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Abstract:

An inhibitor of cell death induced by transient protein expression in a plant, the inhibitor including,
as an active ingredient, ascorbic acid or a derivative thereof, a salt thereof, or a solvate thereof, can
advantageously inhibit cell death induced by transient protein expression in a plant.
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CELL DEATH INHIBITOR AND CELL DEATH INHIBITION METHOD

Technical Field
[0001]
The present invention relates 10 a cell death inhibitor and a cell death inhibition
method. More specifically, the present invention relates to an inhibitor of cell death
induced by transient protein expression in a plant and a methed for inhibiting cell death

induced by transient protein expression in a plant.

Related Art
[0002]

Studies on the expression of a large amount of a target protein in plant cells have
been widely conducted. For example, as a technique for transiently expressing a large
amount of a target protein, the inventors have previously developed an expression
system including: a first nucleic acid fragment containing a long intergenic region {LIR)
dernived from a geminivirus, a small intergenic region (SIR) derived from a geminivirus,
and an expression cassette of a target protein linked between the LIR and the SIR; and a
second nucleic acid fragment containing an expression cassette of a Rep/RepA protein
derived from a gemimivirus, in which the expression cassette of the target protein
mcludes a promoter, a nucleic acid fragment encoding the target protein, and two or
more linked terminators in this order (refer to Patent Literature 1).

[0003]
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Howevwer, it 1s known that, when a large amount of target protein is transiently
expressed in plant cells, cell death (necrosis, gangrene) of plant cells is induced and the

expressed target protein is degraded (for example, Non-Patent Literature 1).

Citation List
Patent Literature
[0004]

Patent Literature 1; WO 2018/2200290

Non-Patent Literature
[0005]

[Non-Patent Literature 1] Pinkhasov J., et al., Recombinant plant-expressed
tumour-associated MUC] peptide 15 immunogenic and capable of breaking telerance

MUCIL. Tg mice, Plant Biotechnology Journal, 9, 991-1001, 2011.

Suminary of Invention
Problems to be Selved
[0006]
An object of the present invention is to provide a technique for inhibiting cell

death induced by transient protein expression in a plant.

Solution for Solving the Problems
[0007]

The present invention includes the following aspects.
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[1] An inhibitor of cell death induced by transient protein expression in a plant,
the mmhibitor including, as an active ingredient, ascorbic acid or a derivative thereof, a
salt thereof, or a solvate thereof.

[2] The inhibitor according to [1], in which the inhibitor is used by bringing
from 100 to 300 mM ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof into contact with the plant.

[3] The inhibitor accerding to [1], in which the inhibitor is used by adding 25 to
80 mM ascorbic acid or a derivative therecf, a saltl thereof, or a solvale thereof to an
Agrobacterium suspension for introducing an expression vector of a target protein to the
plant or to a culture solution for hydrocultivating the plant.

[4] The inhibitor according to any one of [1] to [3], in which the plant is of the
genus Nicotiana.

[5] A method for inhabiting cell death induced by transient protein expression in
a plant, the method including: administering ascorbic acid or a derivative thereof, a salt
thereof, or a solvate thereof to the plant.

[6] The method according to [ 5], in which administering includes bnnging from
100 to 300 mM ascorbic acid or a denvative thereof, a salt thereof, or a solvate thereof
into contact with the plant.

[7] The method according to [3], in which administering includes adding from
25 to 80 mM ascorbic acid or a derivative thercof, a salt thereof, or a solvate thereof to
an Agrobacterium suspension for introducing an expression vector of a target protein to
be administered to the plant, or to a culture solution for hydrocultivating the plant.

[8] The method according to any one of [5] to [7], in which the plant 1s of the

genus Nicotiana.

LFY)
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Effects of the Invention
[0008]
According to the present invention, a techmique for inhibiting cell death induced

by transient protein expression in a plant can be provided.

Brief Description of the Drawings

[0009]

FIG. 1 is a schematic diagram of a T-DNA region of a pBYR2ZHS-EGFP vector.

FIG. 2 is representative photographs of leaves of each plant photographed in
Example 1.

FIG. 3A is a photograph showing the results of Coomassie Brilliant Blue (CBB)
staiming in Example 1.

FIG. 3B is a graph showing the results of an expression level quantification of a
GFP protein based on FIG. 3A.

FIG. 4A is a photograph showing the results of Western blothing for human
Cullin 1 (hCul) protein detection in Example 1.

FIG. 4B is a graph showing the results of an expression level quantification of
the hCul protein based on FIG. 4A.

FIG. 5A is a photograph showing the results of Western blotting for detection of
a fusion protein {PLP-GFP protein) of Arabidopsis putative membrane lipoprotein
(PLP) and GFP in Example 1.

FIG. 5B 1s a graph showing the results of an expression level quantification of

the PLP-GFP protein based on FIG. SA.
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FIG. 6 shows photographs obtained by photographing leaves of each plant in
Exzample 2, and shows the results of spraving an aqueous solution of sodium ascorbate
(see (a)), and the results of not spraying an aqueous solution of sodium ascorbate (see
(b)).

TIG. 7A is a photograph showing the results of CBB staining in Example 2.

FIG. 7B is a graph showing the results of an expression level quantification of a
GFP protein based on FIG. 7A.

FIG. 8A is a photograph showing the results of Western blotting for hCul
protein detection in Example 2.

FIG. 8B is a graph showing the results of an expression level gquantification of
the hCul protein based on FIG. 8A.

FIG. 9 is a photograph showing the results of Western blotting for detection of a
human F-box protein, that is, an Fbxw7 (hFbxw7) protein in Example 2.

FIG. 10 shows representative photographs obtained by photographing leaves of
each plant in Example 3.

FIG. 11 shows representative photographs obtained by photographing leaves of
each plant in Example 4.

FIG. 12 shows representative photographs obtained by photographing each of
the plants in Example 4.

FIG. 13A is a photograph showing the results of Western blotting for hCul
protein detection in Example 4.

FIG. 13B is a graph showing the results of an expression level quantification of

the hCul protein based on FIG. 13A.
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FIG. 14 shows representative photographs obtained by photographing leaves of
each plant mn Example 5.

FIG. 15A is a photograph showing the results of CBB staining in Example 5.

FIG. 158 is a graph showing the results of an expression level quantification of
a GFP protein based oo FIG. 15A.

FIG. 16 shows representative photographs obtained by photographing each plant
in Example 6.

FIG. 17 shows representative photographs obtained by photographing each plant
m Example 7. In this figure, (b) is a partially magnified photograph of (a), and (d)is a
partially magnified photograph of (c).

FIG. 18A is a representative photograph obtained by photographing plants that
have not been sprayed with an aqueous solution of sodium ascorbate in Example 8.

TIG. 18B 1s a photograph showing the results of Western blotting for Cryjl

protein detection in Example 8.

Embodiments for Carrving Out the Invention
[0010]
[Inhibitor of Cell Death Induced by Transient Protein Expression in Plant]

In one embodiment, the present invention provides an inhibitor of cell death
mduced by transient protein expression in a plant, the inhibitor including, as an active
ingredient, ascorbic acid or a derivative thereof, a salt thereof, or a solvate thereof.
[0011]

As described below in Examples, the inhibitor of the present embodiment can

inhibit cell death (necrosis, gangrene) induced by transient protein expression in a plant.
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Further, as described below in Examples, inhibition of cell death of the plant by
admunistration of the inhibitor of the present embodiment enables production of a large
amount of target protein.

[0012]

The inhibitor of the present embodunent may be ascorbic acid, may be an
ascorbic acid derivative, may be a salt of ascorbic acid, may be a salt of an ascorbic acid
derivative, may be a solvate of ascorbic acid, may be a solvate of an ascorbic acid
derivative, may be a solvate of a salt of ascorbic acid, or may be a solvate of a salt of an
ascorbic acid derivative.

[0013]

Ascorbic acid is one type of organic compound with a lactone structure, which
functions as a nutrient vitamin €. Ascorbic acid is an optically active compound and
ascorbic acid known as Vitamn C 1s in an L form. In the present embodiment, the
ascorbic acid may be in an L. form or may be in a D form, but the 1. form is preferable.
[0014]

Examples of ascorbic acid denivatives include ascorbyl alkyl esters, ascorbic
acid phosphate esters, ascorbyl glucosides, and ascorbic acid alkyl ethers. More specific
examyples of ascorbic acid derivatives include: ascorbyl alkyl esters such as ascorbyl
monostearate, ascorbyl monopalmitate, ascorbyl monoisopalmitate, ascorbyl
monooleate, ascorbyl distearate, ascorbyl dipalmitate, ascorbyl monopalmitate, and
ascorbyl tetrahexyldecanoate; ascorbic acid phosphate esters such as ascorbic acid
monophosphate ester, ascorbic acid diphosphate ester, and ascorbic acid triphosphate
ester; ascorbyl monoglucesides such as ethyl ether ascorbic acid and methyl ether

ascorhic acid; and ascorbyl glucosides such as ascorbyl diglucoside. In addition to this,
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examples thereof include ascorbyl palmitate phosphate, which is an ascorbic acid alkyl
ester and ascorbic acid phosphate ester. In addition, these ascorbic acid derivatives may
have a structure in which at least one of the hydroxyl groups at the 6th, 2nd, 3rd, and
5th positions in ascorbic acid is substituted.

