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ABSTRACT

The present invention provides a novel method for the transduction and/or transfection of plant cells.
Cell-penetrating peptides (CPPs) have been successfully employed as nanocarriers to deliver proteins

and oligonucleotides to single plant cells which are gametophytic cells, such as microspores, to yield

genetically engineered plants.
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NANOCARRIER BASED TRANSFECTION AND TRANSDUCTION OF PLANT
GAMETOPHYTIC CELLS

FIELD OF INVENTION

[0001] The present invention relates to novel methods and compositions for

transformation of plants using cell-penetrating peptides.

BACKGROUND OF THE INVENTION

[0002] Traditional plant breeding strategies to develop new lines of plants that exhibit
particular traits are time consuming and sometimes unpredictable. More recently,
the development of methods for plant genetic transformation and the growing
identification and availability of useful genes and their products has opened the door
to rapid development of plants expressing desired traits. However, there remains a
need for improved methods. Existing strategies, such as Agrobacterum — mediated
transformation and particle bombardment depend heavily on the tissue and
genotype. Cell penetrating peptides (CPPs) are a novel and fast growing class of
short peptides that are known to play an important role in translocation of a wide
range of cargo complexes including proteins and DNA across the bio-membranes in
mammalian and human cell lines (Schwartz and Zhang, 2000; Langel, 2002; Vives,
2002)).

[0003] The HIV-1 TAT protein transduction domain (PTD) is one of the most well
studied translocating peptides. Recent reports have shown the potential of TAT-
PTD and its oligomers for plasmid delivery by forming a complex with the negatively
charged DNA in mammalian cells (Ignatovich et al, 2003; Rudolph e al, 2003;
Siprashvili et al, 2003; Hellgren et al, 2004). Other peptides that have been shown to
have translocating properties include pVEC, transportan, penetratin, pep-1 peptides
and fragments thereof.

[0004] Some of the prior art relating to CPP mediated translocation is discussed
below. United States Patent Application 20040121325 describes a method of
producing recombinant plants or plant cells which express a sequence coding for a

protein having xylosyltransferase activity or being complementary thereto.

[0005] PCT Application WO2005117992 discloses a composition for controlled

delivery of a compound into a target cell. The composition comprises a celi-
-1-



CA 02693525 2009-12-04
WO 2008/148223 PCT/CA2008/001112

penetrating peptide, a cell penetrating peptide inhibitor, a compound, and a cleavage
site where the peptide inhibitor inhibits translocation activity of the cell penetrating
peptide. Cleavage at the cleavage site by a cleaving agent disinhibits the cell
penetrating peptide and the disinhibited cell penetrating peptide is capable of
translocating a compound into a target cell. This application does not, however,
disclose transformation of plant cells.

[0006] United States Patent Application No. 2005/0260756 discloses a membrane
permeable complex for facilitating delivery of a double-stranded RNA molecule into a
cell. The complex comprises a double-stranded RNA molecule and a cell-
penetrating peptide with a covalent bond linking the double-stranded RNA to the cell

penetrating peptide. The disclosure is limited to the transformation of neuronal cells.

[0007] Unnamalai et al. (FEBS Letters 566 (2004) 307) disclose the use of a cationic
oligopeptide polyarginine for delivery of dsRNA for post-transcriptional gene
silencing.

[0008] While CPPs have been shown to facilitate cargo delivery in mammalian cells,
the use of CPP in plant cells for transfection studies has been limited by a number of
factors. A major obstacle to adapting this technology to plants is that, unlike animal
cells, plant cells present a dual barrier system (cell wall and plasma membrane) for
the internalization of CPPs and their cargos. Therefore, CPPs must overcome these

two barriers for efficient translocation.

[0009] With the ever-growing information from the plant genome-sequencing projects
there is an urgent need for the development of a fast, universal (tissue/genotype
independent) method in plants for functional genomic studies of a wide array of

genes and for the development of transgenic plants expressing desired traits.
SUMMARY OF THE INVENTION

[0010] The present invention addresses the need for novel methods for gene and/or
protein delivery to plant cells. Cell penetrating peptides are used to deliver the

desired cargo to the interior of a plant cell.
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[0011] In one aspect of the invention there is provided a method for the delivery of a
cargo moiety to a plant cell. The method comprises exposing a plant cell to a
complex comprising at least one cargo moiety linked to a carrier moiety. The plant
cell is preferably a somatic cell or a gametophytic cell.

[0012] In one preferred embodiment the carrier moiety is a polypeptide that has cell
penetration and nucleic acid binding properties. In a further preferred embodiment,
the carrier moiety includes a nuclear localization signal.

[0013] The carrier moiety may be selected from the group consisting of HIV tat,
PVEC, transportan, penetratin, Pep-1 peptides and fragments thereof. Other carriers
having cell penetrating properties may also be used in the methods of the invention.
In a preferred embodiment, the carrier moiety comprises the protein transduction
domain (PTD) of tat or a fragment thereof, preferably amino acids 49 to 57 of HIV tat.

[0014] In one aspect of the invention the cargo moiety comprises a nucleic acid. The
nucleic acid may comprise mRNA, tm RNA, tRNA, rRNA, siRNA, shRNA, PNA,
ssRNA, dsRNA, ssDNA, dsDNA, DNA:RNA hybrids; plasmids, artificial
chromosomes, gene therapy constructs, cDNA, PCR products, restriction fragments,
ribozymes, antisense constructs or combinations thereof. In one preferred
embodiment, the nucleic acid is DNA. In another preferred embodiment, the nucleic
acid is RNA.

