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METHOD FOR PRODUCING
POLYISOPRENOID, TRANSFORMED PLANT,
METHOD FOR PRODUCING PNEUMATIC
TIRE AND METHOD FOR PRODUCING
RUBBER PRODUCT

REFERENCE TO SEQUENCE LISTING
SUBMITTED VIA EFS-WEB

This application includes an electronically submitted

sequence listing 1 .txt format. The .txt file contains a
sequence listing enftitled “2016-11-01 5051-0413PUSI

ST25.1xt” created on Nov. 1, 2016 and 1s 10,519 bytes 1n
size. The sequences listing contained 1n this .txt file 1s part
of the specification and 1s hereby incorporated by reference
herein 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to a method for producing a
polyisoprenoid, a transformed plant, a method for producing,
a pneumatic tire, and a method for producing a rubber
product.

BACKGROUND ART

Nowadays natural rubber (one example of polyiso-
prenoids) for use 1n industrial rubber products are obtained
by cultivating rubber-producing plants, such as para rubber
tree (Hevea brasiliensis) belonging to the family Euphorbi-
aceae, or Indian rubber tree (Ficus elastica) belonging to the
family Moraceae, to biosynthesize natural rubber by the
lactiferous cells of the plants, and harvesting the natural
rubber by hand from the plants.

At present, Hevea brasiliensis 1s practically the only one
source of natural rubber for industrial rubber products.
Hevea brasiliensis 1s a plant that can grow only 1n limited
areas such as in Southeast Asia and South America. Con-
ventionally, natural rubber production has been increased by
applying ethephon or methyl jasmonate to Hevea brasilien-
sis trees to induce lactiferous duct formation. Moreover,
Hevea brasiliensis requires about seven years from planting
to mature enough for rubber extraction, and the period
during which natural rubber can be extracted 1s limited to 20
to 30 years. Although more natural rubber 1s expected to be
demanded mainly by developing countries 1n years to come,
for the reason mentioned above it 1s difficult to greatly
increase the production of natural rubber using Hevea
brasiliensis. Depletion of natural rubber sources i1s therefore
of concern, and there are needs for stable natural rubber
sources other than mature Hevea brasiliensis and for
improvement 1n productivity of natural rubber from Hevea
brasiliensis.

Natural rubber has a cis-1,4-polyisoprene structure
formed mainly of 1sopentenyl diphosphate (IPP) units, and
the nature of this structure suggests that cis-prenyltrans-
terase (CPT) 1s involved 1n natural rubber biosynthesis. For
example, several CPTs are found in Hevea brasiliensis,
including Hevea rubber transierase 1 (HRT1) and Hevea
rubber transierase 2 (HRT2) (see for example Non Patent
Literatures 1 and 2). It 1s also known that rubber synthesis
can be reduced in the dandelion species Taraxacum brevi-
corniculatum by suppressing CPT expression (see for
example Non Patent Literature 3).

Previous studies of proteins associated with natural rubber
biosynthesis have focused on rubber elongation factor (REF)
and small rubber particle protein (SRPP) (see for example
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2

Non Patent Literatures 4 and 5). However, the associations
between these proteins and CPT are not completely under-
stood.

It has also been suggested that Nogo-B receptor (NgBR)
1s involved 1n dolichol biosynthesis by a human CPT (see for
example Non Patent Literature 6).

Methods have been studied for increasing the production
of natural rubber 1n Hevea brasiliensis, but since the rubber
synthesis mechanism of Hevea brasiliensis 1s not completely
understood, Hevea brasiliensis variants have been proposed
which have been genetically modified to express and
enhance genes of the known monomer (isopentenyl diphos-
phate) synthesis pathways (mevalonate (MVA) pathway and
non-mevalonate (MEP) pathway) (see for example Patent
Literature 1).

CITATION LIST
Patent Literature

Patent Literature 1: JP 2005-500840 T

Non Patent Literature

Non Patent Literature 1: Rahaman et al., BMC Genomics,
2013, vol. 14

Non Patent Literature 2: Asawatreratanakul et al., European
Journal of Biochemistry, 2003, vol. 270, pp. 4671-4680

Non Patent Literature 3: Post et al., Plant Physiology, 2012,
vol. 158, pp. 1406-1417

Non Patent Literature 4: Hillebrand et al., PL.oS ONE, 2012,
vol. 7

Non Patent Literature 5: Priya et al., Plant Cell Reports,
2007, vol. 26, pp. 1833-1838

Non Patent Literature 6: K. D. Harrison et al., The EMBO
Journal, 2011, vol. 30, pp. 2490-2500

SUMMARY OF INVENTION

Technical Problem

As described above, there are needs for development of
stable natural rubber sources other than mature Hevea
brasiliensis and for improvement in productivity of natural
rubber from Hevea brasiliensis, but at present, the biosyn-
thesis mechanism of natural rubber, and particularly the
regulatory mechanism remains largely unclear, and there 1s
still much room for improvement to greatly increase natural
rubber production.

Although methods have been studied for increasing the
production of natural rubber in Hevea brasiliensis as
described above, it 1s known that ethephon, methyl jas-
monate and other chemicals need to be applied to Hevea
brasiliensis trees continuously, but long-term application of
such chemicals may damage the trees. For example, 1t 1s
known that bark splitting 1s more likely to occur when
cthephon 1s applied to the trunk of Hevea brasiliensis trees
for a long period of time.

Moreover, even when the genes of the monomer (1sopen-
tenyl diphosphate) synthesis pathways (mevalonate (MVA)
pathway and non-mevalonate (MEP) pathway) are
expressed and enhanced, since the monomer material 1s0-
pentenyl diphosphate (IPP) has uses apart from a raw
material of natural rubber, the increase i IPP production
may not lead to increased natural rubber production.

Thus, at present the biosynthesis mechanism of natural
rubber, and particularly the regulatory mechanism remains
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largely unclear, and there 1s still much room for improve-
ment to greatly increase natural rubber production.

In this context, one possible approach to solving these
problems 1s to stabilize and enhance the activity of CPT in
natural rubber biosynthesis 1n order to increase natural
rubber production.

It 1s an object of the present ivention to resolve these
problems and provide a method for producing a polyiso-
prenoid, which can increase natural rubber production by

enhancing the rubber synthesis activity of rubber particles 1n
vItro.

It 1s another object of the present invention to resolve
these problems and provide a method for producing a
polyisoprenoid, which can increase natural rubber produc-
tion by producing a transformed plant with enhanced rubber
synthesis activity.

Solution to Problem

The present mmvention relates to a method for producing a
polyisoprenoid, the method including a step of binding a
protein expressed by a gene coding for a cis-prenyltrans-
terase (CPT) family protein, a protein expressed by a gene
coding for a Nogo-B receptor (NgBR) family protein, and a
protein expressed by a gene coding for a rubber elongation
tactor (REF) family protein to rubber particles 1n vitro. This
invention 1s heremnafter called the first aspect of the present
invention, and 1s also referred to simply as the first inven-
tion.

At least one selected from the group consisting of the gene
coding for a cis-prenyltransierase (CPT) family protein, the
gene coding for a Nogo-B receptor (NgBR) family protein,
and the gene coding for a rubber elongation factor (REF)
family protein 1s preferably derived from a plant.

At least one selected from the group consisting of the gene
coding for a cis-prenyltransierase (CPT) family protein, the
gene coding for a Nogo-B receptor (NgBR) family protein,
and the gene coding for a rubber elongation factor (REF)
tamily protein 1s preferably derived from Hevea brasiliensis.

The binding step preferably includes performing protein
synthesis 1 the presence of both rubber particles and a
cell-free protein synthesis solution containing an mRINA
coding for a cis-prenyltransierase (CPT) family protein, an
mRNA coding for a Nogo-B receptor (NgBR) family pro-
tein, and an mRNA coding for a rubber elongation factor
(REF) family protein, to bind the CPT family protein, the
NgBR family protein, and the REF family protein to the
rubber particles.

The cell-free protein synthesis solution preferably con-
tains a germ extract.

The germ extract 1s preferably derived from wheat.

The rubber particles are preferably present 1in the cell-free
protein synthesis solution at a concentration of 5 to 50 g/L.

The first invention also relates to a method for producing
a pneumatic tire, the method including the steps of: kneading
a polyisoprenoid produced by the method for producing a
polyisoprenoid of the first mvention with an additive to
obtain a kneaded mixture; building a green (or raw) tire from
the kneaded mixture; and vulcanizing the green tire.

The first invention also relates to a method for producing
a rubber product, the method including the steps of: knead-
ing a polyisoprenoid produced by the method for producing
a polyisoprenoid of the first mnvention with an additive to
obtain a kneaded mixture; forming a raw rubber product
from the kneaded mixture; and vulcanizing the raw rubber
product.
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The present invention also relates to a method for pro-
ducing a polyisoprenoid, the method including producing a
polyisoprenoid 1n a transformed plant produced by intro-
ducing a gene coding for a cis-prenyltransierase (CPT)
family protein, a gene coding for a Nogo-B receptor INgBR)
family protein, and a gene coding for a rubber elongation
tactor (REF) family protein into a plant to allow the plant to
express the CPT family protein, the NgBR family protein,
and the REF family protein. This mvention i1s hereinafter
called the second aspect of the present invention, and is also
referred to simply as the second mnvention.

At least one selected from the group consisting of the gene
coding for a cis-prenyltransierase (CPT) family protein, the
gene coding for a Nogo-B receptor (NgBR) family protein,
and the gene coding for a rubber elongation factor (REF)
family protein 1s preferably derived from a plant.

At least one selected from the group consisting of the gene
coding for a cis-prenyltransierase (CPT) family protein, the
gene coding for a Nogo-B receptor (NgBR) family protein,
and the gene coding for a rubber elongation factor (REF)
family protein is preferably derived from Hevea brasiliensis.

The gene coding for a cis-prenyltransierase (CPT) family
protein 1s preferably the following DNA [1] or [2]:

[1] a DNA having the nucleotide sequence of SEQ ID
NO:1; or

[2] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:1, and codes for a
protein having an enzyme activity that catalyzes a reaction
of cis-chain elongation of an isoprenoid compound.

The gene coding for a Nogo-B receptor (NgBR) family

protein 1s preferably the following DNA [3] or [4]:
[3] a DNA having the nucleotide sequence of SEQ ID

NO:3; or

[4] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:3, and codes for a
protein having the functions of binding to a membrane via
one or more transmembrane domains on the N-terminal side
of the protein, and interacting with another protein on the
C-terminal side thereof.

The gene coding for a rubber elongation factor (REF)
family protein 1s preferably the following DNA [5] or [6]:

[5] a DNA having the nucleotide sequence of SEQ ID
NQO:5; or

[6] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:5, and codes for a
rubber particle-associated protein that 1s bound to rubber
particles 1n latex.

The second mnvention also relates to a transformed plant,
produced by introducing a gene coding for a cis-prenyltrans-
terase (CPT) family protein, a gene coding for a Nogo-B
receptor (NgBR) family protein, and a gene coding for a
rubber elongation factor (REF) family protein into a plant to
allow the plant to express the CPT family protein, the NgBR
family protein, and the REF family protein.

At least one selected from the group consisting of the gene
coding for a cis-prenyltransierase (CPT) family protein, the
gene coding for a Nogo-B receptor (NgBR) family protein,
and the gene coding for a rubber elongation factor (REF)
family protein 1s preferably derived from a plant.

At least one selected from the group consisting of the gene
coding for a cis-prenyltransierase (CPT) family protein, the
gene coding for a Nogo-B receptor (NgBR) family protein,
and the gene coding for a rubber elongation factor (REF)
family protein 1s preferably derived from Hevea brasiliensis.
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The gene coding for a cis-prenyltransierase (CPT) family
protein 1s preferably the following DNA [1] or [2]:

[1] a DNA having the nucleotide sequence of SEQ ID
NO:1; or

[2] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:1, and codes for a
protein having an enzyme activity that catalyzes a reaction
of cis-chain elongation of an 1soprenoid compound.

The gene coding for a Nogo-B receptor (NgBR) family
protein 1s preferably the following DNA [3] or [4]:

[3] a DNA having the nucleotide sequence of SEQ ID
NO:3; or

[4] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:3, and codes for a
protein having the functions of binding to a membrane via
one or more transmembrane domains on the N-terminal side
of the protein, and interacting with another protein on the
C-terminal side thereof.

The gene coding for a rubber elongation factor (REF)
family protein 1s preferably the following DNA [3] or [6]:

[5] a DNA having the nucleotide sequence of SEQ ID
NQO:5; or

[6] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:5, and codes for a
rubber particle-associated protein that 1s bound to rubber
particles 1n latex.

The second invention also relates to a method for pro-
ducing a pneumatic tire, the method 1ncluding the steps of:
kneading a polyisoprenoid produced by the method for
producing a polyisoprenoid of the second invention with an
additive to obtain a kneaded mixture; building a green tire
from the kneaded mixture; and vulcanizing the green tire.

The second invention also relates to a method for pro-
ducing a rubber product, the method 1ncluding the steps of:
kneading a polyisoprenoid produced by the method for
producing a polyisoprenoid of the second mvention with an
additive to obtain a kneaded mixture; forming a raw rubber
product from the kneaded mixture; and vulcanizing the raw
rubber product.

Advantageous Effects of Invention

The method for producing a polyisoprenoid of the first
invention includes a step of binding a protein expressed by
a gene coding for a cis-prenyltransierase (CPT) family
protein, a protein expressed by a gene coding for a Nogo-B
receptor (NgBR) family protein, and a protein expressed by
a gene coding for a rubber elongation factor (REF) family
protein to rubber particles 1n vitro. Binding the CPT family
protein, NgBR family protein, and REF family protein to
rubber particles 1s expected to stabilize and enhance the
activity of the CPT family protein, thereby enhancing the
rubber synthesis activity of rubber particles. Thus, 1t 1s
possible to produce rubber more efliciently 1n reaction
vessels (e.g. test tubes, industrial plants).

