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rechnical Field
The present invention is directed to compositions and

10 methods related to sequences relevant to the biosynthesis

of glycogen and their use in plants.

INTRODUCTION

Background

15 In the animal kingdom, as well as in some lower
plants, i.e., nonvascular plants, fungi, yeast and
bacteria, the primary reserve polysaccharide is glycogen.
Glycogen is a polysaccharide containing linear molecules
with 1,4 glycosyl linkages and is branched via al,6

20 glycosyl linkages. Although from a linkage comparison,
glycogen is analogous to starch, glycogen exhibits a
different chain length and degree of polymerization. 1In
bacteria, for example, the @l,6 glycosyl linkages
constitute only approximately 10% of the total linkages,

25 indicating that the majority of the glycogen polymer
resides as a linear glucose molecule.

In plants, i.e. vascular plants, reserve

polysaccharides are stored in roots, tubers and seeds in

the form of starch. Starch, a complex polymer of glucose,
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distribution of low molecular weight to high molecular
weight chains in the amylopectin fraction are known to
affect the properties, such as thermal stabilization,

retrogradation, and viscosity, and therefore utilit& of
starch. The highest published low m.w./high m.w. chain

ratios (on a weight basis) in amylopectin are 3.9/1 for

waxy corn starch which has unique properties.
Additionally, duwx, which has slightly more branch points
than waxy has further unique properties.

Ineaq¢ition, starches from different pPlants or plant
parts often have different properties. For example, potato
starch has‘different ptoperties than other starches, some
©of which may be due to the presence of phosphate groups,
In some plant species, mutants have been identitied which
have altered contents of amylose and amylopectin.
Mutations that affect the activity of starch-branching
enzyme in peas, for example, result in seeds having less
starch and a lower proportion of amylopectin. Also,

mutations in the waxy locus of maize, which encodes a
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starch granule bound starch Synthase, result in plants
which produce amylopectin exclusively. Similarly, a potato
mutant has been identified whose starch is amylose-free
(Hovenkamp-Hermelink et al. Theor. Appl. Genet. (1987)
75:217-221). It has been found that varying the degree of
starch branching can confer desirable physical properties;
other changes in the characteristics of native starch could
result in the production of polymers with new applications.
With the development of genetic engineering
techniques, it is now possible to transfer génes from a
variety of organism into the genome of a large number of -

different plant species. This process is preferable to

plant breeding techniques whereby genes can only be

closely related species. It would thus be desirable to

develop plant varieties through genetic engineering, which

have increased capacity for starch synthesis, altered
amylose/amylopectin ratios, altered distribution of low to
high molecula; weight chains in the amylopectin fraction
and also starches with novel molecular weight
characteristics. 1In this manner, useful starches with a
variety of viscosity or texture differences may be
ocbtained.

To this end, nucleic acid sequences which encode
glycogen biosynthetic enzymes are desirable for study and
manipulation of the starch biosynthetic pathway. In

particular, these enzymes may be expressed in plant cells
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using plant genetic engineering techniques and targeted to

RN

a plastid where starch synthesis occurs.

Sequences determined (Preiss, J. (1984) Ann. Rev.
Microbiol. 38:419-458; Kumar et al. (1986) J. Biol. Chem.
10 261:16256~16259). Genes encoding mammalian glycogen
synthases have also been cloned and their nucleic acid
Sequences determined (Browner, et al. Proc. Nat. Acad. Sci.

(1989) 86:1443-1447; Bai, et al., J. Biol Chen. (19380)
265:7843~7848) .

15
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts a DNA sequence (SEQ ID NO: 1) for the
E. coli glycogen synthase gene, glgA, generated through
Polymerase Chain Reaction (PCR) from E. coli K-12 618.
20 Figure 2 depicts the translated amino acid sequence

(SEQ ID NO:2) of the PCR generated glgA gene.
Figure 3 depicts DNA Sequence (SEQ ID NO: 3) and the
translated amino acid sequence of the PCR generated E. cold

ADP-glucose pyrophosphorylase gene, glgC, from E. coll K-12
25 618,
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SUMMARY OF THE INVENTION

By this invention, nucleic acid constructs comprising
a glycogen biosynthetic énzyme sequence and at least one
Séquence endogenous to a plant are provided. As plants do
not produce glycogen, these €nzymes and sequences are not
naturally found in a plant cell. Particularly, this
invention relates to constructs comprising sequences
relating to the glycogen biosynthetic enzymes, glycogen
synthase and/or ADP-glucose pPyrophosphorylase.

In one aspect of the invention, a sequence encoding a
glycogen biosynthetic enzyme is joined to a sequence which
encodes a transit peptide that provides for translocation

of the glycogen biosynthetic enzyme to a plastid.

in plant cells. To this end, transcriptional initiation
regions that function to regulate expression of genes in
plants are considered. Of particular interest are those
regulatory regions that preferentially direct expression of
genes in roots, tubers, and seeds of plants or in other
plant parts that synthesize reserve starch. 1In addition,
constructs may contain sequences encoding a marker enzyme
for selection of transformed cells.

Expression constructs which comprise sequences which
provide for ﬁ:anscriptional and translational regulation in
plant cells of the Séquences encoding glycogen biosynthetic
enzymes are of spécial interest. These constructs include,
in the §° to 3' direction of transcription, a

transcriptional/ translational initiation control region, a
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translocation of the glycogen biosynthesis enzymes to
‘plastids and/or a marker enzyme.
In another aspect of the invention, vectors are

10 considered which comprise sequences providing for transfer
©of desired sequences and integration into the genome of a
plant cell, For example a plant transformation vectors may
include Agrobacterium T~-DNA border region(s) to providé for
transfer of the sequences to the plant cell. '

15 Also considered part of this invention are plant cells
containing nucleic acid sequences of a glycogen
biosynthetic enzyme. Such plant cells are obtainable
through plant transformation techniques which utilize
Agrobacterium to transfer DNA to the plant cells or

20 alternatively through direct transfer techniques such as
electroporation, microinjection or DNA bombardment . In
either case, plant cells containing the desired sequences
can be regenerated to vield whole plants containing the
sequences,

25 In yet another aspect of this invention, plant cells
containing the glycogen biosynthetic enzymes or having
reduced or increased starch precursor enzymes are
considered. Of particular interest are plant cells in

starch storage organs, such as roots, tubers or seeds. It
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is preferable that the enzyme be located in plastids, where
starch synthesis occurs, and more preferably in

amyloplasts, where reserve starch is synthesized and

stored.

Further, it can be recognized that the modulation of
glycogen biosynthetic enzymes in these plant cells has
implications for modifying the starch content and/or
composition of these cells. In this manner, plants or
plant parts which synthesize and store starch may be
obtained which have increased or decreased starch content
and modified starch related properties such as specific
gravity, free sugar content and/or novel and useful
starches. 1In particular, potato starch having decreased
amylose and modified amylopectin may be produced and
further applications to modify starches consisting entirely
of amylopectin such as that of waxy maize or a mutant
potato, are also considered. Similarly, the starch from

these plant parts can be harvested for use in commercial

applications.
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Various embodiments of this invention provide a nucleic acid construct comprising a
sequence encoding a glycogen synthase enzyme and one or more endogenous plant sequences
selected from the group consisting of: (a) a plant plastid transit peptide encoding sequence,
and (b) a plant transcriptional and translational regulatory sequence, wherein if the regulatory
sequénce is present, it is operably linked to the sequence encoding the glycogen synthase
enzyme. The nucleic acid construct may comprise an encoding sequence from an E. coli
glycogen synthase gene (glgA). The gigA gene may be from E. coli strain 618. The
construct may comprise in the 5'-3' direction of transcription, the construct as described
above, comprising in the 5'-3' direction of transcription, a transcription initiation region, a
translational initiation region, said plastid transit peptide encoding sequence, the plant plastid
transit peptide encoding sequence, and a transcription/translational termination region,
wherein said transcription initiation region is capable of functioning in a plant cell. Also
provided is a nucleic acid construct comprising the encoding sequence from an E. coli (gigA)
glycogen synthase gene and a transcriptional and translational initiation region from a plant.

This invention also provides a plant cell comprising a nucleic acid construct of this
invention, which cells may be used in the production of plants comprising the nucleic acid
construct.

This invention also provides a method to obtain a modified potato tuber, wherein said
method comprises selecting and growing a potato plant, under conditions that will permit the
formation of a potato tuber, wherein the potato plant comprises a nucleic acid construct of this
invention. The transcription initiation region may be from a patatin gene. The resulting
potato tuber may have modified starch, the starch modification consisting of an increased

percentage of low molecular weight chains in the amylopectin portion of the starch.

DETAILED DESCRIPTION OF THE INVENTION
This invention relates to glycogen biosynthesis enzymes in plants. In particular, this
invention is directed to plant cells having a DNA sequence encoding a glycogen biosynthesis
enzyme integrated in its genome as the result of genetic engineering. Cells containing a DNA
or RNA (mRNA) sequence encoding the enzyme as well as cells containing the enzyme are

also provided. Plants and, more particularly, plant parts may also be obtained which
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The biosynthetic steps involved in glycogen synthesis
in E. cold include: 1) the formation of ADP-~glucose from
5 ATP and glucose l-phosphate, 2) the transfer of a glucose

unit from ADP-glucose to a preformed maltodextrin primer

via an a1, 4 linkage, and 3) the formation of a1, 6 glucosyl
linkages from glycogen. The bacterial enzymes which
catalyze the above reactions are ADP-glucose

10 PyYrophosphorylase (EC 2.7.7.27), glycogen synthase (EC
2.4.1.21), and Q-enzyme or branching enzyme (EC 2.4.1.18),

respectively. The genes encoding these enzymes have been

cloned and are also known as glgC, glgA, and glgB,

respectively.

15 The pathway of glycogen biosynthesis in mammals is

similar to that seen in bacteria, an exception being that
UDP-glucose is the preferred glucose donor. The mammalian

enzymes which catalyze glycogen biosynthetic reactions

similar to those in bacteria are glucose-l-phosphate
20 uridylyltransferase, glycogen synthase (EC 2.4.1.11), and

l,4-0-glucan branching enzyme. Genes encoding a human

muscle and a rat liver glycogen synthase have been cloned

and their nucleic acid sequences determined.
In particular, the glycogen biosynthesis enzyme .