[0015] In another aspect of the invention, the cargo moiety is a polypeptide. In one
preferred embodiment, the polypeptide encodes a protein that aiters the cell
metabolism. The protein may be an embryogenesis related protein or active domain
thereof. The protein may be a polypeptide associated with homologous
recombination or an active domain thereof.

[0016] In an alternative aspect of the invention the cargo moiety also includes a
combination of additional polypeptide and/or nucleic acid.

[0017] In a preferred embodiment of the invention a somatic plant cell is pre-treated
with a cell-permeabilizing agent to facilitate internalization of the complex. A

preferred permeabilizing agent is toluene.
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[0018] In addition to the methods of the invention, the invention also provides a
complex for mediating transport of an active substance into a plant cell. The complex
comprises a cargo moiety linked to a carrier moiety wherein the carrier moiety can

drive the complex into a plant cell.

[0019] In preferred embodiments, the cargo moiety is a nucleic acid and the carrier
moiety includes a nuclear localization signal. In another embodiment, the complex
comprises a fusion protein consisting of cargo moiety and the carrier moiety. A
marker protein may be included to track internalization of the complex. Various other
types of proteins, such as a protein associated with site directed integration or an

embryogenic protein or active domain thereof may be included in the complex.

[0020] In another preferred embodiment, the method includes the addition of a
transfecting agent, such as lipofectamine.

[0021] The invention also provides transgenic plant seeds and isolated plant cells
produced using the methods and constructs of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other features of the invention will become more apparent from the

following description in which reference is made to the appended drawings wherein:

FIGURE 1 shows the effect of permeabilization on translocation of a fluoresceinated

complex in accordance with an embodiment of the present invention;
FIGURE 2 demonstrates uptake of Tat in microspores;

FIGURE 3 demonstrates the efficiency of various CPPs in permeabilized
embryos;

FIGURE 4 illustrates uptake of a Tat-GUS complex in permeabilized embryos;
FIGURE 5 illustrates uptake of a Tat2-GUS complex in permeabilized embryos;
FIGURE 6 illustrates uptake of a Pep-1-GUS complex in permeabilized embryos;

FIGURE 7 illustrates uptake of a Pep-1-GUS complex in microspores;



FIGURE 8 demonstrates gus gene expression in permeabilized embryos;
FIGURE 9 shows plants from microspores treated with a Tat-DNA complex; and
FIGURE 10 illustrates the effect of lipofectamine on gus gene expression.

FIGURE 11 shows the effect of different treatments of CPPs in the absence and

presence of permeabilizing agent.

DETAILED DESCRIPTION

[0023] Delivery of foreign nucleic acids or polypeptides across the cell entry barriers
of plant cells is difficult. The chances of success can be enhanced by treating the
plant tissues with cellular permeabilizing agents such as toluene (Mahalakshmi et al,

2000); however, the rates of transformation remain low.

[0024] The present invention provides a novel method for the delivery of a cargo to
plant cells. The cargo may be a nucleic acid molecule to be expressed in the target
cell or it may be a polypeptide. The cargo may include a marker to track delivery into
the plant cells.

[0025]In the methods of the present invention, the cargo is linked to a cell-
penetrating peptide (CPP), also referred to herein as a “carrier” or “carrier moiety”.

The carrier is complexed with the cargo and carries the cargo into the cell.

[0026] Briefly, a complex comprising a carrier moiety and a cargo moiety is prepared.
A carrier moiety is an agent that can transverse a plant cell membrane and/or cell

wall.

[0027] Preferred carriers for use in the present invention are cell penetrating peptides
(CPP). CPPs that are useful in the methods and complexes of the invention include,
but are not limited to HIV tat, pVEC, transportan, penetratin, Pep-1 and fragments
thereof.

[0028] The cargo moiety may be a nucleic acid or a polypeptide. Examples of nucleic
acids which may be coupled to the carrier include mRNA, tm RNA, tRNA, rRNA,
SiRNA, shRNA, PNA, ssRNA, dsRNA, ssDNA, dsDNA, DNA:RNA hybrids; plasmids,

->-
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plasmids, artificial chromosomes, gene therapy constructs, cDNA, PCR products,
restriction fragments, ribozymes, antisense constructs or combinations thereof. In
one preferred embodiment, the nucleic acid is DNA. In another preferred
embodiment, the nucleic acid is RNA. Examples of polypeptides which may be
complexed with the carrier include any protein or polypeptide fragment thereof. For
exampie, the protein may be an agent that modifies the phenotype of the plant or
plant cell. It may be a protein that confers resistance to certain pests or herbicides.
The polypeptide may also encode a protein that alters cell metabolism, such as an

embryogenesis related protein or a protein invoived in site-directed integration.

[0029] The carrier-cargo complexes of the invention can be formed in various ways
by covalent and/or electrostatic linkage. Also, a complex can be made of

combination of CPPs and cargoes e.g. DNA coated with RecA complexed with Pep-
1.

[0030]In a preferred method of the invention, the cells are first treated with a
permeabilizing agent. Surprisingly high rates of transfer can be achieved by
combining permeabilization techniques with the use of CPPs. The: permeabilization
treatment results in transient pore formation in the plasma membrane which can aid
in translocation of CPP alone or as a carrier-cargo complex by overcoming size
restrictions imposed by the cell wall and membrane. However, it should be clearly
understood that pretreatment with a permeabilizing agent is not required for all types
of plant cells. For example, microspores can be efficiently transformed using carrier-

cargo complexes without any pre-permeabilization step.

[0031] Various types of permeabilizing agents can be used to enhance translocation
of a carrier-cargo complex. A permeabilizing solution comprising toluene and
ethanol has been shown to be particularly effective.

[0032] The results of several exemplary experiments are shown in the attached
Figures to demonstrate the efficacy of the methods and compositions of the

invention.