The method for producing a pneumatic tire of the first
invention includes the steps of: kneading a polyisoprenoid
produced by the method for producing a polyisoprenoid of
the first mnvention with an additive to obtain a kneaded
mixture; building a green tire from the kneaded mixture; and
vulcanizing the green tire. With this method, a pneumatic
tire 1s produced from a polyisoprenoid produced by a
method that produces a polyisoprenoid with high produc-
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tivity. Thus, it 1s possible to use plant resources eflectively
to produce an environmentally friendly pneumatic tire.
The method for producing a rubber product of the first
invention includes the steps of: kneading a polyisoprenoid
produced by the method for producing a polyisoprenoid of
the first mnvention with an additive to obtain a kneaded
mixture; forming a raw rubber product from the kneaded
mixture; and vulcanizing the raw rubber product. With this
method, a rubber product 1s produced from a polyisoprenoid
produced by a method that produces a polyisoprenoid with
high productivity. Thus, it 1s possible to use plant resources
ellectively to produce an environmentally friendly rubber

product.
The method for producing a polyisoprenoid of the second

invention includes producing a polyisoprenoid in a trans-
formed plant produced by introducing a gene coding for a
cis-prenyltransierase (CPT) family protein, a gene coding
for a Nogo-B receptor (NgBR) family protein, and a gene
coding for a rubber elongation factor (REF) family protein
into a plant to allow the plant to express the CPT family
protein, the NgBR family protein, and the REF family
protein. According to this method, since the CPT family
protein, NgBR family protein, and REF family protein are
co-expressed, the activity of the CPT family protein 1is
expected to be stabilized and enhanced. Therefore, it 1s
expected that the transformed plant engineered to co-express
the CPT family protein, NgBR family protein, and REF
family protein exhibits continuously enhanced rubber syn-
thesis activity, and the use of such a transformed plant in
polyisoprenoid production can result 1n an increase 1 poly-
1soprenoid production.

The method for producing a pneumatic tire of the second
invention includes the steps of: kneading a polyisoprenoid
produced by the method for producing a polyisoprenoid of
the second invention with an additive to obtain a kneaded
mixture; building a green tire from the kneaded mixture; and
vulcanizing the green tire. With this method, a pneumatic
tire 1s produced from a polyisoprenoid produced by a
method that produces a polyisoprenoid with high produc-
tivity. Thus, 1t 1s possible to use plant resources eflectively
to produce an environmentally friendly pneumatic tire.

The method for producing a rubber product of the second
invention includes the steps of: kneading a polyisoprenoid
produced by the method for producing a polyisoprenoid of
the second invention with an additive to obtain a kneaded
mixture; forming a raw rubber product from the kneaded
mixture; and vulcanizing the raw rubber product. With this
method, a rubber product 1s produced from a polyisoprenoid
produced by a method that produces a polyisoprenoid with
high productivity. Thus, 1t 1s possible to use plant resources
cllectively to produce an environmentally friendly rubber
product.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a presumptive diagram of rubber synthesis by
CPT, NgBR, and REF on a rubber particle.
FIG. 2 1s a schematic diagram showing part of a poly-

1soprenoid biosynthesis pathway.
FIG. 3 schematically 1llustrates the dialysis process in the

example.

DESCRIPTION OF EMBODIMENTS

Herein, the first invention and the second invention are
also referred to collectively as the present invention. The
first imnvention will be explained first, and then the second
invention will be explained.
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(First Invention)

The method for producing a polyisoprenoid of the first
invention includes a step of binding a protein expressed by
a gene coding for a cis-prenyltransferase (CPT) family
protein, a protein expressed by a gene coding for a Nogo-B
receptor (NgBR) family protein, and a protein expressed by
a gene coding for a rubber elongation factor (REF) family
protein to rubber particles 1n vitro.

The inventors were the first to discover that the rubber
synthesis of rubber particles 1s activated by binding a CPT
family protein, a NgBR family protein, and a REF family
protein to rubber particles 1n vitro. The inventors have also
discovered here for the first time that the combination of the
CPT family protein, NgBR family protein, and REF family
protein 1s directly involved in rubber synthesis. It 1s pre-
sumed that the CPT family protein, NgBR family protein,
and REF family protein are disposed on rubber particle for
rubber synthesis as shown in FIG. 1. FIG. 1 illustrates an
example of rubber synthesis in which CPT, NgBR, and REF
are shown as the CPT family protein, NgBR family protein,
and REF family protein, respectively, and the isopentenyl
diphosphate (IPP) substrate 1s polymerized by CPT to syn-
thesize natural rubber within a rubber particle.

Hence, the rubber synthesis activity of rubber particles
can be enhanced by binding a CPT family protein, a NgBR
family protein, and a REF family protein to rubber particle
in vitro, for example in reaction vessels (e.g. test tubes,
industnal plants) as 1 the production method of the first
invention. Thus, 1t 1s possible to produce rubber more
ciliciently 1n reaction vessels (e.g. test tubes, industrial
plants).

The production method of the first invention may include
any other step as long as it involves the above binding step,
and each step may be performed once or repeated multiple
times.

The amounts of the CPT family protein, NgBR family
protein, and REF family protein to be bound to the rubber
particles are not particularly limited in the first mnvention.

Herein, binding of a CPT family protein, a NgBR family
protein, and a REF family protein to rubber particles means
that, for example, all or part of the CPT family protein,
NgBR family protein, and REF family protein 1s incorpo-
rated into the rubber particles, or inserted into the membrane
structure of the rubber particles. It 1s not limited to these
embodiments and also includes embodiments 1n which, for
example, the proteins are localized on the surface or nside
of the rubber particles. Moreover, the concept of binding to
rubber particle also includes embodiments in which the CPT
family protein, NgBR family protein, and REF family
protein form a complex with another protein bound to the
rubber particles as described above, so as to be present in the
form of the complex on the rubber particles.

The origin of the rubber particles 1s not particularly
limited. For example, the rubber particles may be derived
from the latex of a rubber-producing plant such as Hevea
brasiliensis, Taraxacum kok-saghyz, Parthenium argenta-
tum, Sonchus oleraceus, or Ficus elastica.

The particle size of the rubber particles 1s also not
particularly limited. Rubber particles of a specific particle
size may be sorted out and used, or a mixture of rubber
particles of different particle sizes may be used. When
rubber particles of a specific particle size are sorted out and
used, the rubber particles may be either small rubber par-
ticles (SRP) with a small particle size or large rubber
particles (LRP) with a large particle size.

Commonly used methods may be employed for sorting
out the rubber particles of a specific particle size, including,
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for example, a method involving centrifugation, preferably
multistage centrifugation. A specific method includes cen-
trifugation at 500-1500xg, centrifugation at 1700-2500xg,
centrifugation at 7000-9000xg, centrifugation at 15000-
25000xg, and centrifugation at 40000-60000xg, carried out
in that order. The treatment time for each centrifugation
treatment 1s preferably at least 20 minutes, more preferably
at least 30 minutes, still more preferably at least 40 minutes,
but preferably 120 minutes or less, more preferably 90
minutes or less. The treatment temperature for each cen-
trifugation treatment 1s preferably 0° C. to 10° C., more
preferably 2° C. to 8° C., particularly preferably 4° C.

In the binding step, a protein expressed by a gene coding,
for a cis-prenyltransierase (CPT) family protein, a protein
expressed by a gene coding for a Nogo-B receptor (NgBR)
family protein, and a protein expressed by a gene coding for
a rubber elongation factor (REF) family protein are bound to
rubber particles 1n vitro.

The origins of the gene coding for a cis-prenyltransierase
(CPT) family protein, the gene coding for a Nogo-B receptor
(NgBR) family protein, and the gene coding for a rubber
clongation factor (REF) family protein are not particularly
limited, but they are each preferably derived from plants,
more preferably at least one selected from the group con-
sisting of plants of the genera Hevea, Sonchus, laraxacum,
and Parthenium. Among these, they are each still more
preferably derived from at least one species of plant selected
from the group consisting of Hevea brasiliensis, Sonchus
oleraceus, Parthenium argentatum, and Taraxacum kok-
saghyz, particularly preferably Hevea brasiliensis. Most
preferably, they are all derived from Hevea brasiliensis.

The plant 1s not particularly limited, and examples include
Hevea species such as Hevea brasiliensis; Sonchus species
such as Sonchus oleraceus, Sonchus asper, and Sonchus
brachyotus; Solidago species such as Solidago altissima,
Solidago virgaurea subsp. asiatica, Solidago virgaurea
subsp. leipcarpa, Solidago virgaurea subsp. leipcarpa 1.
paludosa, Solidago virgaurea subsp. gigantea, and Solidago
gigantea Ait. var. leiophylla Fernald, Helianthus species
such as Helianthus annus, Helianthus argophyilus, Helian-
thus atrorubens, Helianthus debilis, Helianthus decapetalus,
and Helianthus giganteus; Taraxacum species such as dan-
delion (Zaraxacum), Iaraxacum venustum H. Koidz,
laraxacum hondoense WNakai, Iaraxacum platycarpum
Dahlst, Taraxacum japonicum, Taraxacum officinale Weber,
and Taraxacum kok-saghvz; Ficus species such as Ficus
carica, Ficus elastica, Ficus pumila L., Ficus erecta
Thumb., Ficus ampelas Burm. 1., Ficus benguetensis Merr.,
Ficus irvisana BElm., Ficus microcarpa L. 1., Ficus septica
Burm. 1., and Ficus benghalensis; Parthenium species such
as Parthenium argentatum, and Parthenium hystevophorus,
Ambrosia artemisiifolia; and lettuce (Lactuca sativa).

Herein, the cis-prenyltransterase (CPT) family protein
refers to an enzyme that catalyzes a reaction of cis-chain
clongation of an 1soprenoid compound. Specifically, 1n
plants, for example, polyisoprenoids are biosynthesized via
polyisoprenoid biosynthesis pathways as shown 1n FIG. 2, in
which the CPT family proteins are considered to be enzymes
that catalyze the reaction enclosed by the dotted frame in
FIG. 2. The CPT family proteins are characterized by having
an amino acid sequence contained in the cis-IPPS domain
(NCBI accession No. ¢d00475). Examples of such CPT
family proteins 1include CPT {from Hevea brasiliensis
(HRT1, HRT2, CPT3-5), AtCPT1-9 from Arabidopsis thali-
ana, CPT1-3 from lettuce, CPT1-3 from Taraxacum kok-
saghyz, and undecaprenyl pyrophosphate synthase (UPPS)
from E. coli.
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Herein, the 1soprenoid compound refers to a compound
containing an 1soprene unit (C.Hg). Also, the c1s 1soprenoid
refers to a compound including an 1soprenoid compound in
which 1soprene units are cis-bonded, and examples include
cis-farnesyl diphosphate, undecaprenyl diphosphate, natural

rubber, and the like.

The Nogo-B receptor (NgBR) family protein refers to a
protein having the functions of binding to a membrane via
one or more transmembrane domains on the N-terminal side
of the protein, and interacting with CPT family proteins or
other proteins on the C-terminal side thereot, and assists the
function of the CPT family proteins by holding the CPT
family proteins on the membrane. The NgBR family pro-
teins are characterized by having a transmembrane domain
on the N-terminal side, and further having an amino acid
sequence contained in the cis-IPPS superfamily domain
(NCBI accession No. COG0020) on the C-terminal side.
Examples of such NgBR family proteins include NgBR
trom Hevea brasiliensis (HRTBP), LEW1 from Arabidopsis
thaliana, LsCPTL1-2 {from lettuce, and TbRTA {rom

laraxacum.

The rubber elongation factor (REF) family protein refers
to a rubber particle-associated protein that 1s bound to rubber
particles 1n the latex of rubber-producing plants such as
Hevea brasiliensis, and contributes to stabilization of the
rubber particles. The REF family proteins are characterized
by having an amino acid sequence contained in the REF
superfamily domain (NCBI accession No. pfam05753).
Examples of such REF family proteins include REF, small
rubber particle protein (SRPP) and the like.

Specific examples of the CPT family protein include the
following [1]:

[1] a protein having the amino acid sequence of SEQ ID
NO:2.

It 1s known that proteins having one or more amino acid
substitutions, deletions, insertions, or additions relative to
the original amino acid sequence can have the inherent
function. Thus, specific examples of the CPT family protein
also include the following [2]:

[2] a protein having an amino acid sequence containing

one or more amino acid substitutions, deletions, insertions
and/or additions relative to the amino acid sequence of SEQ)
ID NO:2, and having an enzyme activity that catalyzes a
reaction of cis-chain elongation of an 1soprenoid compound.

In order to preserve the function of the CPT family
protein, 1t preferably has an amino acid sequence containing,
one or more, more prelerably 1-38, still more preferably
1-44, further more preferably 1-29, particularly preferably
1-15, most preferably 1-6, yet most preferably 1-3 amino
acid substitutions, deletions, 1nsertions and/or additions rela-
tive to the amino acid sequence of SEQ ID NO:2.

Among other amino acid substitutions, conservative sub-
stitutions are preferred. Specific examples include substitu-
tions within each of the following groups 1n the parentheses:
(glycine, alanine), (valine, 1soleucine, leucine), (aspartic
acid, glutamic acid), (asparagine, glutamine), (serine, threo-
nine), (lysine, arginmine), (phenylalanine, tyrosine), and the
like.

It 1s also known that proteins with amino acid sequences
having high sequence identity with the original amino acid
sequence can also have similar function. Thus, specific
examples of the CPT family protein also include the fol-
lowing [3]:

[3] a protein having an amino acid sequence having at
least 80% sequence 1dentity with the amino acid sequence of
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SEQ ID NO:2, and having an enzyme activity that catalyzes
a reaction ol cis-chain elongation of an 1soprenoid com-
pound.

In order to preserve the function of the CPT family
protein, the sequence 1dentity with the amino acid sequence
of SEQ ID NO:2 1s preferably at least 85%, more preferably
at least 90%, still more preferably at least 95%, particularly
preferably at least 98%, most preferably at least 99%.

The sequence 1dentity between amino acid sequences or
nucleotide sequences may be determined using the algo-
rithm BLAST® [Pro. Natl. Acad. Sci. USA, 90, 35873
(1993)] developed by Karlin and Altschul or FASTA [Meth-
ods Enzymol., 183, 63 (1990)] (all the above documents are
incorporated herein by reference).

Whether it 1s a protein having the above enzyme activity
may be determined by conventional techniques, such as by
expressing a target protein in a transformant prepared by
introducing a gene coding for the target protein into Lscheri-
chia coli or other host organisms, and determining the
presence or absence of the function of the target protein by
the corresponding activity measurement method.

Specific examples of the NgBR family protein include the
following [4]:

[4] a protein having the amino acid sequence of SEQ ID
NO:4.

It 1s known that proteins having one or more amino acid
substitutions, deletions, insertions, or additions relative to
the original amino acid sequence can have the inherent
function. Thus, specific examples of the NgBR family
protein also include the following [5]:

[5] a protein having an amino acid sequence containing
one or more amino acid substitutions, deletions, insertions
and/or additions relative to the amino acid sequence of SEQ
ID NO:4, and having the functions of binding to a membrane
via one or more transmembrane domains on the N-terminal
side of the protein, and interacting with another protein on
the C-terminal side thereof.