25 glycogen synthase (glgh) is of special interest. The E.
cold glycogen synthase is of particular interest in that
the enzyme is similar to plant starch synthase with respect
to being non-responsive to allosteric effectors or chemical

modifications. Expression of a glycogen synthase enzyme in
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a plant host demonstrates biological activity even within
an intact plant cell. Namely, potato plants having glgA
expressed in potato tubers result in tubers having a
deceased specific gravity; specific gravity being a
commonly used measurement with respect to dry matter and
starch contents of potato tubers (W.G. Burton, in The
Potato, Third Edition, pub. Longman Scientific & Technical

(1989) Appendix II, pp. 599-601) . Further analysis of

indicates that the starch in these tubers is modified. 1In
particular, the percentage of amylose is decreased and the
ratio of low m.w./high m.w. chains in the amylopectin

fraction is increased. This phenotypic effect in planta is

indicative of glgA biological activity.
Other phenotypic starch modifications resulting from

biological activity of glycogen biosynthetic enzymes in

plants are also considered in this invention. Such altered
phenotypes may result from enzymatic activity of these
proteins on plant starch precursors, or alternatively from
the inhibition of plant starch biosynthetic enzyme
activities. 1Inhibition of plant enzymes, for example,
could result through the production of inactive forms of
the plant enzymes as the result of association with the
glycogen biosynthetic enzymes. The inhibition of plant
enzymes may then lead to plants having altered starch (such
as branchihg patterns or molecular weight) and/or lowered
starch levels. 1In addition, increased plant metabolites,
such as sugars, could also result from starch alteration or

inhibition caused by expression of glycogen biosynthetic
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€nzymes. For example, transgenic potato tubers described

herein are observed to have up to 3-fold increases in free
sugar content.

Measurement of specific gravity or free sugar content

may be useful to detect modified starch, with other
methods, such as HPLC and gel filtration, also being
useful. The glycogen synthase sequence may be employed as
the sole glycogen biosynthetic enzyme or in conjunction

with sequences encoding other glycogen biosynthetic

enzymes.

amino acids, such as protein, polypeptide, or peptlde
fragment, which demonstrates the ability to catalyze a
reaction involved in the biosynthesis of glycogen. Thus, a
glycogen biosynthetic enzyme of this invention will display
activity towards a glucan molecule, although it may have
preferential activity towards either ADP- or UDP-glucose.
in plants, ADP-glucose is the preferred donor for starch

bDiosynthetic reactions. - Therefore, of particular interest
in this invention are glycogen biosynthesis enzymes which
also prefer ADP-glucose. Of special .interest are glycogen
biosynthesis enzymes obtainable from bacterial sources.
Over 40 species of bacteria synthesize glycogen, including
Escherichia and Salmonella.

Obtaining glycogen biosynthetic enzymes may be
accomplished by a variety of methods known to those skilled
in thé art. For example, radiolabeled nucleic acid probes

may be prepared from a known sequence which will bind to

PCT/US91/09654



W0 92/11382

10

15

20

23

11 PCT/US91/09654
2055079

and thus provide for detection of other sequences, glycogen

(D

biosynthesis proteins may be purified and sequences

Typically, a sequence obtainable from the use of
nucleic acid probes will show 60-70% sequence identity
between the target sequence and the given sequence encoding
a glycogen biosynthetic enzyme of interest. However,
lengthy sequences with as little as 50-60% sequence
identity may also be obtained. The nucleic acid probes may
be a lengthy fragment of the nucleic acid sequence, or may
also be a shorter, oligonucleotide probe. Oligonucleotide
probes can be considerably shorter than the entire hucleic'
acid sequence encoding a glycogen biosynthetic enzyme, but
should be at least about 10, preferably at least about 15,
and more preferably at least about 20 nucleotides. A
higher degree of sequence ldentity is desired when shorter
regions are used as opposed to longer regions. It may thus
be desirable to identify enzyme active sites where amino
acid sequence identity is high to design oligonucleotide
probes for detecting homologous genes.

When longer nucleic acid fragments are employed as
probes (greater than about 100 bp), one may screen at lower
stringencies in order to obtain sequences from the target
sample which have 20-50% deviation (i.e., 50-80 sequence
homology) from the sequences used as probe. Hybridization
and washing conditions can be varied to optimize the

hybridization of the probe to the sequences of interest.
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Lower temperatures and higher salt (SSC) concentrations
allow for hybridization of more distantly related sequences

(low stringency). 1If background hybridization is a probiem

under low stringency conditions, the temperature can be

hybridizing sequence. Hybridization and washing

temperatures can be adjusted based on the estimated melting

temperature of the probe. (See, for example, Beltz, et al.
10 Methods in Enzymology (1983) 100:266-285).

It will be recognized by one of ordinary skill in the
art that glycogen biosynthetic eénzyme sequences of this
invention may be modified using standard techniques of site
specific mutation or PCR, or.modification of the seéuence

15 may be accomplished in producing a synthetic nucleic acid
Sequence and will still be considered a glycogen
biosynthesis enzyme nucleic acid sequence of this
invention. For example, wobble positions in codons may be
changed such that the nucleic acid sequence encodes the

20 same amino acid sequence, or alternatively, codons can be
altered such that conservative amino acid substitutions
result. 1In either case, the peptide or protein maintains
the desired enzymatic activity and is thus considered part
of the instant invention.

25 A nucleic acid sequence of an enzyme relevant to the
blosynthesis of glycogen of this invention may be a DNA or
RNA sequence, derived from genomic DNA, cDNA, mRNA, or may
be synthesized in whole or in part. The structural gene

sSequences may be cloned, for example, by isolating genomic
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DNA from an appropriate source, and amplifying and cloning
the sequence of interest using a polymerase chain reaction
(PCR) . Alternatively, the gene sequences may be

synthesized, either completely or in part, especially where

it 1is desirable to provide plant-preferred sequences.

host. Plant-preferred codons may be determined, for
example, from the codons used most frequently in the
proteins expressed in a particular plant host species.
Other modifications of the gene sequences may result in
mutants having slightly altered activity. Once obtained, a

glycogen biosynthetic enzyme nucleic acid sequence of this
invention may be combined with other sequences in a:variety
of ways.

Often, the sequences associated with glycogen
biosynthesis are used in conjunction with endogenous plant
Sequences. By "endogenous plant sequence" is meant any
sequence which can be naturally found in a plant cell,
These sequences include native (indigenous) plant sequences
as well as sequences from plant viruses or plant pathogenic
bacteria, such as Agrobacterium or Rhizobium species that
are naturally found and functional in plant cells.

In one aspect of this invention, the glycogen
biosynthesis enzyme will be joined to a sequence encoding a
transit peptide or functional portion of a transit peptide
which is capable cf providing for intracellular transport
of a heterologods protein to a plastid in a plant host

cell. Chloroplasts are the primary plastid in

PCT/US91/09654
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photosynthetic tissues, although plant cells are likely to
have other kinds of Plastids, including amyloplasts,
chromoplasts, and leucoplasts. Transport into amyloplasts
is preferred in this invention as these plastids are
associated with reserve starch synthesis and storage. Any
transit peptide Providing for intracellular transport to a
plastid is useful in this invention, such as the transit
pPeptides from the precursor proteins of the small subunit
of ribulose bisphosphate carboxylase (RUBISCO), acyl
carrier protein (ACP), the waxy locus of maize, or other
nuclear-encoded plastid proteins,

In addition to the identified transit peptide portion
of a protein, it may be desirable to include sequences
encoding a portion of the mature plastid-targeted pEotein‘
to facilitate the desired intracellular transport of the
glycogen biosynthetic enzyme. In one embodiment of this
invention, the transit peptide from the small subunit of
RUBISCO is utilized along with 48 bp of sequence encoding
the amino terminal 16 amino acids of a mature small subunit
protein.

Other endogenous plant sequences may be provided in
nucleic acid constructs of this invention, for example to
provide for transcription of the glycogen biosynthetic
enzyme sequences, Tranpcriptional regulatory regions are
located immediately 5' to the DNA sequences of the gene of
interest, and may be obtained from sequences available in
the literature, or identified and characterized by
isolating genes having a desirable transcription pattern in

plants, and studying the 5' nucleic acid sequences.
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Numerous transcription initiation regions which provide for
a variety of constitutive or regulatable, e.g. inducible,
expression in a plant cell are known. Among sequences
known to be useful in providing for constitutive gene
expression are regulatory regions associated with
Agrobacterium genes, such as for nopaline synthase (Nos),
mannopine synthase (Mas), or octopine synthase (Ocs), as

well as regions coding for expression of viral genes, such

(CaMV) . The term constitutive as used herein does not
necessarily indicate that a gene is'expressed at the same
level in all cell types, but that the gene is expressed in
a wide range of cell types, although some variation in
abundance is often detectable. Other useful
transcriptional initiation regions preferentially provide
for transcription in certain tissues or under certain
growth conditions, such as those from napin, seed or leaf
ACP, the small subunit of RUBISCO, patatin, zein, and the
like.

Sequences to bo’tranacribod are located 3' to the
plant transcription initiation region and may be oriented,
in the 5'-3' direction, in the sense orientation or the
antisense orientation. 1In the sense orientation, an mRNA
strand is produced which encodes the desired glycogen
biosynthetic enzyme, while in antisense constructs, an RNA
sequence complementary to an enzyme coding sequence is
produced. The sense orientation is desirable when one
wishes to produce the glycogen biosynthetic enzyme in plant

cells, whereas the antisense strand may be useful to
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inhibit production of a related plant starch biosynthesis
€nzymes. Regions of homology have been observed, for
example, upon comparison of E. coli glgC sequence to that
of a rice ADP glucose Pyrophosphorylase. Either method may
be useful in obtaining an alteration in the starch or dry
matter content of a plant. The presence of glycogen
biosynthetic enzyme Sequences in the genome of the plant
host cell may be confirmed, for example by a Southern
analysis of DNA or a Northern analysis of RNA sequences or
by PCR methods.

In addition to sequences Providing for transcriptional

initiation in a plant cell, also of interest are sequences

initiation of a desired sequence encoding a glycogeﬁ
biosynthetic enzyme. Translational initiation regions may
be provided from the source of the transcriptional
initiation region or from the gene of interest. In this
manner, expression of the glycogen biosynthetic enzyme in a
plant cell is provided. The presence of the glycogen
bilosynthetic enzyme in the plant host cell may be confirmed
by a variety of methods including a immunological analysis
of the protein (e.g. Western or ELIZA), as a result of
phenotypic changes observed in the cell, such as altered
starch content, altered starech branching, etc., or by assay
for increased enzyme activity, and the like.: If desired
the enzyme may be harvested from the plant host cell or
used to study the effect of the enzvme on plant cell

functions, especially in the plastid organelles.
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Other sequences may be included in the nucleic acid
construct providing for expression of the glycogen
biosynthetic enzymes ("expression constructs") of this
invention, including endogenous plant transcription
termination regions which will be located 3' to the desired
glycogen biosynthetic enzyme encoding sequence. In one
embodiment of this invention, transcription termination
sequences derived from a pataﬁin gene are preferred.
Transcription termination regions may also be derived from
genes other than those used to regulate the transcription
in the nucleic acid constructs of this invention.
Transcription termination regions may be derived from a
variety of different gene sequences, including the
Agrobacterium, viral and plant genes discussed above for
their desirable 5° regulatory sequences.