[0015]

The salts of ascorbic acid or ascorbic acid derivative are not particularly limited,
and examples thereof include salts of ascorbic acid or ascorbic acid derivatives and
alkali metals {for example, sodium or potassium), salts of ascorbic acid or ascorbic acid
derivatives and alkaline earth metals (for example, calcium or magnesium), salts of
ascorbic acid or ascorbic acid derivatives and transition metals {for example, zinc, iron,
cobalt, or copper), salts of ascorbic acid or ascorbic acid derivatives and basic
ammonium, salts of ascorbic acid or ascorbic acid derivatives and triethanolanine, and
salts of ascorbic acid or ascorbic acid derivatives and amino acids (for example, L-
histidine, L-arginine, or L-lysine). Among these, for example, sodium ascorbate,
potassium ascorbate, calcium ascorbate, magnesium ascorbate, sodium ascorbyl
phosphate, magnesium ascorbyl phosphate, and the like can be suitably used.

[0016]

Examples of the ascorbic acid or the derivatives thereof, the salts thereof, or the
solvates thereof include hydrates and organic solvates, and more specifically, examples
thereof include sadinm isoascorbate monchydrate and calcium ascorbate dihydrate.
[0017]

As the inhibitor of the present embodiment, one type of ascorbic acid or a
derivative thereof] a salt thereof, and a solvate thereof may be used alone, or a plurality

of types thereof may be used in a mixed manner.
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[0018]

Administering the inhibitor of the present embodiment may include bringing the
inhibitor into contact with a plant at a concentration from 100 to 300 mM. Here,
bringing the inhibitor into contact with a plant may include spraying a liquid, in which
ascorbic acad or a denvative thereof, a salt thereof, or a solvate thereof 1s dissolved or
suspended, onto a part of the plant that has induced transient protein expression, for
example, leaves. Alternatively, administering includes immersing the plant that has
induced transient protein expression in the above-described liquid.

[0019]

In the liquid in which the inhibitor of the present embodiment is dissolved or
suspended, examples of the solvent include water, a buffer solution, and an isotonic
solution.

[0020]

In the liquid in which the inhibitor of the present embodiment is dissolved or
suspended, the lower limit of the concentration of ascorbic acid or a derivative thereof, a
salt thereof, or a solvate thereof may be, for example, 80 M, 100 mM, 150 mM, 200
mbdd, or 250 mM. Further, in the Liquid in which the inhibitor of the present embodiment
is dissolved or suspended, the upper limit of the concentration of ascorbic acid or a
derivative thereof, a salt thereof, or a solvate thereof may be, for example, 300 mM, 250
mb, 200 mM, 150 mM, or 100 mM. These lower and upper limits can be combined in
any manner.

[0021]
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When spraying the inhibitor of the present embodiment, examples of the spray
schedule icluds once a day, once every two days, once every three days, and once
every four days.

[0022]

Administering the inhibitor of the present embodiment may include adding the
mhibitor at a concentration from 25 to 80 mM to an Agrobacterium suspension for
introducing an expression vector of a target protein to the plant, and by using the
Agrobacterium suspension (agroinfiltration liquid), administering the inhibiter to the
plant by performing agroinfiltration in which a syringe is used or by performing vacuum
infiltration. In other words, when the expression construct of the target protein is
introduced into the plant, the inhibitor of the present embodiment may be administered
at the same time. Alternatively, administering the inhibitor of the present embodiment
may include adding the inhibitor to a culture solution for hydrocultivating a plant at a
concentration from 23 to 80 mM.

[0023]

As described below in Examples, in a case where the inhibitor of the present
embodiment is added to the Agrobacterium suspension, the optimum concentration
tends to be different from the case where the inhibitor of the present embodiment is
brought into contact with the plant. In addition, in a case where the inhibitor of the
present embodiment is added to the culture solution for hydrocultivation, the
concentration is preferably the same as the case where the inhibitor is added to the
Agrobacterium suspension.

[0024]

10
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More specifically, in the Agrobacterium suspension or the culture solution for
hvdrocultivation, the lower Limnit of the concentration of ascorbic acid or a derrvative
thereof, a salt thereof, or a solvate thereof may be, for example, 25 mM, 30 mM, 40
mM, 50 mM, or 60 mM. Further, in the Agrobacterium suspension or the culture
solution for hydrocultivation, the upper limat of the concentration of ascorbic acid or a
derivative thereof, a salt thereof, or a solvate thereof may be, for example, 80 mM, 60
mM, 50 mM, 40 mM, or 30 mM. These lower and upper limits can be combined in any
MAINET.

[0025]

In a case where the inhibitor of the present embodiment is added to the
Agrobacterium suspension, only one administration of the inhibitor of the present
embodiment is performed during agroinfiltration.

[0026]

Administration of the inhibitor of the present embodiment may be performed by
any one of' administration in a contact manner, administration by the Agrobacterium
suspension to which the inhubiter is added; and admimstration by the culture solution
for hydrocultivating the plant, where the inhibitor is added to the culture solution, or by
two or more of these in any combination.

[0027]

In the present specification, cell death induced by transient protein expression in
a plant means cell death induced when a large amount of target protein is transiently
{(temporarily) expressed in plant cells.

[0028]

11
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Means for transient protein expression is not particularly limited, but examples
thereof include a method of utilizing Agrobacternun and T-DINA., T-DNA is a specific
region of Ti plasmid and Ri plasmid found in pathogenic strains of Agrobacterium,
which is a pathogenic bacterium of crown gall, which is a tumor of a dicotyledon. T-
DNA 1s a DNA region sandwiched by approximately 25 base sequences called Right
Border (RB) and Left Border (LB). When Agrobacterium with T-DNA coexists with
plant cells, the nucleic acid fragment present between RB and LB is transferred into the
host plant cells.

[0029]

Therefore, by introducing into the Agrobacterium a vector that has introduced
the expression construct of the target protein between RB and LB, and by introducing
the Agrobacterium into the host plant, the expression construct of the target protein can
be easily intreduced into the host plant cells.

[0030]

The vector in which the expression construct of the target protein exists berween
RB and LB is preferably a vector that can be used for a binary vector muethod. The
binary vector method 1s a method of introducing genes into the plant using vir helper Ti
plasmid from which the original T-DNA of the Ti plasmid is removed and a small
shuttle vector with artificial T-DNA. Here, it is preferable that the shuttle vector be
capable of being maintained by both E. coli and Agrobacterium.

[0031]

vir helper Ti plasmid does not have the original T-DNA and therefore cannot

form crown gall in a plant. However, vir helper T1 plasmid has a vir region required to

imtraduce T-DINA into the host plant cells.

12
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[0032]

Therefore. by introducmg the T-DNA having a desired nucleic acid fragment
into the Agrobacterivun having the vir helper Ti plasnid, and by introducing the
Agrobacterium into the host plant, the desired nucleic acid fragment can be easily
miroduced into the host plant cells.

[0033]

In other words, a vector in which the expression construct of the target protein
exists between RB and LB is convenient when the vector is a shuttle vector that has a
replication point for E. coli and a replication point for Agrobacterium, and can be
maintained by both E. coli and Agrobacterium.

[0034]

In the inhibitor of the present embodiment, means for transiently expressing the
protein is not particularly limited, and examples thereof include: a method of
introducing to a plant an expression system, which has been previously developed by
the inventors, the expression system including: a first nucleic acid fragment containing
an LIR derived from gemimivirus, an SIR derived from geminivirus, and an expression
cassette of a target protein linked between the LIR and the 8IR; and a second nucleie
acid fragment containing an expression cassette of a Rep/RepA protein derived from
geminivirus, in which the expression cassette of the target protein includes a promoter, a
nucleic acid fragment encoding the target protein, and two or more linked terminators in
this order; and a method of introducing a commercial expression system based on
tobacco mosaic virus into a plant, which is called the magnICON system.

[0035]

13
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In the mhibitor of the present embodiment, the plant 1s not particularly limited,
and examples thereof mclude Solanaceae plants such as tomato, eggplant, and red
pepper; Asteraceae plants such as lettuce; Cucurbitaceae plants such as melon; and
Crchidaceae plants such as moth orchid. Among these, Selanaceae plants are preferable,
and plants of the genus Nicotiana are preferable. More specific examples of the plant of
the genus Nicotiana genus include Nicotiana benthamiana, tobacco, and Nicotiana alata.
[0036]

[Method for Inhibiting Cell Death Induced by Transient Pretein Expression in Plant]

In one embodiment, the present invention provides a method for inhibiting cell
death induced by transient protein expression in a plant, the method mcluding:
administering ascorbic acid or a derivative thereof, a salt thereof, or a solvate thereof to
the plant.

[0037]

As described below in Examples, by the method of the present embodiment, it is
possible to inhibit cell death (necrosis, gangrene) induced by transient protein
expression in a plant. Further, by inhibiting cell death of the plant, 1t is possible to
produce a large amount of target protein,

[0038]

Administering ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof may include bringing from 100 to 300 mM ascorbic acid or a derivative thereof,
a salt thereof, or a solvate thereof into contact with the plant.