In order to preserve the function of the NgBR family
protein, 1t preferably has an amino acid sequence containing
one or more, more preferably 1-52, still more preferably
1-39, turther more preferably 1-26, particularly preferably
1-13, most preferably 1-6, yvet most preferably 1-3 amino
acid substitutions, deletions, 1nsertions and/or additions rela-
tive to the amino acid sequence of SEQ ID NO:4.

Among other amino acid substitutions, conservative sub-
stitutions are preferred. Specific examples include substitu-
tions within each of the following groups 1n the parentheses:
(glycine, alanine), (valine, 1soleucine, leucine), (aspartic
acid, glutamic acid), (asparagine, glutamine), (serine, threo-
nine), (lysine, argimine), (phenylalamine, tyrosine), and the
like.

As described above, it 1s also known that proteins with
amino acid sequences having high sequence identity with
the original amino acid sequence can also have similar
function. Thus, specific examples of the NgBR family
protein also include the following [6]:

[6] a protein having an amino acid sequence having at
least 80% sequence 1dentity with the amino acid sequence of
SEQ ID NO:4, and having the functions of binding to a
membrane via one or more transmembrane domains on the
N-terminal side of the protein, and interacting with another
protein on the C-terminal side thereof.

In order to preserve the function of the NgBR family
protein, the sequence 1dentity with the amino acid sequence
of SEQ ID NO:4 1s preferably at least 85%, more preferably
at least 90%, still more preferably at least 95%, particularly
preferably at least 98%, most preferably at least 99%.
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Whether it 1s a NgBR family protein may be determined
by conventional techniques, such as by identifying the
amino acid sequence and then determining whether 1t has an
amino acid sequence contained in the cis-IPPS supertamily
domain (NCBI accession No. COG0020).

Specific examples of the REF family protein include the
tollowing [7]:

['7] a protein having the amino acid sequence of SEQ ID
NO:6.

It 1s known that proteins having one or more amino acid
substitutions, deletions, insertions, or additions relative to
the original amino acid sequence can have the inherent
function. Thus, specific examples of the REF family protein
also include the following [8]:

[8] a rubber particle-associated protein having an amino
acid sequence containing one or more amino acid substitu-
tions, deletions, 1nsertions, and/or additions relative to the
amino acid sequence of SEQ ID NO:6, and being bound to
rubber particles 1n latex.

In order to preserve the function of the REF family
protein, 1t preferably has an amino acid sequence containing,
one more, more preferably 1-28, still more preferably 1-21,
turther more preferably 1-14, particularly preferably 1-7,
most preferably 1-3, yet most preferably one amino acid
substitution, deletion, insertion and/or addition relative to
the amino acid sequence of SEQ ID NO:6.

Among other amino acid substitutions, conservative sub-
stitutions are preferred. Specific examples include substitu-
tions within each of the following groups 1n the parentheses:
(glycine, alanine), (valine, 1soleucine, leucine), (aspartic
acid, glutamic acid), (asparagine, glutamine), (serine, threo-
nine), (lysine, arginmine), (phenylalanine, tyrosine), and the
like.

As described above, 1t 1s also known that proteins with
amino acid sequences having high sequence identity with
the original amino acid sequence can also have similar
tunction. Thus, specific examples of the REF family protein
also include the following [9]:

[9] a rubber particle-associated protein having an amino
acid sequence having at least 80% sequence 1dentity with the
amino acid sequence of SEQ ID NO:6, and being bound to
rubber particles 1n latex.

In order to preserve the function of the REF family
protein, the sequence 1dentity with the amino acid sequence
of SEQ ID NO:6 1s preferably at least 85%, more preferably
at least 90%, still more preferably at least 95%, particularly
preferably at least 98%, most preferably at least 99%.

Whether it 1s a REF family protein may be determined by
conventional techniques, such as by identifying the amino
acid sequence and then determining whether i1t has an amino
acid sequence contained in the REF superfamily domain
(NCBI accession No. pfam05733).

Specific examples of the gene coding for the CPT family
protein include the following [1] and [2]:

[1] a DNA having the nucleotide sequence of SEQ ID
NO:1; and

[2] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:1, and codes for a
protein having an enzyme activity that catalyzes a reaction
of cis-chain elongation of an isoprenoid compound.

As used herein, the term “hybridizing” means a process 1n
which a DNA hybndizes with a DNA having a specific
nucleotide sequence or a part of the DNA. Accordingly, the
DNA having a specific nucleotide sequence or part of the
DNA may have a nucleotide sequence long enough to be
usable as a probe 1n Northern or Southern blot analysis or as
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an oligonucleotide primer 1n polymerase chain reaction
(PCR) analysis. The DNA used as a probe may have a length
of at least 100 bases, preferably at least 200 bases, more
preferably at least 500 bases although 1t may be a DNA of
at least 10 bases, preferably of at least bases 1n length.
Techniques to perform DNA hybridization experiments
are well known. The hybridization conditions under which
experiments are carried out may be determined according to,

for example, Molecular Cloning, 2nd ed. and 3rd ed. (2001),
Methods for General and Molecular Bacteriology, ASM
Press (1994), Immunology methods manual, Academic
press (Molecular), and many other standard textbooks (all
the above documents are incorporated herein by reference).

The stringent conditions may include, for example, an
overnight incubation at 42° C. of a DNA-immobilized filter
and a DNA probe 1n a solution containing 50% formamaide,
SxSSC (750 mM sodium chloride, 75 mM sodium citrate),
50 mM sodium phosphate (pH 7.6), SxDenhardt’s solution,

10% dextran sulfate, and 20 ug/l denatured salmon sperm
DNA, followed by washing the filter for example in a
0.2xSSC solution at approximately 65° C. Less stringent
conditions may also be used. Changes in the stringency may
be accomplished through the manipulation of formamide
concentration (lower percentages of formamide result 1n
lower stringency), salt concentrations or temperature. For
example, low stringent conditions include an overnight
incubation at 37° C. in a solution containing 6xSSCE
(20xSSCE: 3 mol/l sodium chloride, 0.2 mol/l sodium

dihydrogen phosphate, 0.02 mol/l EDTA, pH 7.4), 0.5%

SDS, 30% formamide, and 100 pug/l denatured salmon sperm
DNA, followed by washing 1n a 1x SSC solution containing
0.1% SDS at 50° C. In addition, to achieve even lower

stringency, washes performed following hybridization may
be done at higher salt concentrations (e.g. SxXSSC) 1n the
above-mentioned low stringent conditions.

Varnations 1n the above various conditions may be accom-
plished through the inclusion or substitution of blocking
reagents used to suppress background in hybrnidization
experiments. The inclusion of blocking reagents may require
modification of the hybridization conditions for compatibil-
ty.

The DNA capable of hybridizing under such stringent
conditions may have a nucleotide sequence having at least
80%, preferably at least 90%, more preferably at least 95%,
still more preferably at least 98%, particularly preferably at
least 99% sequence 1dentity with the nucleotide sequence of
SEQ ID NO: 1 as calculated using a program such as
BLAST® or FASTA with the above-mentioned parameters.

Whether the DNA that hybridizes under stringent condi-
tions with the aforementioned DNA codes for a protein
having a predetermined enzyme activity may be determined
by conventional techniques, such as by expressing a target
protein 1n a transformant prepared by introducing a gene
coding for the target protein into Escherichia coli or other
host organisms, and determining the presence or absence of
the function of the target protein by the corresponding
activity measurement method.

Specific examples of the gene coding for the NgBR

family protein include the following [3] and [4]:

[3] a DNA having the nucleotide sequence of SEQ ID
NO:3: and

[4] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:3, and codes for a
protein having the functions of binding to a membrane via
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one or more transmembrane domains on the N-terminal side
of the protein, and interacting with another protein on the
C-terminal side thereof.

The term “hybndizing” 1s as described above. Also, the
stringent conditions are as described above.

The DNA capable of hybridizing under such stringent
conditions may have a nucleotide sequence having at least
80%, preferably at least 90%, more preferably at least 95%,
still more preferably at least 98%, particularly preferably at
least 99% sequence 1dentity with the nucleotide sequence of
SEQ ID NO: 3 as calculated using a program such as

BLAST® or FASTA with the above-mentioned parameters.

Whether the DNA that hybridizes under stringent condi-
tions with the aforementioned DNA codes for a NgBR
family protein may be determined by conventional tech-
niques, such as by translating the DNA 1nto an amino acid
sequence and then determining whether the amino acid
sequence has an amino acid sequence contained in the

c1s-IPPS  superfamily domain (NCBI accession No.
COG0020).

Specific examples of the gene coding for the REF family
protein include the following [5] and [6]:

[5] a DNA having the nucleotide sequence of SEQ ID
NO:5; and

[6] a DNA that hybridizes under stringent conditions with
a DNA having a nucleotide sequence complementary to the
nucleotide sequence of SEQ ID NO:5, and codes for a
rubber particle-associated protein that 1s bound to rubber
particles 1n latex.

The term “hybnidizing™ 1s as described above. Also, the
stringent conditions are as described above.

The DNA capable of hybridizing under such stringent
conditions may have a nucleotide sequence having at least
80%, preferably at least 90%, more preferably at least 95%,
still more preferably at least 98%, particularly preferably at
least 99% sequence 1dentity with the nucleotide sequence of
SEQ ID NO: 5 as calculated using a program such as
BLAST® or FASTA with the above-mentioned parameters.

Whether the DNA that hybridizes under stringent condi-
tions with the atorementioned DNA codes for a REF family
protein may be determined by conventional techniques, such
as by translating the DNA into an amino acid sequence and
then determining whether the amino acid sequence has an
amino acid sequence contained in the REF superfamily
domain (NCBI accession No. pfam05753).

Also, conventional techniques may be employed to 1den-
tify the amino acid sequence or the nucleotide sequence of
the proteins. For example, total RNA 1s extracted from a
growing plant, the mRNA 1s optionally purified, and a
cDNA 1s synthesized by a reverse transcription reaction.
Subsequently, degenerate primers are designed based on the
amino acid sequence of a known protein corresponding to
the target protein, a DNA fragment 1s partially amplified by
RT-PCR, and the sequence 1s partially identified. Then, the
RACE method or the like 1s performed to identity the
tull-length nucleotide sequence or amino acid sequence. The
RACE method (rapid amplification of cDNA ends method)
refers to a method in which, when the nucleotide sequence
of a ¢cDNA 1s partially known, PCR 1s performed based on
the nucleotide sequence information of such a known region
to clone an unknown region extending to the cDNA termi-
nal, and 1s capable of cloning the full-length cDNA by PCR
without preparing a cDNA library.

The degenerate primers may each preferably be prepared
from a plant-derived sequence having a highly similar
sequence part to the target protein.

10

15

20

25

30

35

40

45

50

55

60

65

14

If the nucleotide sequence coding for the protein 1s
known, 1t 1s possible to 1dentify the full-length nucleotide
sequence or amino acid sequence by designing a primer
containing an initiation codon and a primer containing a
termination codon using the known nucleotide sequence
followed by performing RT-PCR using a synthesized cDNA
as a template.

In the binding step, another protein may further be bound
to the rubber particles as long as the protein expressed by a
gene coding for a cis-prenyltransierase (CPT) family pro-
tein, the protein expressed by a gene coding for a Nogo-B
receptor (NgBR) family protein, and the protein expressed
by a gene coding for a rubber elongation factor (REF) family
protein are bound to the rubber particles in vitro.

The origin of the other protein 1s not particularly limited,
but pretferably 1t 1s derived from any of the plants described
above, more preferably at least one selected from the group
consisting of plants of the genera Hevea, Sonchus, 1araxa-
cum, and Parthenium. Among these, 1t 1s still more prefer-
ably derived from at least one species of plant selected from
the group consisting of Hevea brasiliensis, Sonchus olera-
ceus, Parthenium argentatum, and Iaraxacum kok-saghyz,
particularly preferably Hevea brasiliensis.

The other protein may be any protein without any limi-
tations, but for purposes of enhancing the rubber synthesis
activity of the rubber particles, it 1s preferably a protein that
inherently exists on rubber particles in rubber-producing
plants. The protein that exists on rubber particles may be a
protein that binds to a large part of the membrane surface of
rubber particles, or a protein that 1s inserted into and bound
to the membrane of rubber particles, or a protein that forms
a complex with another protein bound to the membrane so
as to be present on the membrane surface.

Examples of the protein that inherently exists on rubber
particles in rubber-producing plants include [3-1,3-gluca-
nase, and Hevein.

The binding step may be carried out by any method that
binds the CPT family protein, NgBR family protein, and
REF family protein to rubber particles i vitro, such as, for
example, by performing protein synthesis in the presence of
both rubber particles and a cell-free protein synthesis solu-
tion containing an mRINA coding for the CPT family protein,
an mRNA coding for the NgBR family protein, and an
mRNA coding for the REF family protein to bind the CPT
family protein, the NgBR family protein, and the REF
family protein to the rubber particles.

The binding step preferably includes performing protein
synthesis 1n the presence of both rubber particles and a
cell-free protein synthesis solution containing an mRNA
coding for a CPT family protein, an mRNA coding for a
NgBR family protein, and an mRNA coding for a REF
family protein to bind the CPT family protein, the NgBR
family protein, and the REF family protein to the rubber
particles, among other methods.

In other words, rubber particles bound to a CPT family
protein, a NgBR family protein, and a REF family protein
are prelerably obtained by performing protein synthesis 1n
the presence of both rubber particles and a cell-free protein
synthesis solution contaiming mRNAs coding for the CPT
family protein, the NgBR family protein, and the REF
family protein, or, more specifically, using a mixture of
rubber particles with a cell-free protein synthesis solution
containing mRNAs coding for the CPT family protein, the
NgBR family protein, and the REF family protein.

Since liposomes are produced artificially as lipid bilayer
membranes consisting of phospholipids, glyceroglycolipids,
cholesterol and other components, the produced liposomes
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have no proteins bound to their surface. On the other hand,
although rubber particles harvested from the latex of rubber-
producing plants are also coated with a lipid membrane, the
membrane of rubber particles 1s a naturally dertved mem-
brane 1 which proteins that have been synthesized in the
plants are already bound to the surface of the membrane.
Hence, binding of an additional protein to rubber particles
that are already bound to and coated with proteins 1s
expected to be more ditlicult than binding to liposomes not
bound to any protein. There 1s also concern that the proteins
already bound to rubber particles could inhlibit cell-free
protein synthesis. For these reasons, difliculties have been
anticipated 1n achieving cell-free protein synthesis in the
presence of rubber particles. Under such circumstances, the
present inventors have first discovered that rubber particles
bound to a CPT family protein, a NgBR family protein, and
a REF family protein can be produced by performing
cell-free synthesis of the CPT family protein, the NgBR
family protein, and the REF family protein in the presence
of rubber particles, which had never been attempted 1n the
past.