Further constructs are considered which provide for
transcription and/or expression of more than one glycogen
biosynthetic enzyme. For example, one may wish to provide
éenzymes to plant cells which provide for modification of
the starch synthesized, as well as for an increase or
decrease in overall starch production. Examples of enzymes
which may prove useful in modifying starch structure are
those which catalyze reactions involving UDP~- or ADP-
glucose, for example glycogen synthase or branching enzyme.
However, tb provide for increased or decreased starch
production, one may wish to utilize sequences encoding
enzymes which catalyze formation of the nucleotide-glucose
molecule, such as ADP-glucose pyrophosphorylase in

bacteria, or glucose-l-phosphate uridylyltransferase in
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mammals. Although plants typically utilize ADP-glucose,

UDP-glucose may also be useful.

the glycogen biosynthetic enzyme Séquences, one may wish to
limit these enzymes to plant cells which synthesize and
Store reserve starch. Towards this end, one can identify
useful transcriptional initiation regions that provide for
expression preferentially in the roots, tubers, seeds, or
other starch-containing tissues of a desired plant species.
These sequences may be identified from cDNA libraries using
differential screening techniques, for eéxample, or may be’
derived from sequences known in the literature. Of
particular interest in a presently preferred embodiment of
the invention is a transcriptional initiation region from °
the patatin gene of potato, which demonstrates preferential
expression in the potato tuber. Similarly, other promoters
which are Preferentially expressed in the sStarch-containing
tissues, such as the zein genes in corn, as opposed to
other plant structures are desirable.

In developing the nucleic acid constructs of this
invention, the various components of the construct or
fragments thereof will normally be inserted into a
convenient cloning vector, e.g. a plasmid, which is capable
of replication in a bacterial host, e.g. E. coli. Numerous
vectors exist that have been described in the literature,
many of which are commercially available. After each
cloning, the cloning vector with the desired insert may be
isclated and subjected to further manipulation, such as

restriction, insertion of new fragments or nucleotides,

18 PCT/US91/09654
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ligation, deletion, mutation, resection, etc. so as to
tailor the components of the desired sequence. Once the
construct has been completed, it may then be transferred to
an appropriate vector for further manipulation in

9 accordance with the manner of transformation of the host
cell.

The constructs of this invention providing for
transcription and/or expression of glycogen biosynthetic
enzyme sequences of this invention maf be utilized as
10 vectors for plant cell transformation. The manner in which
nucleic acid sequences are introduced into the plant host
cell is not critical to this invention. Direct DNA
transfer techniques, such as electroporation,
microinjection or DNA bombardment may be useful. To aid in
15 identification of transformed plant cells, the constructs
of this invention may be further manipulated to include
Plant selectable markers. The use of plant selectable
markers i1s preferred in this invention as the amount of
experimentation required to detect plant cells is greatly
20 reduced when a selectable marker is expressed. Useful
selectable markers include enzymes which provide for
resistance to an antibiotic such as gentamycin, hygromycin,
kanamycin, and the like. Similarly, enzymes providing for
production of a compound identifiable by color change, such
25 as GUS, or luminescence, such as luciferase are useful.

An alternative method of plant éell transformation
employs plant vectors which contain additional sequences
which provide for transfer of the desired glycogen

biosynthetic enzyme sequences to a plant host cell and
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stable integration of these Sequences into the genome of
the desired plant host. Selectable markers may also be
useful in these nucleic acid constructs to provide for
differentiation of plant cells containing the desired
seéquences from those which have only the native genetic
material. Sequences useful in providing for transfer of
nucleic acid sequences to host plant cells may be derived
from plant pathogenic bacteria, such as.Agrobacterium or
Rhizogenes, plant pathogenic viruses, or pPlant transposable
elements.

When Agrobacterium is utilized for plant
transformation, it may be desirable to have the desired
nhucleic acid sequences bordered on one or both ends by T-
DNA, in particular the left and right border regioﬁs, and
more particularly, at least the right border region. These
border regions may also be useful when other methods of
transformation are employed.

Where Agrobacterium or Rhizogenes sequences are
utilized for plant transformation, a vector may be used
which may be introduced into an Agrobacterium host for
homologous recombination with the T-DNA on the Ti- or Ri-
plasmid present in the host. The Ti- or Ri~ containing the
T-DNA for recombination may be armed (capable of causing
gall formation), or disarmed (incapable of causing gall
formation), the latter being permissible so -long as a
functional complement of the vir genes, which encode trans-
acting factors necessary for transfer of DNA to plant host
cells, is present in the transformed Agrobacterium host.

Using an armed Agrobacterium strain can result in a mixture

p .'\‘
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of normal plant cells, some of which contain the desired
nucleic acid sequences, and plant cells capable of gall
formation due to the presence of tumot formation génes.
Cells containing the desired nucleic acid sequences, but
lacking tumor genes can be selected from the mixture such
that normal transgenic plants may be obtained.

In a preferred method where Agrobacterium is used as
the vehicle for transforming host plant cells, the
expression or transcription construct bordered by the T-DNA
border region(s) will be inserted into a broad host range
vector capable of replication in E. coli and Agrobacterium,
there being broad host range vectors described in the
literature. Commonly used is pRK2 or derivatives thereof.
See, for example, Ditta, et al., (Proc. Nat. Acad. Sci.,
U.S.A. (1980) 77:7347-7351) and EPA 0 120 515,

Alternatively, one may
insert the sequences to be expressed in plant cells into a
vector containing separate replication sequences, one of
which stabilizes the vector in E. coli, and the other in
Agrobacterium. See, for example, McBride and Summerfelt
(Plant Mol. Biol. (1990) 14:269-276), wherein the pRiHRI
(Jouanin, et al., Mol. Gen. Genet. (1985) 201:370-374)
origin of replication is utilized and provides for added
stability of the plant expression vectors in host
Agrobacterium cells.

Utilizing vectors such as those described above, which
can replicate in Agrobacterium is preferred. In this
manner, recombination of plasmids is not required and the

host Agrobacterium vir regions can supply trans—acting
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factors required for transfer of the T-DNA bordered

Sequences to plant host cells.

in combination with transit peptides, and endogenous plant
sequences providing for transcription or expression of
these sequences in a plant host cell. The plant vectors
containing the desired Sequences may be employed with a
wide variety of plant cells, particularly plants which
Produce and store reserve starch. Plants of interest
include, but are not limited to corn, cereal grains,
sorghum, rice, potato, tapioca, cassava, arrowroot and
sago.

Also considered part of this invention are plénts
containing the nucleic acid Sequences of this invention,
and following from that, plants containing glycogen

bilosynthetic enzymes as the result of expression of the

enzyme. Methods of regenerating whole plants from plant
Cells are kxnown in the art, and the method of obtaining
transformed and regenerated plants is not critical to this
invention. 1In general, transformed plant cells are
cultured in an appropriate medium, which may contain

selective agents such as antibiotics, where selectable

markers are used to facilitate identification of

transformed plant cells. Once callus forms, shoot
formation can be encouraged by employing the appropriate

plant hormones in accordance with known methods and the
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shoots transferred to rooting medium for regeneration of
plants. The plants may then be used to establish
repetitive generations either from seed or using vegetative

propagation techniques.

Of particular interest are pPlant parts, e.g. tissues
Or organs, (and corresponding cells) which form and store
reserve starch, such as roots, tubers, and seeds. Of more
particular interest are potato tubers containing the

glycogen biosynthetic enzymes. It can be recognized that .

Or parts. These alterations may include modification of
dry matter content, free Sugar content or of starch content
and/or structure, or modification of specific gravity. The
novel plant cells or plant parts can thus be harvested and
used for isolation of the altered material.
The invention now being generally described, it will

be more readily understood by reference to the following
examples which are included for purposes of illustration

only and are not intended to limit the present invention.

EXAMPLES

Exanple 1 Cloning of Glycogen Biosynthetic Engyme
Genes

A. ®)y 1L -Pnle - )@ ole * - LY ~D @K - ®)iy

Loll B
Total genomic DNA is prepared from E. coll K12 618
(Leung et al., J. of Bacteriolo9Y (1986) 167:82-88) by

growing a 5ml culture in ECLB (Maniatis, T. et al.,
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Molecular Cloning: A Laboratory Manual, (1982) Cold Spring
Harbor, NY) overnight at 37°C. The bacteria are pelleted
by centrifugation for 10 minutes at 4500xg, the supernatant
18 discarded, and the pellet is resuspended in 2.5ml of
10mM Tris, imM EDTA buffer. To this suspension is added
S00Ul of a 5mg/ml Pronase® protease (Calbiochem Brand
Biochemicals; La Jolla, CA) solution and 2ml of 2% lauryl
sulfate, sodium salt (Sigma; St. Louis, MO), with gentle
mixing, and the suspension is incubated at 37°C for 50 -
minutes. A clear solution indicates that the bacteria have
lysed. The solution is then éxtracted with 5ml phenol,
then 5ml phenol:chloroform:isoamyl'alcohol (25:24:1),
followed by 5ml chloroform. Nucleic acids are precipitated
from the aqueous phase with 1/10 volume of 3M sodiuﬁ
acetate and two volumes of 100% ethanol, and the tube is
incubated at room temperature for 1 hour. Nucleic acids
are removed from solution gpd resuspended in 1lml water. A
second ethanol precipitation is performed and the nucleic
acids are resuspended in 200l of 10mM Tris, 1mM EDTA
buffer.

Synthetic oligonucleotides, strl and str2,
corresponding to sequences flanking the 1.4 kb glgA
(glycogen synthase - EC 2.4.1.21) gene of E.-colli (Kumar et
al., J. otVBiol, Chemistry (1986) 261:16256~16259) and
containing resttictibﬁ sites for Bglll fstrl) and Salrl
(str2) are synthesized on an Applied Biosystems 380A DNA
synthesizer (Foster City, CA) in accordance with the

manufacturer's instructions.

24 PCT/US91/09654
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The nucleic acid preparation of E. coli 1s treated
with RNAse and the DNA is used as a template in a
polymerase chain reaction (PCR) with strl and str2 as
primers. A Perkin-Elmer/Cetus (Norwalk, CT) thermal cycler
is used with the manufacturer's reagents and in accordance
with the manufacturer's instructions. The reaction mixture
contains 41.5f1 H,0, 104l 10X reaction buffer, 16|l dNTP's
[1.25mM dCTP, dATP, dGTP & ATTP), 5l strl (20mM), 5u1 str2
(20mM) , 22Ul total E. coli DNA (0.05ug/pl), and 0.5ul Tag
polymerase. The reaction is performed fbr 15 cycles with
melting (denaturation) for 1 minute at 94°C, annealing
(hybridization) for 2 minutes at 37°C and chain elongation
for 3 minutes at 72°C. The reaction is then performed for
an additional 10 cycles with melting for 1 minute at 94°C,
annealing for 2 minutes at 37°C and chain elongation at
72°C for 3 minutes 15 seconds initially and increasing the
time by 15 seconds each cycle so that the last cycle is 5
minutes 45 seconds.