[0033] Referring now to Figure 1, a series of photomicrographs that demonstrate the
effect of permeabilization are shown. The translocation of fluoresceinated TAT-PTD

in immature embryos of Triticale cv AC Alta was visualized by fluorescence
-6-
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microscopy. The results demonstrate that control embryos incubated in
permeabilization buffer only (A) and embryos treated with a Toluene permeabilization
buffer (B)did not emit fluorescence. Embryos treated with FITC- labeled dextran
sulphate only (C) did not demonstrate any significant uptake of the labeled dextran
sulphate. On the other hand embryos treated with FITC-labeled dextran sulphate in
the presence of cellular permeabilizing agent (D) did demonstrate some fluorescence
as did embryos treated with fluoresceinated TAT-PTD only (E). The most significant
uptake, however, was seen in embryos treated with fluoresceinated TAT-PTD in the
presence of cellular permeabilizing agent. This demonstrates the high efficiency of
transport when cell permeabilization is coupled with the use of a cell penetrating
peptide such as TAT-PTD. The results shown in Figure 1 demonstrate that
permeabilization of the immature embryos promotes efficient translocation of cell
penetrating peptides.

[0034] However, permeabilization is not necessary for all cell types. Figure 2
illustrates the uptake of fluoresceinated Tat by isolated microspores. These results
indicate that Tat CPP can penetrate into cells.

[00358] Various different types of cell penetrating peptides are useful in the methods
of the invention. Table 1 indicates a few of the CPPs investigated.

TABLE 1
Peptide Sequence Peptide | Reference
Length
Transportan ' | FI-GWTLNSAGYLLGKINLKALAALAKKIL- | 27 Pooga et al,
. amide 2001
pVEC™ FI-LLIILRRRIRKQAHAHSK-amide 18 Elmquist et
_ al, 2003
TAT-PTD® FI-RKKRRQRRR-amide 9 Futaki et al,
2001

[0036] For each of these peptides the N-terminal group was fluoresceinated as
indicated by “FI”. The transportan peptide is a chimeric peptide including 12 amino
acids from the neuropeptide galanin in the N-terminus connected with Lys13 to 14
amino acids from the wasp venom mastoparan in the C-terminus. The pVEC peptide

-7-
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was derived from murine vascular endothelial cadherin (amino acid 615-632). The
TAT-PTD peptide comprises the HIV-1 TAT protein transduction domain.

TABLE 2
Treatment Visual fluorescence
observed in zygotic
embryos
Immature Mature
1. Control (-Toluene/Ethanol, -Dexatrn, -Tat) | - -
2. Gontrol (Toluene/Ethanol only) - -
3. Control (Dextran Sulphate only) + -
4. PVEC only + +
5. M-Tat + -
6. Transportan only ++ +
7. TAT-PTD only ++ +
8. Toluene with Dextran sulphate + + +
9. Toluene with Pvec +++ ++
10. Toluene + M-Tat ++ +
11. Toluene with Transportan ++++ +++
12. Toluene with TAT-PTD t++++ ++++

[0037] Table 2 shows the relative fluorescence observed when immature and mature

embryos were subjected to various cell-penetrating peptides.

[0038] Similar results are presented graphically in Figure 3. The results indicate that
translocation of the various peptides occurs in both mature and immature embryos.
The efficiency of translocation is enhanced when the cells are exposed to a
permeabilizing agent such as toluene. While toluene has been used as an
exemplary agent to illustrate the effect of permeabilization, it is apparent that other
permeabilizing agents can be used to achieve the same effect. The results of Table 2
and Figure 3 using three different CPPs indicates a reasonable prediction that other
CPPs would also be useful in the methods of the invention.

[0039] The results indicate that the cellular barriers posed by the zygotic embryos
can be overcome by permeabilizing the tissue with toluene, resulting in noticeable
increase in translocation of all the three peptides investigated. FITC labeled dextran
sulphate served as a negative control since it does not possess cell penetration
ability. Another negative control, M-tat also showed significantly less fluorescence

indicating that the penetration by CPP is highly sequence dependent.
-8
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[0040] The GUS reporter system (GUS: beta-glucuronidase) is a reporter system that
is well known to those skilled in the art of plant molecular biology. This reporter
system was used to demonstrate the effects of cell permeabilization and the use of

CPPs to enhance the efficiency of protein transduction and gene transfection.

[0041] Figure 4 illustrates the uptake of a Tat-GUS enzyme complex in permeabilized
embryos. This photomicrograph clearly demonstrates a highly efficient method of
protein transduction. To further enhance uptake, a Tat2 CPP was custom
synthesized, Tat 2 is an 18 amino acid dimer of the PTD of HIV Tat. The results
using Tat2 as the CPP are shown in Figure 5. To demonstrate once again that other
CPPs can be used in the methods of the invention, a Pep-1-GUS enzyme complex
was prepared. The photomicrographs shown in Figure 6 illustrate that there is
efficient protein transduction in permeabilized immature embryos using this complex.
Figure 6A is a control embryo and Figure 6B demonstrates GUS enzyme delivery
mediated by Pep-1. To further demonstrate the efficiency of Pep-1 as a CPP for the
delivery of a protein cargo, microspores were treated with the same complex and the
results are shown in Figure 7.

[0042] As discussed above, translocation of the CPPs tested was higher in the
permeabilized mature and immature embryos. TAT-PTD showed distinct
accumulation in the germ area of the immature embryos and the uptake of the TAT-
PTD was increased to the highest level (4.7 times) after permeabilization treatment in
the immature embryos. Moreover, TAT-PTD is arginine rich with potential to bind the

DNA making it a suitable carrier for gene delivery in plant cells/tissues.