The protein synthesis in the presence of both rubber
particles and a cell-free protein synthesis solution containing,
mRNAs coding for a CPT family protein, a NgBR family
protein, and a REF family protein 1s namely the synthesis of
a CPT family protein, a NgBR family protein, and a REF
tamily protein by cell-free protein synthesis, and the syn-
thesized CPT family protein, NgBR family protein, and REF
family protein maintain biological functions (the native
state). As the cell-free protein synthesis 1s performed 1n the
presence of rubber particles, the synthesized CPT family
protein, NgBR family protein, and REF family protein in the
native state can be bound to the rubber particles.

Herein, binding of a CPT family protein, a NgBR family
protein, and a REF family protein to rubber particles by
protein synthesis in the presence of both the cell-free protein
synthesis solution and the rubber particles means that, for
example, all or part of the CPT family protein, NgBR family
protein, and REF family protein synthesized by the protein
synthesis 1s incorporated into the rubber particles, or
inserted into the membrane structure of the rubber particles.
It 15 not limited to these embodiments and also includes
embodiments 1n which, for example, the proteins are local-
1zed on the surface or inside of the rubber particles. More-
over, the concept of binding to rubber particle also includes
embodiments 1n which the proteins form a complex with
another protein bound to the rubber particles as described
above, so as to be present 1n the form of the complex on the
rubber particles.

The mRNAs coding for a CPT family protein, a NgBR
tamily protein, and a REF family protein serve as translation
templates that can be translated to synthesize the CPT family
protein, NgBR family protein, and REF family protein,
respectively.

The origins of the mRNAs coding for a CPT family
protein, a NgBR family protein, and a REF family protein
are not particularly limited, but preferably they are each
derived from any of the plants described above, more
preferably at least one selected from the group consisting of
plants of the genera Hevea, Sonchus, Ilaraxacum, and
Parthenium. Among these, they are each still more prefer-
ably derived from at least one species of plant selected from
the group consisting of Hevea brasiliensis, Sonchus olera-
ceus, Parthenium argentatum, and Ilaraxacum kok-saghyz,
particularly preferably Hevea brasiliensis.

The methods for preparing the mRNAs coding for a CPT
family protein, a NgBR family protein, and a REF family
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protein are not particularly limited as long as the prepared
mRNAs serve as translation templates that can be translated
to synthesize the CPT family protein, NgBR family protein,
and REF family protein. For example, the mRNAs may be
prepared by extracting total RNA from the latex of a
rubber-producing plant by, for example, the hot phenol
method, synthesizing cDNA from the total RNA, obtaining
a DNA fragment of a gene coding for a CPT family protein,
NgBR family protein, or REF family protein using primers
prepared based on the nucleotide sequence data of the gene
coding for a CPT family protein, NgBR family protein, or
REF family protein, and performing an ordinary in vitro
transcription of the DNA fragment.

As long as the cell-free protein synthesis solution contains
the mRINAs coding for a CPT family protein, a NgBR family
protein, and a REF family protein, 1t may contain a mRNA
coding for another protein.

The mRNA coding for another protein may be an mRNA
that can be translated to express the other protein. The other
protein may be as described above.

In the binding step 1n the first invention, cell-iree synthe-
s1s of a CPT family protein, a NgBR family protein, and a
REF family protein 1s preferably performed 1n the presence
of rubber particles. This cell-free protein synthesis may be
carried out by methods similar to conventional methods
using the cell-free protein synthesis solution. Commonly
used cell-free protein synthesis techniques may be employed
for the cell-free protein synthesis system, such as a rapid
translation system RTS500 (Roche Diagnostics); and wheat
germ extracts prepared in accordance with Proc. Natl. Acad.

Sc1. USA, 97:559-564 (2000), JP-A 2000-236896, JP-A
2002-125693 or JP-A 2002-204689, and cell-free protein
synthesis systems using the wheat germ extracts (JP-A
2002-204689, Proc. Natl. Acad. Sci. USA, 99:14652-14657
(2002)). All the above documents are incorporated herein by
reference. Systems using germ extracts are preferred among,
these. Thus, 1n another suitable embodiment of the first
invention, the cell-free protein synthesis solution contains a
germ extract.

The source of the germ extract 1s not particularly limited.
From the standpoint of translation efliciency, it 1s preferred
to use a plant-derived germ extract when a plant protein 1s
synthesized by cell-free protein synthesis. It 1s particularly
preferred to use a wheat-derived germ extract. Thus, 1n
another suitable embodiment of the first invention, the germ
extract 1s derived from wheat.

The method for preparing the germ extract 1s not particu-
larly limited, and may be carried out conventionally, as
described 1n, for example, JP-A 2005-218357/, incorporated
herein by reference.

The cell-free protein synthesis solution preferably further
contains a cyclic nucleoside monophosphate derivative or a
salt thereof (heremaftter, also referred to simply as “activity
enhancer”). Protein synthesis activity can be further
enhanced by the inclusion of the activity enhancer.

The cyclic nucleoside monophosphate derivative or salt
thereof 1s not particularly limited as long as 1t can enhance
cell-free protein synthesis activity, and examples include
adenosine-3',3'-cyclic monophosphoric acid and 1ts salts;
adenosine-3',5'-cyclic monophosphorothioic acid (Sp-1so-
mer) and its salts; adenosine-3",5'-cyclic monophosphoroth-
101¢ acid (Rp-isomer) and 1ts salts; guanosine-3',5'-cyclic
monophosphoric acid and 1ts salts; guanosine-3',5'-cyclic
monophosphorothioic acid (Sp-isomer) and 1ts salts;
guanosine-3',5'-cyclic monophosphorothioic acid (Rp-iso-
mer) and 1ts salts; 8-bromoadenosine-3',5'-cyclic monophos-
phoric acid (bromo-cAMP) and its salts; 8-(4-chlorophenyl-
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thio)adenosine-3',5'-cyclic monophosphoric acid
(chlorophenylthio-cAMP) and 1ts salts; 5,6-dichloro-1-p-D-
ribofuranosylbenzimidazole adenosine-3',5'-cyclic mono-
phosphoric  acid  (dichlororibofuranosylbenzimidazole
cAMP) and 1ts salts; adenosine-2',5'-cyclic monophosphoric
acid and 1its salts; adenosine-2',5'-cyclic monophosphoroth-
101c acid (Sp-1somer) and 1ts salts; adenosine-2',5'-cyclic
monophosphorothioic acid (Rp-isomer) and 1ts salts;
guanosine-2',5'-cyclic monophosphoric acid and its salts;
guanosine-2',5'-cyclic monophosphorothioic acid (Sp-1so-
mer) and 1ts salts; and guanosine-2',5'-cyclic monophospho-
rothioic acid (Rp-1somer) and 1ts salts.

The base that forms a salt with the cyclic nucleoside
monophosphate dertvative 1s not particularly limited as long,
as 1t 1s biochemically acceptable and forms a salt with the
derivative. Preferred are, for example, alkali metal atoms
such as sodium or potassium, and organic bases such as
Tris-hydroxyaminomethane, among others.

Of these activity enhancers, adenosine-3',5'-cyclic mono-
phosphoric acid or adenosine-3',5'-cyclic monophosphate
sodium 1s particularly preferred. These activity enhancers
may be used alone or in combinations of two or more.

The activity enhancer may be incorporated into the cell-
free protein synthesis solution 1 advance. If the activity
enhancer 1s unstable in the solution, 1t 1s preferably added
during the protein synthesis reaction performed in the pres-
ence of both the cell-free protein synthesis solution and
rubber particles.

The amount of the activity enhancer added 1s not particu-
larly limited as long as the activity enhancer 1s at a concen-
tration that can activate (increase) the protein synthesis
reaction 1n the cell-free protein synthesis solution. Specifi-
cally, the final concentration in the reaction system may
usually be at least 0.1 millimoles/liter. The lower limit of the
concentration 1s preferably 0.2 millimoles/liter, more pret-
crably 0.4 millimoles/liter, particularly preferably 0.8 mil-
limoles/liter, while the upper limit of the concentration is
preferably 24 muillimoles/liter, more preferably 6.4 muilli-
moles/liter, particularly preferably 3.2 millimoles/liter.

When adding the activity enhancer to the cell-free protein
synthesis solution, the temperature of the cell-free protein
synthesis solution 1s not particularly limited, but 1s prefer-
ably 0° C. to 30° C., more preferably 10° C. to 26° C.

In addition to the mRNAs (translation templates) coding
for a CPT family protein, a NgBR family protein, and a REF
tamily protein, the cell-free protein synthesis solution also
contains ATP, GTP, creatine phosphate, creatine kinase,
L-amino acids, potassium 1ons, magnesium ions and other
components required for protein synthesis, and optionally an
activity enhancer. Such a cell-free protein synthesis solution
can serve as a cell-free protein synthesis reaction system.

Since the germ extract prepared by the method described
in JP-A 2005-218357 contains tRNA 1n an amount necessary
for protein synthesis reaction, addition of separately pre-
pared tRNA 1s not required when the germ extract prepared
by the above method 1s used 1n the cell-iree protein synthesis
solution. In other words, tRNA may be added to the cell-free
protein synthesis solution as necessary.

The binding step 1n the first invention preferably imncludes
performing protein synthesis i the presence of both rubber
particles and a cell-free protein synthesis solution containing,
mRNAs coding for a CPT family protein, a NgBR family
protein, and a REF family protein. Specifically, this can be
accomplished by adding rubber particles to the cell-free
protein synthesis solution at a suitable point either before or
alter protein synthesis, preferably before protein synthesis.
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The rubber particles are preferably present in the cell-free
protein synthesis solution at a concentration of 5 to 50 g/L.
In other words, 5 to 50 g of rubber particles are preferably
present in 1 L of the cell-free protein synthesis solution.
When the concentration of rubber particles present in the
cell-free protein synthesis solution 1s less than 5 g/L, a
rubber layer may not be formed by separation treatment (e.g.
ultracentrifugation) for collecting the rubber particles bound
to the synthesized CPT family protein, NgBR family pro-
tein, and REF family protein, and therefore i1t may be
dificult to collect the rubber particles bound to the synthe-
sized CPT family protein, NgBR family protein, and REF
family protein. When the concentration of rubber particles
present 1n the cell-free protein synthesis solution exceeds 50
g/L., the rubber particles may coagulate, so that the synthe-
sized CPT family protein, NgBR family protein, and REF
family protein may fail to bind well to the rubber particles.
The concentration of rubber particles 1s more preferably 10
to 40 g/L, still more preferably 15 to 35 g/L, particularly
preferably 15 to 30 g/L.

In the protein synthesis 1n the presence of both rubber
particles and the cell-free protein synthesis solution, rubber
particles may be added as appropriate as the reaction pro-
gresses. The cell-free protein synthesis solution and rubber
particles are preferably present together during the period
when the cell-free protein synthesis system 1s active, such as
3 to 48 hours, preterably 3 to 30 hours, more preferably 3 to
24 hours after the addition of rubber particles to the cell-iree
protein synthesis solution.

The rubber particles do not have to be subjected to any
treatment, e.g. pretreatment, before use 1n the binding step in
the first mvention, preferably before being combined with
the cell-free protein synthesis solution. However, proteins
may be removed from the rubber particles with a surfactant
betorehand to increase the proportions of the CPT family
protein, NgBR family protein, and REF family protein
desired to be bound by the method of the first invention,
among the proteins present on the rubber particles. Thus, 1n
another suitable embodiment of the first invention, the
rubber particles used 1n the first invention are washed with
a surfactant before use i1n the binding step in the first
invention, preferably before being combined with the cell-
free protein synthesis solution.

The surfactant 1s not particularly limited, and examples
include nonionic surfactants and amphoteric surfactants.
Nomionic surfactants and amphoteric surfactants, among
others, are suitable because they have only a little denaturing
cllect on the proteins on the membrane, and amphoteric
surfactants are especially suitable. Thus, in another suitable
embodiment of the first invention, the surfactant 1s an
amphoteric surfactant.

These surfactants may be used alone or in combinations
of two or more.

Examples of nonionic surfactants include polyoxyalky-
lene ether nonionic surfactants, polyoxyalkylene ester non-
ionic surfactants, polyvalent alcohol fatty acid ester non-
1onic surfactants, sugar fatty acid ester nonionic surfactants,
alkyl polyglycoside nonionic surfactants, and polyoxyalky-
lene polyglucoside nonionic surfactants; and polyoxyalky-
lene alkylamines and alkyl alkanolamides.

Of these, polyoxyalkylene ether nonionic surfactants or
polyvalent alcohol fatty acid ester nonionic surfactants are
preferred.

Examples of polyoxyalkylene ether nomionic surfactants
include polyoxyalkylene alkyl ethers, polyoxyalkylene alky-
Iphenyl ethers, polyoxyalkylene polyol alkyl ethers, and
polyoxyalkylene mono-, di- or tristyryl phenyl ethers.
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Among these, polyoxyalkylene alkylphenyl ethers are suit-
able. The polyol 1s preferably a C,_,, polyvalent alcohol,
such as ethylene glycol, propylene glycol, glycerin, sorbitol,
glucose, sucrose, pentaerythritol, or sorbitan.

Examples of polyoxyalkylene ester nonionic surfactants
include polyoxyalkylene fatty acid esters and polyoxyalky-
lene alkyl rosin acid esters.

Examples of polyvalent alcohol fatty acid ester nonionic
surfactants include fatty acid esters of C, ,, polyvalent
alcohols and fatty acid esters of polyoxyalkylene polyvalent
alcohols. More specific examples include sorbitol fatty acid
esters, sorbitan fatty acid esters, glycerin fatty acid esters,
polyglycerin fatty acid esters, and pentaerythritol fatty acid
esters, as well as polyalkylene oxide adducts of the forego-
ing (e.g. polyoxvalkylene sorbitan fatty acid esters, poly-
oxyalkylene glycerin fatty acid esters). Among these, sor-
bitan fatty acid esters are suitable.

Examples of sugar fatty acid ester nonionic surfactants
include fatty acid esters of sucrose, glucose, maltose, fruc-
tose and polysaccharides, as well as polyalkylene oxide
adducts of the foregoing.

Examples of alkyl polyglycoside nonionic surfactants
include those having glucose, maltose, fructose, sucrose and
the like as glycosides, such as alkyl glucosides, alkyl poly-
glucosides, polyoxyalkylene alkyl glucosides, and polyoxy-
alkylene alkyl polyglucosides, as well as fatty acid esters of
the foregoing. Polyalkylene oxide adducts of any of the
foregoing may also be used.

