated and ligated 
into the NotI site of pMON30460, a monocot transformation 
vector, to form the plant transformation vector 
pMON17588. pMON30460 contains an expression cassette 
for the selectable marker neomycin phosphotransferase type 
II gene (KAN) P-35S/NPTII/NOS3") and a unique NotI site 
for cloning the gene of interest. The final vector 
(pMON17588) was constructed so that the gene of interest 
and the selectable marker gene could be easily cloned in the 
same orientation. A vector fragment containing the expres 
sion cassettes for these gene sequences can be excised from 
the bacterial selector (Kan) and ori, gel purified, and used for 
plant transformation. 

Transgenic maize plants were produced using micro 
projectile bombardment, a procedure well-known in the art 
(Fromm et al., 1990; Gordon-Kamm et al., 1990; Walters et 
al., 1992). Embryogenic callus initiated from immature 
maize embryos was used as a target tissue. Plasmid DNA at 
1 mg/ml in TE buffer was precipitated onto M10 tungsten 
particles using a calcium chloride/spermidine procedure, 
essentially as described by Klein et al. (1988). In addition to 
the gene of interest, the plasmids also contained the neo 
mycin phosphotransferase II gene (mptII) driven by the 35S 
promoter from Cauliflower Mosaic Virus. The embryogenic 
callus target tissue was pre-treated on culture medium 
osmotically buffered with 0.2M mannitol plus 0.2M sorbitol 
for approximately four hours prior to bombardment (Vain et 
al., 1993). Tissue was bombarded two times with the DNA 
coated tungsten particles using the gunpowder version of the 
BioRad Particle Delivery System (PDS) 1000 device. 
Approximately 16 hours following bombardment, the tissue 
was subcultured onto a medium of the same composition 
except that it contained no mannitol or Sorbitol, and it 
contained an appropriate aminoglycoside antibiotic, Such as 
G418" to select for those cells which contained and 
expressed the 35S/nptII gene. Actively growing tissue sec 
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20 
tors were transferred to fresh selective medium approxi 
mately every 3 weeks. About 3 months after bombardment, 
plants were regenerated from Surviving embryogenic callus 
essentially as described by Duncan and Widholm (1988). 

Kernels (R1 seed) were harvested from R0 maize plants, 
transformed with the construct pMON17588, which con 
tains the Spl gene linked to the endosperm-specific rice 
glutelin promoter and the HSP70 intron. The kernels were 
screened by both Sucrose phosphorylase activity assays and 
Western blot analysis. For this, kernels were harvested at 20 
DAP (days after pollination) from one plant per line and 
approximately 8 kernels per plant. Each sample was initially 
screened for Spl activity. Samples with no activity were 
indentified as non-expressors and those showing Splenzyme 
activity were further screened by Spl western blot analysis. 
A significant correlation was observed between Spl enzyme 
activity and Spl protein levels, i.e., all the samples with high 
Spl enzyme activity also showed high Spl protein levels by 
Western blot analysis. Out of 64 plants that were screened, 
31 showed both Splenzyme activity and Spl protein by these 
analyses. 

Example 10 
Maize lines expressing the gtfA transgene Osgt1/HSP70/ 

gtfA/NOS3' described in Example 1 (derived from 
pMON24502) up to approximately 0.5% of the total protein 
levels have been identified and one homozygous R2 line 
“Majorie' was evaluated by an in vitro culture system as 
described by Cheikh and Jones, 1995 and Jones et al., 1981. 

Analysis of the developmental profile of maize kernels 
expressing the gtfA transgene, line “Majorie', compared to 
that of the negative (non-transgenic) controls, demonstrated 
higher dry weight (-15%) at physiological maturity (45 
DAP days after pollination) in the gtfA expressors. 