[0043] In further investigations a TAT-PTD-plasmid DNA complex was assessed for
its ability to induce gus gene expression coded by the plasmid in permeabilized
embryos. The results are shown in Figure 8 and clearly indicate that a CPP-plasmid
DNA complex can be used to deliver a gene for expression in a plant cell. The GUS
transgene expression in the permeabilized embryos was significantly higher than the
expression in the non-permeabilized embryos. This strongly suggests that cellular
permeabilization plays an important role in translocation of CPP-mediated cargo
complex. The results also indicate that complex formation and permeabilization do

not compromise the biological activity of the translocated cargo components.

-0.
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[0044] The efficiency of the methods of the invention for gene transfection was
further demonstrated using a Tat/Tat2-DNA complex. The DNA carries a herbicide
resistance gene. Microspores were transfected and plants were generated. Figure 9
illustrates that transgenic plants can be generated using the methods of the

invention.

[0045] The efficiency of plant gene transfection can be further enhanced by including
other known transfection promoting agents, such as lipofectamine. When
lipofectamine was added to permeabilized cells treated with a CPP-DNA complex the
efficiency was increased even more. The results shown in Figure 10 illustrate that by
forming aTat:DNA complex, transfection rates are higher than when lipofectamine
alone is used as a transfecting agent. However, the combination of lipofectamine
with the CPP-DNA complex was the most efficient.

[0046] While the gus gene and protein reporter system has been used to
demonstrate the efficacy of the system, it is clearly apparent that if a large molecule
such as GUS can be transported and a complex gene product can be expressed
using the methods of the present invention, then other proteins can be transduced
and other genes can be transfected.

[0047] The methods of the invention have also been used for transduction of
embryogenesis related proteins to plant cells. This triggers embryogenesis and can
act as a marker. This also provides a novel and universal method of protein delivery
to plant cells. Co-delivery of embryogenesis related proteins and a gene of interest
provides a novel method for plant genetic engineering.

[0048] Variations of the methods described in detail are also encompassed. For
example, a peptide with nuclear or other organelle localization domains may be
incorporated in the CPP-cargo complexes.

[0049] One or more currently preferred embodiments have been described by way of
example. It will be apparent to persons skilled in the art that a nurmber of variations
and modifications can be made without departing from the scope of the invention as
defined in the claims.

16
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[0050] The above disclosure generally describes the present invention. Itis believed
that one of ordinary skill in the art can, using the preceding description, make and
use the compositions and practice the methods of the present invention. A more
complete understanding can be obtained by reference to the following specific
examples. These examples are described solely to illustrate preferred embodiments
of the present invention and are not intended to limit the scope of the invention.
Changes in form and substitution of equivalents are contemplated as circumstances

may suggest or render expedient. Other generic configurations will be apparent to
one skilled in the art.

EXAMPLES

[0051] Although specific terms have been used in these examples, such terms are
intended in a descriptive sense and not for purposes of limitation. Methods of
microbiology and physics referred to but not explicitly described in the disclosure and

these examples are reported in the scientific literature and are well known to those
skilled in the art.

Example 1. Plant cell preparation

Mature Embryos

[0052] The mature embryos (T. aestivum cv AC Superb) were isolated and surface
sterilized as described by Mahalakshmi et al (2000). The sterilized embryos were air
dried in the laminar hood for 1 h prior to use.

Immature Embryos

[0053] The embryos were isolated from spikes two weeks post-anthesis (scutellum
diameter 1-2 mm). The immature seeds were surface sterilized with 70% ethanol for
30 s followed by treatment with 10% hypochlorite (Chlorex) and a drop of Tween 20,
3 min. Four washings of 1 min each were given with sterile water. The embryos
were hand dissected under sterile conditions. Isolated embryos were placed on
GEM medium (Eudes et al, 2003) for 24 h in dark at room temperature prior to CPP
translocation studies.

ir
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Isolated microspores were prepared as described by Amundsen and Eudes,
2005.

Example 2. Translocation of fluoresceinated cell penetrating peptides in zygotic

embryos using cellular permeabilizing agents

[0054] Peptides were custom synthesized and fluoresceinated at the N-terminal
amino group (Alberta Peptide Institute, Canada) (Table 1). FITC-Dextran sulphate
(4,000 kDa, Sigma Aldrich) and mutated Tat were used as a negative control.

[0055] Isolated and sterilized embryos (20-25) were imbibed in total volume of 420 pl
permeabilization buffer (15 mM sodium chloride, 1.5 mM sodium citrate, pH 7.1)
containing cellular permeabilization agent toluene/ethanol (1:4) in 1:20 ratio with
permeabilization buffer. To this 2.1 ul of 1 mM fluoresceinated CPP was added to
give a final concentration of 5 yM. In negative controls, the embryos were treated
with FITC-dextran sulphate or M-Tat. The embryos were incubated in the
permeabilization mix for 1 h in dark at room temperature, followed by two washings
with permeabilization buffer. The embryos were then treated with trypsin:EDTA
(0.25% solution, Sigma-Aldrich) in 1:2 ratio with permeabilization buffer for 5 min at
room temperature to remove free peptide molecules. Embryos were washed two
times with permeabilization buffer and subjected either for fluorescence microscopy

or spectrofluorimetric analysis.
Fluorescence Microscopy

[0056] Embryos after treatment with cell penetrating peptides and enzymatic
degradation of free, extracellular peptides were observed under fluorescence
microscope for visual fluorescence (GFP filter; Excitation 470 nm/ Emission 525 nm;

Leica Inc., Germany).