The resulting PCR products (~1.4 kb) are digested with
Bglll and Sall and ligated into a Sall and BglIl digest of
PCGN789, a pUC based vector similar to PUC119 with the
normal polylinker replaced by a synthetic linker which
contains the restriction digest sites EcoRI, Sall, BgllI,
PstI, Xhol, BamHI, and HindIII. The ligated DNA is
transformed into E. coli DHSG. The transformed cells are
plated on ECLB containing penicillin (300mg/L), IPTG and X-
Gal (Vieira and Messing Gene (1982) 19:259-268). White

~ colonies are picked to ECLB containing penicillin (300mg/L)

and flooded with I2/KI (0.2% I, in 0.4% KI). Clones
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producing a brown color, which indicates excess starch

production, are selected. One clone, glgA-2, was selected

(see, Figs. 1 and 2 and SEQ ID NOS: 1-2). The DNA sequence
is 98% homologous to the published sequence (Kumar et al,

Supra) and 96% homologous at the amino acid level.

L J
B. ON1NAd anac >l Ng C s . o€ ®) it

coli

Synthetic oligonucleotides, glgCl and glgC2,
corresponding to sequences flanking the 1.3 kb glgC (ADP-
glucose pyrophosphorylase - EC 2.7.7.27) gene of E. coli
(Baecker et al., J. of Biol. Chemistry (1983) 258:5084-
5088) and containing restriction sites for BglII (glgCl)
and Sall (glgC2) are synthesized on an Applied Biosfstems
380A DNA synthesizer (Foster City, Ca) in accordance with
the manufacturer's instructions.

Total genomic DNA is prepared from E. coli K12 618 as
described above. The nucleic acid preparation of E. cold
is treated with RNAse and the DNA is used as a template in
& polymerase chain reaction (PCR) with glgCl and glgC2 as
primers. A Perkin-Elmer/Cetus (Norwalk, CT) thermal cycler

is used with the manufacturer's reagents as described

above,
The resulting PCR products (~1.3 kb) are digested with
Bglll and Sall and ligated into a Sall and Bglll digest of

PCGN788 (described above). The ligated DNA is transformed
into E. coldi DHS5G,. and the transformed cells are plated as

described above. Clones producing excess starch are

selected as described above. One clone, pGlgC-37, was
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selected and the DNA sequence (SEQ ID NO: 3) determined

(see, Fig. 3). The DNA sequence is 99% homologous to the

published sequence (Baecker et al, supra) of glgC from E.

coli K-12. The glgC from E. coli 618 is a mutant and the
amino acid sequence of this mutant differs from that of E.

coli K-12 at five amino acids (Lee et al., Nucl. Acids Res.

1 (1987) 15:10603). The translated amino acid sequence of

pGlgC-37 differs from that of the glgC from E. coli 618 at

a single amino acid; the asparagine (Asn) at position 361
of the E. coli 618 mutant is an aspartate (Asp) in the

translated amino acid sequence of pGlgC-37 (Fig. 3).

Example 2 Attachment of Glycogen Genes to SSU
lL.Leader Segquence

A, Cor lon ¢ ] + aroz X8 Deant {de
Plasmid pCGN1132 contains a 35S promoter,
ribulosebisphosphate carboxylase small subunit (5'-35S-SSU)
leader from soybean plus 48 bp of mature small subunit
(SSU) gene from pea, and aroA sequence (the gene locus
which encodes 5-~enolpyruvyl-3-phosphoshikimate synthetase
(EC 2.5.1.19)). It is prepared from pCGN1096, a plasmid
containing a hybrid SSU gene, which carries DNA encoding
mature SSU protein from pea, and Sstl and EcoRl sites 3' of
the coding region (used in the preparation of pCGN1l1l1l5, a
plasmid having a 5'-35S-SSU+48-aroA-tml-3' sequence) and

pCGN1129, (a plasmid having a 35S promoter in a

chloramphenicol resistance gene (Camf®) backbone).

o)e 1 OnN ¢ ° N1 USCE

The aroA moiety of pCGN1077 is removed by digestion

with Sphl and Sall.
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In its place is cloned the region coding for
the mature pea SSU protein, as an Sphl-Pstl fragment, which
is then excised with Sphl and Sall. The resulting plasmid,
pCGN1094, codes for a hybrid SSU protein having the transit
peptide of the soybean clone, and the mature portion of the
pea clone and contains SstI and EcoRI sites 3' of the
coding region. The HindIII to BamHI region of transposon
Tné (Jorgensen et al., Mol. Gen. Genet. (1979) 177:65)
encoding the kanamycin resistance gene (Kanft) is cloned
into the same sites of pBR322 (Bolivar et al., Gene (1977)
2:95-133) generating pDS7. The Bglll site 3' of the Kanft
gene is digested and filled in with the large fragment of
E. colli DNA polymerase 1 and deoxynucleotides triphosphate.
An Sstl linker is ligated into the blunted site, generating
plasmid pCGN1093. Plasmid pPMG34.3 is digested with Sall,
the site filled in as above and EcoRI linkers are ligated
into the site resulting in plasmid pCGN1lQ92. The latter
plasmid is digested with SstI and Smal and the Kanf gene
excised from pCGN1093 with SstI and Smal is ligated in,
generating pCGN1095. The Kanf and aroA genes are excised
as a piece from pCGN1l095 by digestion with SstlI and EcoRI
and inserted into the Sstl and EcoRI sites of pCGN1094,
producing pCGN10S6. Summarizing, pCGN1096 contains (5' -
3') the following pertinent features: The SSU gene - a

polylinker coding for PstI, Sall, Sstl, and KpnI - the Kan?®
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gene - Smal and BamHI restriction sites - the aroA gene

without the original ATG start codon.

Construction of pPCGN1115

Plasmid pCGN1096 is digested to completion with Sall
and then digested with exonuclease Bal3l (BRL;
Gaithersburg, MD) for 10 minutes, thus deleting a portion
of the mature SSU gene. The resulting plasmid is then
digested with Smal to eliminate the Kan* gene and provide
blunt ends, recircularized with T4 DNA ligase and
transformed into E. coli LC3 (Comai et al., Science (1983)
221:370-371), an aroA mutant. DNA isolated from aroA* and
Kan* colonies is digested with BamHI and Sphl and ligated
with BamHI- and Sphl-digested M13mpl8 (Norrander et al.,
Gene (1983) 26:101-106 and Yanisch-Perron et al., Gene
(1985) 33:103-119) DNA for sequencing. Clone 7 has 48 bp
of the mature SSU gene remaining and the 3' end consists of
phe-glu-thr-leu-ser (SEQ ID NO: 4) . Clone 7 is transformed
into E. coli strain 71-18 (Yanish-Perron et al. (1985)
supra) and DNA isolated from transformants is digested with
Sphl and Clal to remove the 0.65 kb fragment containing the
48 bp of mature protein and the 5' end of the aroA gene.
Plaamid PCGN1106 (Comai, L. et al., J. Biol. Chem. (1988)
263:15104-15109) is also digested with Sphl and Clal and
the 6.8 kS isolated vector fragment is ligated with the
0.65 kb fragment of clone 7 to yield pCGN1115 (5'-35S-~
SSU+48-aroA-tml-3'),

Lonstructlion of pCGN1129

The 7.2 kb plasmid pCGN1180 (355-SSU+70-aroA-ocs3')

(Comai et al. (1988) supra) and the 25.6 kp plasmid pCGN594



10

15

20

25

CA 02084079 2002-03-04

30

(LB-Gentf-ocsS5'-Kan*-ocs3'-RB) (construction of pCGN594 is
described 1in European patent 0409628 published January 23,
1991) are digested with HindIII
and ligated together to yield the 32.8 kb plasmid pCGN1109
(LB~-Gent*-355-SSU+70-arocA-ocs3'~ocs5'~Kant-ocs3'-RB).

Plasmid pCGN1109 is digested with EcoRI to delete an
internal 9.1 kb fragment containing the SSU leader plus 70
bp of the mature SSU gene, the aroA gene and its ocs3’
terminator, the Ampr backbone from pCGN1l1l80 and ocsS'-Kant-
ocs3' from pCGNS594. The EcoRI digest of pCGN1109 is then
treated with Klenow fragment to blunt the ends, and an Xhol
linker (dCCTCGAGG) (New England Biolabs.; Beverly, MA) is
ligated in, yielding pCGN1125 (LB-35S-RB).

Plasmid pCGN1125 is digested with HindIII and BglII to
delete the 0.72 kb fragment of the 35S promoter. This
digest is ligated with HindIII- and BamHI-digested Camf
vector, pCGN786 (described in European éatent 0409628) .

The resulting
3.22 kb plasmid, pCGN1l128, contains the 35S promoter with a
3' multilinker in a Cam* backbone.

Plasmid pCGN11l28 is digested with HindIII, treated
with Klenow fragment to blunt the ends and ligated with
BglII linkers to yield pCGN1123, thus changing the HindIII

site located 5' to the 35S promoter into a BglII site.

Bc -:.*

i
ot »

» -4 §4~

Plasmid pCGN11l1lS is digested with Sall to remove a 1.6
kb fragment containing the SSU leader plus 48 bp of the
mature SSU gene and the aroA gene. An Xhol digest of

PCGN1129 opens the plasmid 3' to the 35S promoter.
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Ligation of these two digests yields the 4.8 kb plasmid
PCGN1132, containing 5'-35S-SSU leader Plus 48 bp of mature
SSU-aroA.

Plasmid pGlgA-2 is digested with BglIl and Sall and

ligated to pCGN1132 that has been digested with BamHI and

Sall. A clone containing 5° 355-SSU+48bp-glgA 3' is

selected and designated pCGN1439.

C. 9% da-je .‘ ® st-le » 0) 2 E

Plasmid pGlgC-37 is digested with Bglll and Sall and

Sall. A clone containing 5 358~-SSU+48bp-glgC 3' is

selected and designated pCGN1440.

Example 3 Cloning of Patatin Regulatory Roqiona'
and Preparation of Patatin-5'-nos-3°
Expression Cassettes |

This example describes the cloning of a patatin-§°
regulatory region from potato and the preparation of
patatin-5'-nos-3' expression cassette pCGN2143.

Genomic DNA is isoclated from leaves of Solanum
tuberosum var. Kennebec as descriped in Dellaporta et al.,
Plant Mol. Biol. Reporter (1983) 1(4):19-21), with the
following modifications: approximately 9g fresh weight of
leaf tissue is ground, a polytron grinding is not performed
and in the final step the DNA is dissolved in 3004l of 10mM
Tris, 1mM EDTA, pH 8.