Dry Weight (mg/kernel) 

105.8 310 
120.3 2.SS 

Negative control 
gtfA expressors 

As shown in FIG. 1, Western analysis of kernels sampled 
at 12, 25, 35 and 45 DAP revealed that elevated GtfA levels 
were detectable between 12 and 45 DAP. 

Analysis of kernel developmental variation in nonstruc 
tural carbohydrate levels showed significantly higher levels 
of fructose and starch and lower levels of sucrose during the 
period of gtfA expression, but no significant pattern of 
variation in glucose content (see Tables below). These 
patterns of variations reflect the activity and the effect of the 
gtfA transgene in the maize endosperm. 

Changes in starch levels of maize kernels expressing gtfA 
as compared to those of negative controls are shown in the 
following Table: 

Kernel Starch (mg/g dry weight 

Negative Kernel Starch (mg/grain 

DAP Control gtfA positive Negative Control gtfA positive 

2O 416.9 11.9 424.5 12.7 16.42 O.91 17.53 - 0.87 
24 524.5 2.6 558.4 12.4 34.10 - 1.17 32.94 0.46 
28 523.4 9.3 SS3.0 - 8.7 41.38 2.96 40.55 - 0.92 
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-continued 

Kernel Starch (ngg dry weight 

Negative Kernel Starch (mg/grain 

DAP Control gtfA positive Negative Control gtfA positive 

35 533.6 9.3 576.0 3.9 45.57 2.56 SS.2O 0.84 
40 S4O.S 9.7 5925 - 9.1 57.11 - 1.37 69.68 2.16 

Changes in soluble carbohydrate levels of maize kernels 
expressing gtfA as compared to those of negative controls 
were also evaluated and the results are shown in the fol 
lowing Table: 

Glucose Fructose Sucrose 
DAP (mg/kernel) (mg/kernel) (mg/kernel) 

12 Negative 2.53 - 0.15 1.87 - 0.10 1.36 0.12 
Positive 2.15 O.O6 1.60 O.O3 1.25 + 0.15 

2O Negative 168 0.14 O.93 + 0.09 1.49 0.2O 
Positive 1.76 - 0.09 1.17 0.05 O.89 0.06 

24 Negative 2.11 - O.09 O.98 - 0.32 1.58 - 0.12 
Positive 1.68 O.OS 1.08 0.04 O.S3 O.OS 

28 Negative 18O. O.12 O.68 0.04 131 0.10 
Positive 1.93 + O.O6 1.20 - 0.37 O.S8 O.O7 

35 Negative 140 - 0.08 O49 0.33 1.47 0.10 
Positive 2.03 - 0.09 1.09 O.O3 O.70 - 0.09 

40 Negative O.69 O.12 O.30 - 0.03 1.41 O.O7 
Positive O.63 O.OS O.30 - 0.03 1.45 0.06 

All publications and patents mentioned in this specifica 
tion are herein incorporated by reference as if each indi 
vidual publication or patent was specifically and individu 
ally stated to be incorporated by reference. 

From the foregoing, it will be seen that this invention is 
one well adapted to attain all the ends and objects herein 
above set forth together with advantages which are obvious 
and which are inherent to the invention. 

It will be understood that certain features and subcombi 
nations are of utility and may be employed without reference 
to other features and subcombinations. This is contemplated 
by and is within the scope of the claims. 

Since many possible embodiments may be made of the 
invention without departing from the scope thereof, it is to 
be understood that all matter herein set forth or shown in the 
accompanying drawings is to be interpreted as illustrative 
and not in a limiting sense. 
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<210> SEQ ID NO 1 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

<223> OTHER INFORMATION: Synthetic 

<400 SEQUENCE: 1 
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ccc.ggat.cca togcaattac aaataaaac 29 

<210> SEQ ID NO 2 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: Synthetic 

<400 SEQUENCE: 2 

ggggagcto a citcgaagctt attgtttgat cattttctg 39 

<210> SEQ ID NO 3 
&2 11s LENGTH 1478 
&212> TYPE DNA 
<213> ORGANISM: Lycopersicon esculentum 

<400 SEQUENCE: 3 

agccttgttgt tagggggitat to aaaccttic tittgactgaa aattitt atta tittata catg 60 

tittaaaatta citttittaatc tatatataat agatatoaat cottcattta attgtattitt 120 

tgtattaatt ctataaatat taaattactt tattaaaaat totaattctg. tcactcgtca 18O 

titt cataata ttcttgacgg to atgg tagt gata attacg ttgattggag coacatgggc 240 

cgctacttitt taaaaggatg aaccttggaa totagtgaat gttgagtctic at agct cact 3OO 

cacgg actoa acagdaaaat citgtc.ctcitt tttcccttct coaattcaca tactgtcact 360 

tggacaaata at atttgaaa attittggcct aaagttaggit ttggagcc.gt atggtaattit 420 

gatacacaaa ttattatata attgatatat caggtatata tatcaagttg togcttctitc 480 

gttcattgtt totctoacta aaattittcaa ttcactttitt aaaaaatcga taaatttitta 540 



attatalactitt acatalacata 

ttittaatgta agattaaata 

agagalaggta tattagtggg 

citgatgagtc. tatatatott 

taag acatgt taaataagat 

gaaaagttcat ttaaac actt 

aacaaaacta tttgtacgta 

gaaggcaaga ggtoatatat 

ttttgttgttgt gtatgttcag 

aatticgaaat cittittaaata 

gaatticcitaa acattttcta 

taactcaagc aatcttgtc.g 

agacatattt toggittagtat 

tagtgtacca ttctattggit 

agaagtttaa tottgctaga 

cccatgcatg toctitattgt 

<210> SEQ ID NO 4 
&2 11s LENGTH 450 
&212> TYPE DNA 

25 

ttcaaaatta 

tittagaattic 

cctatgttatc 

tgttgatagt 

ccitagagaaa 

to caacaaac 

aaatgtttaa 

citg accottc 

galacatttgt 

atgtagagaa 

taaaataa.ca 

gaaaaatcat 

citttgttctat 

agcatttggc 

gtottattgt 

ccatatoctic 

caaaaataaa. 

tttittaagaa 

tittgatatoa 

gatttalacca 

gatttittgga 

atttggtaat 

gtagaaaaga 

cittaaatccc. 

attittctatt 

atctoattat 

citaaatctitt 

tagaaaagaa 

aagaatgggt 

aag agittatt 

tgcttctitca 

citt.ccacc 

<213> ORGANISM: Lycopersicon esculentum 

<400 SEQUENCE: 4 

aaataaat at ttcaaagtaa 

tdgatttctt actictaattg 

tatcaaaatg attggctgct 

tttittataaa aaaatatoga 

ttaaaaatta attittaaaaa. 

ttgtc.gcagt ataaataccc 

tgttgttgctitt agctitcctta 

tttitccitcto cittgaatcto 

<210 SEQ ID NO 5 
<211& LENGTH: 1446 
&212> TYPE DNA 

attgttactic 

aactattgga 

attataalatat 

gctaaatcat 

agtgaatatt 

tgcatgcc at 

catalacatgg 

cittittctitcg 

cctictatocc 

gacaacttaa 

citaatggitta 

atcgtttaaa 

gtaaattagg 

tacatttgtt 

cittctataac 

<213> ORGANISM: Streptococcus mutans 

<400 SEQUENCE: 5 

atggcaatta caaataaaac 

aaagaattga atgaaaatat 

citgccattct titcctitccac 

gacitctgctt ttggcgattg 

tittgattitca to attaatca 

aag catgaag caagtgctta 

aatcgc.ccga cacaagaaga 

aatgttgatt 

tgaga attat 

aggtgatcgt. 

ggatgatgtc 

tatttc.gc.gt 

taaagatcta 

tgtgg acctg 

actitacgcag 

tittgcagatg 

ggctttgcac 

aaacgtttgg 

cagtotaaat 

tittittaaatt 

atttataag.c 
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ggatatttitt atatgttitat 

cggtacaagc aaattaaaag 

tatgcct citc aaagagcatc 

tittatgtatg tacgtag tac 

aaagtgaaaa cagdaataaa 

cgattittaat tacccactta 

gattitttitta aaaaaaaaaa 

cgc.gtataac actittcttitt 

tgaaatttct cattaagttca 

atttaacaat cocacttgat 

aattatacat attacatacc 

ttggaaatag ggaaataaat 

gtgttaaaga gctagtgc.ca 

cccitctotcc ataccaatgg 

acttggaact ttgttcattg 

a tact cittitt cittitttittaa. 

atgtaaattt tttittittctt 

ttata catala attittaatat 

tatagagatg tdttattitat 

atgaaag agt attatattgg 

caatcatctt tdcaacgatt 

taaag.ccitca ttacttatcc 

acagtttggg taaaaatttg 

citgttgg.cgg totccatttg 

cgattgatta ccatgaagtt 

gtgaaaaata ttaccto atg 

attataaaga ttaccaagaa 

gggataaatt ttggcctaaa 

gtaaggatcg agcaccitaag 

600 

660 

720 

840 

9 OO 

96.O 

O20 

14 O 

200 

260 

320 

4 40 

478 

60 

120 

18O 

240 

360 

420 

450 

60 

120 

18O 

240 

360 

420 

26 
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cgtgtctitcc aagttctittgc gcctggaatt coacaaattit 

ggtgaaaacg atato.gc.gct tittggagtica actaaagaag 

tactatacgc gtgaagaagit taagt cagaa gttaa.gcgac 

aagctattgt catggcgtaa togaaag.ccct gcatttgatt 

gacacgc.caa citgatacaac aattgttggtg acacgtoaag 

gctgtattaa cago.cgatgc ggccaacaaa acttittgaaa 

gttatgagca gtgata attt gacticagaac taa 

EQ ID NO 7 
ENGTH 34 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Synthetic 

<400 SEQUENCE: 7 

ggggagat.ct aaccatggaa attcaaaa.ca aagc 

EQ ID NO 8 
ENGTH 32 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Synthetic 

<400> SEQUENCE: 8 

gggggagcto attagttctg agtcaaatta to 

What is claimed is: 
1. A method of producing a transgenic plant, comprising 

the steps of: 
(a) stably transforming into the genome of a plant cell a 

recombinant, double-stranded DNA molecule compris 
1ng: 
(i) a promoter which functions in cells of target plant 

tissue, 
(ii) a structural DNA sequence obtained from a bacte 

rium of the genus Leuconostoc that causes the pro 
duction of an RNA sequence which encodes a 
Sucrose phosphorylase enzyme, 

(iii) a 3' non-translated DNA sequence which functions 
in plant cells to cause transcriptional termination and 
the addition of polyadenylated nucleotides to the 3' 
end of the RNA sequence; 

(b) selecting for transformed plant cells; and 
(c) regenerating from said transformed plant cells a 

genetically transformed plant, the genome of which 
contains said recombinant, double-stranded DNA mol 
ecule of step (a), wherein said genetically transformed 
plant exhibits a property one or more properties 
Selected from the group consisting of containing a 
modified carbohydrate content; increased polysaccha 
ride content; enhanced yield of harvested material; 
improved uniformity of the distribution of solids; 
increased oil content, increased protein content, and 
reduced Susceptibility to bruising discoloration. 