[0039]
Here, similar to the description above, bringing the inhibitor inte contact with a

plant may include spraying a liquid, in which ascorbic acid or a derivative thereof, a salt

14
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thereof, or a solvate thereof is dissolved or suspended, onto a part of the plant that has
mduced transient protein expression, for example, leaves, Alternatively, administering
includes immersing the plant that has induced transient protein expression in the above-
described liquid. The concentration of ascorbic acid or a derivative thereof, a salt
thereo!, or a solvate thereof 1n the liquid i which ascorbic acid or a derivative thereof, a
salt thereof, or a solvate thereof is dissolved or suspended are similar to those described
above.

[0040]

Administering ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof may include adding from 25 to 80 mM ascerbic acid or a derivative thereof, a
salt thereof, or a solvate thereof ta an Agrobacterium suspension for introducing an
expression vector of a target protein to be administered to the plant, or 10 a culture
solution for hydrocultivating the plant.

[0041]

Here, the Agrobacterium suspension, the culture solution for hydrocultivation,
and the concentration of ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof are similar to those described above.

[0042]

In the method of the present embodiment, the plant is simnilar to those described
above, and examples thereof include Solanaceae plants such as tomato, eggplant, and
red pepper; Asteraceae plants such as lettuce; Cucurbitaceae plants such as melon; and
Crchidaceae plants such as moth orchid. Among these, Sclanaceae plants are preferable,
and the Nicotiana plants are preferable. More specific examples of the plant of the

genus Nicotiana genus include Nicotiana benthamiana, tobacco, and Nicotiana alata.

15



[0043]
Other Embodiments

Ascorbic acid or a derivative thereof, a salt thereof, or a solvate thereof, which is
used to inhibit cell death induced by transient protein expression in a plant.
[0044]

The use of ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof for inhibiting cell death induced by transient pretein expression in a plant,
[0045]

The use of ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof for producing an inhibitor of cell death induced by transient protein expression

in a plant.

Examples
[0046]

Hereinafter, the present invention will be described in firther detail with
reference to examples, but the present invention is not linuted to the following
examples.

[0047]

Materials and Methods

Production of Vectors

Production of pBYR2HS-EGFP Vector

pBYR21p vector is a known vector having a replication system derived from a
bean yellow dwarf virus (BeYDV). The pBYR21p vector also contains an expression

cassette of a gene-silencing inhibitor P19 derived from the tomato bushy stunt virus.

16
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[0048]

The pBYR2{p vector was introduced with an EGEFP gene fragment with 3°-UTR
(hereinafter, also referred to as “AtADHS5"") of an alcohol dehydrogenase gene and a
termunator (hereinafter, also referred to as “HSPter”™) of an arabidopsis heat shock
protein 18.2 gene.

[0049]

Specifically, the EGFP gene fragment was first PCR amplified by using a primer
(pRI201-EGFP-F, base sequence is shown in SEQ ID NO: 1) and a primer (EGFP-
pRIZ01-R, base sequence is shown in SEQ ID NO: 2).

[0050]

The obtained PCR. product was then cloned into pRI201-AN (TAKARA BIO
INC.) cut by the restriction enzyme Ndel and Sall to produce the pRI201-EGFEFP vector.
[0051]

Then, while the pRI1201-EGFP vector was used as a template, the EGFP gene
fragment with 5’-UTR of an alcohol dehydrogenase gene and a terminator of the
arabidopsis heat shock protein 18.2 gene was PCR amplified by using a primer
(pPBYRZip-AtADH-F, base sequence is shown in SEQ I NO: 3) and a primer
(pPBYR21p-HSPter-R, base sequence is shown in SEQ ID NO: 4).

[0052]

The obtained PCR product was then cloned into the pBYR2{p vector cut by the
restriction enzymes Xhol and Xbal to obtain the pBYRZHS-EGFP vector. FIG. 1 is a
schematic view of a T-DNA region of the pBYRZHS-EGFEP vector. In FIG. 1, “358-
px2” means a 355 promoter of a cauliflower mosaic virus {CaMV) having twoe Enhance

Elements, “AtADHS5” means 5°-UTR of the arabidopsis alcohol dehydrogenase gene,

17
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“EGFP” means enhanced green fluorescence protein, “Ext3™ means the terminator of
the tobacco extensin gene, “HSPter’” means the termninator of the arabidopsis heat shock
protein 18.2 gene, “LIR” means Long Intergenic Region of the bean yellow dwarf virus
(BeYDV) genome, “SIR” means Short Intergenic Region of the BeYDV genome, “C17
and “C2"” mean open reading frames C1 and C2 encoding the Rep/RepA protein, which
is a replication initiation protein of the BeYDV, “LB” and “RB” mean a left border
sequence and a right border sequence of T-DNA, respectively, “Nos-p” means an NOS
promoter, “pl19” means the gene encoding the gene-silencing inhibitor P19 derived from
the tomato bushy stunt virus, and “Nos-1” means an NOS terminator.
[0053]
Production of pBYR2HS Vector

For simplicity, the EGFP gene fragment was removed from the pBYR2HS-
EGFP vector, and a pBYR2HS vector in which the restriction enzyme Sall site was
introduced between AtADHS and HSPter was produced. Cutting the pBYRZ2HS vector
with the restriction enzyme Sall allowed the target gene to be introduced between the
AtADHS’ and the HSPter of the pBYR2HS vector,
[0054]
Production of pBYR2ZHS-HF-hCul Vector

A gene fragment {base sequence is shown in SEG ID NO: 5) encoding human
Cullin 1 protein (hereinafter, alse referred to as “hCul™), which was optimized for the
codon of Nicotiana benthamiana, was chemically synthesized (Thermmo Fisher Scientific
Co., Ltd.). A 6x histidine tag and a FLAG tag were linked to the N-terminus side of the
synthesized gene fragment, and KDEL (SEQ ID NO: 6}, which is the endoplasmic

reticulum signal, was linked to the C-terminus side.

18
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[0055]

The hCul gene fragment was then PCR amplified by using a pruner (pBYR2HS-
Hisx6-F, base sequence is shown in SEQ ID NO: 7) and a primer (pBYRZHS-KDEL-R.
base sequence is shown in SEQ 1D NO: 8). The hCul gene fragment was then
miroduced into the pBYRZHS vector cut by the restriction enzyme Sall to obtain the
pBYR2ZHS-HF-hCull vector.

[0056]
Production of pBYR2HS-HF-hFbxw7 Vector

A gene fragment {base sequence is shown in SEQG ID NOG: 9) encoding an
Fbxw7 protein (hereinafter, also referred to as “*hFbxw7"), which is a human F-box
protein optimized for the codon of Nicotiana benthamiana, was chemically synthesized
(Thermo Fisher Scientific Co., Ltd.). A 6x histidine tag and a FLLAG tag were linked to
the N-terminus side of the synthesized gene fragment, and the KDEL (SEQ 11 NO: 6),
which is the endoplasmic reticulum signal, was linked to the C-terminus side.

[0057]

The bFbxw7 gene fragment was then PCR. amplified by using a primer
(pPBYRZHS-Hisx6-F, SEQ ID NO: 7) and a primer (pBYR2ZHS-KDEL-R, SEQ ID NO:
8). The hFbxw7 gene fragment was then introduced into the pBYR2HS wvector cut by
the restriction enzyme Sall to obtain the pBYR2HS-HF-hFbxw7 vector.

[0058]
Production of pBYR2HS-CEGFP Vector

The EGFP gene fragment was then PCR amplified by using a primer
{(pPBYRZHS-CEGFP-F, base sequence i1s shown m SEQ ID NO: 10) and a primer

(PBYRZHS-CEGFP-R, base sequence is shown in SEQ ID NO: 11). The EGFP gene

19
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fragment was then mtroduced mto the pBYR2HS vector cut by the restriction enzyme
Sall 1o obtain the pBYR2HS-CEGFP vector.
[0059]
Production of pRBYR2ZHS-PLP-GFP Vector

The Arabidopsis putative membrane lipoprotein (hereinalter, also referred 10 as
“PLP") gene fragment was then PCR amplified by using a primer { ADH-PLP-F, base
sequence is shown in SEQ ID NO: 12) and a primer {PLP-GFP-R, base sequence is
shown in SEQ ID NG: 13). The PLP gene fragment was then introduced into the
pBYRZHS-CEGFP vector cut by the restriction enzyme Sall to obtain the pBYR2ZHS-
PLP-GFP vector that expresses a fusion protein of PL.P and GFP.
[0060]
Production of pBYR2HS-Cryj1 Vector

A gene fragment (base sequence 1s shown 1in SEQ 1D NO: 14) encoding a Cryjl
protein (hereinafter, also referred to as *“Cryj17), which is a cedar pollen allergen
protein, was chemically synthesized {Thermo Fisher Scientific Co., Ltd.}). Then, while
the chemically synthesized gene fragment was used as a template, the gene fragment
encoding the Cryjl protein, which is a cedar pollen allergen, was PCR amplified by
using a primer (pBYR2ZHS-CryjINt-F, base sequence is shown in SEQ 1D NO: 15) and
a primer (pBYRZHS-Cryj1Nt-R, base sequence is shown in SEQ ID NO: 16). The
Cryjl gene fragment was then introduced into the pBYR2HS vector cut by the
restriction enzyme Sall to obtain the pBYR2HS-Cryjl vector.
[0061]

Growth Conditions of Plant and Agromnfiltration
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Nicotiana benthamiana was grown for 5 to 6 weeks under conditions of 25°C
and 16 howrs in light and 8 hours in the dark. Each of the above-described vectors was
introduced into an Agrebacterinm tumefaciens GV3101 strain having a binary vector,
and it was cultured at 28°C until the stationary phase in L broth medium supplemented
with 20 nM acetosyringone, 30 mg/L. kanamycino, 30 mg/L gentanucin, and 30 mg/L.
rifampicin at 10 mM MES {pH 5.6).