A synthetic oligonucleoctide, patl, containing
digestion sites for Nhel, PstI and Xhol with 24 bp of
homology to the S5'-region of a 701 bp fragment (coordinates

1611 to 2313) 5' to a class I patatin gene, isolated from
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Solanum tuberosum var. Maris Piper (Bevan et al., NAR
(1986) 14:4625-4638), is synthesized (Applied BioSystems
380A DNA synthesizer). A second synthetic oligonucleotide,
pat2, containing digestion sites for BamHI and Spel with 25
bp of homology to the 3 region of the 703 bp piece is also
synthesized. -
Using the genomic potato DNA as a template, and patl
and pat2 as primers, a polymerase chain reaction (PCR) is
performed in a Perkin-Elmer/Cetus thermal cycler with the
manufacturer's reagents and in accordance with the
manufacturer's instructions. The reaction contains 62.5ul
H20, 10l 10X Reaction buffer, 16yl dNTP's [1.25mM dCTP,
dATP, dGTP & dTTP], ol patl (20mM), SOl pat2 (20mM), 1l
potato genomic DNA (3ug/pnl), 0.5l Tag“polymerase.: The PCR
is performed for 25 cycles with melting for 1 minute at
94°C, annealing for 2 minutes at 37°C and chain elongation
for 3 minutes at 72°C. The resulting PCR product fragments
(approximately 700 bp) are digested with Nhel and BamHI.
Plasmid pCGN1586N ('5-D35S-TMVAQ2'-nos-3'; pCGN1586
(described below) having a NheIl site 5' to the 35S region)
is digested with Nhel and BamHI to delete the D355~
fragment. Ligation of NheI-BamHI digested pCGN1586N, which

contains the nos-3' region, and the PCR fragments yields a

patatin-5'-nos3' cassette with Spel, BamHl, Sall and SstI
restriction sites between the 5' and 3 regions for

insertion of a DNA sequence of interest.

The S' region of a clone, designated pCGN2143 is

sequenced. Plasmid pCGN2143 has a Kennebec patatin~5"
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region that is 702 bp in length and 99.7% homologous to the
native sequence (as reported by Bevan (1986) supra) .

Synthetic oligonucleotides, patd and pat6, are
prepared as described above. Pat5 and paté contain
complementary sequences which contain the restriction
digest sites Nhel, XhoI and PstI. Pat5 and pat6 are
annealed to create a synthetic linker. The annealed linker
is ligated to pCGN2143 that has been linearized with EcoRI
and treated with Klenow polymerase to generate blunt ends.
A plasmid, pCGN2162 which has the following restriction
sites at the 3' end of nos is selected:

S'=ECORI-Nhel-Xhol-PstI-EcoRI.

®)89- o)) & * \ . 5 :o\

Plasmid pCGN2113 (6.1 kb) contains a double-35S
promoter (D35S) and the tml-3' region with multiple cloning
sites between them, contained in a pUC-derived plasmid
backbone bearing an ampicillin resistance gene (Ampf). The
promoter/ tml cassette is bordered by multiple restriction
sites for easy removal. Plasmid PCGNZ2113 is digested with
EcoRl and Sacl, deleting the 2.2 kb‘uml-B' region. Plasmid
pPBI221.1 (Jefferson, R.A., Plant Mol. Biol. Reporter (1987)
5:387-405) is digested with EcoRI and SacI to delete the
0.3 kb nos-3' region. The digested pCGN2113 and pBI221.1
DNAs are ligated together, and the resultant 4.2 kb
recombinant plasmid with the tml-3' of pCGN2113 replaced by
nos=-3' is designated pCGN1575 (5'-D35S-nos-3').

Plasmid pCGNi575 is digested with SphI and Xbal, blunt
ends generated by treatment with Klenow fragment, and the

ends are ligated together. 1In the resulting plasmid,
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PCGN1577, the SphI, Pstl, Sall and Xbal sites 5 of the
D35S promoter are eliminated.

Plasmid pCGN1577 is digested with ECoRI, the sticky
ends blunted by treatment with Klenow fragment, and
synthetic BglII linkers (d (PCAGATCTG) New England Biolabs,
Inc.; Beverly, MA) are ligated in. A total of three BgllI
linkers are ligated into the EcORI site creating two PstI
sites. The resulting plasmid, termed PCGN1579 (D35S-nos-
3'), has a 3' polylinker consisting of 5'-EcoRI, BglII,
Pstl, BgllI, PstI, BglIl, EcoRI-3'.

A tobacco mosaic virus omega (TMVE2') region (Gallie
et al., NAR (1987) 15(21):8693-8711) with BglIll, Ncol,

BamHI, Sall and SacI restriction sites:

Bglll | .
3 '=CAGGAGATCT TATTTTTACA ACAATTACCA ACAACAACAA ACAACAAACA

ACATTACAAT TACTATTTAC AATTACACC2 : ACGA 3
Ncol BamHI SalTl Sacl

(SEQ ID NO: 5)

is synthesized on an Applied Biosystems® 380A DNA
synthesizer and digested with Bglll and SacI. Plasmid
PCGN1577 is digested with BamHI and Sacl and the synthetic

TMVQ)' is ligated in between the 5'-p35S and nos-3"

regions. The resulting plasmid is designated pCGN1586 (5!~
D3SS-TMVQ'-nos-3"') . Plasmid PCGN1586N is made by
digesting pCGN1586 with HindIII and filling‘in the 5°
overhang with Klenow fragment, thus forming a NheI site 5"
to the D35S region. |
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pCGN2143 is also described in the international patent
application published December 26, 1991 under W091/19808.

S Example 4 Preparation of Binaxry Vectors
This example describes the construction of a binary
vector containing: (1) the patatin-5' region from Solanum
tuberosum var. Kennebec, (Z) DNA encoding a transit peptide
from soybean RuBisCo SSU protein, (3) 48 bp of DNA encoding
10 16 amino acids of mature RuBisCo SSU protein from pea, (4)

the glgA coding region from E. coli 618 and (5) the nos-3"
region.

A.

GlgA Construct

Plasmid pCGNZ2162 prepared as described in Example 3 is

15 digested with Spel and Sall, opening the plasmid between
the patatin-5° region‘and nos-3' region. Plasmid pCGN1439
(described in Example 2) is digested with Xbal and SélI and
ligated with pCGN2162-to yield pCGN1454. Plasmid pCGN1454
consists of 5'-Kennebec patatin-SSU+48-glgA-nos3'.

20 PCGN1454 1s digested with Xhol and treated with Klenow
polymerase to generate blunt ends. pCGNi557 is digested
with Xbal and treated with Klenow polymerase to generate
blunt ends. The fragments resulting from the digests are
ligated together. The transformation is plated onto ECLB

25 containing gentamycin, IPTG and X-Gal. White colonies are
picked and screened for ampicillin sensitivity. GentF,
Amp3 clones are analyzed and two clones are selected.
PpCGN1457 has the 5'patatin-SSU+48bp-glgA-nos3' inserted

into pCGN1557 such that it transcribes in the opposite
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direction from the 35S-KanZ-tml gene. pCGN1457B has the

S'patatin-SSU+48bp-glgA-nos3' inserted into pCGN1557 such

that it transcribes in the same direction as the 35S-Kan:-

tml gene,

S B. GlgC Construct

Plasmid pCGN2162 prepared as described in Example 3 is

digested with Spel and Sall, opening the plasmid between

the patatin-5' region and nos-3° region. Plasmid pCGN1440

(described in Example 2) is digested with Xbal and Sall and

10 ligated with pCGN2162 to yield pCGN1453. Plasmid pCGN1453

consists of 5'-Kennebec patatin-SSU+48-~glgC~nos3’.

PCGN1453 is digested with PstI and ligated to a Pstl

digest of pCGN1557. The transformation is plated as

described above and colonies are screened for ampicillin

15 sensitivity. Gent¥, AmpS clones are analyzed and one

clone, pCGN1455, is selected. PCGN1455 has the S'patatin-

SSU+48bp~glgC-nos3' inserted into PCGN1557 such that it

transcribes in the same direction as the 35S-Kan*-tml gene.

C. CLonatruction of pCGN1587

20 Plasmid pCGN1557 (McBride and

Summerfelt, Plant Mol.

Biol. (1990) 14(27):269-276) is a binary.plant

transformation vector containing the left and right T-DNA

borders of Agrobacterium tumefaciens octopine Ti-plasmid

PTiA6 (Currier and Nester, J. Bact.

(1976) 126'157-165);

25 the gentamicin resistance gene (Genf) of pPHlJI (Hirsch and

Beringer, Plasmid (1984) 12: 139-141), an.Agrabacterium

rhizogenes Ri plasmid origin of replication from pLJbBll

(Jouanin et al., Mol. Gen. Genet.

(1985) 201:370-374), a

358 promoter-Kant-tml-3' region capable of conferring
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kanamycin resistance to transformed plants, a ColEl origin
of replication from pBR322 (Bolivar et al. (1977) supra)
and a lacd' screenable marker gene from pUCl8 (Yanisch-
Perron et al., (1985) supra). The construction of pCGN1557

is also described in the international patent application
published September 19, 1991 under W091/13980.

Example S Preparation of Transgenic Plants

This example describes the transformation of
Agrobacterium tumefaciens with glycogen biosynthetic enzyme
gene nucleic acid constructs in accordance with the present
invention and the cocultivation of these A. tumefaciens

with plant cells to produce transgenic plants containing

the glycogen constructs.

4 B
® o A - {f {{l-—PN- -~ ¢

A. 1stTormatior 2

Cells of Agrobacterium tumefaciens strain 2760 (also
known as LBA4404, Hoekema et al., Nature (1983) 303:179-
180) are transformed with binary vectors, such as pCGN1457,
PCGN1457B and pCGN1l455 (as described in Example 4) using
the method of Holsters, et al., (Mol. Gen. Genet., (1978)
163:181-187). The transformed A. tumefaciens are then used

in the co-cultivation of plants.

The Agrobacterium are grown on AB medium.(KzHPOq 6g/1,
NaH2POg4-H20 2.3 g/1, NH4Cl 2g/1, KC1l 3g/1l, glucose 5g/1,
FeSOq4 2.5mg/1l, MgSO4 246mg/l, CaCl2 14.7mg/l, 15g/1 agar),
plus 100Ug/1l gentamycin sulfate and 100ug/l streptomycin
sulfate for 4-5 days. Single colonies are inoculated into

10ml of MG/L broth (per liter: 5g mannitol, lg L-Glutamic

acid or 1.15g sodium glutamate, 0.5g KH2PO4, 0.10g NacCl,
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0.10g MgSO4+7H50, l1ug biotin, 5g tryptone, 2.5g yeast
extract; adjust pH to 7.0) and are incubated overnight in a
shaker at 30°C and 180rpm. Prior to co-cultivation, the
Agrobacterium culture is centrifuged at 12,000xg forllo
minutes and resuspended in 20ml of MS medium (#510-1118,

Gibco; Grand Island, NY).

B. . AL 100 % 1 FPOTATO

Feeder plates are prepared by pipetting 0.5ml of a
tobacco suspension culture (~1050ells/ml) onto 0.8% agar
co~cultivation medium, containing Murashige and Skoog salts
(#510-117, Gibco; Grand Island, NY), thiamine~HCl (1.0
mg/l), nicotinic acid (0.5mg/l), pyridoxine HC1 (0.5mg/1),
sucrose (30g/l), zeatin riboside (S5HM) , 3-indoleacetyl-DL-
aspartic acid (3uM), pH 5.9. The feeder plates are :
prepared one day in advance and incubated at 25°C. A
sterile 3mm filter paper disk is placed on top of the
tobacco cells after the suspension cells have grown for one
day.