2. The method of claim 1, wherein said DNA sequence is 
obtained from Leuconostoc mesenteroides. 

3. The method of claim 2, wherein said DNA sequence 
comprises the sequence shown in SEQ ID NO:6. 

attacgttgg 

gtogtaatat 

cagttgttgc 

tggctggctic 

atgaaaatgg 

togttgagaa 

35 

40 

45 

50 

55 

60 

65 

tttgttggca 1140 

taaccgtcat 1200 

taacttattg 1260 

aatcacagtt 1320 

toaaaacaaa. 1380 

tggtoaaact 1440 

1473 

34 

32 

4. The method of claim 1, wherein said property is 
containing a modified carbohydrate content. 

5. The method of claim 4, wherein said modified carbo 
hydrate content is an increase in Solids content. 

6. The method of claim 5, wherein said genetically 
transformed plant is selected from the group consisting of 
potato and tomato. 

7. The method of claim 1, wherein said property is 
improved uniformity of the distribution of solids. 

8. The method of claim 7, wherein said genetically 
transformed plant is selected from the group consisting of 
potato and Sweet potato. 

9. The method of claim 1, wherein said property is 
reduced Susceptibility to bruising discoloration. 

10. The method of claim 9, wherein said genetically 
transformed plant is selected from the group consisting of 
potato, banana, apple, wheat, grape, and peach. 

11. The method of claim 1, wherein said property is 
increased polysaccharide content. 

12. The method of claim 11, wherein said genetically 
transformed plant is selected from the group consisting of 
maize, wheat, rice, tomato, potato, Sweet potato, peanut, 
barley, cotton, Strawberry, raspberry, and cassava. 

13. The method of claim 1, wherein said property is 
enhanced yield of harvested material. 

14. The method of claim 13, wherein said genetically 
transformed plant is selected from the group consisting of 
maize, wheat, rice, tomato, potato, Sweet potato, peanut, 
barley, Sugarbeet, Sugarcane, apple, pear, orange, peach, 
grape, cotton, Strawberry, raspberry, and cassava. 

15. The method of claim 1, wherein said plant cell is 
selected from the group consisting of a potato plant cell, a 
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maize plant cell, a rice plant cell, a wheat plant cell, a tomato 
plant cell, a barley plant cell, a Sugarbeet plant cell, a 
Sweetpotato plant cell, a peanut plant cell, a Sugarcane plant 
cell, a grape plant cell, a pear plant cell, an apple plant cell, 
an orange plant cell, a cassava plant cell, a banana plant cell, 
a plantain plant cell, a cotton plant cell, a strawberry plant 
cell, a raspberry plant cell, and a peach plant cell. 

16. The method of claim 15, wherein said plant cell is a 
potato plant cell. 

17. The method of claim 15, wherein said plant cell is a 
maize plant cell. 

18. The method of claim 15, wherein said plant cell is 
selected from the group consisting of a wheat plant cell, a 
barley plant cell, a rice plant cell, and a tomato plant cell. 

19. A recombinant, double-stranded DNA molecule com 
prising in sequence: 

(a) a promoter which functions in cells of target plant 
tissue; 

(b) a structural DNA sequence obtained from a bacterium 
of the genus Leuconostoc that causes the production of 
an RNA sequence which encodes a Sucrose phospho 
rylase enzyme; and 

(c) a 3' non-translated region which functions in plant 
cells to cause transcriptional termination and the addi 
tion of polyadenylated nucleotides to the 3' end of the 
RNA sequence. 

20. The DNA molecule of claim 19, wherein said DNA 
sequence is obtained from Leuconostoc mesenteroides. 

21. The DNA molecule of claim 20, wherein said DNA 
sequence comprises the sequence shown in SEQ ID NO:6. 

22. The DNA molecule of claim 19, wherein said pro 
moter is selected from the group consisting of a Zein 
promoter, a patatin promoter, a rice glutelin promoter, the 
soybean 7s promoter, a promoter of a subunit of ADPglucose 
pyrophosphorylase, the TFM7 promoter, and the TFM9 
promoter. 