[0062]

Then, the culture solution was centrifuged to recover the Agrobacterium
tumefaciens, and then suspended such that ODsoo was approximately 1 by using an
infiltration buffer (10 mM magnesium chloride, 10 mM MES, (pH 5.6), and 100 pM
acetosyringone). The Agrobacterium fumefaciens was then left in this liquid for 2 to 3
hours.

[0063]

After this, the suspension of Agrobacterium tumefaciens was infilirated on the
underside of the leaves of Nicotiana benthamiana by using a 1 mL syringe without a
needle. Alternatively, in some cases, Nicotiana benthanuiana was imunersed in the
Agrobacterium suspension (agroinfiltration liquid). and vacuum infiltrated by leaving it
under a pressure of 736 mmHg for 5 minutes, and then bringing the pressure back to
atmospheric pressure.

[0064]

In some experiments, an aqueous solution of sodium ascorbate or an aqueocus
solution of sodium citrate at each conceniration was sprayed onto the leaves of the plant
once every two days. In addition, in some experiunents, sodium ascorbate was added to

the infiltration buffer. Expression induction of heat shock protein was performed by
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incubating the plant for 1 hour at 37°C one day and three days after the infiltration. In
the following Example, sodium L-ascorbate was used as sodium ascorbate,

[0065]

Example 1

Spray 1 of Ascorbic Acid

Agroinfiltration using a syringe was performed to express GFP, hCul, hFhxw?7,
PLP-GFP, and Crvjl in the leaves of Nicotiana benthamiana. In the expression of PLP-
GFP, a 1/100 amount of pBYRZHS-EGFP was simultaneously agroinfitrated. Each
plant was cultured at 18°C for seven days after agroinfiltration. In addition, 0, 30, 50,
100, 200, and 300 mM aqueous solutions of sodiuny ascorbate were spraved once every
two days.

[0066]

FIG. 2 shows representative photographs obtained by photographing leaves of
each plant seven days after agroinfiltration. The scale bar indicates 1 em.  In this
figure, (a) shows the results of not spraying an aqueous solution of sodium ascorbate,
(b} shows the results of spraying a 30 mM agueous solution of sodium ascorbate, {¢)
shows the results of spraving a 50 mM aquecus solution of sodium ascorbate, (d) shows
the results of spraying a 100 mM aqueous solution of sodinm ascorbate, (&) shows the
results of spraying a 200 mM aqueous solution of sodium ascorbate, and (£} shows the
results of spraying a 300 mM aqueous sclution of sodium ascorbate. In (a) to (f). the
region surrounded by the dotted circle is a region expressing GFP, hCul, hFbxw?7, PLP-
GFP, and Cryjl, respectively.

[0067]
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As a result, it was observed that, in the region that had expressed hCul, hFbxw7,
PLP-GFP, and Crvj1 in particular, the leaves became black, and it was revealed that cell
death (gangrene) was induced by transient protein expression. It was also revealed that
gangrene was inhibited when spraved with 100, 200, and 300 mM aqueous solutions of
sodium ascorbate.

[0068]
Measurement of GFP Protein Expression Level

The soluble protein was then extracted from the region where the GFP protein
was expressed in the leaves of each plant. The prepared soluble protein was subjected to
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and then detected by Coomassie
Brilliant Blue (CBB) staining. For comparisen, 100 ng, 200 ng, and 400 ng of purified
GEP proteins were also subjected to SDS-PAGE and CBB staining.

[0069]

FIG. 3A is a photograph showing the results of CBB staining. In FIG. 3A, “NT”
indicates the results of the leaves of Nicotiana benthamiana without gene introduction,
and “FW™ indicates fresh weight, In FIG. 3 A, the band in the vicinity of 30 kDa
ndicated by the arrowhead is a band of the GFP protein, and the band in the vicinity of
50 kDa 1is a band of the Rubisco large subunit. FIG. 3B is a graph showing the results of
quantifying the expression level of the GFP protein based on FIG. 3A. In FIG. 3B, “*”
mndicates that there is a significant difference at p < 0.05 by the Student's T-test.

[0070]

As a result, an increase in expression level of the GFP protein was observed in

the sample sprayed with the aqueous solution of sedium ascorbate having a

concentration of 100 mM or higher. In addition, an increase in expression level of the

23



CA 03144718 2022-1-18

Rubisco large subunit was also observed in the sample sprayed with the aqueous
solution of sodium ascorbate having a concentration of 100 mM or higher. From these
results, it was revealed that the spray of the aqueous solution of sodinm ascorbate
reduced gangrene of the plant and increased production of the target protein.
[0071]
Measurement of hCul Protein Expression Level

The soluble protein was then extracted from the region where the hCul protein
was expressed in the leaves of each plant. The prepared soluble protein was then
subjected to SDS-PAGE and transferred to a PVDF membrane. As described above, a
FLAG tag was attached to the N-terminus of the hCul protein. Here, the hCul protein
was detected by Western blotting with an anti-FLLAG antibedy.
[0072]

FIG. 4A 1s a photograph showing the results of Western blotting. In FIG. 4A,
“NT” indicates the results of the leaves of Nicotiana benthamiana without gene
infroduction, and “FW”’ indicates fresh weight. In FIG. 4A, the band indicated by the
arrowhead indicates the band of the hCul protein. FIG. 4B is a graph showing the results
of gquantifving the expression level of the hCul protein based on FIG. 4A. In FIG. 4B,
“*” indicates that there is a significant difference at p < 0.05 by the Student’s T-test, and
«#*> indicates that there is a significant difference at p < 0.01 by the Stdent’s T-test.
[0073]

As a result, an increase in expression level of the hCul protein was observed in
the sample sprayed with the aqueous selution of sedium ascorbate having a
concentration of 100 mM or higher. In addition, a peak in the expression level of the

hCul protein was observed in the sample sprayed with the aqueous solution of sodinum
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ascorbate having a concentration of 200 mM or higher. These results further support
that the spray of the aqueous solution of sodium ascorbate reduced gangrene of the plant
and increased the production of the target protein.

[0074]

Measurement of PLP-GEFP Protein Expression Level

The soluble protein was then extracted from the region where the PLP-GFP
protein was expressed in the leaves of each plant. The prepared scluble protein was then
subjected to SDS-PAGE and transferred to a PVDF membrane. For comparison, 100 ng,
200 ng, and 300 ng of purified GFP proteins were also subjected to SDS-PAGE and
transferred to a PVDF membrane. Then, the PLP-GFP protein was detected by Western
blotting with an anti-GFP antibody.

[0075]

FIG. 5A 1s a photograph showing the results of Western blotting. In FIG. 5A,
“NT” indicates the results of the leaves of Nicotiana benthamiana without gene
infroduction, and “FW”’ indicates fresh weight. In FIG. 3A, the band indicated by the
arrowhead indicates the band of the PLP-GFP protein. In addition, the band near 30kDa
is the band of the GFP protein.

As described above, in the expression of PLP-GFP, a 1/100 amount of
pBYRZHS-EGFP was simultaneously agroinfitrated, and thus, the GFP protein was
detected.

[0076]

FIG. 5B is a graph showing the results of quantifving an expression level of the

PLP-GFP protein based on FIG. 3A. In FIG. 5B, “**” mdicates that there is a

significant difference at p <0 0.01 by the Smdent’s T-test.
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[0077]

As a result, an increase in expression level of the PLP-GEP protein was
observed in the sample sprayed with the aqueous solution of sodiun ascorbate having a
concentration of 100 mM or higher. This result further supports that the spray of the
aquecus solution of sodium ascorbate reduced gangrene of the plant and mcreased the
production of the target protein.

[0078]
Example 2
Spray 2 of Ascorbic Acid

Agroinfiltration using a syringe was performed to express each of GFP, hCul,
and hFbxw?7 in the leaves of Nicotiana benthamiana. Each plant was culmred at 25°C
for seven days after agroinfiltration. In addition, a 0 or 200 mM aqueous solution of
sodium ascorbate was sprayed once every two days. The present Example was mainly
different from Example 1 in the growth temperatures of the plant.

[0079]

FIG. 6 shows photographs obtained by photographing the leaves of each plant
seven davys after agroinfiltration. The scale bar indicates 1 cm. In this figure, {a} shows
the results of spraying a 200 mM aqueous solution of sodinm ascorbate, and (b) shows
the results (contrast, Mock) of not spraying an aqueous solution of sodium ascorbate.
[0080]

As a result, a tendency of gangrene suppression was observed when the aqueous
solution of sodium ascorbate was sprayed.

[0081]

Measurement of GFP Protein Expression Level
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The soluble protein was extracted from the region where the GFP protein was
expressed in the leaves of each plant three days. five days, and seven days after
agroinfiltration. The prepared soluble protein was then subjected to SDS-PAGE and
detected by CBB staining.

[0082]

FIG. 7A is a photograph showing the results of CBB staining. In FIG. 7A, “NT”
indicates the results of the leaves of Nicotiana benthamiana without gene introduction,
and “FW” indicates fresh weight. In addition, “‘Mock™ indicates the results of not
spraying an aqueous solution of sodium ascorbate, and “AsA™ indicates the result of
spraying a 200 mM aqueous solution of soditum ascorbate.

[0083]

In FIG. 7A, the band in the vicinity of 30kDa indicated by the aitowhead is a
band of the GFP protein, and the band in the vicimity of 50kDa 1s a band of the Rubisco
large subunit. FIG. 7B is a graph showing the results of quantifying the expression level
of the GFP protein based on FIG. 7A. In FIG. 7B, “M™ indicates the results of not
spraying an agqueous solution of sodium ascorbate, and “A” indicates the results of

[YE3 L

spraving a 200 mM aqueous solution of sodivm ascerbate. In addition, indicates that
there is a significant difference at p < 0.05 by the Student's T-test.
[0084]

Although the GFP proteins were somewhat stable, a tendency of gangrene
development was observed when culturing was continued for seven days after
agroinfiltration. In contrast, by spraying a 200 mM aqueous solution of sodium

ascorbate, a tendency of gangrene reduction and of GFP protein expression level

sustenance was observed. These results further supports that the spray of the aqueous
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solution of sodium ascorbate reduced gangrene of the plant and increased the production
of the target protein.

[0085]

Measurement of hCul Protein Expression Level

The soluble protein was extracted from the region where the hCul protein was
expressed in the leaves of each plant three days, five days, and seven days after
agroinfiltration. The prepared soluble protein was then subjected to SDS-PAGE and
transferred to a PVDF membrane. As described above, a FLAG tag was attached to the
N-terminus of the hCul protein. Here, the hCul protein was detected by Western blotting
with an anti-FLAG antibody.

[0086]

TTG. 8A is a photograph showing the results of Western blotting. FIG. 8A also
tllustrates the result of CBB staining. In FIG. 8A, “NT” indicates the results of the
leaves of Nicotiana benthamiana without gene introduction, and “FW*" indicates fresh
weight. In addition, “Mock” indicates the result of not spraying an aqueous solution of
sodiom ascorbate, and “AsA” indicates the result of sprayving a 200 mM aqueous
solution of sodium ascorbate. In addition, the band indicated by the arrowhead indicates
the band of the hCul protein. In addition, “Rbcl.” indicates the Rubisco large subunit.
[0087]

FIG. 8B is a graph showing the results of quantifying the expression level of the
hCul protein based on FIG. 8A. In FIG. 8B, “M” indicates the results of not spraving an
aqueous solution of sodium ascorbate, and “A” indicates the results of spraying a 200

Lase e

mb aqueous solution of sodium ascorbate. In addition, indicates that there is a

significant difference at p < 0.05 by the Smdent's T-test.
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[0088]

As a result, almost no expression of the hCul protein was observed in the sample
that was not sprayed with the aqueous solution of sodium ascorbate. Cn the other hand,
in the sample sprayed with a 200 mM aqueous solution of sodium ascorbate, a peak in
the expression level of the hCul protein was observed three days after agroinfiltration,
and the expression of the hCul protein was maintained even seven days after
agroinfiltration.

[0089]

These results further supports that the spray of the aqueous solution of sedium
ascorbate reduced gangrene of the plant and increased the production of the target
protfein.

[0090]
Measurement of hFbxw7 Protein Expression Level

The soluble protein was extracted from the region where the hFbxw?7 protein
was expressed in the leaves of each plant three days after agroinfiltration. The prepared
soluble protein was then subjected to SDS-PAGE and transferred to a PYDF membrane.
As described above, a FLAG tag was attached to the N-termunus of the hFbxw7 pretein.
Here, the hFbxw?7 protein was detected by Western blotting with an anti-FLAG
antibody.

[0091]

FIG. 9 is a photograph showing the results of Western blotting. FIG. 9 also
illustrates the results of CBB staining. In FIG. 9, “NT” indicates the results of the leaves
of Nicotiana benthamiana without gene mtroduction, and “FW™ indicates fresh weight.

In addition, “*Mock™ indicates the result of not spraying an aqueous solution of sodium
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ascorbate, and “AsA” indicates the result of spraying a 200 mM aqueous solution of
sodiumn ascorbate, In addition, the band indicated by the armrowhead indicates the band of
the hFbxw7 protem. In addition, “RbcL” indicates the Rubisco large subunit.

[0092]

As a result, almost no expression of the hFbxw7 protein was observed in the
sample that was not sprayed with the aqueous solution of sodinm ascorbate. In contrast,
in the sample sprayed with a 200 mM aqueous solutien of sodium ascorbate, the
expression of the hFbxw?7 protein was observed three days after agroinfiltration. These
results further support that the spray of the aguecus solution of sodium ascorbate
reduced gangrene of the plant and increased the production of the target protein.

[0093]
Example 3
Addition 1 of Ascorbic Acid to Agroinfiltration Licuid

Sodium ascorbate was added to the agroinfiltration liquid to examine whether
gangrene can be inhibited. Specifically, Nicotiana benthamiana was immersed in the
agrowfiltration hiquid, and vacuum infiltrated by leaving it under a pressure of 736
mmHg for 5 minutes, and then bringing the pressure back to atmospheric pressure, and
thus the hCul protein was expressed. Here, sodium ascorbate having a final
concentration of 80 mM, 100 mM, or 200 mM was added to the agroinfiltration liquid.
Each plant was cultired at 25°C for seven days after agroinfiltration.

[0094]

FIG. 10 shows representative photographs obtained by photographing the leaves

of each plant seven days after agroinfiltration. In  this figure, (a) shows the results of

adding 80 mM sodium ascorbate to the agroinfiltration liquid, (b) shows the results of
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adding 100 mM sodium ascorbate to the agreinfiltration liquid, and (¢) shows the results
of adding 200 mM sodium ascorbate 10 the agromfiltration liquid. In (a) to {¢},
“vacunm” indicates the results of vacuum infiltration.

[0095]

As a result, 1t was revealed that, when the sodium ascorbate having a
concentration of 80 mM or higher was added to the agroinfiltration liquid, the gangrene
possibly caused by osmotic stress was induced.

[0096]
Example 4
Addition 2 of Ascorbic Acid to Agroinfiltration Licquid

Sodium ascorbate was added to the agroinfiltration liquid to examine whether
gangrene can be mhibited. Specifically, Nicotiana benthamiana was immersed in the
agroinfiltration hiquid, and vacuum infiltrated by leaving it under a pressure of 736
mmHg for 5 minutes, and then bringing the pressure back to atmospheric pressure, and
thus the hCul protein was expressed. Here, sodinm ascorbate having a final
concentration of 0, 10, 20, 30, or 40 mM was added to the agromfiltration ligquid.
Sodium ascorbate was administered only once at the ime of agroinfiltration. In
addition, for comparison, a sample that was sprayed once every two days with a 200
mM aqueous solution of sodium ascorbate, with no sodium ascorbate being added to the
agroinfiltration liquid, was also prepared. Each plant was cultured at 23°C for seven
days after agroinfiltration.

[0097]
FIG. 11 shows representative photographs obtained by photographing the leaves

of each plant seven days after agroinfiltration. In this figure, (a) shows the results of
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adding no sodium ascorbate to the agroinfiltration liquid. (b)) shows the results of
adding sodium ascorbate having a final concentration of 10 mM to the agromfiltration
liquid, (c) shows the results of adding sodium ascorbate having a final concentration of
20 mM to the agroinfiltration liquid, {d) shows the results of adding sodimm ascorbic
acid having a final concentration of 30 mM to the agroinfiltration liquid, (e) shows the
results of adding sodium ascorbate having a final concentration of 40 mM to the
agroinfiltration liquid, and (f) shows the results of spraying a 200 mM aqueous solution
of sodium ascorbate once every two days with no sodium ascorbate being added to the
agroinfiltration liquid.

[0098]

In addition, FIG. 12 shows representative photographs obtained by
photographing each of the plants seven days after agroinfiltration. In this figure, {a)
shows the results of adding no sodium ascorbate te the agroinfiltration liquid, {b) shows
the results of adding sodium ascorbate having a final concentration of 10 mM to the
agroinfiltration liquid, (c) shows the results of adding sodinm ascorbate having a final
concentration of 20 mb to the agroinfiliration liquid, (d) shows the results of adding
sodium ascorbate having a final concentration of 30 mM to the agroinfiltration liquid,
(e) shows the results of adding sodium ascorbate having a final concentration of 40 mM
to the agroinfiltration liquid, and () shows the results of sprayving a 200 mM aqueous
solution of sodium ascorbate once every two days with no sodium ascorbate being
added to the agroinfiltration licuid.

[0099]
The soluble protein was then extracted from the leaves of each plant seven days

after agroinfiltration. The prepared soluble protein was then subjected to SDS-PAGE

L
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and transferred to a PVDF membrane. As described above, a FLAG tag was attached to
the N-terminus of the hCul protein. Here, the hCul protein was detected by Westem
blotting with an anti-FLAG antibody.

[0100]

FIG. 13A 15 a photograph showing the results of Western blotting, and also
illustrates the results of CBB staining. In FIG. 13A, “NT” indicates the results of the
leaves of Nicotiana benthamiana without gene introduction, and “FW”’ indicates fresh
weight. In addition, “vacuum™ indicates the result of performing the vacuum infiltration,
and “spray” indicates the result of spraying an agqueous solution of sodium ascorbate
without adding sodium ascorbate to the agroinfiltration liquid. In addition, the band
indicated by the arrowhead indicates the band of the hCul protein. In addition, “RbcL.”
indicates the Rubisco large subumnit.

[0L01]

FIG. 13B is a graph showing the results of quantifying the expression level of
the hCul protein based on FIG. 13A. In FIG. 13B, “vacuum’™ and “spray” indicate the
same meaning as those in FIG. 13A.

[0102]

As a result, in a case where sodium ascorbate having a final concentration of 40
mM was added to the agroinfiltration liquid and vacuum infiltration was performed, the
expression of the hCul protein similar to a case where a 200 mM aqueous solution of
sodium ascorbate was sprayed once every two days with no sodium ascorbate being
added to the agroinfiltration liquid, was observed.

[0103]

L
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The results show that the addition of sodiumn ascorbate to the agroinfiltration
liquid can also reduce gangrene of the plant and increase the production of the target
protein.

[0104]
Example 5
Sodium Citrate Spray

The aqueous solution of sodium citrate was spraved instead of the aqueous
solution of sodium ascorbate, and whether gangrene of the plant could be reduced was
examined. Specifically, agroinfiltration using a syringe was performed to express GEFP,
hCul, hFbxw7, and PLP-GFP protein in the leaves of Nicotiana benthamiana. Each
plant was cultured ar 18°C for seven days after agreinfiltration. In addition, 0, 30, 50,
100, 200, and 300 mM aqueous solutions of sodium citrate were sprayved once every
two days.

[0105]

FIG. 14 shows photographs obtained by photographing the leaves of each plant
seven days after agroinfiltration. The scale bar indicates 1 cm. In this figure, {a} shows
the results of not spraying an aqueous solution of sodium citrate, (b) shows the results
of spraying a 30 mM aqueous solution of sodinum citrate, (¢) shows the results of
spraying a 30 mM aqueous solution of sodium citrate, (d) shows the results of spraying
a 100 mM aqueous solution of sodium citrate, (e) shows the results of spraying a 200
mM agueous sohution of sodium citrate, and (f) shows the results of spraying a 300 mM
aqueous solution of sodium citrate.

[0106]
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As a result, 1t was revealed that the leaves were in a wilted state when the
aqueous solution of sodium citrate having a concentration of 100 mM or higher was
sprayed.

[0107]

The soluble protein was then extracted from the region where the GFP protein
was expressed in the leaves of each plant. The prepared soluble proteins were then
subjected to SDS-PAGE and detected by CBB staining.

[0108]

FIG. 15A is a photograph showing the results of CBB staining. In FIG. 15A,
“NT” indicates the results of the leaves of Nicotiana benthamiana without gene
introduction, and “FW" indicates fresh weight. In FIG. 15A, the lower band is a band of
approximately 30kDa of GIP protein and the upper band is a band of approximately
50kDxa of the Rubisce large subunit. FIG. 15B 15 a graph showing the results of an
expression level quantification of the GFP protein based on FIG. 15A.

[0109]

As a result, it was revealed that the expression level of the GEFP protein
decreased when the aqueous solution of sodinm citrate was sprayed, while it was
observed that the expression level of the GFP protein increased when the aqueous
solution of sodium ascorbate was sprayed. The results show that the administration of
sodium citrate to a plant cannot inhibit cell death induced by transient protein
exXpression.

[0110]
Example 6

Relief 1 of Endoplasmic Reticulum Stress

L
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The endoplasmic reticulum stress inhibitor was sprayed instead of the aqueous
solution of sodium ascorbate, and whether gangrene of the plant could be reduced was
examined. As the endoplasmic reticulum stress inhibitor, 4-phenylbutyrate (4-FBA),
taurine-bound ursodeoxycholic acid (TUDCA), and trimethylamine-N-oxide (TMAQ)
were used.

[0111]

Specifically, Nicotiana benthamiana was immersed in the agroinfiltration liguid,
and vacuum infiltrated by leaving it under a pressure of 736 mmHg for 5 minutes, and
then bringing the pressure back to atmospheric pressure, and thus the hFbxw7 protein
was expressed. Each plant was cultured at 20°C for seven days after agroinfiltration. In
addition, 1 mM of each endoplasmic reticulum stress inhibitor was sprayed one day and
three days after agroinfiltration.

[0112]

FIG. 16 shows photographs obtained by photographing each plant seven days
after agroinfiltration. In this figure, (a) shows the results of not spraying endoplasmic
reticulum stress inhibitor, (b} shows the results of spraying 1 mM 4-PBA, (¢} shows the
results of spraving 1 mM TUDCA, and (d) shows the results of sprayving 1 mM TMAQO.
[0113]

As a result, it was revealed that, even when the endoplasmic reticulum stress
inhibitor was spraved, cell death induced by transient protein expression cannot be
inhibited.

[0114]
Example 7

Relief 2 of Endoplasmic Reticulum Stress
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By relieving the endoplasmic reticulum stress by inducing the expression of heat
shock proteins, whether gangrene of the plant could be reduced was examined.
Specifically, Nicotiana benthamiana was immersed in the agroinfiltration liquid, and
vacuun infiltrated by leaving it under a pressure of 736 mmHg for 5 minutes, and then
bringing the pressure back to atmospheric pressure, and thus the hFbxw7 protein was
expressed. Each plant was cultured at 20°C for seven days after agroinfiltration. In
addition, one day after agroinfiltration, the plant was incubated at 37°C for 1 hour to
induce the expression of heat shock proteins.

[0115]

FIG. 17 shows representative photographs obtained by photographing each plant
seven days after agroinfiltration. In this figure, (a) is the result of not inducing the
expression of heat shock proteins, and {(b) is a partially magnified photograph of (a). In
addition, (c) is the result of inducing the expression of heat shock proteins, and (d) 1s a
partially magnified photograph of (¢). In (c¢) and (d), “HS” indicates that the expression
of heat shock proteins was induced.

[0116]

As a result, it was revealed that, even when the endoplasmic reticulum stress
inhibitor was sprayed, cell death induced by transient protein expression cannot be
inhibited.

[0117]
Example 8
Spray 3 of Ascorbic Acid
Nicotiana benthamiana was immersed in the agroinfiliration liquid, and vacuum

infiltrated by leaving it under a pressure of 736 mmHg, for 5 minutes, and then by
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bringing the pressure back to atmospheric pressure, and thus the Cryjl protein was
expressed. Each plant was cultured at 24°C or 20°C for seven days after agromnfiltration,
In addition, a 0 mM or 200 mM aqueous solution of soditun ascorbate was sprayed once
every two days.

[0118]

FIG. 18A is a representative photograph of a plant that was not sprayed with the
aqueous solution of sodium ascorbate four days after agroinfiltration. As shown in FIG.
18A, when the aqueous solution of sodium ascorbate was not sprayed, gangrene was
observed.

[0119]

The soluble protein was then extracted from the leaves of each plant seven days
after agroinfiltration. The prepared soluble protein was then subjected to SDS-PAGE
and transferred to a PVDF membrane. Then, the Cryjl protein was detected by Western
blotting with an anti-Cryjl antibody.

[0120]

FIG. 18A is a photograph showing the results of Western blotting. In FIG. 18B,
“P” indicates the result of SDS-PAGE and Western blothing of the Cryjl protein derived
from a natural product as a positive control, “M” indicates a molecular weight marker,
“WT” indicates the result of the leaves of Nicotiana benthamiana without gene
mtroduction, "24°C” indicates the result of cultring at 24°C, “20°C™ indicates the
result of culturing at 20°C, and “+AsA” indicates the result of spraying a 200 mM
aqueous solution of sodium ascorbate once every two days.

[0121]
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As a result, expression of the Cryjl protein was not observed when the aqueous
solution of sodium ascorbate was not sprayed in any case of being cultured at 24°C and
20°C. Meanwhile, when the aqueous solution of sodium ascorbate was sprayed, the
expression of Cryjl protein was observed.

[0122]

In addition, two bands were observed in the same manner as the Cryjl protein
derived from the natural product. Of the two bands, the band having the higher
molecular weight was the band of the Cryj1 protein to which the sugar chain was
bound. In other words, it was confirmed that a sugar chain was also added to the Crvjl

protein expressed in Nicotiana benthamiana.

Industrial Applicability
[0123]
According to the present invention, a technique for inhibiting cell death induced

by transient protein expression in a plant can be provided.
[SEQUENCE LISTINGS]

SEQUENCE LISTING

<110> University of Tsukuba

<120= Cell death mhibitor and method for suppressing cell death
<130> PC-30119

<150= JP2019-142038

<151= 2019-08-01

<160> 16

L
o
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<170>

<210>

<211>

<212>

<213>

<220

<223>

<400

PatentIn version 3.5

1
38
DNA

Artificial Sequence

Synthesized primer named pRI201-EGFP-F

1

cactgttgat acatatggte agcaaggees aggagctg

<210

<211>

<212>

<213>

<220

<223>

<400>

DNA

Artificial Sequence

Synthesized primer named EGFP-pRI201-R

2

attcagaatt gtcgacttat coggacttgt acagetegte catge

<210>

<211>

<212>

3

41

DNA

40
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<213> Artificial Sequence

<220

<223> Synthesized primer named pBYR2{p-AtADH-F
<400 3

tggagaggac clcgagltaca tcacaatcac acaaaactaa ¢

<210> 4

<211> 41

<212> DNA

<213> Artificial Sequence

<220

<223> Synthesized primer named pBYR2{p-HSPrer-R
<400> 4

ccggggatec tetagaaatt cottatettt aateatatte ¢

<210> 5
<211> 2009
<212> DNA

<213> Homo sapiens

<400> 5

gcgageatct tatggatgag agegltgetga agiictacac ccagecagigg gaagattacc
ggttcagolc taaggtgety aacggtattt gegectacct taataggceac tgggtcagac

gteagtpten tgappetaga aagegcatet acgagateta cagecttect ctigtgactt

41

41

4]

60

120

180
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gaggeattg ceftifcagg cegettaaca ageaggitac caacgetgte cttaagetga
fcgagaaaga gaggaacgge gagactatta acaccegget tatttetggt gtggtgeagt
cttacgttga getggetett aacgaggatg acgettitge taagggtect accttgaceg
tgtacaaaga gagettegag tetcagttee tggetgatac tgagepgtte tacactagpy
aatctaccga gticttgeag cagaatectg tgacegagta catgaagaag getgaggeta
ggcttctepa geaacagaga agagtitcagg tgtaccttea cgagictace caggatgage
ttectagaaa gtgcgageag gtectgattg agaageacct tgagattite catactgagt
fccagaacct cctggacgct gataagaacg aggatcicge taggzatgtac aacctggtiaet
ctaggatica ggatgptetg gptgagetta agaagetgot tgagacteac atccacaace
agpstcttge tgetattgap aagteteete aggetgetet gaacgacect aagatgtacg
ttcagaccgt getggacgte cacaagaagt acaacgetct ggtcatgage gecttcaaca
acgatgctgg tiicgtgect gotctegata aggctigtge ceggltcalt aacaacaacg
cegtgaccaa gatggeocag tectcttcaa agtcetectga gettettget cggtactpeg
attctetget gaagaagtee tctaagaace ctgaggaage tgagettgag gatacectta
accaggteal ggtggtette aagtacatcg aggacaagga cgtettceaa aagtictacg
ctaagatget ggecaagege ctigtgeate aaaacagege ticagatgat geegaggeea
geatgattte taagitgaag cageettgeg gettegagta caccictaag tigeagagea
tgttccagga catcggegle ageaageatt tgaacgagea gtticaagaag cacttgacca
acagcgagcece fetggatctg gacttetcta ttcagglgcet cagetetggt tetiggectt
tccaacagtc figtacctic getetgectt ctgagttegpga gaggtcttac cagaggtica
ccgetiteta cgettetagg catictggea gaaageigac ctgpetitac cagetticta
aggetgasct gatgaccaac (gettcaaga acaggtacac ccticaggcec tctaccttce
agatggctat tctecttcag tacaacaccg aggacgetta cactgtgeag cagettactg

atagcaccca gatcaagatg gacatcelgg ctcaggtect geagatectt cttaagteta

42

360

420

480

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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agctectggt getcgageac gagaacgeta atgtigatga ggttgagetg aagecggaca 1680
cactgaftaa getgtacctg ggetacaaga acaagaaact gegggteaac atcaacgtge 1740
cgatgaagac tgaacagaag caagageaag agactaccca caagaacate gaagaggeatc 1800
ggaagetpct gatocagpet getategtta ggatcatpaa gateegpaag gtoctgaage 1860
accagcagtt getiggtgag gttttgacce agetgtecte taggticaag cotagggtte 1920
cagigatcaa gaagtgcatc gacatcctca ttgagaaaga atacctegag agagtcgacg 1980

gcgagaagea tacctattet tacctgget 2009

<210> 6

<211> 4

<212> PRT

<213> Homo sapiens
<400> 6

Lys Asp Glu Len

1

<210> 7
<211> 40
<212> DNA

<213> Adtificial Sequence

<220

<223> Synthesized primer named pBYR2HS-Hisx6-F
<400> 7

actgtteata gtecgacatge tgageaagee cgageagcty 40

43
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<210> 8

<211= 25

<212> DNA

<213> Artificial Sequence

<220

<223> Synthesized primer named pBYR2HS-KDEL-R
<400> 8§

attcagaatt gtcgacttac agete

210> 9

<211> 1758

<212> DNA

<213> Homo sapiens

<400 9

agecgtgacct acctteetga gaagggactt tattgecage ggtigectte ttctaggact
catggtgeta clgagagect gaagggtaag aacactgaga acatgggalt cltacggeace
ctgaagatga tettctacaa gatgaagegg aagefggace acggtictga ggtgagatet

ftcagectig gtaagaagee gigecaaggtt agegagtaca cltctactac tggtciggig

cettgetetg ctactectac tactttegat gatctgagee ctgetaatgg tcaaggteag
cagagaagge gegattactte tgttcaacct cctaccggac (tcaagaglg getgaagatg
ftccagtett gegtetgeace tgagaagetg cttgelcttg atgagetgat cgatagetgt

gagccegacte aggttaagea catgatpeag gttatcgage cteagttcea gegggattte

44

25

60

120

180

240

A80



atctetttge tgectaaaga actggecctg tacgtgetgt ctitettgga gectaaggat 540

citcttcagg ctgeacagac tigecaggtat tggaggatte tggetgagga caacctgett 600
tgecpteapa aptgtaaaga agagggtate gacgagecge tgeacatcaa gagaaganag 660
gitatcaage cgggcttcat ceacteteca tggaagtetg cttacatcag geagcacagg 720
atcgatacca afiggagaag ggetgagclg aagictecta aggigtigaa gggecacgat 780
gaccatgtipa ttacctgect tcagttctge getaacagga tegtgagegg ctetgatgat 340
aacaccctia aggtttgete tgecgtgace ggtaagtgec ttagaactet tgttggteat 000
accggigecg (giggtcalc tcagalgage gataacalca tcatcagegg ctetacegat 960
agpgacctiga aggtgtggaa tectgagact petgagteca tticacaccct ttacggteat 1020
acctctaccg tgagatgeat geaccticac pagaagagag teptetetps ttetagppat 1080
gectaceetita gagtgtggea tatcgaaace ggteagiget tgeargtget gatggpteat 1140
giigectgetg ttagatgegt geaglatgat getaggegtg tigigictge cgettacgat 1200
ttcatggtta aggiptgoga teccgagaca gagacttgee ticatactet tcagggecac 1260
accaacaggg tgtactcact teagttcgat ggtatecacg tggtgagepg ttetetggat 1320
accictatca gagtitggea cgtegagact ggtaactgea tecatactet taceggeeac 1380
cagtctitga ceferggtal ggaactcaag gacaacatee tegtgteegg caatgetgat 1440
agcaccgtga agatctggga tattaagace ggacagtgee ticagacact geaggegtect 1500
aacaaacatc agtctgetgt gacctgettg cagihtcaaca agaacttcgt gatcaccage 1560
tccgatgacg gaaciglgaa gelglgggac clitaagactg gegagtical taggaacctg 1620
gtgactettg agagepgetge ttctgetget gtestitgea gaattaggee cictaacace 1680
aagcttattt gepgetgttog atctaggaac gggaccgaag agactaaget tetggtgcty 1740
galttcgacg tggacatg 1758

45
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<210>

<211>

<212>

<213>

<220

<223>

<400

10
40
DNA

Artificial Sequence

Synthesized primer named pBYR2HS-CEGFP-F

10

actgitgata gtcgacatgg tgagcaagge cgaggagele 40

<210>

<211=

<212>

<213>

<220

<223>

<400>

11
38
DNA

Artificial Sequence

Synthesized primer named pBYR2HS-CEGFP-R

11

attcagaatt gtcgattate cgpacttgta cagetegt 38

<210>

<211>

<212>

<213>

<220

<223

12
40
DNA

Artificial Sequence

Synthesized primer named ADH-PLP-F

46
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<400> 12

cactgttgat agtcgatgpc agtatcaaag acaacaatgc 40

<210> 13

<211> 41

<212> DNA

<213> Artificial Sequence

<220

<223> Synthesized primer named PLP-GFP-R
<400> 13

tgctecaccat gtegacttta ggieatggag ccaclicact g 41

<210 14
<211> 1125
<212> DNA

<213> Cryptomeria japonica

<400> 14

atggaticac ctigictigt tgeacitttg gtgtitagtt tcgttatagg tagtigtitc &0
agcgataatc caategatag ctgetggaga geagaticea actgggetea aaataggatg 120
aagctigetg attgegeagt tggatteget tcttcaacaa tgggageaaa gegaggagat 180
ctttatactg tgacaaactc tgatgatgat ccigttaatc cagetectgg aacafltaaga 240
tacggtgcaa ctagagatag gectetetge ataatcttit caggaaacat gaatatcaag 300
cttaagatge caatgtacat cgeaggatac aagactitte atggaagagp tgctcaagty 360

47
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tatattggta acggaggtec atgrgtitic attanaaggy tttcaaacgt gataattcat
ggactitatt tgtacgette clcaacaagt gigettggaa acgttertat taatgagtet
tttggtetty agecagtgea teetecaggat ggapatgett taactetcag gactgeaaca
aatatctgga tagatcacaa cagettetee aatagtageg atggtettgt tpatgteact
ttgacatcta ctggagigac aatctecaaat aactigttit tcaaccatca caaggtiatg
ctectegpac atgatgatge atattcegat gataagtcta tgaaagttac tgtegettt
aaccaattcg gaccaaafltg (getcagaga atgectagag ctagatacgg tttagticac
gitgpgcaaata acaattacga tccatggaca atatacgceaa tiggaggtic ctctaatect
acaaftttgt cagaaggaaa cagttttact getccaaatg agtcttataa gaagcaagtt
acaataagga tcggettetaa gacttcaagt agetgcapgta actgegtelg gecaaageaca
caggatettt tctataatgg tgcttacttc gittcctetg gtaaatatga aggiggaaac
atctatacta agaaagaagc (ttcaatgll gagaacggta atgeaacacc tcagettact

aagdaatgetg pagtittaac ttgtictctc tcaaaaagat getaa

<210=> 15

<211> 40

<212> DNA

<213> Artificial Sequence

<220

<223> Synthesized primer named pBYR2HS-Cryj 1 Nt-F
<400> 15

cactgitgat agtcgatgea ttcaccttgt ctigttgeac

<Z10> 16

48

420

480

600

660

720

780

840

200

260

1020

1080

1125

40



<211> 39
<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized primer named pBYR2HS-Cryj INt-R
<400> 16

tgtagtccat gtcgacgeat ctitttgaga gagaacaag 39

s sk sk

[0124]
In some aspects, embodiments of the present disclosure as described herein

include the following items:

[Item 1]

An inhibitor of cell death induced by transient protein expression in a plant, the
inhibitor comprising, ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof,

wherein the derivative is :

ascorbyl monostearate, ascorbyl monopalmitate, ascorbyl
monoisopalmitate, ascorbyl monooleate, ascorbyl distearate, ascorbyl dipalmitate,
ascorbyl monopalmitate, and ascorbyl tetrahexyldecanoate,

ascorbic acid monophosphate ester, ascorbic acid diphosphate ester,
and ascorbic acid triphosphate ester,

ethyl ether ascorbic acid and methyl ether ascorbic acid,

ascorbyl diglucoside,

ascorbyl palmitate phosphate; or

the derivatives have a structure in which at least one of hydroxyl groups at the
6, 204, 31 and 5% positions in ascorbic acid is substituted.

49
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[Ttem 2]

The inhibitor according to Item 1, wherein

the inhibitor is used by bringing from 100 to 300 mM ascorbic acid or a
derivative thereof, a salt thereof, or a solvate thereof into contact with the plant.

[Item 3]

The inhibitor according to Item 1, wherein

the inhibitor is used by adding from 25 to 80 mM ascorbic acid or a derivative
thereof, a salt thereof, or a solvate thereof to an Agrobacterium suspension for
introducing an expression vector of a target protein to the plant or to a culture solution
for hydrocultivating the plant.

[Item 4]
The mhibitor according to any one of Items 1 to 3, wherein
the plant is of the genus Nicotiana.

[Item 5]
A method for inhibiting cell death induced by transient protein expression in a
plant, the method comprising:
administering ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof to the plant,
wherein the derivative is : ascorbyl monostearate, ascorbyl monopalmitate,
ascorbyl monoisopalmitate, ascorbyl monooleate, ascorbyl distcarate, ascorbyl
dipalmitate, ascorbyl monopalmitate, and ascorbyl tetrahexyldecanoate,
ascorbic acid monophosphate ester, ascorbic acid diphosphate ester,
and ascorbic acid triphosphate ester,
ethyl ether ascorbic acid and methyl ether ascorbic acid,
ascorbyl diglucoside,
ascorbyl palmitate phosphate; or
the derivatives have a structure in which at least one of hydroxyl groups at the
6™, 2%, 39 and 5% positions in ascorbic acid is substituted.

[Item 6}

The method according to Item 5, wherein

administering includes bringing from 100 to 300 mM ascorbic acid or a
derivative thereof, a salt thercof, or a solvate thereof into contact with the plant.
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[Ttem 7]

The method according to Item 5, wherein

administering includes adding from 25 to 80 mM ascorbic acid or a derivative
thereof, a salt thereof, or a solvate thereof to an Agrobacterium suspension for
introducing an expression vector of a target protein to be administered to the plant, or to
a culture solution for hydrocultivating the plant.

[Item 8]
The method according to any one of Items 5 to 7, wherein
the plant is of the genus Nicotiana.
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Claims

[Claim 1]

An inhibitor of cell death induced by transient protein expression in a plant, the
inhibitor comprising, ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof,
wherein the derivative is :

ascorbyl monostearate, ascorbyl monopalmitate, ascorbyl monoisopalmitate,
ascorbyl monooleate, ascorbyl distearate, ascorbyl dipalmitate, ascorbyl monopalmitate,
and ascorbyl tetrahexyldecanoate,

ascorbic acid monophosphate ester, ascorbic acid diphosphate ester, and
ascorbic acid triphosphate ester,

ethyl ether ascorbic acid and methyl ether ascorbic acid,

ascorbyl diglucoside,

ascorbyl palmitate phosphate; or
the derivatives have a structure in which at least one of hydroxyl groups at the 6%, 24,

34 and 5™ positions in ascorbic acid is substituted.
[Claim 2]
The inhibitor according to Claim 1, wherein

the inhibitor is used by bringing from 100 to 300 mM ascorbic acid or a

derivative thereof, a salt thercof, or a solvate thereof into contact with the plant.
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[Claim 3]

The inhibitor according to Claim 1, wherein

the inhibitor is used by adding from 25 to 80 mM ascorbic acid or a derivative
thereof, a salt thereof, or a solvate thereof to an Agrobacterium suspension for
introducing an expression vector of a target protein to the plant or to a culture solution

for hydrocultivating the plant.

[Claim 4]
The inhibitor according to any one of Claims 1 to 3, wherein

the plant is of the genus Nicotiana.

[Claim 5]
A method for inhibiting cell death induced by transient protein expression in a
plant, the method comprising:
administering ascorbic acid or a derivative thereof, a salt thereof, or a solvate
thereof to the plant,
wherein the derivative is : ascorbyl monostearate, ascorbyl monopalmitate, ascorbyl
monoisopalmitate, ascorbyl monooleate, ascorbyl distearate, ascorbyl dipalmitate,
ascorbyl monopalmitate, and ascorbyl tetrahexyldecanoate,
ascorbic acid monophosphate ester, ascorbic acid diphosphate ester, and
ascorbic acid triphosphate ester,
ethyl ether ascorbic acid and methyl ether ascorbic acid,
ascorbyl diglucoside,

ascorbyl palmitate phosphate; or

53

Date Recue/Date Received 2023-05-25



the derivatives have a structure in which at least one of hydroxyl groups at the 6%, 22¢,

3'4 and 5% positions in ascorbic acid is substituted.

[Claim 6]
The method according to Claim 5, wherein
administering includes bringing from 100 to 300 mM ascorbic acid or a

derivative thereof, a salt thereof, or a solvate thereof into contact with the plant.

[Claim 7]

The method according to Claim 5, wherein

administering includes adding from 25 to 80 mM ascorbic acid or a derivative
thereof, a salt thereof, or a solvate thereof to an Agrobacterium suspension for
introducing an expression vector of a target protein to be administered to the plant, or to

a culture solution for hydrocultivating the plant.

[Claim 8]

The method according to any one of Claims 5 to 7, wherein

the plant is of the genus Nicotiana.
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FIG. 5A

Sodium ascorbate {mM)

GFP {ng)
0 30 50 100 200 300 _ NT 12 3
PLP-GFP
{kDa)
60 —
46 —
35 — <
- — s —— - D ————— - -
28 — 1 mgFW WB: anti-GFP
2
515 xx
Jal]
E *%
§ 1 | *k
o
o
=B
05
NEAN::
0 3

0 50 100 200 300
Sodium ascorbate (mM)

25°C, 7 day, 200mM AsA 25°C, 7 day, mock




4/9
FIG. 7A

3 day, 25°C 5 day, 25°C 7 day, 25°C
Mock AsA Mock AsA Mock AsA NT

Trp |

(kDa)

Goﬁ___‘- - g i g -

16 4 -

35—

—— U S
28 — 0.5 mgFwW CBB

6000

= 5000 | A 5

S BT F

2 4000 [

7

2 3000

$2000 |

=

1000 |
0
M A M A M A
3 day 5 day 7 day
3 day, 25°C 5 day, 25°C 7 day, 25°C
Mock AsA Mock AsA Maock AsA NT
(kDa)
204 - hCUI1
17 -
-w ub - - -<
87 -
60 - -
- - L ]
46 -
2 mgFW WB-anti-FLAG

RbcL - . gl - SHw = g ""‘53"""""'-%
FI1G. 8B

30

ol

10

5 |
OD [l &

M A M A M A
3 day 5 day 7 day

ug/g fresh weight
o

CA 03144718 2022-1-18



CA 03144718 2022-1-18

5/9
FI1G. 9

~
3 day, 25°C
Mock AsA NT
hFbxw7
140 ~
100 - ' . Tt
-
75 - .
- <]
60 - 3 mgFigl WB:anti-FLAG
- i
RbelL v oW
CBB
-~

(a) (b) (c)

200 mM vacuum

80 mM vacuum 100 mM vacuum




CA 03144718 2022-1-18




CA 03144718 2022-1-18

7/9
FIG. 13A
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FIG. 15A
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