Examples of the alkyl groups 1n these nonionic surfactants
include C,_,, linear or branched, saturated or unsaturated
alkyl groups. The polyoxyalkylene groups may have C,_,
alkylene groups, and may have about 1-30 moles of added
cthylene oxide, for example. Examples of the fatty acids
include C, 5, linear or branched, saturated or unsaturated
fatty acids.

Of the nonionic surfactants, polyoxyethylene (10) octyl-
phenyl ether ('Triton X-100) or sorbitan monolaurate (Span
20) 1s particularly pretferred for their ability to moderately
remove membrane-bound proteins while keeping the mem-
brane of rubber particle stable and, further, having only a
little denaturing effect on the proteins.

Examples of amphoteric surfactants include zwitterionic
surfactants such as quaternary ammonium group/sulfonate
group (—SO;H) surfactants, water-soluble quaternary
ammonium group/phosphate group surfactants, water-in-
soluble quaternary ammonium group/phosphate group sur-
factants, and quaternary ammonium group/carboxyl group
surfactants. The acid groups in these zwitterionic surfactants
may be salts.

In particular, the zwitterionic surfactant preferably has
both positive and negative charges 1n a molecule, and the
acid dissociation constant (pKa) of the acid group 1s pret-
erably 5 or less, more preferably 4 or less, still more
preferably 3 or less.

Specific examples of the amphoteric surfactant include
ammonium sulfobetaines such as 3-[3-cholamidopropyl)
dimethylamino]-2-hydroxy-1-propanesulfonate (CHAPSQO),
3-[3-cholamidopropyl)-dimethylamino |-propanesulionate
(CHAPS), N,N-bis(3-D-gluconamidopropyl)-cholamide,
n-octadecyl-N,N'-dimethyl-3-amino-1-propanesulionate,
n-decyl-N,N'-dimethyl-3-amino-1-propanesulionate, n-do-
decyl-N,N'-dimethyl-3-amino-1-propanesulionate, n-tetra-
decyl-N,N'-dimethyl-3-amino-1-propanesulionate (Zwaitter-
gent™.-3-141 n-hexadecyl-N,N'-dimethyl-3-amino-1-
propanesulionate, and n-octadecyl-N,N'-dimethyl-3-amino-
1 -propanesulionate; phosphocholines such as
n-octylphosphocholine, n-nonylphosphocholine, n-decyl-
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phosphocholine, n-dodecylphosphocholine, n-tetradecyl-
phosphocholine, and n-hexadecylphosphocholine; and phos-
phatidylcholines such as dilauroyl phosphatidylcholine,
dimyristoyl phosphatidylcholine, dipalmitoyl phosphatidyl-
choline, distearoyl phosphatidylcholine, dioleoyl phospha-
tidylcholine, and dilinoleoyl phosphatidylcholine. Of these,
3-[(3-cholamidopropyl)Jdimethylamino]-propanesulionate
(CHAPS) 1s particularly preferred for its ability to moder-
ately remove proteins while keeping the membrane of
rubber particles stable.

The concentration of the surfactant for the treatment 1s
preferably within three times the critical micelle concentra-
tion (CMC) of the surfactant used. The membrane stability
of the rubber particles may be reduced 1f they are treated
with the surfactant at a concentration exceeding three times
the critical micelle concentration. The concentration 1s more
preferably within 2.5 times, still more preferably within 2.0
times the CMC. The lower limit of the concentration i1s
preferably 0.05 times or more, more preferably 0.1 times or
more, still more preferably 0.3 times or more the CMC.

Examples of reaction systems or apparatuses that can be
used 1n the cell-free protein synthesis include a batch
method (Pratt, J. M. et al., Transcription and Translation,
Hames, 179-209, B. D. & Higgins, S. J., eds, IRL Press,
Oxiord (1984)), a continuous cell-free protein synthesis
system 1n which amino acids, energy sources and the like are
supplied continuously to the reaction system (Spirin, A. S. et
al., Science, 242, 1162-1164 (1988)), a dialysis method
(Kigawa et al., 21st Annual Meeting of the Molecular
Biology Society of Japan, WID 6) and an overlay method
(1nstruction manual of PROTEIOS™ wheat germ cell-free
protein synthesis core kit, Toyobo Co., Ltd.). All the above
documents are incorporated herein by reference. Another
method may be to supply template RNA, amino acids,
energy sources and the like as necessary to the protein
synthesis reaction system, and discharge the synthesis prod-
uct or decomposition product as required.

Among these, the overlay method has the advantage of
casy operation, but unfortunately the rubber particles dis-
perse 1n the reaction solution and thus are difficult to
ciliciently bind to the synthesized CPT family protein,
NgBR family protein, and REF family protein, while, 1in the
dialysis method, since the amino acids used as raw materials
of the CPT family protein, NgBR family protein, and REF
family protein to be synthesized can pass through the

dialysis membrane but the rubber particles cannot pass
therethrough, the dispersal of the rubber particles can be
prevented, and thus it 1s possible to ethiciently bind the
synthesized CPT family protein, NgBR family protein, and
REF family protein to the rubber particles. Accordingly, the
dialysis method 1s preferred.

The dialysis method refers to a method i which protein
synthesis 1s carried out using the reaction solution for the
cell-free protein synthesis as an inner dialysis solution, and
an apparatus 1n which the iner dialysis solution 1s separated
from an outer dialysis solution by a dialysis membrane
capable of mass transier. Specifically, for example, a trans-
lation template 1s added to the synthesis reaction solution
excluding the translation template, optionally after pre-
incubation for an appropriate amount of time, and then the
solution 1s put 1n a suitable dialysis container as the inner
reaction solution. Examples of the dialysis container include

containers with a dialysis membrane attached to the bottom
(e.g. Dialysis Cup 12000 available from Daiichi Kagaku)

and dialysis tubes (e.g. 12000 available from Sanko Junyaku
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Co., Ltd.). The dialysis membrane used has a molecular
weight cutofl of 10,000 daltons or more, preferably about
12,000 daltons.

The outer dialysis solution used 1s a builer containing,
amino acids. The dialysis efliciency can be increased by
replacing the outer dialysis solution with a fresh solution
when the reaction speed declines. The reaction temperature
and time are selected appropnately according to the protein
synthesis system used. For example, 1n the case of a system
using a wheat-derived germ extract, the reaction may be
carried out usually at 10° C. to 40° C., preferably 18° C. to
30° C., more preferably 20° C. to 26° C., for 10 minutes to
48 hours, preferably for 10 minutes to 30 hours, more
preferably for 10 minutes to 24 hours.

Since the mRNAs coding for a CPT family protein, a
NgBR family protein, and a REF family protein contained in
the cell-free protein synthesis solution are easily broken
down, the mRNAs may be additionally added as appropriate
during the protein synthesis reaction to make the protein
synthesis more ethicient. Thus, in another suitable embodi-
ment of the first invention, the mRNAs coding for a CPT
family protein, a NgBR family protein, and a REF family
protein are additionally added during the protein synthesis
reaction.

The addition time, the number of additions, the addition
amount and other conditions of the mRNAs are not particu-
larly limited, and may be selected appropnately.

In the production method of the first invention, a step of
collecting the rubber particles may optionally be performed
alter the step of binding a protein expressed by a gene
coding for a cis-prenyltransierase (CPT) family protein, a
protein expressed by a gene coding for a Nogo-B receptor
(NgBR) family protein, and a protein expressed by a gene
coding for a rubber elongation factor (REF) family protein
to rubber particles 1n vitro.

The rubber particle collection step may be carried out by
any method, provided that the rubber particles can be
collected. It may be carried out by conventional methods for
collecting rubber particles. Specific examples include meth-
ods using centrifugation. When the rubber particles are
collected by the centrifugation, the centrifugal force, cen-
trifugation time, and centrifugation temperature may be
selected appropnately so as to allow the rubber particles to
be collected. For example, the centrifugal force during the
centrifugation 1s preferably 15000xg or more, more prefer-
ably 20000xg or more, still more preferably 25000xg or
more. Since increasing the centrifugal force too much 1s not
expected to produce a correspondingly high separation
cllect, the upper limit of the centrifugal force 1s preferably
50000xg or less, more preferably 45000xg or less. The
centrifugation time 1s preferably at least 20 minutes, more
preferably at least 30 minutes, still more preferably at least
40 minutes. Since increasing the centrifugation time too
much 1s not expected to produce a correspondingly high
separation eflect, the upper limit of the centrifugation time
1s preferably 120 minutes or less, more preferably 90 min-
utes or less.

From the standpoint of maintaining the protein activity of
the CPT family protein, NgBR family protein, and REF
family protein bound to the rubber particles, the centrifuga-
tion temperature 1s preferably 0° C. to 10° C., more prefer-
ably 2° C. to 8° C., particularly preferably 4° C.

For example, when the cell-free protein synthesis 1s
performed, the rubber particles and the cell-free protein
synthesis solution are separated into the upper layer and the
lower layer, respectively, by the centrifugation. The cell-free
protein synthesis solution as the lower layer may then be
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removed to collect the rubber particles bound to the CPT
family protein, NgBR family protein, and REF family
protein. The collected rubber particles may be re-suspended
in a suitable bufler with a neutral pH for storage.

Since the CPT family protein, NgBR family protein, and
REF family protein to be bound to the rubber particles are
proteins that inherently exist on rubber particles 1n rubber-
producing plants, the rubber particles collected by the rubber
particle collection step can be used 1n the same way as usual
natural rubber without the need for further special treatment.

Moreover, the polyisoprenoid obtained by the method for
producing a polyisoprenoid of the first invention can be
collected by subjecting the rubber particles to the following
solidification step.

The method for solidification 1s not particularly limited,
and examples 1include a method of adding the rubber par-
ticles to a solvent that does not dissolve the polyisoprenoid
(natural rubber), such as ethanol, methanol or acetone; and
a method of adding an acid to the rubber particles. Rubber
(natural rubber) can be recovered as solids from the rubber
particles by the solidification step. The obtained rubber
(natural rubber) may be dried as necessary before use.

As described above, according to the first invention, the
rubber synthesis activity of rubber particles can be enhanced
by binding a protein expressed by a gene coding for a
cis-prenyltransferase (CPT) family protein, a protein
expressed by a gene coding for a Nogo-B receptor (NgBR)
family protein, and a protein expressed by a gene coding for
a rubber elongation factor (REF) family protein to rubber
particles 1n vitro. Thus, 1t 1s possible to produce rubber (one
example of polyisoprenoids) more efliciently in reaction
vessels (e.g. test tubes, industrial plants).

Thus, another aspect of the first mvention relates to a
method for synthesizing a polyisoprenoid, which includes a
step of binding a protein expressed by a gene coding for a
cis-prenyltransierase (CPT) family protein, a protein
expressed by a gene coding for a Nogo-B receptor (INgBR)
family protein, and a protein expressed by a gene coding for
a rubber elongation factor (REF) family protein to rubber
particles 1n vitro, for example 1n a reaction vessel (e.g. a test
tube or industrial plant).

The step of binding a protein expressed by a gene coding,
for a cis-prenyltransierase (CPT) family protein, a protein
expressed by a gene coding for a Nogo-B receptor (INgBR)
family protein, and a protein expressed by a gene coding for
a rubber elongation factor (REF) family protein to rubber
particles 1n vitro 1s as described above.

Herein, the term “polyisoprenoid” 1s a collective term for
polymers composed of 1soprene units (C.Hy). Examples of
the polyisoprenoid include sesterterpenes (C, <), triterpenes
(Csq), tetraterpenes (C,,), natural rubber, and other poly-
mers. Herein, the term “1soprenoid” refers to a compound
having 1soprene units (C.Hg), and conceptually includes
polyisoprenoids.

(Method for Producing Rubber Product)

The method for producing a rubber product of the first
invention includes the steps of: kneading a polyisoprenoid
produced by the method for producing a polyisoprenoid of
the first invention with an additive to obtamn a kneaded
mixture; forming a raw rubber product from the kneaded
mixture; and vulcanizing the raw rubber product.

The rubber product 1s not particularly limited as long as
it 1s a rubber product that can be produced from rubber,
preferably natural rubber, and examples include pneumatic
tires, rubber rollers, rubber fenders, gloves, and medical
rubber tubes.
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When the rubber product 1s a pneumatic tire, or in other
words when the method for producing a rubber product of
the first invention 1s a method for producing a pneumatic
tire, the raw rubber product forming step corresponds to a
green tire building step in which a green tire 1s built from the
kneaded mixture, and the vulcanization step corresponds to
a vulcanization step 1n which the green tire 1s vulcanized.
Thus, the method for producing a pneumatic tire of the first
invention includes the steps of: kneading a polyisoprenoid
produced by the method for producing a polyisoprenoid with
an additive to obtain a kneaded mixture; building a green (or
raw) tire from the kneaded mixture; and vulcanizing the
green tire.
<Kneading Step>

In the kneading step, the polyisoprenoid produced by the
method for producing a polyisoprenoid 1s kneaded with an
additive to obtain a kneaded mixture.

The additive 1s not particularly limited, and additives used
in production of rubber products may be used. For example,
when the rubber product 1s a pneumatic tire, examples
include rubber components other than the polyisoprenoid,
reinforcing fillers such as carbon black, silica, calcium
carbonate, alumina, clay, or talc, silane coupling agents, zinc
oxide, stearic acid, processing aids, various antioxidants,
softeners such as o1l, wax, vulcamizing agents such as sultur,
and vulcanization accelerators.

The kneading in the kneading step may be carried out
using an open roll mill, a Banbury mixer, an internal mixer,
or other rubber kneading machines.
<Raw Rubber Product Forming Step (Green Tire Building
Step for Tire)>

In the raw rubber product forming step, a raw rubber
product (green tire for tire) 1s formed (or built) from the
kneaded mixture obtained in the kneading step.

The method for forming a raw rubber product 1s not
particularly limited, and methods used to form raw rubber
products may be used approprately. For example, when the
rubber product 1s a pneumatic tire, the kneaded mixture
obtained 1n the kneading step may be extruded according to
the shape of a tire component and then formed by a usual
method on a tire building machine and assembled with other
tire components to build a green tire (unvulcanized tire).
<Vulcanization Step>

In the vulcanization step, the raw rubber product obtained
in the raw rubber product forming step 1s vulcanized to
obtain a rubber product.

The method for vulcanizing the raw rubber product 1s not
particularly limited, and methods used to vulcanize raw
rubber products may be used appropnately. For example,
when the rubber product 1s a pneumatic tire, the green tire
(unvulcanized tire) obtained in the green tire building step
may be vulcanized by heating and pressing 1n a vulcanizer
to obtain a pneumatic tire.

(Second Invention)

The method for producing a polyisoprenoid of the second
invention includes producing a polyisoprenoid in a trans-
formed plant produced by introducing a gene coding for a
cis-prenyltransierase (CPT) family protein, a gene coding
for a Nogo-B receptor (NgBR) family protein, and a gene
coding for a rubber elongation factor (REF) family protein
into a plant to allow the plant to express the CPT family
protein, the NgBR family protein, and the REF family
protein.

The inventors were the first to discover that the rubber
synthesis of rubber particles 1s activated by binding a CPT
family protein, a NgBR family protein, and a REF family
protein to rubber particles in vitro. Based on this finding, it
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1s expected that rubber synthesis activity can be enhanced by
co-expressing a CPT family protein, a NgBR family protein,
and a REF family protein in a plant. Thus, the use of a
transformed plant engineered to co-express a CPT family
protein, a NgBR family protein, and a REF family protein in
polyisoprenoid production i1s expected to result 1n increased
polyisoprenoid production.

It 1s also considered that rubber synthesis activity can be
improved in transformed plants produced by introducing a
gene coding for a CPT family protein, a gene coding for a
NgBR family protein, and a gene coding for a REF family
protein individually into respective plants. However, the
co-expression of these three genes 1s considered to provide
a fTurther synergistic eflect. For example, when the CPT
family protein 1s expressed alone, 1f the amount of the NgBR
family protein expressed 1s low, the CPT family protein may
fail to bind to rubber particles and, therefore, fail to function.
Also, when the NgBR family protein 1s expressed alone, 1
the amount of the CPT family protein (synthase) expressed
1s low, the rubber synthesis activity may not be sufliciently
improved. In contrast, co-expression of the CPT family
protein and NgBR family protein 1s considered to lead to
enhanced rubber synthesis activity, and when the REF
family protein 1s further expressed, 1t 1s considered that the
rubber particles that are expected to have enhanced rubber
synthesis activity due to the co-expression of the CPT family
protein and NgBR family protein can stably accumulate in
the plant. Thus, 1t 1s expected that rubber synthesis activity
can be significantly enhanced by co-expressing the CPT
family protein, NgBR family protein, and REF family
protein 1n a plant.

Since the method for producing a polyisoprenoid of the
second invention uses a transiformed plant having specific
genes 1ntroduced therein, unlike conventional methods
involving chemical administration, continuous eflects can be
expected without subsequent continuing treatment because
once the genes have been mtroduced, the effects of the gene
introduction are obtained through inherent biological
mechanisms.

The origins of the gene coding for a cis-prenyltransierase
(CPT) family protein, the gene coding for a Nogo-B receptor
(NgBR) family protein, and the gene coding for a rubber
clongation factor (REF) family protein are not particularly
limited, but preferably they are each derived from any of the
plants described above, more preferably at least one selected
from the group consisting of plants of the genera Hevea,
Sonchus, Taraxacum, and Parthenium. Among these, they
are each still more preferably denved from at least one
species of plant selected from the group consisting of Hevea
brasiliensis, Sonchus olervaceus, Parthenium argentatum,
and Taraxacum kok-saghyz, particularly preferably Hevea
brasiliensis. Most preferably, they are all denived from
Hevea brasiliensis. Whatever their origins, the gene coding,
tor a CPT family protein, the gene coding for a NgBR family
protein, and the gene coding for a REF family protein are
preferably derived from the species of plant into which they
are to be introduced.

The gene coding for a cis-prenyltransierase (CPT) family
protein, the gene coding for a Nogo-B receptor (NgBR)
family protein, and the gene coding for a rubber elongation
factor (REF) family protein, and the CPT family protein, the

NgBR family protein, and the REF family protein used in
the second invention are as described above in connection
with the first invention.

In the method for producing a polyisoprenoid of the
second mvention, a gene coding for another protein may
further be introduced into the plant as long as the gene
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coding for a cis-prenyltransierase (CPT) family protein, the
gene coding for a Nogo-B receptor (NgBR) family protein,
and the gene coding for a rubber elongation factor (REF)
family protein are introduced into the plant.

The gene coding for another protein may be as described
above 1n connection with the first invention.

By itroducing the gene coding for a cis-prenyltransierase
(CPT) family protein, the gene coding for a Nogo-B receptor
(NgBR) family protein, and the gene coding for a rubber
clongation factor (REF) family protein mto a plant, a plant
(transformed plant) 1s produced which has been transtormed
to express the CPT family protein, the NgBR family protein,
and the REF family protein. Since the CPT family protein,
NgBR family protein, and REF family protein are co-
expressed 1n the transformed plant, the activity of the CPT
family protein 1s expected to be stabilized and enhanced.
Therefore, 1t 1s expected that the transformed plant engi-
neered to co-express the CPT family protein, NgBR family
protein, and REF family protein exhibits continuously
enhanced rubber synthesis activity, and the use of such a
transformed plant in polyisoprenoid production can suitably
result 1n an increase in polyisoprenoid production.

The method for preparing the plant transformed to express
the CPT family protein, NgBR family protein, and REF
family protemn (transformed plant) 1s explaimned brietly
below, but such a transformed plant can be prepared by
conventionally known methods.

Specifically, for example, the method for preparing the
transformed plant may be carried out as follows: A DNA
containing the nucleotide sequence of SEQ ID NO:1, a DNA
containing the nucleotide sequence of SEQ ID NO: 3 and a
DNA containing the nucleotide sequence of SEQ ID NO:5
are 1nserted downstream ol the promoter of a suitable
expression vector with suitable restriction enzymes and the
like to prepare a recombinant DNA. This recombinant DNA
may then be introduced into host plant cells which are
compatible with the expression vector, to obtain transformed
plant cells. Alternatively, an expression vector in which a
DNA containing the nucleotide sequence of SEQ ID NO:1
1s 1nserted downstream of the promoter with suitable restric-
tion enzymes and the like, an expression vector in which a
DNA containing the nucleotide sequence of SEQ ID NO:3
1s 1nserted downstream of the promoter with suitable restric-
tion enzymes and the like, and an expression vector in which
a DNA containing the nucleotide sequence of SEQ ID NO:5
1s 1nserted downstream of the promoter with suitable restric-
tion enzymes and the like are used to prepare recombinant
DNAs, and these recombinant DNAs may then be intro-
duced into host plant cells which are compatible with the
expression vectors, to obtain transformed plant cells.

There are no particular restrictions on the plant (host plant
cells) into which the recombinant DNA 1s to be introduced,
but since 1mproved polyisoprenoid productivity and
increased polyisoprenoid production can be expected 1n
particular when the CPT family protein, NgBR family
protein, and REF family protein are expressed in plants
capable of polyisoprenoid biosynthesis, the plant is prefer-
ably a rubber-producing plant, and the host plant cells are
preferably plant cells of a rubber-producing plant. Thus, in
another suitable embodiment of the second invention, the
plant into which the gene coding for a cis-prenyltransierase
(CPT) family protein, the gene coding for a Nogo-B receptor
(NgBR) family protein, and the gene coding for a rubber
clongation factor (REF) family protein are to be introduced
1s a polyisoprenoid-producing plant, more preferably at least
one species ol rubber-producing plant selected from the
group consisting of Hevea brasiliensis, Sonchus oleraceus,
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Parthenium argentatum, and Iaraxacum kok-saghyz, par-
ticularly preferably Hevea brasiliensis.

The expression vector may be a vector that 1s capable of
autonomous replication in the host plant cells or can be
incorporated into the chromosome, and, further, contains a
promoter at a position allowing transcription of the recom-
binant DNA.

Examples of the expression vector include pBI vectors, T1
plasmids, and tobacco mosaic virus vectors.

Any promoter that functions 1n plant cells can be used as
the promoter, and examples include cauliflower mosaic virus
(CaMV) 355 promoter, rice actin 1 promoter, nopaline
synthase gene promoter, tobacco mosaic virus 35S promoter,
and rice-derived actin gene promoter.

It 1s preferred to use an expression vector carrying a
promoter that 1s specific to a tissue 1n which an 1soprenoid
compound 1s biosynthesized, such as lactiferous ducts. Plant
growth retardation and other harmiul effects can be reduced
by expressing specifically 1n a tissue 1n which an 1soprenoid
1s biosynthesized.

Any method for introducing DNA 1nto host plant cells
may be used to introduce the recombinant DNA, and
examples include methods using Agrobacterium (JP S359-
140885 A, JP S60-70080 A, W(094/0097°7, which are incor-
porated herein by reference), electroporation methods (JP
S60-251887 A, mncorporated herein by reference), and meth-
ods using particle guns (JP 2606856 B, JP 2517813 B, which
are incorporated herein by reference).

The transformed plant (transformed plant cells) can be
obtained by the above or other methods. The transformed
plant conceptually includes not only transformed plant cells
obtained by the above methods but also all their progeny or
clones and even progeny plants obtained by passaging these
cells. Once transformed plant cells into which the DNASs or
the vector(s) have been introduced in the genome are
obtained, progeny or clones can be obtained from the
transformed plant cells by sexual or asexual reproduction,
tissue culture, cell culture, cell fusion, or other techniques.
Further, the transformed plant cells, or progeny or clones
thereol may be used to obtain reproductive materials (e.g.
seeds, fruits, cuttings, stem tubers, root tubers, shoots,
adventitious buds, adventitious embryos, calluses, proto-
plasts), which can then be used to produce the transformed
plant on a large scale.

Techniques to regenerate plants (transformed plants) from
the transtormed plant cells are already known; for example,
Do1 et al. disclose techmiques for eucalyptus (JP HI11-
127025), Fujimura et al. disclose techniques for rice (Fu-
nmura et al., (1995), Plant Tissue Culture Lett., vol. 2: p
74-), Shallito et al. disclose techmiques for corn (Shillito et
al., (1989), Bio/Technology, vol. 7: p 581-), Visser et al.
disclose techniques for potato (Visser et al., (1989), Theor.
Appl. Genet., vol. 78: p 589-), and Akama et al. disclose
techniques for Arabidopsis thaliana (Akama et al., (1992),
Plant Cell Rep., vol. 12: p 7-)(all the above documents are
incorporated herein by reference). Those skilled 1n the art
can regenerate plants from the transformed plant cells
according to these documents.

The expression of the target protein genes 1n the regen-
crated plant can be confirmed by known techniques. For
example, the expression of the target proteins may be
analyzed by Western blot analysis.

Seeds may be obtained from the transformed plant as
follows: For example, the transformed plant 1s rooted 1n a
suitable medium, and the rooted plant 1s then transplanted
into a pot filled with soil containing water. This plant 1s
grown under suitable cultivation conditions until 1t finally
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forms seeds, to obtain the seeds. Moreover, plants may be
obtained from the seeds as follows: For example, the seeds
from the transformed plant obtained as described above may
be sown 1n so1l containing water and grown under suitable
cultivation conditions to obtain plants.

In the second invention, it 1s expected that polyisoprenoid
productivity can be improved by performing polyisoprenoid
production using the transformed plant having introduced
therein a gene coding for a CPT family protein, a gene
coding for a NgBR family protein, and a gene coding for a
REF family protein. Specifically, polyisoprenoid production
may be carried out by culturing the transformed plant cells
obtained as described above, calluses obtained from the
transformed plant cells, cells re-differentiated from the cal-
luses, or the like 1 a suitable medium, or by growing
transformed plants re-differentiated from the transformed
plant cells, plants obtaimned from seeds obtaimned from the
transformed plants, or the like under swtable cultivation
conditions.

The polyisoprenoid produced 1n the method for producing
a polyisoprenoid of the second 1mnvention can be obtained by
harvesting latex from the transformed plant, and subjecting,
the harvested latex to the following solidification step.

The method for harvesting latex from the transformed
plant 1s not particularly limited, and ordinary harvesting
methods may be used. For example, latex may be harvested
by collecting the emulsion oozing out from the cuts in the
trunk of the plant (tapping), or the emulsion ocozing out from
the cut roots or other parts of the transformed plant, or by
crushing the cut tissue followed by extraction with an
organic solvent.

In the solidification step, the method for solidification 1s
not particularly limited, and examples include a method of
adding the latex to a solvent that does not dissolve the
polyisoprenoid (natural rubber), such as ethanol, methanol
or acetone; and a method of adding an acid to the latex.
Rubber (natural rubber) can be recovered as solids from the
latex by the solidification step. The obtained rubber (natural
rubber) may be dried as necessary before use.

Thus, another aspect of the second invention relates to a
transformed plant produced by the method for producing a
polyisoprenoid of the second invention. The CPT family
protein activity in the transformed plant of the second
invention 1s expected to be stabilized and enhanced by the
introduced proteins. Therefore, 1t 1s expected that the trans-
formed plant exhibits continuously enhanced rubber synthe-
s1s activity, and the use of such a transformed plant 1n
polyisoprenoid production can result 1n an increase 1 poly-
1soprenoid production.

The gene coding for a cis-prenyltransierase (CPT) family
protein, the gene coding for a Nogo-B receptor (NgBR)
tamily protein, and the gene coding for a rubber elongation
tactor (REF) family protein in the transtormed plant of the
second 1nvention, and the plant into which these genes are
to be introduced are all as described above.

(Method for Producing Rubber Product)

The method for producing a rubber product of the second
invention includes the steps of: kneading a polyisoprenoid
produced by the method for producing a polyisoprenoid of
the second invention with an additive to obtain a kneaded
mixture; forming a raw rubber product from the kneaded
mixture; and vulcanizing the raw rubber product.

The rubber product 1s as described above 1n connection
with the first invention.

When the rubber product 1s a pneumatic tire, or 1n other
words when the method for producing a rubber product of
the second mmvention 1s a method for producing a pneumatic
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tire, the raw rubber product forming step corresponds to a
green tire building step in which a green tire 1s built from the
kneaded mixture, and the vulcamization step corresponds to
a vulcanization step in which the green tire 1s vulcanized.
Thus, the method for producing a pneumatic tire of the
second mvention includes the steps of: kneading a polyiso-
prenoid produced by the method for producing a polyiso-
prenoid of the second mvention with an additive to obtain a
kneaded mixture; building a green (or raw) tire from the
kneaded mixture; and vulcanizing the green tire.
<Kneading Step>

The kneading step 1s as described above 1n connection
with the first invention.
<Raw Rubber Product Forming Step (Green Tire Building
Step for Tire)>

The raw rubber product forming step 1s as described
above 1n connection with the first invention.
<Vulcanization Step>

The vulcanization step 1s as described above 1n connec-
tion with the first invention.

EXAMPLES

The present invention 1s specifically explained with ret-
erence to examples, but the present invention 1s not limited
to these examples.

Example 1
Extraction of Total RNA from Hevea Latex

Total RNA was extracted from the latex of Hevea brasil-
iensis by the hot phenol method. To 6 mL of the latex were
added 6 mL of 100 mM sodium acetate bufler and 1 mL of
a 10% SDS solution, and then 12 ml of water-saturated
phenol pre-heated at 65° C. The mixture was incubated for
5> minutes at 65° C., agitated 1n a vortex, and centrifuged at
7000 rpm for 10 minutes at room temperature. After the
centrifugation, the supernatant was transiferred to a new
tube, 12 mL of a phenol:chloroform (1:1) solution was
added, and the mixture was agitated by shaking for 2
minutes. After the agitation, the resulting mixture was
centrifuged again at 7000 rpm for 10 minutes at room
temperature, the supernatant was transierred to a new tube,
12 mL of a chloroform:isoamyl alcohol (24:1) solution was
added, and the mixture was agitated by shaking for 2
minutes. After the agitation, the resulting mixture was
centrifuged again at 7000 rpm for 10 minutes at room
temperature, the supernatant was transferred to a new tube,
1.2 mL of a 3M sodium acetate solution and 13 mL of
isopropanol were added, and the mixture was agitated 1n a
vortex. The resulting mixture was incubated for 30 minutes
at —20° C. to precipitate total RNA. The imncubated mixture
was centrifuged at 15000 rpm for 10 minutes at 4° C., and
the supernatant was removed to collect a precipitate of total
RNA. The collected total RNA was washed twice with 70%
ethanol, and dissolved 1n RNase-free water.

[Synthesis of cDNA from Total RNA]

cDNA was synthesized from the collected total RNA. The
cDNA synthesis was carried out using a PrimeScript 11 1st
strand cDNA synthesis kit (Takara) in accordance with the
manual.

[Acquisition of CPT, NgBR and REF genes from cDNA]

CPT, NgBR and REF genes were obtained using the
prepared 1st strand ¢cDNA as a template. PCR was per-
formed using a KOD-plus-Neo (Toyobo Co., Ltd.) 1n accor-
dance with the manual. The PCR reaction involved 35 cycles
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with each cycle consisting of 10 seconds at 98° C., 30
seconds at 58° C., and 1 minute at 68° C.
The CPT gene was obtained using the following primers:

Primer 1:
(SEQ ID NO: 7)

5'-tttggatccgatggaattatacaacggtgagagg-3"',

Primer 2:
(SEQ ID NO:
b'-tttgcggceccgettattttaagtattecttatgtttectec-31.

8)

The NgBR gene was obtained using the following prim-
ers:

Primer 3:
(SEQ ID NO:
5'-tttctcgagatggatttgaaacctggagetg-3"',

9)

Primer 4:

(SEQ ID NO: 10)

5'-tttctcgagtcatgtaccataattttgetgcac-31'.

The REF gene was obtained using the following primers:

Primer 5:

(SEQ ID NO: 11)
5'-tttectecgagatggctgaagacgaagac-3",
Primer 6:

(SEQ ID NO: 12)

b'-tttggatcctcaattctctccataaaac-3"'.

CPT gene (HRT1), NgBR gene (HRTBP), and REF gene
were obtained as above. The genes were sequenced to
identify the full-length nucleotide sequence and amino acid

sequence. The nucleotide sequence of HRT1 1s given by
SEQ ID NO:1. The amino acid sequence of HRT1 1s given
by SEQ ID NO:2. The nucleotide sequence of HRTBP 1s
grven by SEQ ID NO:3. The amino acid sequence of HRTBP
1s given by SEQ ID NO:4. The nucleotide sequence of REF
1s given by SEQ ID NO:3. The amino acid sequence of REF
1s given by SEQ 1D NO:6.

[Vector Construction]

The obtained DNA fragments were subjected to dA
addition and then mnserted into pGEM-T Easy vectors using
a pGEM-T Easy Vector System (Promega) to prepare
pGEM-HRT1, pGEM-HRTBP, and pGEM-REF.
| Transformation of £. colil

E. coli DH50. was transformed with the prepared vectors,
the transformant was cultured on LB agar medium contain-
ing ampicillin and X-gal, and E. coli cells carrying the
introduced target genes were selected by blue/white screen-
ng.
[Plasmid Extraction]

The E. coli cells transtormed with the plasmids containing,
the target genes were cultured overnight at 37° C. on LB
liquid medium. After the culture, the cells were collected,
and the plasmids were collected. A FastGene Plasmid mini
kit (Nippon Genetics Co., Ltd.) was used for plasmid
collection.

It was confirmed by sequence analysis that there were no
mutations in the nucleotide sequences of the genes mserted
into the collected plasmids.

| Preparation of Vectors for Cell-Free Protein Synthesis]
The pGEM-HRT1 obtained in the above “Vector con-

struction” was treated with the restriction enzymes Bam HI

and Not I, and inserted into a pEU-EO1-His-TEV-MCS-N2
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cell-free expression vector that had been treated similarly
with Bam HI and Not I, to prepare pEU-His-N2-HRTT.

Similarly, pPGEM-HRTBP was treated with the restriction
enzyme Xho I, and iserted into a pEU-E01-MCS-TEV-His-
C1 cell-free expression vector that had been treated similarly
with Xho I, to prepare pEU-C1-HRTBP.

Furthermore, pGEM-REF was treated with the restriction
enzymes Xho I and Bam HI, and inserted into a pEU-EO1 -
MCS-TEV-His-C1 cell-free expression vector that had been
treated similarly with Xho I and Bam HI, to prepare pEU-
C1-REF.
| Transformation of £. colil

E. coli DH5a was transformed with the prepared vectors,
the transformant was cultured on LB agar medium contain-
ing ampicillin and X-gal, and E. coli cells carrying the
introduced target genes were selected by colony PCR.
[Plasmid Extraction]

The E. coli cells transtormed with the plasmids containing
the target genes were cultured overmght at 37° C. on LB
liguid medium. After the culture, the cells were collected,
and the plasmids were collected. A FastGene Plasmid mini
kit (Nippon Genetics Co., Ltd.) was used for plasmid
collection.
|Preparation of Rubber Particles]

Rubber particles were prepared from Hevea latex by five
stages ol centrifugation. To 900 mL of Hevea latex was
added 100 mL of 1 M Tris bufler (pH 7.5) containing 20 mM
dithiothreitol (DTT) to prepare a latex solution. The latex
solution was centrifuged 1n stages at the following different
speeds: 1000xg, 2000xg, 8000xg, 20000xg, and S0000xg.
Each stage of centrifugation was carried out for 45 minutes
at 4° C. To the rubber particle layer remaining after the
centrifugation at 50000xg was added 3-[(3-cholamidopro-
pyl)dimethylamino]-propanesulionate (CHAPS) at a final
concentration of 0.1 to 2.0xCMC (0.1 to 2.0 times the
critical micelle concentration CMC) to wash the rubber
particles. After the washing, the rubber particles were col-
lected by ultracentrifugation (40000xg, 4° C., 45 minutes),
and re-suspended 1n an equal amount of 100 M Tris butler
(pH 7.5) containing 2 mM dithiothreitol (DTT).
|Cell-Free Protein Synthesis Reaction (Step 1: mRNA Tran-
scription Reaction)]

Cell-free protein synthesis was performed using a
WEPRQO7240H expression kit (CellFree Sciences Co., Ltd.).
mRNA transcription reactions were performed using the
vectors obtained 1n the above “Preparation of vectors for
cell-free protein synthesis” as templates 1n accordance with
the protocol of the WEPRO7240H expression kit.
[Purification of mRNAs]

After the transcription reactions, the resulting mRNAs
were purified by ethanol precipitation.
|Cell-Free Protein Synthesis Reaction (Step 2: Protein Syn-
thesis by Dialysis)]

The following amounts were added to a dialysis cup
(MWCO 12000, Bio-Teck). A total amount of 60 uL of a
reaction solution was prepared according to the protocol of
the WEPRO7240H expression kit. To the reaction solution
was added 1 to 2 mg of the rubber particles. Separately, 650
ul. of SUB-AMIX was added to a No. 2 PP container
(Maruemu container).

The dialysis cup was set 1n the No. 2 PP container, and a
protein synthesis reaction was mitiated at 26° C. The addi-
tion of mRNAs and the replacement of the outer dialysis
solution (SUB-AMIX) were performed twice after the 1ni-
tiation of the reaction.

The reaction was carried out for 24 hours. A schematic
diagram 1illustrating the dialysis process 1s shown 1n FIG. 3.




US 10,385,362 B2

31

|Collection of Rubber Particles after Reaction]

The solution 1n the dialysis cup was transierred to a new
1.5 ulL tube, and the reacted rubber particles were collected
by ultracentrifugation (40000xg, 4° C., 45 minutes) and

re-suspended 1n an equal amount of 100 M Tr1s bufler (pH
7.5) containing 2 mM dithiothreitol (DTT).

[Measurement of Rubber Synthesis Activity of Reacted
Rubber Particles]

The rubber synthesis activity of the rubber particles
collected after the reaction was measured as follows.

First, 50 mM Tns-HCl (pH 7.5), 2 mM DTT, 5 mM
MgCl,, 15 uM farnesyl diphosphate (FPP), 100 uM 1-14C
1sopentenyl diphosphate ([1-14C]IPP, specific activity 5
Ci/mol), and 10 ul. of the rubber particle solution were
mixed to prepare a reaction solution (100 L 1n total), which
was then reacted for 16 hours at 30° C.

After the reaction, 200 L of saturated NaCl was added to
the solution, and the mixture was extracted with 1 mL of
diethyl ether to extract isopentenol and the like. Next,
polyprenyl diphosphates were extracted from the aqueous
phase with 1 mL of BuOH saturated with saline, and then an
ultra-long-chain polyisoprenoid (natural rubber) was further
extracted from the aqueous phase with 1 mL of toluene/
hexane (1:1), followed by determination of radioactivity.
The radioactivity was determined by '*C counting using a
liquid scintillation counter. A higher radioactivity (dpm)
indicates higher natural rubber production and higher rubber
synthesis activity.

The results are shown in Table 1.

Comparative Example 1
Preparation of Rubber Particles

Rubber particles were prepared as in Example 1.
|Cell-Free Protein Synthesis Reaction (Step 1: mRNA Tran-
scription Reaction)]

Cell-free protein synthesis was performed using a
WEPRQO7240H expression kit (CellFree Sciences Co., Ltd.).
An mRNA transcription reaction was performed using the
cell-free expression vector pEU-EO1-His-TEV-MCS-N2 as
a template 1 accordance with the protocol of the
WEPRO7240H expression kit.

[Purification of mRNA]

After the transcription reaction, the resulting mRNA was
purified by ethanol precipitation.
|Cell-Free Protein Synthesis Reaction (Step 2: Protein Syn-
thesis by Dialysis)]

The same procedure as 1n Example 1 was followed but
using the above mRNA.
|Collection of Rubber Particles after Reaction]

The reacted rubber particles were collected as 1n Example
1, and re-suspended 1n an equal amount of 100 M Tris builer
(pH 7.5) containing 2 mM dithiothreitol (DTT).
[Measurement ol Rubber Synthesis Activity of Reacted
Rubber Particles]

The rubber synthesis activity of the rubber particles
collected after the reaction was measured as 1 Example 1.

Comparative Example 2

The same procedure as 1n Example 1 was followed but
using the pEU-C1-REF obtained in the above “Preparation
of vectors for cell-free protein synthesis” in Example 1 as
the template for cell-free protein synthesis, and the rubber
synthesis activity of the rubber particles collected after the
reaction was measured as 1n Example 1.

The results are shown 1n Table 1.
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Comparative Example 3

The same procedure as in Example 1 was followed but
using the pEU-C1-HRTBP obtained 1n the above “Prepara-
tion of vectors for cell-free protein synthesis™ in Example 1
as the template for cell-ifree protein synthesis, and the rubber
synthesis activity of the rubber particles collected after the
reaction was measured as 1n Example 1.

The results are shown 1n Table 1.

Comparative Example 4

The same procedure as in Example 1 was followed but
using the pEU-His-N2-HRT1 obtained in the above “Prepa-
ration of vectors for cell-free protein synthesis™ in Example
1 as the template for cell-free protein synthesis, and the
rubber synthesis activity of the rubber particles collected
alter the reaction was measured as in Example 1.

The results are shown 1n Table 1.

TABLE 1
Radiocac-
Bound tivity
protein (dpm)
Comparative None 7500
Example 1
Comparative REF 6000
Example 2
Comparative HRTBP 5800
Example 3
Comparative HRT1 15000
Example 4
Example 1 HRT1 + HRTBP + 25000

REF

Table 1 shows that by binding a CPT family protein, a
NgBR family protein, and a REF family protein to rubber
particles, the rubber synthesis activity of rubber particles
was significantly enhanced as compared to when these
proteins were bound alone to rubber particles. Further, in
Comparative Example 2 in which REF was bound alone to
rubber particles and Comparative Example 3 in which
NgBR was bound alone to rubber particles, the rubber
synthesis activity was lower than 1n Comparative Example
1 with no bound proteins. From these results 1t seems that the
combination of a CPT family protein, a NgBR family
protein, and a REF family protein has a synergistic effect
that 1s greater than the sum of their individual effects. Thus,
the rubber synthesis activity of rubber particles 1s signifi-
cantly enhanced by the specific combination of a CPT family
protein, a NgBR family protein, and a REF family protein,
and this eflect could not be predicted even by those skilled
in the art.

(Sequence Listing Free Text)

SEQ ID NO:1: Nucleotide sequence of gene coding for
HRT1 from Hevea brasiliensis

SEQ ID NO:2: Amino acid sequence of HRT1 from

Hevea brasiliensis

SEQ ID NO:3: Nucleotide sequence of gene coding for
HRTBP from Hevea brasiliensis

SEQ ID NO:4: Amino acid sequence of HRTBP from

Hevea brasiliensis




<160>
<210>
<211l>
<212>
<213>
<400>
atggaattat
aaagggttat
gatggaaaca
ggatttttag
actatctatg
atggatctaa
tatgatattt
gcagcagata
gtatgctata
tccaatgaag
gtgattcaaa
aacacctaca
agcaactact
ccagagattg
tacttggaga

<210>
<211>

SEQ ID NO 1
LENGTH:
TYPE :
ORGANISM: Hevea

873
DNA

SEQUENCE: 1

acaacggtga
atagcatcct
ggaggtttgce
ctcttctgaa
cctttagcat
tgctggagaa
gcgtacgttt
agattatgag
cttcaactga
tttgtaacaa
ttgagaacat
taaatcctta
tactttggca
gtcttcgaca

aacataagga

SEQ ID NO 2
LENGTH:

290

33
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SEQ ID NO:5: Nucleotide sequence of gene coding for
REF from Hevea brasiliensis
SEQ ID NO:6: Amino acid sequence of REF from Hevea

brasiliensis

SEQ ID NO:7: Primer 1

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 12

bragiliensis

gaggccaagt

aacccagggt

taagaagcat

cgtactaact

cgataatttt

gattgaaggg

tgtgggtaac

ggctactgcc

tgagatcgtg

tcaagaattg

ggagtcgtat

tccetgatgtt

gactactaat

cgtggtgtgy

atacttaaaa

gtgttcagac

cccatcececcta

aaactgccag

tattgctatg

cgaaggaaac

atgatcatgg

ctgaagcttt

aacaattcca

catgctgttg

gaggagygcada

tctggaataa

ctgattcgaa

tgcatactgt

gcagtaatta

taa

ttttagggaa

ctcatattgc

aaggaggtgyg

agttaggagt

ctcatgaggt

aagaaagtat

taagtgagcc

aatgtgtgct

aagaatcctc

atgcaactgg

aacttgtaga

cttcectgggga

attctccectceca

acttccaacg

2NN WA

gtatatgaga

cttcatattyg

tcataaggct

gaaatatgcg

tcagtacgta

catcaatgca

agtcaagacc

tctcattget

tgaattgaac

aagcggtact

ccttgagaaa

gacccgtetyg

tgcactgtygy

tcattattct

<212>
<213>

<400>

TYPE: PRT
ORGANISM: Hevea

SEQUENCE :

Met Glu Leu Tvyr

1

Lys

Pro

Leu
65
Thr

Val

Met

Tvyr

Thr

Hig

50

Leu

Tle

Gln

Glu

Met

His
35

Asn

Glu
115

ATrg
20

Tle

Leu

Val

Ala

Val
100

Ser

2

Ala

Pro

Leu

Phe

85

Met

Tle

Gly

Gly

Phe

Glu

Thr

70

Ser

ASP

Tle

Glu

Leu

Tle

Gly
55

Tle

Leu

Agn

Leu
40

Gly

Asp

Met

Ala
120

bragiliensis

Pro
Ser
25

AsSp

Gly

Agh

Leu
105

Ser

10

Tle

Gly

Hisg

Glu

Phe

50

Glu

Asp

Val

Leu

Agh

Leu
75

Arg

Tle

Phe

Thr

Arg

Ala

60

Gly

Tle

Gln
Arg
45

Gly

Val

Glu

Val
125

Leu

Gly
30

Phe

Phe

Pro

Gly
110

Arg

Leu
15

Pro

Ala

Leu

His
S5

Met

Phe

Gly

Tle

Ala
Ala
80

Glu

Tle

Val

EQ ID NO:8: Primer 2
EQ ID NO:9: Primer 3
EQ ID NO:10: .
EQ ID NO:11: .
EQ ID NO:12: .
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Primer 4
Primer 5
Primer 6



Gly

ITle

145

Val

Ser

Ala

Ser

Asn

225

Ser

Hig

ITle

Leu

Agn
130

Met

Glu

Agn

Tvyr

210

Pro

Agn

2la

Agn

Lys
290

Leu

ATrg

Leu

Ala
195

Ser

Leu

Cys
275

Ala

Thr

Agn

180

Thr

Gly

Pro

Leu

Trp

260

Gln

Leu

Thr

Ser

165

Ser

Gly

Tle

Asp

Leu

245

Pro

ATy

<210> SEQ ID NO 3

Leu

Ala

150

Thr

Asn

Ser

Val
230

Trp

Glu

Hig

35

Ser

135

Asn

Asp

Glu

Gly

Leu

215

Leu

Gln

Tle

Glu

Agn

Glu

Val

Thr

200

Val

Ile

Thr

Gly

Ser
280

Pro

Ser

Tle

Cys

185

Val

ASDP

ATg

Thr

Leu
265

Val

Val
170

Agn

Ile

Leu

Thr

Agn

250

Arg

Leu

US 10,385,362 B2

Cys

155

His

Agnh

Gln

Glu

Ser

235

His

Glu

-continued

Thr Ala Ala Asp

140

Val

Ala

Gln

ITle

Lys

220

Gly

Tle

Val

Leu

Vval

Glu

Glu

205

ASn

Glu

Leu

Val

Hig
285

Leu

Glu

Leu

190

Agn

Thr

Thr

Trp
270

Ile
Glu
175

Glu

Met

Arg
Ser
255

2la

Glu

2la
160

Ser

Glu

Glu

Tle

Leu

240

Pro

Val

<211> LENGTH:
<212> TYPE:

774
DNA

«<213> ORGANISM: Hevea

<400> SEQUENCE: 3

atggatttga

Catcattttc

caagttagta

tatggagccc

gcttaccaaa

catttatgcc

agtttgaaca

aaacagatga

gctaacgtac

ccatgcttta

gaacctgact

agacttcgat

ctaaaaaagyg

aacctggagc
CCcaatttct
tggtccaaat
tcgatattga
tttctaaagt
tctatgattc
atgctatgcc
ctgtggaatt
tctttatgaa
cagaagatca
tgctattaat

atactgagat

ccattcacag

<210> SEQ ID NO 4

<«211> LENGTH:
«212> TYPE:

257
PRT

«<213> ORGANISM: Hevea

<400> SEQUENCE: 4

bragiliensis

tggagggcag
gtggcgtact
gatcgaaggc
caaggtccygg
tattcagctt
aaaaggagtt
atttgaggaa
tgcttccagce
gtatttgaag
aatggatgag
ttatggacct

ggtgcatatg

gttcacaaca

agagttaatc

ctacatcttc

CCtctaatct

taccttgcca

ttgaaatggy

Cctcaagacaa

gcagttgaaa

tccgatggaa

tatgctaaaa

gcactaaaag

gttagatgcc

ggacccttga

gtgcagcaaa

bragiliensis

gattagtgga

ttgtcagctt

ctagtggact

ttgtggtaga

tggaagatat

dacaadadaadc

aagatgtttt

aggaagcaat

ctggtgtagg

ctataggtta

atctaggttt

ggtacatgaa

attatggtac

tccgattagt

atggtacctt

tgtgaaacgc

tagtgaagaa

gggtgtgaaa

catcatggag

actggaccag

aaccagggca

aaaggaagaa

caaagggccyg

ctcaccgtygyg

ccteggttcea

atga

Met Asp Leu Lys Pro Gly Ala Gly Gly Gln Arg Val Asn Arg Leu Val

1

5

10

15

Asp Pro Ile Ser Tyr His Phe Leu Gln Phe Leu Trp Arg Thr Leu His

60

120

180

240

300

360

420

480

540

600

660

720

774

36



Leu

Glu

ASpP

65

Ala

Met

Thr

Glu

Val

145

Ala

Gly

Gly
Thr
225

Leu

Thr

Leu

Gly
50

Tle

Gly

Agn

Glu

130

Glu

Agn

2la

Pro
210

Glu

Val

35

Phe

ASP

Gln

Val

Lys

115

Ala

Phe

Val

Glu

Tle

195

Val

Met

20

Ser

Leu

Tle

Lys

100

Val

Ala

Leu

Glu

180

Gly

ATg

Val

Ala

Leu

Ile

Val

Ser

85

Hig

Thr

Glu

Ser

Phe

165

Pro

Hig

Tle
245

<210> SEQ ID NO b5

Trp

Ser

ATrg

70

Leu

Tle

Ser
150

Met

Hisg

Met
230

His

37

Val

Met
Asp
135

Ser

Phe
Gly
Leu
215

Gly

Arg

Leu

40

Gly

Leu

Tle

Leu

Glu

120

Val

ASP

Thr

Pro

200

Gly

Pro

Phe

25

Gln

Leu

Ala

Gln

Tyzr

105

Ser

Leu

Gly

Leu

Glu

185

Glu

Phe

Leu

Thr

Val

Val

Tle

Leu

90

ASDP

Leu

Leu

Lys

170

ASpP

Pro

Ser

Arg

Thr
250
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Ser

Val

75

Leu

Ser

Agnh

ASDP

Glu

155

Gln

ASp

Pro

Tyr

235

Val

-continued

Met
ATYJ
60

Val

ASn

Gln

140

Ala

Ala

Met

Leu

Trp

220

Met

Gln

Val

45

Asp

Trp

Gly

Ala

125

Ile

Asp

Leu

205

Arg

Asn

Gln

30

Gln

Gly

Ser

Val

Val

110

Met

Gln

Thr

Thr

Glu

120

Leu

Leu

Leu

Agn

Met

ala

Glu

Glu

o5

Leu

Pro

Met

Arg

Gly

175

2la

Tle

Arg

Gly

Tyr
255

Tle

Leu

Glu

80

ASp

Phe

Thr

Ala

160

Val

Leu

Ser
240

Gly

<211> LENGTH:
<212> TYPE:
ORGANISM: Hevea

<213>

417
DNA

<400> SEQUENCE: 5

atggctgaag

gtgcaagacg

gacaaatctg

gctgtacctce

agcacggtty

gcatctatcec

tcttetttge

<210>
<211>
<212 >
<213>

<400>

acgaagacaa
cggcaactta
gtccactgca
tctataatag
ttgcatctgt

aagttgtttc

ctgggcagac

SEQ ID NO 6
LENGTH :
TYPE :
ORGANISM: Hevea

138
PRT

SEQUENCE: 6

bragiliensis

ccaacaaggyg

tgctgtgact

gcctggtgtce

gttcagttat

cactattata

agcaattcga

caagatactt

cagygyggyagy

accttctcaa

gatatcattg

attcccaatg

gatcgctctce

gctgccccag

gctaaggtgt

bragiliensis

ggttaaaata

acgtctatct

agggtccggt

gagctctcaa

ttccecececcaat

aagctgctecyg

tttatggaga

tttgggtttt

ttttgccaaa

gaagaacgtyg

gtttgtagac

tgtcaaggac

ttctetgget

gaattga

Met Ala Glu Asp Glu Asp Asn Gln Gln Gly Gln Gly Glu Gly Leu Lys

1

5

10

15

60

120

180

240

300

360

417

38
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-contilnued
Tyr Leu Gly Phe Val Gln Asp Ala Ala Thr Tyr Ala Val Thr Thr Phe
20 25 30
ser Asn Val Tyr Leu Phe Ala Lys Asp Lys Ser Gly Pro Leu Gln Pro
35 40 45
Gly Val Asp Ile Ile Glu Gly Pro Val Lys Asn Val Ala Val Pro Leu
50 55 60
Tyr Asn Arg Phe Ser Tyr Ile Pro Asn Gly Ala Leu Lys Phe Val Asp
65 70 75 80
Ser Thr Val Val Ala Ser Val Thr Ile Ile Asp Arg Ser Leu Pro Pro
85 S0 o5
Ile Val Lys Asp Ala Ser Ile Gln Val Val Ser Ala Ile Arg Ala Ala
100 105 110
Pro Glu Ala Ala Arg Ser Leu Ala Ser Ser Leu Pro Gly Gln Thr Lys
115 120 125
Ile Leu Ala Lys Val Phe Tyvr Gly Glu Asn
130 135
<210> SEQ ID NO 7
<211> LENGTH: 34
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: PRIMER-1

<400> SEQUENCE: 7

tttggatccg atggaattat acaacggtga gagg

<210>
<211>
<212 >
<213>
<220>
<223 >

SEQ ID NO 8

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PRIMER-2

<400> SEQUENCE: 8

tttgcggcceg cttattttaa gtattcoctta tgtttcetcec

<210>
<211>
<212>
<213>
«220>
<223 >

SEQ ID NO 9

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PRIMER-3

<400> SEQUENCE: 9

tttctcgaga tggatttgaa acctggaget g

<210>
<211>
<212>
<213>
<220>
<223 >

SEQ ID NO 10

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION: PRIMER-4

<400> SEQUENCE: 10

tttctcgagt catgtaccat aattttgctg cac

<210>
<211>
<«212>
<213>
<«220>
<223 >

SEQ ID NO 11

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PRIMER-5
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-continued

<400> SEQUENCE: 11

tttctcgaga tggctgaaga cgaagac

<210> SEQ ID NO 12

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>» OTHER INFORMATION: PRIMER-6

<400> SEQUENCE: 12

tttggatcct caattctctc cataaaac

The invention claimed 1s:

1. A method of producing a rubber, the method compris-
ng:

a step of binding a protein expressed by a gene coding for

a cis-prenyltransierase (CPT) family protein, a protein

expressed by a gene coding for a Nogo-B receptor

(NgBR) family protein, and a protein expressed by a

gene coding for a rubber elongation factor (REF)

family protein to rubber particles in vitro,

wherein the gene coding a for a cis-prenyltransierase
(CPT) family protein, the gene coding for a Nogo-B
receptor (NgBR) family protein, and the gene coding
for a rubber elongation factor (REF) family protein are
cach derived from plants, and

wherein the cis-prenyltransierase (CPT) family protein 1s
at least one selected from the group consisting of CPT

from Hevea brasiliensis (HRT1, HRT2, CPT3-5),
AtCPTI-9 from Arabidopsis thaliana, CPT 1-3 from
lettuce, and CPT 1-3 from 1araxacum kok-saghyz, and
wherein the Nogo-B receptor (NgBR) family protein 1s

at least one selected from the group consisting of NgBR
from Hevea brasiliensis (HRTBP), LEW1 from Ara-

bidopsis thaliana, LsCPTLI-2 from lettuce, and ThbRTA
from Taraxacum, and

wherein the rubber elongation factor (REF) family protein
1s REF from Hevea brasiliensis.
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2. The method for producing a rubber according to claim

wherein the binding step comprises performing protein

synthesis 1n the presence of both rubber particles and a
cell-free protein synthesis solution containing an
mRNA coding for a cis-prenyltransierase (CPT) family
protein, an mRNA coding for a Nogo-B receptor
(NgBR) family protein, and an mRNA coding for a
rubber elongation factor (REF) family protein to bind
the CPT family protein, the NgBR family protein, and
the REF family protein to the rubber particles.

3. The method for producing a rubber according to claim

wherein the cell-free protein synthesis solution contains a

germ extract.

4. The method for producing a rubber according to claim

wherein the germ extract 1s derived from wheat.
5. The method for producing a rubber according to claim

wherein the rubber particles are present in the cell-free

protein synthesis solution at a concentration of 5 to 50

o/L.

6. The method for producing a rubber according to claim

wherein each gene of the gene coding for a cis-prenyl-

transierase (CPT) family protein, the gene coding for a
Nogo-B receptor (NgBR) family protein, and the gene
coding for a rubber elongation factor (REF) family
protein, 1s derived from Hevea brasiliensis.

G o e = x
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