23. A transformed plant cell comprising a recombinant, 
doublestranded DNA molecule comprising in sequence: 

(a) a promoter which functions in said plant cell; 
(b) a structural DNA sequence obtained from a bacterium 
of the genus Leuconostoc that causes the production of 
an RNA sequence which encodes a Sucrose phospho 
rylase enzyme; and 

(c) a 3' non-translated region which functions in plant 
cells to cause transcriptional termination and the addi 
tion of polyadenylated nucleotides to the 3' end of the 
RNA sequence. 

24. The plant cell of claim 23, wherein said DNA 
sequence is obtained from Leuconostoc mesenteroides. 

25. The plant cell of claim 24, wherein said DNA 
sequence comprises the sequence shown in SEQ ID NO:6. 

26. The plant cell of claim 23, wherein said promoter is 
selected from the group consisting of a Zein promoter, a 
patatin promoter, a rice glutelin promoter, the Soybean 7s 
promoter, a promoter of a subunit of ADPglucose 
pyrophosphorylase, the TFM7 promoter, and the TFM9 
promoter. 

27. The plant cell of claim 23, wherein said plant cell is 
selected from the group consisting of a potato plant cell, a 
maize plant cell, a rice plant cell, a wheat plant cell, a tomato 
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plant cell, a barley plant cell, a Sugarbeet plant cell, a 
Sweetpotato plant cell, a peanut plant cell, a Sugarcane plant 
cell, a grape plant cell, a pear plant cell, an apple plant cell, 
an orange plant cell, a cassava plant cell, a banana plant cell, 
a plantain plant cell, and a peach plant cell. 

28. A transformed plant comprising a recombinant, dou 
blestranded DNA molecule comprising in sequence: 

(a) a promoter which functions in said plant cell; 
(b) a structural DNA sequence obtained from a bacterium 

of the genus Leuconostoc that causes the production of 
an RNA sequence which encodes a Sucrose phospho 
rylase enzyme; and 

(c) a 3' non-translated region which functions in plant 
cells to cause transcriptional termination and the addi 
tion of polyadenylated nucleotides to the 3' end of the 
RNA sequence. 

29. The plant of claim 28, wherein said DNA sequence is 
obtained from Leuconostoc mesenteroides. 

30. The plant cell of claims claim 29, wherein said DNA 
sequence comprises the sequence shown in SEQ ID NO:6. 

31. The plant of claim 28, wherein said promoter is 
selected from the group consisting of a Zein promoter, a 
patatin promoter, a rice glutelin promoter, the Soybean 7s 
promoter, a promoter of a subunit of ADPglucose 
pyrophosphorylase, the TFM7 promoter, and the TFM9 
promoter. 

32. The plant of claim 28, wherein said plant is selected 
from the group consisting of a potato plant, a maize plant, a 
rice plant, a wheat plant, a tomato plant, a barley plant, a 
Sugarbeet plant, a Sweetpotato plant, a peanut plant, a 
Sugarcane plant, a grape plant, a pear plant, an apple plant, 
an orange plant, a cassava plant, a banana plant, a plantain 
plant, and a peach plant. 

33. The method of claim 1, wherein the polysaccharide is 
starch. 

34. The method of claim 11, wherein the polysaccharide 
is starch. 

35. The method of claim I, wherein the property is 
increased oil content. 

36. The method of claim I, wherein the property is 
increased protein content. 

37. The method of claim I, wherein said plant cell is a 
canola plant cell. 

38. The method of claim I, wherein said plant cell is a 
soybean plant cell. 

39. The plant cell of claim 23, wherein said plant cell is 
a canola plant cell. 

40. The plant cell of claim 23, wherein said plant cell is 
a soybean plant cell. 

41. The plant of claim 28, wherein said plant is a canola 
plant. 

42. The plant of claim 28, wherein said plant is a soybean 
plant. 

43. The method of claim I, wherein the one or more 
properties are modified carbohydrate content and increased 
oil content. 

44. The method of claim I, wherein the one or more 
properties are modified carbohydrate content and increased 
protein content. 