Tubers of Solanum tuberosum var Russet Burbank between
the age of 1 and 6 months post harvest.are peeled and
washed in distilled water. All Subsequent steps are
cd:riod out in a flow hood using sterile techniques. For
surface sterilization, tubers are. immersed in a solution of
108 commercial bleacn (sodium hypochlorite) with 2 drops of
Ivory® liquid soap per 100ml for 10 minutes. . Tubers are
rinsed six times in sterile distilled water and kept
immersed in sterile liquid MS medium (#1118, Gibco:; Grand

Island; New York) to prevent browning.

38 | PCT/US91/09654
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and slicing the columns into discs of the desired
thickness. Discs are placed into the liquid MS medium
culture of the transformed Agrobacterium tumefaciens
containing the binary vector of interest (1x107-1x108
bacteria/ml) until thoroughly wetted. Excess bacteria are
removed by blotting discs on sterile paper towels. The
discs are co-cultivated with the bacteria for 48 hours on
the feeder plates and then transferred to regeneration
medium (co-cultivation medium plus S00mg/1 carbenicillin
and 100mg/)l kanamycin). 1In 3 to 4 weeks, shoots develop
from the discs.

When shoots are approximately 1 cm, they are excised
and transferred to a 0.8% agar rooting medium containing MS
salts, thiamine-HCl (1.0mg/l), nicotinic acid (0.5mg/1l),
pyridoxine-HCl (0.5mg/l), sucrose (30g/l), carbenicillin
(200mg/1) and kanamycin (100-200 mg/l) pH 5.9. Plants are
rooted two times with at least one rooting taking place on
rooting medium with the higher level of kaqamycin
(200mg/1) . Plants which have rooted twice are then
confirmed as transformed by performing NPTII blot activity
assays (Radke, S.E. et al, Theor, Appl. Genet. (1988)
75:685-694) . Plants which are not positive for NPTII

activity are discarded.

Example 6 Analysis of Tubers from Transformed
Potato Plants.

In this Example, measurement of specific gravity in

tubers from transgenic potato plants is described.
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Rooted plants, transformed as described in Example 5,
are cut into five sections at the internodes and each
section is rooted again, also as described in Example 5.
The newly rooted plants are transplanted from rooting
medium to soil and placed in a growth chamber (21°C, 16
hour days with 250-300 ME/m2/sec). Soil is prepared as
follows: For about 340 gallons, combine 800 pounds 20/30
sand (approximately 14 cubic feet), 16 cubic feet Fisons
Canadian Peat Moss, 16 cubic feet #3 vermiculite, and
approximately 4.5 pounds hydrated lime in a Gleason mixer.
The soll is steamed in the mixer for two hours; the mixer
mixes for about 15 seconds at intervals of fifteen minutes
over a period of one hour to ensure even heating throughout
the soil. During and after the process of steaming,;the
soil reaches temperatures of at least 180°F for one hour.
The s0il is left in the mixer until the next day. At that
time, hydrated lime is added, if necessary, to adjust the
PH to range between 6.30 and 6.80.

The relative humidity of the growth chamber is
maintained at 70-90% for 2-4 days, after which the humidity
is maintained at 40-60%. When plants are well established
in the soil, after approximately two weeks, they are |
transferred to a greenhouse. In the greenhouse, plants are
grown in 6.5 inch pots in a soil mix of
peat:perlite:vermiculite (11:1:9), at an average
temperature of 24°C day/12°C night. Day length is
approximately‘lz hours and light intensity levels vary from
approximately 600 to 1000 PE/me/sec.
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Tubers from each plant are harvested and washed 14
weeks after transfer to the greenhouse. Immediately after
harvest, three to five uniformly sized tubers from each pot
are weighed and their specific gravity determined. In
determining specific gravity, the tubers from éach plant
are first collectively weighed in air and then collectively
weighed in water. Specific gravity is determined, where x
= the weight of tubers in air and y = the weight of tubers
in water, as x/(x - vy).

In general, the specific gravities of tubers from five
replicates of plants transformed with the glgA constructs
(PCGN1457 and pCGN1457B) and of tubers from control plants
are determined. Control plants include regenerated non-
transformed potato plants and transgenic potato plaﬁts
which lack the glgA constructs. Controls are subjected to
the transformation and regeneration culture and growth
conditions described above in production of glgA
transformed plants. To compare values from each tuber
sample, the specific gravity measurements are converted to
reflect & total solids content of tubers. Percent total
solids is calculated as (specific gravity) x (199.63) -
194.84 (Porter, et al., Am. Pot. J. (1964) 41:329-336).
Differences are detected in percent total solids as
determined for tubers from several of the glgA transformed
plants as compared to tubers from control plants.

Results are presented in Table 1 which represent
average specific gravity of tubers of 5 replicate plants,
except as otherwise indicated. Specific gravity

mneasurements were determined for three to five uniformly

PCT/US91/09654
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tubers from the replicate plants were then averaged to

determine average specific gravity (SpGr) of tubers for

each transformation event.

Values for one set of

transformed control plants (Tx) and one set of

untransformed/regenerated control plants (Rg) for each

construct are shown at the top of their respective columns.

Transformed control plants were transformed with a non-

carbohydrate-related gene.

Event 2pGxr
Controls
Tx 1.079
Rg 1.081
Transformed Plants
1457~ 3 1.073
1457~ 4 1.060
1457~ 6 1.076
1457~ 7 1.080
1457~ 8 1.077
1457~ 9 1.067
1457-=10 1.083
1457-11 1.065
1457-12 1.066
1457-13 1.080
1457-14 1.062
1457=15 1.064
1457=-16 1.068
1457-17 1.069
1457~-18 1.060
1457-19 1.069
1457-20 1.066
1457=22 1.068

Iable 1

controls
Tx

Transformed Plants

1457B-
1457B~.
1457B~-
1457B-
1457B-
1457B-
14578-10
1457B-12
1457B~-13
*1457B-15
1457B-16
1457B~17
1457B-18
- 1457B=-21
1457822
1457B-23 -
1457B=-24

w O ~J U b W

SpGT

1.083
1.077

1.062
1.075
1.073
1.066
1.066
1.063
1.075
1.065
1.058
1.053
1.075
1.053
1.068
1.081
1.067

1.069

1.068

*Only 4 replicate plants were available for these samples.

PCT/US91/09654
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It is readily apparent from the data presented in Table 1

that transgenic plants were obtained which produce tubers
having an altered specific gravity as compared to the

tubers from control plants.

Statistical analysis was conducted on the specific
gravity measurements of tubers from the 5 replicates of one
of the transformation events as compared to the specific
gravity measurements of tubers from two control events.

The event analyzed was 1457-4 which had an average specific
gravity of 1.060. The specific gravity measurements of
tubers from the individual replicates that were used to
calculate the average for this event were 1,059, 1.057,
1.067, 1.066, and 1.053. The specific gravity measurements
for replicates of control tubers were as follows. Tx (ave.
1.079): 1.076, 1.082, 1.073, 1.083, and 1.079. Rg (ave.
1.081): 1.076, 1.087, 1.083, 1.082, and 1.077. These
measurements were converted to percent solids as described
above and the percent solids values were used for
statistical analysis as follows.

A comparison of sample means was conducted on the

pexcent solids values calculated for the three events,.

1457-4, Tx and Rx, by calculating the t value (Student's ¢t)
and determining statistical difference based on a standard
table of values for t. (See, for example, Steel and Torrie
(1980) Principles and Procedures of Statistics: A
Biometrical Approach (McGraw-Hi;l pub.) Chapter S5 and Table
A.3). These analyses indicate a significant difference
between the average specific gravity measurements of

transgenic tubers as compared to control tubers at a
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confidence level of greater than 99%. The average specific

gravity measurements of the two control groups were not

significantly different.

Further analysis may be conducted on tubers from
5 selected pCGN1457 and PCGN1457B transformed plants and from
non~transformed controls (RB-43) to determine starch
content, amylose percentages and to elucidate chain length
distribution in the amylopectin component of the starch.
Starch granules are isolated as described by Boyer et al.
10 (1976) Cereal Chemistry 53:327~337) and starch content
estimated on a weight basis (starch wt/ fresh wt). Amylose
percentages are determined by gel-filtration analysis
(Boyer et al. (1985) Starch/Starke 37:73-79). Chain length
distribution patterns are determined by HPLC analysis as
15 described by Sanders et al. (1990) Cereal Chemistry 67:594-
602). Amylopectins are characterized by the ratios (on a
weight basis) of low molecular weight chains to high
molecular weight chains as described by Hizukuri
(Carbohydrate Research (1985) 141:295-306). Results of

20 these analyses are presented in Table 2.
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5 % % Low
High Low M.W./
Spec % % M.W. M.W. High
gonstruct Gravity Starch 2Amylose Chains Chains MW,
RB~43 1.081 17.1 23 33 66 2.0
10 1457-4 1.060 11.0 12 20 80 4.0
1457-17 1.069 14.6 24 28 72 2.6
1457-18 1.060 11.8 8 15 85 5.7
RB~-43 1.077 17.2 27 |
15 1457B-15 1.053 9.0 9 15 85 5.7
1457B-17 1.053 12.5 19 26 84 3.2
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The data presented in Table 2 indicate that tubers
from transgenic plants which have an altered specific

gravity, also have altered starch. the

In particular,
percentage of amylose in the transgenic potato tubers is
decreased. 1In addition, the amylopectin portioﬁ of the
starch from transgenic potato tubers haé more low molecular
weight chains and less high molecular weight chains than
wild type potato tuber amylopectin, thus indicating that
the amylopectin from transgenic tubers has more branch
points.

It is evident from the above results, that plant cells
ahd plants can be produced which have improved properties
Or may produce a desired product. In accordance with the
subject invention, it is now seen that glycogen
biosynthesis enzyme sequences may be introduged into a
plant host cell and b§ used to express such enzyme or
enzymes or to modify native starch precursors. Moreover,

it is seen that such enzymes demonstrate biological

~activity on plant starch precursors resulting in a
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demonstrable phenotype in planta, namely altered specific
gravity. In addition, the activity of glycogen
biosynthetic enzymeé in plants has been shown to result in
starch having altered properties, in particular altered
ratios of amylose/amylopectin and altered distribution of
low molecular weight chain lengths to high molecular weight
chain lengths in the amylopectin fraction. 1In this manner,
plants, including plant cells and plant parts, having
modified starch properties may be obtained, wherein the

modified starch has unique and desirous properties.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity and understanding, it will be readily apparent
to those of ordinary skill in the art in 1light of the
teaching of this invention that certain changes and
modifications may be made thereto without departing from

the spirit or scope of the appended claims.