[0057]) Translocation of fluoresceinated peptides remarkably increased in the
presence of permeabilizing agent (Toluene) in both mature and immature embryos
as observed under fluorescence microscope (Figure 1 and Table 2). The negative
controls including treatment with FITC-dextran sulphate and M-Tat showed none or
very weak fluorescence (Figure 1 A-D). In general, fluorescence intensity in
immature embryos was greater than the mature embryos under both

1z
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permeabilization and non-permeabilization conditions (Table 2; Figure 3). Among
the three peptides investigated, pVEC showed least uptake even in the embryos
treated with cellular permeabilization agent. Interestingly, the permeabilized
immature embryos treated with TAT-PTD showed a distinct layer of accumulation in
the scutellum and localized accumulation in the germ area of the embryos (Figure
1F) where as the treatment of permeabilized embryos with other two peptides
showed uniform distribution of the fluorescence.

Fluorimetry analysis

[0058] For fluorimetric analysis, the embryos were treated with 500 pl of 1% Triton™ X-
100 (prepared in permeabilization buffer), 30 min, at 4°C. The supernatant was
collected in a fresh tube and relative fluorescence uptake by the embryos with

different CPPs was estimated by fluorimeter (Biorad, Versafluor, USA Excitation
490/Emission 520).

[0059] The fluorimetric analysis also showed remarkable enhancement in the
translocation of the cell penetration peptide in the embryos treated with cellular
permeabilizing agent, toluene (Figures 3A, B). The immature embryos showed
higher levels of relative fluorescence uptake for all the peptides in the permeabilized
and non-permeabilized immature embryos. In particular, TAT-PTD in immature
embryos showed 4.7 times higher relative fluorescence in the permeabilized
embryos in comparison to the non-permeabilized embryos. Transportan and pVEC
translocation was also increased by 1.8 times and 1.7 times in the permeabilized
immature embryos (Figure 3B). However, the fluorimetric analysis revealed relatively
greatertranslocation'of transportan as compared to visual observation for TAT-PTD
in the permeabilized and non-permeabilized embryos.

Example 3. CPP-plasmid DNA complex uptake by permeabilized immature
embryos

[0060] For CPP-DNA complex studies, non-fluoresceinated TAT-PTD was employed
for making the complex with DNA (pAct-1GUS). Plasmid DNA and TAT-PTD were
mixed together in 1:10 ratio (5 yg DNA: 50 pyg TAT-PTD, stocks for both were
prepared in optima water) with total volume made up to 100 pl with permeabilization

buffer. The mix was incubated at room temperature for 1 h prior to addition to the
13
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embryos imbibed in permeabilization buffer. The permeabilizing agent (Toluene) in
1:20 ratio with the buffer was added just before adding the complex to the embryos.
The embryos were incubated with the TAT-PTD and DNA complex in the presence of
permeabilizing agent for 1 h, followed by two washings with permeabilization buffer.
The embryos were plated on GEM containing 250 pg/ml cefotaxime at 25°C in dark
for three days.

GUS Histochemical Assay

[0061] The immature embryos were incubated in GUS histochemical buffer
(Jefferson, 1987) at 37°C, overnight, with 20% methanol added to avoid any
endogenous GUS expression. The percentage GUS expression was calculated as
number of treated embryos expressing GUS/total number of treated embryos x 100.

[0062] The immature embryos incubated with TAT-PTD-plasmid DNA complex in the
presence of cellular permeabilizing agent showed transient GUS expression (12%:;
Figure 8) whereas the non-treated, negative controls did not show any GUS
expression. The embryos treated with TAT-PTD-DNA complex alone without the
addition of permeabilizing agent also failed to show any GUS expression signifying
the role of permeabilizing agent in facilitating the uptake of TAT-PTD-DNA complex
in the immature embryos.

Example 4. CPP uptake by various plant tissues

[0063] Triticale seeds were washed with detergent and grown on moist cotton for one
week. The root tip, leaf tip, leaf base and coleoptile were excised and incubated with
5uM of fluorescently labeled pVEC, scrambled pVEC and transportan. The uptake
was maximum in the root tips and leaf bases followed by coleoptile and leaf tip.
Transportan showed maximum florescence followed by pVEC, scrambled pVEC and
control in which no CPP was added.

Example 5. CPP-mediated delivery of GUS enzyme in Immature Embryos

[0064] Triticale immature embryos permeabilized with Toluene, were treated with
CPP (Tat or Tat2 or R9) -GUS enzyme compiex (4:1 w/w) for one hour in the
permeabilization buffer. For Pep-1 the instructions were followed as per the Active

14
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Motif for the Chariot kit designed for protein transduction in mammalian cell lines.
The CPP-GUS enzyme complex was prepared in the ratio of 4:1 respectively and
incubated at the room temperature for one hour. The treated embryos were
trypsinized (1:1 trypsin: permeabilization buffer) for five minutes at room temperature
resulting in degradation of excess and non-internalized CPP-GUS enzyme complex.
After three washes with the permeabilization buffer, the embryos were incubated in
the GUS histochemical buffer with 20% methanol (Kosugi et al, 1990) at 37°C from
three hours to overnight for the appearance of blue colour in the treated immature
embryos.

Example 6. CPP-mediated delivery of GUS enzyme in Microspores

[0065] The Triticale microspores were treated with CPPs (Pep-1, Tat, Tat2, R9) and
GUS enzyme complex (4:1) for one hourin NPB-99 medium. The CPP-GUS enzyme
complex was prepared as mentioned in examples before. After two washings,
trypsinization (1:1 with NPB-99 medium) was performed for five minutes at room
temperature. The microspores were incubated in the GUS histochemical buffer with
20% methanol (Kosugi et al, 1990) at 37°C from three hours to overnight for the
appearance of blue colour in the microspores. The positive microspores showed
GUS accumulation mainly in their vacuoles.

Example 7. CPP-mediated delivery of GUS enzyme in Onion epidermal cells

[0066] The ability to deliver functionally active GUS enzyme by CPP R9 was also
studied in onion epidermal cells. The complex of R9 and GUS was prepared as
mentioned in examples before in the ratio of range of 1-4:1. The onion epidermal
cells were incubated with the complex for one hour and thrice with Phosphate buffer
Saline pH 7.2. The cells treated with the complex showed appearance of blue colour
upon incubation with GUS histochemical buffer for three hours at 37°C. The 4:1 ratio
showed maximum blue colour.

Example 8. CPP-mediated delivery of bar gene in embryogenic microspores

[0067] The Triticale microspores were treated with complex of CPP (Tat/Tat;) and
herbicide (bar) gene coding fragment driven by ‘tap’ promoter and nos terminator for
one-two hours at room temperature. The complex was prepared in 4:1 ratio of tat/
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tat2 and DNA (w/w), incubation for one hour followed by addition of 5-10 ug of
lipofectamine 2000 reagent. The cells were washed twice with NPB-99 and further
cultured for embryogenesis in NPB-99 medium with 10% Ficoll in the presence of
ovaries (Eudes and Amundsen, 2005).

[0068] PCR positive calli treated with Tat/tat2 DNA complex + Lipofectamine were
obtained as shown in the Table 3 below.

TABLE 3

Albino Plant Green Plant Calli
Treatment ¢ TotalNo | PCR+ve | TotalNo | PCR +ve Total No | PCR +ve
Control 6 0 0 0 8 4]
DNA only 2 0 0 0 3 0
LF+DNA 0 0 0 0 4 0
Tat/Tat, +DNA 2 0 2 0 0 0
Tat/Tat,+LF+DNA 6 0 13 0 13 3

Example 9. PHB genes in triticale

[0069] Triticale tillers for microspore isolation were kept in the refrigerator (4°C) for 3
weeks with their bases in distilled water and their heads wrapped in aluminum foil.
After 3 weeks * 3 days, the mid to late uninucleate microspore stage was verified
from a median floret using acetocarmine staining prior to extraction. Isolated
microspore was carried in Triticale as published in Eudes and Amundsen (2005) for

obtaining purified microspore suspension adjusted to 2.5x10° cells per ml of NPB99
medium.

[0070] Two transit peptides for chloroplast or mitochondria were cloned in frame with
the three genes coding for the enzymes of the PHB metabolic pathways. An equal
molar amount of three genetic cassettes with the same transit peptide were used for
co-transfection. 1 ug of total DNA diluted in 100 ul sterile water was added to 4pug of
Tat2 diluted in 100ul, and gently mixed together, resulting in 1:4 ratio of DNA and
cell-penetrating peptide (CPP) in the mixture. Following complex incubation for 30
min at RT and 5pl of Lipofectamine was added for 5min at room temperature, The
mixture was added to microspores without supernatant in a 2ml microcentrifuge tube.
Microspores were incubated with the carrier-cargo complex for 15 min and 100yl of
NPB-99 was added and then incubated for 45 min more at RT. The transfected
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microspores were washed with NPB-99, then centrifuged and the supernatant
removed. 1000ul NPB-99 was added to 2ml microcentrifuge tube, gently mixed and
then 500m! was pipetted in 35mm Petri dishes containing 3mi NPB-99 + 10% Ficoll®
(Sigma F4375) (NPB-99-10F) containing Cefotaxime.

[0071] Four or five ovaries from similarly sterilized spikes taken directly from the plant
were added to each dish containing the microspores. The dishes were sealed with
Parafiim and placed in a 150 mm Petri dish around an open 50 mm Petri dish
containing sterile distilled water. Then the 150 mm dish was also sealed with
Paraﬂlmvand incubated in the dark at 28°C for 20 to 30 days. No selection was
applied during the microspore, embryo and plantlet culture.

[0072) Regenerated plants were screened by PCR for presence of the three
transgenes. RNA was extracted from plants that were PCR positive for the three
genes of interest. cDNA was generated from this selection of plants and PCR was

performed to confirm expression of the three transgenes Results are shown in the
Table 4,

TABLE 4 Co-transfection and simultaneous expression of the three PHB genes

Organelle # # green | # PCR positive for | # PCR positive on

transit signal | transfection | plants | the three genes | the three cDNAs
experiments

Chloroplast 2 325 38 7

Mitochondria | 1 21 9 1

Example 10. DNA-protein co-delivery in triticale miérosgores

[0073] Triticale tillers for microspore isolation were kept in the refrigerator (4°C) for 3
weeks with their bases in distilled water and their heads wrapped in aluminum foil.
After 3 weeks t 3 days, the mid to late uninucleate microspore stage was verified
from a median floret using acetocarmine staining prior to extraction. Isolated
microspore was carried in Triticale as published in Eudes and Amundsen (2005) for

obtaining purified microspore suspension adjusted to 2.5x105 cells per ml of NPB9S
medium.
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[0074] The plasmid (pAct-1GUS, ~7.2kb) was linearized with Pstl restriction enzyme
and DNA was purified by PCR product purification kit (QlAquick, Qiagen, USA). The
GUS DNA was delivered following 7 different treatments (T). These experiments
were replicated five times.

T1) Control: Control treatment was 200 pl of sterile water.

T2) GUS DNA only: 1ug of GUS DNA (Sigma Aldrich) diluted in 200ul of
sterile water.

T3) GUS DNA-RecA: 1ug of DNA diluted in 100 pl sterile water was added
to 4ug of RecA diluted in 100pl, and gently mixed together, resulting in 1:4
ratio of protein and DNA in the mixture.

T4) DNA- Tat2: 1 ug of DNA diluted in 100 pl sterile water was added to
4ug of Tat2 diluted in 100ul, and gently mixed together, resulting in 1:4
ratio of DNA and cell-penetrating peptide (CPP) in the mixture.

T5) DNA-Chariot kit: GUS DNA with the chariot protein transduction kit was
transformed by manufacturer's protocol (Active Motif, USA). 1ug of
GUSDNA was diluted into 100 pl sterile water, and 6pl of chariot was diluted
in 100 pl sterile water. The GUS DNA solution was added to the Chariot

solution in a 2mi microcentrifuge tube, for a final volume of 200pul.

T6) DNA-RecA-Chariot kit: GUS DNA-RecA was delivered in microspores
using a Chariot protein transduction kit and the manufacturer’s protocol was
followed. 4pg of RecA was diluted 50 pl sterile water and 1ug of GUS DNA
was diluted into 50 ul of sterile water. The RecA solution was added to the
DNA solution and incubated for 15min. 6yl of chariot was diluted in 100 pl
sterile water. The chariot solution was pipetted into the DNA-RecA solution to
a final volume of 200 pl in a 2 ml microcentrifuge tube.

T7) DNA-RecA-Tat2: GUS DNA-RecA delivery in microspores by Tat2. 4pug of

RecA was diluted in 50 pl sterile water and 1ug of GUS DNA was diluted into
50 pl of sterile water. The RecA solution was added to the DNA solution and
incubated for 15min. 4ug of Tat2 was diluted in 100 pl sterile water. The Tat2
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solution was pipetted into the DNA-RecA solution to a final volume of 200 pl in
a 2 ml microcentrifuge tube.

[0075] Following complex incubation for 15 min at RT and 5ul of Lipofectamine was
added for 5min at RT, The mix was added to only microspores without supernatant in
a 2ml microcentrifuge tube. Microspores were incubated with the carrier-cargo
complex for 15min and 100ul of NPB-99 was added and further incubated for 45 min
more at RT. The transfected microspores were washed with NPB-99, centrifuged and
the supernatant removed. 1000ul NPB-99 was added to a 2ml microcentrifuge tube
and gently mixed. 500ml was pipetted in 35mm Petri dishes containing 3m! NPB-99
+ 10% Ficoll (Sigma F4375) (NPB-99-10F) containing Cefotaxime.

[0076] Four or five ovaries from similarly sterilized spikes taken directly from the plant
were added to each dish containing the microspores. The dishes were sealed with
Parafilm and placed in a 150 mm Petri dish around an open 50 mm Petri dish
containing sterile distilled water. The 150 mm dish was also sealed with Parafilm and
incubated in the dark at 28°C for 20 to 30 days.

[0077] Embryos larger than 0.5 mm were removed from the Petri dishes and plated
onto GEM medium (20 ml in 10 cm Petri dishes; Eudes et al. 2003). The Petri dishes
were sealed with Parafilm and placed 30 cm beneath Sylvania Gro-lux wide
spectrum bulbs (40 watts) delivering 80 uM m-2 s-1 (16h light period) with a room
temperature at 16°C. Once the embryos turned green, they were aseptically
transferred onto 50 ml rooting media in Magenta Vessels, in the same conditions.
Once the plant reached the 2-3 leaf stage and had sufficient root growth the plant
was transplanted into 4x8 Spencer-Lemaire roottrainer (Spencer-Lemaire Industries
Lte., Edmonton) and placed into a growth cabinet with the same conditions as the
mother plants. Two weeks after anthesis, ploidy was estimated by checking for seed
set.

[0078] At 4~5 weeks, embryos were subjected to GUS histochemical assay. The
assay was carried out by adding 200 ml of GUS histochemical buffer (500 mM
NaH2PO4, 100 mM EDTA, 0.3 M mannitol, 2 mM X-gluc, pH 7.0) to the microspores
and then incubating at 37°C, dark, for overnight. The stain solution was removed and

the embryos were cleared by PBS. Microspores exhibiting blue colour indicated
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activity of the exogenously introduced GUS enzyme by CPPs. The percentage of

blue embryos in each treatment was calculated using a stereo microscope.

[0079] Distinct translocation of Tat2 and Chariot in embryos was observed 2 months
after transfection (Table 5). GUS was not observed in negative control; untreated
microspores. The highest numbers of embryos that showed GUS upon treatment
with Tat2 and Chariot was 25.8 and 26.4%, respectively (Table 5). The second
highest frequency of blue embryos was observed with DNA-RecA-Chariot and DNA-
RecA-Tat2 treatments. With lipofectamine, DNA and DNA-RecA treatments were
able to transfect into microspores at a lower frequency. These studies demonstrate

that different DNA and protein complexes were internalized in triticale microspores.

[0080] Table 5. Total number of GUS expressed embryos produced by 7 different
treatments for gene transformation 2 months after transfection. T1) Control,
untreated embryos; T2) DNA; T3) DNA-RecA; T4) DNA-Tat2; T5) DNA-Chariot; T6)
DNA-RecA-Chariot; T7) DNA-RecA-Tat2.

Exp1 Exp2 Exp3 Exp4 Exp5 MeantSD
T1 0 1 1 0 1 0.620.5
T2 16 16 17 9 17 151£3.4
T3 21 11 15 17 6 1415.7
T4 31 23 29 26 20 25.8+4.4
T5 32 25 26 27 22 26.413.6
T6 14 16 15 17 23 17£3.5
T7 18 15 18 12 22 1743.7

Example 11: DNasel protection assay and retardation assay

[0081] CPPs-GUS DNA complexes were prepared as described for delivery in
example 10 of DNA and CPP complex in triticale microspores DNA (T2) and DNA-
RecA (T3). A DNasel protection assays were performed as described for DNA (T2)
and DNA-RecA (T3) delivery of DNA and CPP complex in triticale microspores, but
without Lipofectamine. Immediately after incubation of peptide-DNA for 20min, 4l of
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DNasel (RNase-Free DNase set, Qiagen,USA) was added to the mixture volume
(200ul) and incubated at RT for 15 min followed by 5 min incubation on ice. Peptide-
plasmid dissociation and plasmid purification was carried out using a DNA
purification kit (QIAquick PCR purification kit).

[0082] The DNasel protection assay showed that DNA, DNA-RecA, DNA-Tat2, DNA-
Chariot, DNA-RecA-Chariot, and DNA-RecA-Tat2 with Lipofectamine were
appreciably protected as the band (7.2kb) corresponding to DNA was distinctly
visible, whereas DNA and DNA-RecA complexes without Lipofectamine resulted in
degradation of DNA upon treatment with the nuclease (Fig.11A).

[0083] RecA-GUS DNA complexes were prepared as described for delivery of DNA
and CPP complex in triticale microspores. 1ul of GUS DNA was mixed with different
concentrations of RecA protein to give ratios of 1:0, 1:4, 1:8, 1:12, 1:16, 1:20 and
1:24. After 20 min incubation without Lipofectamine, the 20ul of complex was
subjected to 1% agarose gel.

[0084] Gel retardation assays for DNA-RecA complex show that smear filuorescence
was observed at 1:8 and higher ratios of and GUS DNA, indicating influence of high
concentration of RecA on the reduced mobility of linear plasmid DNA (Fig.11B). RecA
binded to dsDNA at 1:8 and higher ratios.

[0085] Figure 11A shows CPP-DNA complex formations. (A) Different treatments of
CPPs and DNA combination were tested for DNasel protection assay. T1)control,
T2)DNA, and T3)DNA-RecA without Lipofectamine; T4)DNA, T5)DNA-RecA,
T6)DNA-Tat2, T7)DNA-Chariot, T8)DNA-RecA-Chariot, and T9)DNA-RecA-Tat2
with Lipofectamine. Figure 11B shows the effect of various concentrations of DNA
and RecA.

Example 12. Hair pin loop genetic construct transfected to wheat microspores

[0086] TaAOS gene (AY196004) was considered for silencing the jasmonic acid (JA)
pathway in wheat using hairpin loop technology. The 27 mer sequence
ggccatcegegaccgectegacttcta was chosen as sense strand. The complete gene
sequence cloned between the actin promoter and the NOS terminator was
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TCTCGGCCATCCGCGACCGCCTCGACTTCTACTTCCTGTCATAGAAGT
CGAGGCGGTCGCGGATGGCCCT.

[0087] 1 ug of total DNA diluted in 100 pi sterile water was added to 4ug of Tat2
diluted in 100ul, and gently mixed together, resulting in 1:4 ratic of DNA and cell-
penetrating peptide (CPP) in the mixture. Following complex incubation for 30 min at
RT, 5ul of Lipofectamine was added for 5min at RT, The mix was added to only
microspores without supernatant in a 2ml microcentrifuge tube.

[0088] Microspores from the wheat cultivar, Fielder, were collected as described in
previous examples and incubated with the carrier-cargo complex for 15min. 100ul of
NPB-99 was added and the mix was incubated for 45 min more at RT. Transfected
microspores were washed with NPB-99, centrifuged and the supernatant removed.
1000u! NPB-99 was added to a 2ml microcentrifuge tube and gently mixed. 500ml
was pipetted into 35mm Petri dishes containing 3mi NPB-99 + 10% Ficoll (Sigma
F4375) (NPB-99-10F) containing Cefotaxime. Microspores and embryos were
cultured as described in previous examples.

[0089] A total of 90 plantlets were produced from the culture from two extractions
of microspores. During the first days of acclimatizing to soil, 55 piants died. This
unusual high rate of plantiet death once exposed to soil and aerial contaminants
was related to the expression of the JA silencing. Regenerated plants (35) were
screened by PCR for presence of the transgene. Three of these plants were PCR
positive for the transgene.
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CLAIMS

1. A method for obtaining a genetically engineered plant, said method comprising exposing
plant cells to a carrier-cargo complex comprising at least one polypeptide and/or
polynucleotide cargo moiety able to transduce said plant cells linked to a nuclear targeting
cell penetrating peptide (CPP) carrier moiety selected from the group consisting of HIV tat,
HIV-1 TAT protein transduction domain, HIV-1 TAT protein transduction domain dimer,
pVEC, transportan, penetratin, Pep-1 and a peptide consisting of 9 arginine residues, to
obtain transduced cells and propagating the plant cells to form a plant, wherein the plant cells

are gametophytic cells.
2. The method according to claim 1, wherein the gametophytic cell is a microspore.

3. The method according to claim 2, wherein the microspore is uninucleated or has an open

micropore or is both uninucleated and has an open micropore.

4, The method according to claim 1, wherein the carrier moiety is HIV-1 TAT protein

transduction domain dimer.
5. The method according to claim 1, wherein the cargo moiety comprises a nucleic acid.

6. The method according to claim 5, wherein the nucleic acid is selected from the group
consisting of ssSRNA, dsRNA, ssDNA, dsDNA and DNA:RNA hybrids.

7. The method according to claim 1, wherein the cargo moiety comprises at least one
polypeptide.
8. The method according to claim I, wherein the cargo moiety comprises polypeptide and

nucleic acid.

9. The method according to claim 7, wherein the polypeptide is an embryogenesis-related

protein or an active domain thereof that triggers embryogenesis.

10. The method according to claim [, comprising treating the cell with the carrier-cargo complex

and lipofectamine.
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