CA 02084079 2007-08-31

47

WHAT IS CLAIMED IS:

1. A nucleic acid construct comprising a sequence encoding a bacterial glycogen

synthase enzyme, for use in plant transtormation.

2. The construct of claim 1, further comprising one or more endogenous plant
sequences selected from the group consisting of:

(a) a plant plastid transit peptide encoding sequence joined to said glycogen
synthase encoding sequence so as to encode a fusion protein, and

(b) a plant transcriptional and translational regulatory sequence,

wherein if the regulatory sequence is present, it is operably linked to the sequence encoding

the glycogen synthase enzyme.

3. The construct of claim 2, wherein said regulatory sequence is from the

regulatory region 5' to a patatin gene from Solanum tuberosum.

4, A nucleic acid construct comprising in a 5'-3' direction of transcription, a
transcription initiation region, a translation initiation region, a plant plastid transit peptide
encoding sequence, and a sequence encoding a bacterial glycogen synthase enzyme, wherein

said transcription and translation initiation regions are capable of functioning in a plant cell.

3. The construct of claim 4, wherein said transcription and translation initiation

regions are from the regulatory region 5' to a patatin gene from Solanum tuberosum.
6. The construct of claim 4 or 5, further comprising a transcription/translation

termination region capable of functioning in a plant cell, 3’ to the sequence encoding the

glycogen synthase enzyme.

7. The construct of claim 4, 5 or 6, further comprising a T-DNA border.

8. The construct of any one of claims 1 to 7, wherein the sequence encoding the

glycogen synthase enzyme comprises plant preterred codons.



CA 02084079 2007-08-31

48

9. The construct of any one of claims 1 to 8, wherein the sequence encoding the

glycogen synthase encodes an E. coli glycogen synthase.

10.  The construct of claim 9, wherein the sequence encoding the glycogen

synthase is a gigA gene from E. coli.

11. The construct of claim 10, wherein the E. coli 1s strain 618.

12. A cell comprising the construct of any one of claims 1 to 11.

13. A plant cell in which a construct according to any one of claims 1 to 11 is

expressed.

14. A plant cell comprising an E. coli glycogen synthase enzyme.

15.  The plant cell of claim 14, wherein said enzyme is present in an amyloplast.

16.  The plant cell of claim 13, 14 or 15, wherein said plant is selected from the

group consisting of corn, sorghum, rice, potato, tapioca, cassava, arrowroot and sago.

17 The plant cell of claim 13, 14 or 15, wherein said plant is a cereal grain plant.

18. A method to obtain a potato tuber having a modified starch composition,
wherein said method comprises selecting and growing a potato plant, under conditions that
will permit the formation of a potato tuber, wherein the potato plant comprises a nucleic acid
construct comprising transcription and translation initiation regions operably linked to a
plant plastid transit peptide encoding sequence and a sequence encoding a bacterial glycogen

synthase enzyme, wherein said transcription and translation initiation regions are capable of

functioning in a plant cell.

19.  The method of claim 18, wherein the transcription initiation region is from a

patatin gene.
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20.  The method of claim 18 or 19, wherein the sequence encoding a glycogen

synthase enzyme is from an E. coli glycogen synthase gigA gene.

21.  The method of claim 20, wherein the gigA gene is from E. coli strain 618.

22. The method of any one of claims 18 to 21, wherein said moditied tuber has an

altered amylose to amylopectin ratio as compared to that of a control starch storage organ.

23.  The method of any one of claims 18 to 22, wherein said potato tuber
comprises modified starch having an altered ratio of low to high molecular weight chains in

the amylopectin fraction of said starch, as compared to that of a control potato tuber.

24.  The method of claim 23, wherein said altered ratio represents an increase in

low molecular weight chains in the amylopectin portion of said starch.

25.  The method of claim 24, wherein the amylopectin fraction of the starch in

said potato tuber has a ratio of low to high molecular weight chains of at least 4.0.



PCT/US91/09654

WO 92/11382

RCEE079

0b§

08F

0CP

09¢

00t

1] X4

081

0c1

09

VI "Old

OLYOVYILYIVY DOIVLLIIOL YI99YWYILVL

D0990I2LOID

LYOOLIDLOL

DO9OLIOOLOY

DIJ0OWYOOD

IVYLLYOLOOD

D09L¥ODDIOYD

DOIDVYOYIOD

LLIDLIDDDD

DO09IDI99D ODLILYIONID

YOLOJLODOD LILLYIIOVD
OOLLLLODOL ILVYIOOVWYIOVD
QOLIIJLVOLY LOLOLYDOID
LLOLLOLIOD YOLYIYDOVOD

LOJIJ9LODI9 DLIVILYHIID

IR AL L0)405) ORRIONIOL AMA f010

LLOLYIOVOVD LIOLYIOLYD

DI9DOLIIDVYY YOIIDLOWLL

LIDIIILLID DIVWOILYIID

LLIOIOIOOVD DDOLVYVYOVO

QOYILYLODOL LIVLLOYVYOO

9D9IVOLIVY IJOVIIIVDS

JOVIOLLOIDYL YOLODLOIDD

LLLYOOLIDD LLOLOVYIOOO

999OLIYLIOL VOLO99LIOLO

YLLLLOOYDD LY¥YIL¥ODOVD

LOLOIDDLOVY

LOVYOIYIODD

wawhhwwﬂh
VLVYOOVOLYL
ILLIIIOOVY
BGHQGHQOQU.
JLIOOVOLLO
DOIOJOVNVYY
VYOV LOLYO

] 2ad R E 6



PCT/US91/09654

W0 92/11382

<L52079

080T O99LLVDYIDL LO9D999IO9V

020T

096

006

0pr8

08L

0ZL

099

009

DLOILIDDIL ¥OI9990909

VYLLOJOYYOD LOOLO9LIOOVY

LLIODOJDLOVY YYILVOIDVOLL

DOIVYVY.LVYOV V¥DOLLOOVLIY

LIVYOOLOLYY ¥YOUVDIVOOL

OYOVYVYIOLLYD LOLOOYVYOOL

QOVYYIILOYD LO9D99IVILL

YVYOWYDIOOWVD LIVYOOLIO99

g "Old

Uﬂkuoooma YYOODIOVYIID
DILOYLIOODD DLIOVIIIOD
O0LIOLOOYYY OVIIOVWIIVO
andaaowwo DLYVIOOILVY
DI9IDIYIVL LOIOILIOIOD
DIVIIWVILO YILOIODIILIL
YLOOOWLIOD LILOWOOIOVW
VYOVYOULVYOOID J1IV¥LOVIOLOL

OLYOLLYLYY LLLOLLYOLO

J9ODDLLIDL

DOOYOIOVOIL

LILIOIIVYIL

YOVY.LLOYOOO

LLIOLOYLLOY

LDI90999WY

WOIOVYILVYOVY

DODDIOVVYOL

OLVIIOLLVY

LIOOYYOOND
21ID19990D

DOLIOVIILLL

JOVVILVVYVYD
MUOﬁU«QﬂOU
DLIIOVILOD
DVOILIOOVYL
IILLLILOLY

JILYIOVILVYY



It "Old

PCT/US91/09654

POPI | VYO0 LOVYOLLLLOY ILYYYODLO9D
-t OPP1 LYLOVLLLOD V¥OLOJODVILIOD ILOVYDID9D9D9 IJI99VIONOLD Qdﬁaaamwwh YYIOOLYLOO
08ET OVOLODYVIO ILOLLLO9D9D IOLOWILLID 1920219919 IOVIOLLLLD QHUUQQUHhﬂ
0CET LODODIJWLLO LIODJL99LIOD OLVVIOVIYD VVOLLIIIOL LI999I9YID 9II9D99IVO
0341 ¥ODLLODVWYD ¥OLIOLOLLIY IJOVWHIOILLO 9OWIVOLIOL 1099919900 ¥I9I990915
0021 YLILODODLIOD JVLOODVIOV WOLIVOOIVI IILOVVIOIVY LIDO99391I9D IVVOLILLILIOD

OFPTT DOOWODD9L99 LOLLVDLOOY 9909099099 9IVIIVIOIL VI9ILLLIVD OVVOIVILIVL

W0 92/11382



PCT/US91/09654

WO 92/11382

nag

STH

08
IAL

ElY

by

elvY

e1Y 8ayd bay na7 Tea

56

IAL, oxgd xag Ao

9TI AT TeA AT1O

ayd ayl dsvy bay

9TI dsy oxg ayd

911 UTD BV elvy

G1

0TI

0¢

Gb

09

V¢ "Old

0xd

SL

usy

bay

eTvY

(o3 &

UsyY

06

bxy

IAL

I3G

Odd

R |

0T

Iyl sA7T naT na7 oxg 9ayd 1AW

GOT
dsy

dsy

STH

TEeA

no]

G¢
elv

afo

1YL

IAL

TeA

ob
nag

199G

AL

na

oyd

GS

uto

TeA

°11

Sk)H

BTy

STH

OL
naTg

elv

TeA

TeA

°Ud

S8
oxd

naTq

dsy

elv

dsy

STH

001

NS T USy

Iyl dsy

eIvY dsy 971 naq

1YL 3TI

IYL TeA

0c

eIV neg]

GE
dsy t1eA

69
STH AT9

0S
AT9 bay

AT9 dsy

AT9 A19

I

Nl TeA uid JLaAW

or-vo1o



PCT/US91/09654

WO 92/11382

2082079

2ud

°oTI

Usy

dsy

09T
A19

01 g

Uto

STH

9Ud

GLT
usy

IUL

elv

oUd

0xg

dsy

061

D,

LW

ayd

o

S0C
elv

nag

STH

TBA

na1 A19

YAl

oxg dsvy

022
Yz

IAJ

STH

198

ovl
elvY

8¢ "Oid

911
IA]L

STH

elvY

GG1
SAT

STH

na37 AT1S

ngo

nag

°T11I

OLT
IAL

elv

dx]

I9Q

G8T
usy

o°yd

Oodd

dsy

eV

eIV
00¢
eTv
°yd
LAN

bxy

STH

0Ct
LAN

G1¢

IAY 1Yl

SAT noq

ayg 19s

AT uyd

ATD bay

GEl

eI¥ STH

ngo efv

0S1

0Ig 198

aydg x9S

dxl o0xg

91

2kl ey

elvY efv

TeA TeA

081

G6T1 -
°TI uTd

Q9T ufld

naT USvY

N7 IAg

012
TeA erv

Otl

YL

°11

STH

[ J

Sh1
eIy

dsy o0x3 bay

G1IT

AT9 TeA dag A19 noq



PCT/US91/09654

WO 92/11382

2032079

J¢ "9l

GEE Ott GCE
ngo ulod nd1 TeA oxg dsy ATO erv A9 naT na eiv naT uro A19 A9

0cCt G1E 01¢ : GO0¢
U9 NI a7 naT ATH 0xd naT eIy N9 nag [eA noT dsy naq AT19 siq

00€ G62 . 062
ur9 I35 IYJg, na7 bay I35 TeA TeA eIV ayd naT oxd teA sAT dsy dsy

G8Z 08¢ GLZ
TeA SAT naT AT9 JIIW BTV OTI uTH naT ur9 bay sAT usy nio eiy si1

0L G9¢ 09¢
ds¥ n19 nd7 1yl dsy bay iyl xA1 Hay 19g e1y na naq nag dsy Iyg

QG<¢ 0S¢ Sve
n{o o0xg 135 dal 911 SAT ur9 dsy TeA A19 usy nag TeaA AT9 I98 naq

1] 24 GET 0€Z . G2
bay A19 n19 bay STIH bay uro urd naT naT A19 n19 IAH A19 ILL erv



PCT/US91/09654

W0 92/11382

d¢ "Oid

Svb ovv
dx], neT I18g o0ag bay i1as dil noT TeA ayd erv bay

Ot P XA 4
Na7T NaT 198 da] ey usy i3g dsy aro ayd IeA 24d

G1? OTb 1] 4
AT9 dsy el¥ naT usy nio naT 195 sAH dsy 199 TeA

00F G6¢t 06t
A19 A19 aylL bay bay TeA naT oxg nag ayl A1 xAg

08¢ GLE
NaT ur9 Iyl naT AT9 sA) oxg n19 aydg bay i18g oxg

G9¢g 09¢€
dsy etv A19 419 13W o711 bav STH I3S ayd eiv nio

0G€E ShE
UTO TeA ATD Tea uro 419 oxg 141 a9 eyv eV efv

GSEP

bay 311 e1v bay

YA,
A1S

4L

SAT

TeA

STH

0t
elv

195 BIV TBA

dsy ety noq

G8€
naT A19 141

OLE
na97T 911 T°eA

GGt |
IAL A19 o711

noT 9ayq A1o




PCT/US91/09654

WO 92/11382

2C5207

3¢ "Olid

GLb OLVY G9¥
SAT 138 bay a4l 1AL naT ni9 Bbay i1Lk] 195 SAT eIV eIV

09¥ GG 0S¥
[eA UTH dxl 19§ ayq dsv IEW BTV IIW BTV UTO Bay uro Tea ayd bav



PCT/US91/09654

WO 92/11382

2052079

88¢

0b<c

co6l

A'A!

96

8V

aygd
OLI

SL
IAL

Y L

198G
LIL

014
900

ATO
L6

06

oyd

RONMF

Uuio
)40

naT
OLO

198
4O RF

14l
920) 4

elvY
009

dx] AT19
99L 299

9T1I TeA
LY OLO

GG
?yqg dsvy
LLL J¥9

Ob

SAT eIV bay sAT
YYY YOO YOO 9OVYVW

G2

elY 03T 3TI N9
D00 OLI YILVY 91O

01

Ve "Old

bxy
29D

0L
ATO
D99

o911
ILY

Uusvy
LYY

elv
0D

G8
uto
)48,

LIN
QLY

911
Ll

YL
o))

TeA
LLO

91I STH UtdD
LLY OVO OVWO

bay bay o711
LOO LIJ OL¥

0S
baxy ayg sA1
290 211 9SWW

GE
na7 dsy sSAq

YLl LYD OWVY

0¢
1938 SAT ndq

LOL VV¥Y OLL

S

TEeA
ILO

G9
K19
999

A19
I99

naTg
OLO

oxg

08
naTq

OLO

198
JOL

AT9
099

J90

nog
OLO

1

LI n9T STH dsy usy SAT n19 naT 19§ TeA IAK
9LV ¥YIL JOWD IWD OVV OVV OVO VII IOV IIO OIV VIVOD SVOOVIOLVO

1YL
LOVY

usv
9) 4 4

o°ud
ILd

Ul
JOVY

Gl
utd
OO

STH
IO

°11
ILY

STH
8) {0

1]
AT9

JO0

I35
DI

SA)

JOL

SP
TeA
| 889

by
LOO

ey
JJ9

Uuid
9¥O

09
usvy

9} 4 |

elv
JID

A19
v95

naq
OLlL



PCT/US91/09654

WO 92/11382

2052079

Q8T
dsy usy nyo dsvy
9LS LYO O¥YVY S5Y¥9 IV¥9
OLT
Oold TeA Oxd LIN
8ZS D00 Y19 ¥ID S1IV
GG1
dsy 9T1I naT I9H.
08%¥ LYO OLY LILD S51LV¥Y
NaT STl TBA TeA
AN 2LJ OIY 9519 519
021
Uuid XYL TeA elvw
A RS YYO DJO¥ D219 939
GOT
bay uro uro elv
9¢ €

TBA
LLO

siA)
LOL

bay
LD

Gel
IAZ,

IV L

dsvy

gt "Oid

BIY LdW TeA AT9 9ayd elv

081

JOD DLY LLO 099 LLL YOI

BIY TeA IYlL SAD bay elv

GI1

LOD LLO J0¥ D91 19D YOO

0ST
I35

DIL

ard
YO

ety

LYD YOO

SP1
IAL dsy utro siAq 1%

OVL OVO YWD OVV DVL

OtT
eTIVY s&1 1&A3] bay bay
90D WYYV JIV¥I 19O 090

GTT
IYyr A1 bay x4l dag
J0¥ 099 090 IVI 991

00t

013d ndT na7 dsy TeA ayg nro

YOV OVD DV¥O W09 ¥ID 91D 9ID IWD I19 IIXI S5V

I3S
IOl

091
ATS
299

o1
JLY

o711
LY

GLT

elv Q1d 1o

JI0D WWO

SATT uro.
A\ AL A D

STH dsy
I¥D J¥O

911 dsv
LI¥Y DJUO

011

LA B,

TeA
QLo

ATS
299

YA
no]

LD

nto K19 sAq
VVD 999 WV

56

13H 019 nro
OIN WVO WO

°1I
L

STH
YO

OFT
elv
D99

usy
) 4 4

uUsyY
LUV



PCT/US91/09654

WO 92/11382

)
At

2032079

918

89L

0CL

¢LY

XA

dsy x138%
OV D04

0S¢
elv¥Y uido
D200 YYD

GEd

Usvy Qaid
OYY DVD

dsy aug
OV LLL

Old LIN
900 OL¥Y

G9¢
uto
YO

YL
o) 's

dsy
LYO

TeA
QLD

TeA SAD
¥YLO O0L

9TI SAT
JLY OVVY

baiy dsy
290 LY9

GI¢
IAL °T1

IVYL OLV

00¢

. 2¢ DI

I9S
LOd

0xd
DO

0t
dsy

IO

AT9
199

I9S 01g 0ad USY
YOl 9530 900 IO¥Y

naT oxd ayd oxd STH
JLD 903 JLIL 92D I¥O

=3 X4

9TI naT dsy SAT Ao
LI¥Y OLL IVD ¥YVY¥ D99

09¢

GC¢

n{o a1d naT adT ard

YYD YYD 9OLO 91O Y¥O

01¢

1V
D00

1] XA
°yd
LLL

IA],
LY L

LA I9S eIV NaT 198 SATq
QLY LOV¥ 909 91D ILIOI WYV

G61

GG¢2
IAL

LYL

dsy
9} {9

na’g
DL

198
JOVY

eTy- na7 A19

JI9

STH
o) {0

IAJL
LY.L

013
204,

061

eI¥Y 01d sAT nT9 TeA ayd nio o111
L9 13D VY¥Y ¥¥9 119 DIl ¥v¥9 J1IV

LD 4O

I9S 198
DOV OO0l

022
dsy efv
Y9 209

G0Z¢
dsy uswy
LYY OVVY

9TI SAT
LLY YVV




PCT/US91/09654

WO 92/11382

<LEL079

POTIT

9G0T

800T

096

AN

98

09t

dsy a1I dsy si&)

LD

uto
)40

usy
Y

S1¢
oxd

YOO

LHN
LY

IAL

L LY

TBeA
OLO

0€€
naT

LLO

0xd
D00

dsy
LY

elv

OYO DIl

GhE
TEA TBA
OLD DLO

AL LiNW
JOY OLVY

naT 139
YLL YOl

na7 nio
QLD WYI

082
nTo nafq

OYL LOD WYO 91O

ayg 19s

L.,

199
904

ATS

0909

atd
LA,

G6¢
o0xdg

JII

YL
370 4

as o

YOl

AT19
L99

STH
OVD

O1¢
usy

LYY

TeA
919

ATO
L99

usvy
LYY

13S
QIL

GCE
198

) 4

AL
OYL

TeA
DL

TBeA
OLO

TeA
DL

Ove
°T1
QLY

AT
199

11Ul
010 ) {

b £1s
LOL

dsy
LYO

0G¢
naq

OLO

GGE
bxy

290

I38
901

b =1
JIL

oyd
OLL

TBA
Db

TeA

LLO 090

Gte
X198

JOL

na
OLO

199
YOl

TBA
LLO

dsy
) £

A1S
199

sSA)
L9L

TeA
919

0ct
utod
OO

dsy SAT

LD

ayd
OLL

eV
909

1A
JLO

138

AL IIO

00¢

S0¢
9TI o0a14d
LL¥Y ¥OD

by

JII o) A F

JO0 I¥D

IOL

G82Z
sAT

06c

eTv
939

ey
D09

ILI

OO

0LC
eTvY dsvy
J09 ILV¥D

GLC
bay dxg

J90 90L&

0xg nrod
000 OVD

IAL
IVL

ox1d
DI



PCT/US91/09654

WO 92/11382

3¢ "Oid

Ot v

bay n1o

€ZET | OVOIL 999VIOIVYI V9D HVO

GZh 0Zb
STH AT9 nd7 sAT bay na7 LAW 1o bay
962T IX¥YD 999 YIL 9YV 990 VIO 9LV V¥O 29D

*

OTP SO
nyo a8s bay ah5 aydg bay bay eyy dsvy

8PCT YYD YO&L ILOD IV¥L JLI I9D 190 ¥09 1I¥9

G6 € 06¢
TeA LIW AT9 nT19 0xg 9TI TeA sL) elv
002T 919 91V 299 Y¥YD 920 LIV ILI9 Iol I)DS

SLE
na7 bay sdA) 1395 bay A1 Tea daxl TeaA
CSTIT 91O 19D I91L 901 290 I9D9 Y19 991 YISO

I4L
90 ) 4

aid

L9

OLE
1o

Q1v
TeA 09T TeA 911
YLD DL 94D OLY

00b
n1d elv usy nd
OVD YOO DVY WYV

S8t
dsy oTI TeA s&D
IV J1L¥ D19 D91

013 N3T m3T TeA
900 VIL 9IL VIO

2

uto sdiq
OVD WYY

AT9 uro
299 W¥O

AT9 o111
199 LIV

08¢
bay bay

JO0 0290

G9¢
eTv¥Y x9S
JJ9 DI



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings

