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(57) Abstract: The present invention relates to
a preparation method using a fusion expression
partner.  The method includes preparing a
polynucleotide encoding a fusion expression
partner selected from the group consisting of
SIyD (FKBR- type peptidyl prolyl cis-trans
isomerase ), Crr ( glucose-specific phospho-
transferase (PTS) enzyme IIA component ),
RpoS (RNA polymerase sigma factor), PotD
(Spermidine/putrescine-binding periplasmic
protein), and RpoA (RNA polymerase alpha
subunit), and an expression vector linking a
polyDNA fragment of a heterologous protein,
preparing a transformant by introducing the
expression vector into a host cell, inducing the
expression of a recombinant protein by culturing
a transformant, and obtaining the expression.
In the preparation method of the recombinant
protein, the heterologous protein may enhance
the water-solubility and folding of the
recombinant protein, overcome the limitations
about the water-solubility and folding which
the conventional fusion expression partners
have, and be used widely in the production of
pharmaceutical and industrial proteins.
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[DESCRIPTION]
[Invention Titlel

PREPARATION METHOD OF RECOMBINANT PROTEIN BY USE OF AFUSION

EXPRESSION PARTNER

[Technical Field]

The present invention relates to a preparationmethod using
a fusion expression partner selected from the group consisting
of SlyD (FKBR-type peptidyl prolyl cis-trans isomerase), Crr
(glucose-specific phosphotransferase enzyme IIA component),
RpoS (RNA polymerase sigma factor), PotD
(Spermidine/putrescine-binding periplasmic protein), and RpoA

(RNA polymerase alpha subunit).

[Background Art]

The proteins produced by the current bio-engineering
technology may be generally represented by proteins for medical
and research purposes, such as immune regulatory and enzyme
inhibitors and hormones, and industrial proteins, such as
proteins for diagnosis and reaction addition enzymes, and the
development of production process technologies and their
industrialization are being focused on these two proteins.
Particularly, whenauseful recombinant proteinisproducedusing
a recombinant microorganisms technology, an E. coli which has

advantages that it has well known genetic information andvarious

1
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vectorsystems,andcanbeculturedfastinrelativelylow—priced
medium at high concentration is being widely used for research

and commercial purposes.

In the production of recombinant proteins from E. coli,
various expression vectors with a powerful inducible promoter
have been developed and uéed for production of heterologous
proteins. However, in the case of an E. coli as a host cell,
the protein to be prepared is hydrolized by proteases and its
yield tends to be low. It is known that this tendency is
particularly obvious in the expression of polypeptides with a
10 kDa or less. Furthermore, when recombinant proteins are
overexpressed in E. coli, it is known that an insoluble aggregate
known as an inclusion body is often formed. In the case of a
polypeptide expressedas an inclusionbody, it has adisadvantage
that the purity of the target polypeptide in the inclusion body
can be reduced because a folding intermediate is randomly bonded
to other protein impuritiés, including chaperons, ribosomes,
and initial factors, through intermolecular disulfide bonds or
hydrophobic interactions. To convert these expressed proteins
into active forms, the proteins must be dissolved using
denaturants, such as guanidine hydrochloride, urea, etc., and
refolded through dilution. During the refolding process,
production yield can be decreased, such that the proteins fail

to be refolded as active forms (Marston FA, Biochem. J 240(1):
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1-12, 1986).

To obtain a high yield of recombinant proteins as active
forms in E. coli, various methods have been attempted, including
a low-temperature expression performance by decreasing the
expression rate of proteins in E. coli and increasing the
acceptability of heterologous proteins (Hammarstrom et al.,
Protein Sci. 11:313-321, 2002), the use of various promoters
or optimization of induction conditions (Qing et al., Nat
Biotechnol. 22:877-882, 2004), and a simultaneous expression
of molecular chaperones or protein folding regulators and
heterologous proteins (de Marco & De Marco, J Biotechnol.
109:45-52, 2004). However, expression method by fusing a
heterologous proteinwith a fusion expression partner which aids
in purification and folding of the heterologous protein is the
most common.

In fact, various fusion expression partners which induce
a high expression of heterologous proteins within E. coli have
been studied and reported (Esposito & Chatterjee, Curr Opin
Biotechnol. 17:353-358 2006; Kapust & Waugh, Protein Sci.
8:1668-1674, 1999; Sachdev & Chirgwin, Biochem. Biophys. Res.
Commun. 244:933-937, 1998). Although a number of fusion
expressionpartners have been developedandused, representative
fusion expression partners which have been studied the most
include maltose binding protein (MBP),

glutathione-S-transferase (GST), thioredoxin (Trx), NusA, and
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the like. 1In case of maltose binding protein, wide hydrophobic
voids resulting from the aggregation of hydrophobic amino acids
effectively shield hydrophobic sites of newly-synthesized
proteins and prevent heterologous proteins from becoming
insoluble inclusion bodies, and thioredoxins help the disulfide
bondage of heterologous proteins. NusA, when overexpressed in
E. coli, shows an excellent ability to be folded as an active
form and induces correct foldings of heterologous proteins
subsequently expressed (Bach H et al., J Mol Biol 312:79-93,
2001; Edward RL et al., Nat Biotechnol 11:187-193, 1993; Davis
GD et al., Biotechnol Bioeng 65:382-388, 1999). It is known
that these fusion expression partners have an advantage that
the fusion expressed heterologous proteins using an affinity
chromatography method may be easily purified, and help the
folding of the heterologous proteins utilizing each of other
molecularbiological properties. However, becausethese fusion
expression partners are relatively big compared to heterologous
proteins, they have disadvantages that theyield of heterologous
proteins are considerably decreased with the size of the fusion
part and the partners are not universally applicable to either
proteins for medical purposes or industrially useful proteins.
In addition, although heterologous proteins may be induced as
water-soluble forms, it is hard for them to be induced into the
expression of active forms which can carry out their inherent

functions, and there is a irrationality in processes that a
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process of removing fusion expression partners should be added
for them to be used for suitable purposes.

Hitherto, the domestic recombinant proteins produced
industrially by the bioengineering technology have been focused
on the development of production processes, by which recombinant
proteins may be expressed. The development of expression
systems, which are a core source technology, is under way as
a supplementary technology which is at a copy or an improving
level. Secretary and membrane proteins, which are very important
for commercial or pharmaceutical reasons, are
difficult-to-express proteins to form insoluble inclusion
bodies in E. coli when they are expressed in E. coli Thus, the
development is retarded. To overcome these, it is important
to secure a source technology on the expression system of
difficult-to-express proteins in E. coli.

As described above, each fusion expression partner has
different molecular bioiogical properties and different
mechanisms in helping the folding of thebfused recombinant
proteins. Thus, the same effects are not shown in all the
proteins. To construct an expression system using a fusion
expression partner which helps the folding of recombinant
proteins more universally, a new concept of a fusion expression
partner library should be constructed by discovering a fusion
expression partner from different points of view which deviate

from the properties of conventional fusion expression partners.
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It is known in the previous report (Hoffman F & Rinas U,
Adv Biochem Eng Biotechnol, 89:73-92, 2004) that the
overexpressionof recombinant proteinsinE. coliimpartssimilar
effects, forexample, stress (thermal shock, aminoaciddepletion,

etc).

[Disclosure]l

[Technical Problem]

The object of the present invention is to provide a
preparation method of recombinant proteins using a universal
fusion expression partner available in various heterologous
proteins as well as separating active proteins without using
denaturants or reducing agents, in production of heterologous
proteins from transgenic microorganisms as an insoluble

inclusion body.

[Technical Solution]

The present inventors have attempted to develop a new
conceptual fusion expression partner. After imparting stress
which inhibits a correct folding to the E. coli and producing
various heterologous proteins using overexpressed proteins as
fusionexpressionpartnersthroughagenerecombinahttechnology,
we confirmed that the amount of water-soluble expressions was
increased with regard to various heterologous proteins and the

production of recombinant proteins which are unchanged in enzyme
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activity was possible, and completed the present invention.

The present invention provides a preparation method of
recombinant proteins using a universal fusion expression
partner.

The present invention also provides an expression vector
for production of recombinant proteins, including a
polynucleotide encoding a universal fusion expression partner
and a polynucleotide encoding a heterologous protein.

In addition, the present invention provides transformants
transduced by the expression vectors.

Furthermore, the present invention provides recombinant
fusion expression proteins prepared by the method of recombinant

proteins.

Hereinafter, the terms as used in the present invention
will be described.

"Heterologous protein or target protein" means a protein
which those skilled in the art are attempting to produce in a
large amount, and may be expressed in transformants by inserting
apolyhucleotideencodingtheproteininarecombinantexpression
vector.

"Recombinant protein or fusion protein" means a protein,
in which another protein is linked with or another amino acid
sequence is added to the N-terminal or C-terminal of the sequence

of the original heterologous protein.
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"Expressionvector" refers toa linear or round DNAmolecule
consisting of fragments encoding polypeptides of interest,
operably linked with an additional fragment provided in the
transcription of the expression vector. That additional
fragment includes a promotér and a termination sequence. The
expression vector includes one or more origins of replication,
one or more selection markers, a polyadenylation signal, and
the like. The expression vector is generally induced from a

plasmid or virus DNA, or contains both the elements.

Hereinafter, the present invention will be described in
more detail.

1. The present invention provides a preparation method of
recombinant proteins, including the following:

1) preparing an expression vector which 1links a
polynucleotide encoding a‘fusion expression partner selected
from the group consisting of SlyD (FKBP-type peptidyl-prolyl
cis-tans isomerase), Crr [glucose-specific phosphotransferase
(PTS) enzyme IIA component], Rpos (RNA polymerase sigma factor),
PotD (Spermidine/putrescine-binding periplasmic protein), and
RpoA (RNA polymerase alpha subunit) with a poly DNA fragment
encoding a heterologous protein;

2) preparing a transformant by introducing the expression
vector into a host cell; and

3) inducing and obtaining an expression of a recombinant
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protein by culturing the transformant.

In the method, it is desirable that the SlyD, Crr, RpoS,
PotD, and RpoA are represented by SEQ ID NO: 1, 4, 7, 10, and
13, respectively.

The heterologous protein according to the step 1) desirably
has a biological activity of a protein selected from the group
consisting of, but not limited to an antigen, an antibody, a
cell receptor, an enzyme, a structural protein, a serum, and
acell protein. Furthermore, alltheproteinsthatthoseskilled
inthe art desire are possible, and various heterologous proteins
with a biological activity of a protein selected from the group
consisting of particularly, amedical, research, and industrial
protein, for example, an antigen, an antibody, a cell receptor,
an enzyme, a structural protein, a serum, and a cell protein

may be expressed as recombinant proteins.

1) SlyD

It is known that a trigger factor (hereinafter, referred
to as 'Tig'), one of the molecular chaperones of E. coli, binds
to a ribosome with a polypeptide when the protein is expressed
and provides a space to protect hydrophobic amino acids from
the outside before a perfect 3D-structure is formed by a
polypeptide during synthesis, in order not to form an insoluble
inclusion body through a non-specific interaction (Ferbitz et

al., Nature431:590-596, 2004). SlyDisaproteinwithafunction
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of a peptidyl-proplyl isomerase (PPIase), corresponding to a
middle domain of Tig (Hotternrott et al., J Bio IChem
272:15697-15701, 1997). LiketheTig, it isexpectedthatduring
a formation of a heterologous protein fused to the 3'-terminal,
it forms a protective space between the heterologous protein
and the ribosome and controls a formation of an insoluble
inclusion body of the polypeptide prior to the 3D-structure
formation. NusA, one of the well known fusion proteins, is
selected as a fusion expression partner for expression of the
heterologous protein through a prediction program that a highly
water-soluble protein may be produced when an overexpression
isinducedj11E.coli(DaviséteﬁL.,BiotechnolBioeng65:382—388,
1999). The S1lyD exhibited 98 % solubility when applied to the
Davis program, and the high folding ability indicates the
possiblity of the SlyD as a fusion protein.

There are many cases that heterologous proteins are
expressed as insoluble inclusion bodies in E. coli Accordingly,
the present invention attempted to enhance the water-soluble
expression of recombinant proteins, using an SlyD whose
expression was increased when stresses inhibiting the correct
folding of proteins were applied (See FIG. 1), as a fusion
expression partner. Even under conditions inhibiting the
folding of proteins, the aétivity of the protein is maintained
and the amount of expression is increased. Because the protein

exhibits stability in the protein structure and excellence in

10
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the folding ability as well as the possibility of being involved
in bio-mechanisms of E. coli, it may be effectively used as a
fusion protein.

Specifically, when stresses inhibiting the correct folding
of proteins were applied such as culturing E. coli at 48 °C,
higher than 37 °C, its optimum growth temperature, E. coli
proteins showing an increase in expression were screened. When
the protein was analyzed and identified, it was confirmed that
the amount of expression of the E. coli SlyD (FKBP-type
peptidyl-prolyl cis-trans isomerase SlyD) was increased (See
Table 1). Generally, when growth conditions deviate from the
optimumconditions, a reactionmechanism for adapting to changed
environmental conditions occurs. Simultaneously,
structurally-unstable proteins form insoluble inclusion bodies
The growth of E. coli may be maintained, but after the E. coli
was cultured at temperatures higher than the optimum culture
temperature, it was confirmed that a 2D-electrophoresis analysis
for comparison of changes in E. coli proteins was followed by
3.37 times increase in the expression amount of a certain protein
(See FIG. 2). The analysis and identification results of the
protein with its expression amount increased, using a
Matrix-Assisted Laser Desorption/Ionization - Time of Flight
Mass Spectrometer (MALDI-TOF-MS), confirmed that it was S1lyD
(See Table 1).

In the present invention, SlyD was fusion expressed with

11
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10 other proteins, known to form insoluble inclusion bodies when
expressed separately without a fusion expression partner in E.
coli in order to verify the possibility of the SlyD as a fusion
expression partner. As a representative medical and research
protein, human minipro-insulin (hereinafter, referred to as
"mp-INS"), human epidermal growth factor (hereinafter, referred
to as "EGF"), human prepro-ghrelin (hereinafter, referred to
as "ppGRN"), human interleukin-2 (hereinafter, referred to as
"hIL-2"), human activation inducedcytidine deaminase, referred
to as "AID"), human glutamate decarboxylase (hereinafter,
referred to as "GADy4g_585" ), cutinase (hereinafter, referred to
as "CUT") derived from Pseudomonas putida, human ferritin light
chain (hereinafter, referred to as "hFTN-L), human granulocyte
colony-stimulating factor (hereinafter, referredtoas "G-CSF"),
and cold autoinflammatory syndromel (NALP3) Nacht domain
(hereinafter, referred to as "Nacht") were fusion-expressed.
As an industrial protein, glutamate decarboxylasegss-sss
(hereinafter, referred to as "GADusg-585") known as a prognostic
marker in type 1 diabetes méllitus, and cutinase (hereinafter,
referred to as "CUT"), derived from Pseudomonas putida, which
is used in the pretreatment of fiber and emerging as an
envrionmentally-friendly enzyme for its degradability of
plastics were selected as a heterologous protein. After each
of the expression vectors inserted into the carboxyl terminal

of the SlyD was prepared (See FIG. 7), it was transformed in

12
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the E. coli and produced therefrom in the form of a recombinant
protein. When the amount of expression of each recombinant
protein was measured, it was confirmed that the expression of
the heterologous protein fused with the S1lyD was more abundant
in water-soluble expression than the expressions of most
insoluble inclusion bodies (See FIG. 12). Itwas alsoconfirmed
that the amount of water-soluble expression of the heterologous
protein fused with the S1yD is increased significantly compared
to that of water-soluble expression of a singly expressed
heterologous protein (See FIG. 13).

Furthermore, the presence of a PNP specific proteolytic
activity of a recombinant cutinase (SlyD::CUT), an industrial
protein which can be used without any removal of a fusion
expression partner to verify the activity of the recombinant
protein by the method, was confirmed, leading to the completion

of the present invention (See FIG. 14).

2) Crr

The present invention attempted to enhance the
water-soluble expression of recombinant proteins, using a Crr
whose expression was increased when stresses inhibiting the
correct folding of proteins were applied, as a fusion expression
partner.

Specifically, when stresses inhibiting the correct folding

of proteinswere appliedby the additionof the GdnHCl, exhibiting

13
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a proteolytic effect, E. coli proteins showing an increase in
expression were screened (See FIG. 3). When the protein was
analyzed and identified, it was confirmed that the amount of
expression of the E. coli Crr [glucose-specific
phosphotransferase (PTS) enzyme IIA component] was increased
(See Table 2). When a protein with the water-soluble expression
against the proteolytic stress increased, is used as a fusion
expression partner, the high level of the water-soluble
expressionof the heterologous proteinmay bemaintained. After
GdnHC1 was added to the medium at a concentration sufficient
for the E. coli to keep its growth, it was confirmed that a
2D-electrophoresis analysis for comparison of changes in E. coli
proteins was followed by 2.2 times increase in the amount of
the expression of a certain protein (See FIG. 3). The analysis
and identification results of the protein with its expression
amount increased, using a MALDI-TOF-MS, confirmed that it was
Crr (See Table 1).

In the present invention, Crr was fusion expressed with
10 other proteins, known to form insoluble inclusion bodies when
expressed separately without a fusion expression partner in E.
coli in order to verify the possibility of the Crr as a fusion
expression partner. As a representative medical and research
protein, mp-INS, EGF, ppGRN, hIL-2, AID, GAD4ss-585, CUT, hFIN-L,
G-CSF, and Nacht were fusion-expressed. As an industrial

protein,GADM8485knownasexprognosticnmrkerjjltype]_diabetes

14
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mellitus, and CUT derived from Pseudomonas putida which is used
in the ©pretreatment of fiber and emerging as an
environmentally-friendly enzyme for its degradability of
plastics were selected as a heterologous protein. After each
of the expression vectors inserted into the carboxyl terminal
of the Crr was prepared (See FIG. 8), it was transformed in the
E. coliandproducedtherefrominthe formof arecombinant protein.
When the amount of expression of each recombinant protein was
measured, it was confirmed that the expression of the
heterologous protein fused with the Crr was more abundant in
water-soluble expression than the expressions of most insoluble
inclusion bodies (See FIG. 15). It was also confirmed that the
amount of water-soluble expression of the heterologous protein
fused with the Crr is increased significantly compared to that
of water-soluble expression of a singly expressed heterologous
protein (See FIG. 13).

Furthermore, the presence of a PNP specific proteolytic
activity of a recombinant cutinase (Crr::CUT), an industrial
protein which can be used without any removal of a fusion
expression partner to verify the activity of the recombinant

protein by the method, was confirmed (See FIG. 16).

3) RpoS
The present invention attempted to enhance the

water-soluble expression of recombinant proteins, using a Rpos

15
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whose expression was increased when stresses inhibiting the
correct folding of proteins were applied, as a fusion expression
partner.

Specifically, when stresses inhibitingthe correct folding
of proteinswere appliedby the additionof the GdnHCl, exhibiting
a proteolytic effect, E. coli proteins showing an increase in
expression were screened (See FIG. 4). When the protein was
analyzed and identified, it was confirmed that the amount of
expression of the E. coli RpoS (RNA polymerase sigma factor)
was increased (See Table 3). When a protein with the
water-soluble expression against the proteolytic stress
increased is used as a fusion expression partner, the high level
of the water-soluble expression of the heterologous protein may
be maintained. After GdnHCl was added to the medium at a
concentration sufficient for the E. coli to keep its growth,
it was confirmed that a 2D-electrophoresis analysis for
comparison of changes in E. coli proteins was followed by about
6 times increase in the amount of the expression of a certain
protein (See FIG. 4). The analysis and identification results
of the protein with its expression amount increased, using a
MALDI-TOF-MS, confirmed that it was RpoS (See Table 3).

In the present invention, RpoS was fusion expressed with
10 other proteins, known to form insoluble inclusion bodies when
expressed separately without a fusion expression partner in E.

coli in order to verify the possibility of the RpoS as a fusion

16
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expression partner. As a representative medical and research
protein, mp-INS, EGF, PPGRN, hIL-2, AID, GADy4g-585, CUT, hFTN-L,
G-CSF, and Nacht were fusion-expressed. As an industrial
protein, GAD4ss_sg5s known as a prognostic marker in type 1 diabetes
mellitus, and CUT derived from Pseudomonas putida which is used
in the ©pretreatment of fiber and emerging as an
envrionmentally-friendly enzyme for its degradability of
plastics were selected as a heterologous protein. After each
of the expression vectors inserted into the carboxyl terminal
of the Rpos was prepared (See FIG. 8), it was transformed in
the E. coli and produced therefrom in the form of a recombinant
protein. When the amount of expression of each recombinant
protein was measured, it was confirmed that the expression of
the heterologous protein fused with the Rpos was more abundant
in water-soluble expression than the expressions of most
insoluble inclusion bodies (See FIG. 18). Itwas alsoconfirmed
that the amount of water-soluble expression of the heterologous
protein fused with the RpoS is increased significantly compared
to that of water-soluble expression of a singly expressed
heterologous protein (See FIG. 19).

Furthermore, the presence of a PNP specific proteolytic
activity of a recombinant cutinase (RpoS::CUT), an industrial
protein which can be used without any removal of a fusion
expression partner to verify the activity of the recombinant

protein by the method, was confirmed (See FIG. 16).

17
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4) PotD

The present invention attempted to enhance the
water-soluble expression of recombinant proteins, using a PotD
whose expression was increased when stresses inhibiting the
correct folding of proteins were applied, as a fusion expression
partner.

Specifically, when stresses inhibiting the correct folding
of proteinswere appliedby the additionof theGdnHC1l, exhibiting
a proteolytic effect, E. coli proteins showing an increase in
expression were screened (See FIG. 5). When the protein was
analyzed and identified, it was confirmed that the amount of
expression of the E. coli PotD (Spermidine/putrescine-binding
periplasmic protein) was increased (SeeTable4). Whenaprotein
withthewater-soluble expressionagainst theproteolytic stress
increased is used as a fusion expression partner, the high level
of the water-soluble expression of the heterologous protein may
be maintained. After GdnHCl was added to the medium at a
concentration sufficient for the E. coli to keep its growth,
it was confirmed that a 2D-electrophoresis analysis for
comparison of changes in E. coli proteins was followed by about
3.5 times increase in the amount of the expression of a certain
protein (See FIG. 5). The analysis and identification results
of the protein with its expression amount increased, using a

MALDI-TOF-MS, confirmed that it was PotD (See Table 4).

18
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In the present invention, PotD was fusion expressed with
10 other proteins, known to form insoluble inclusion bodies when
expressed separately without a fusion expression partner in E.
coli in order to verify the possibility of the PotD as a fusion
expression partner. As a representative medical and research
protein, mp-INS, EGF, ppGRN, hIL-2, AID, GADss-585, CUT, hFIN-L,
G-CSF, and Nacht were fusion-expressed. As an industrial
protein, GADy4s_sg5s known as a prognostic marker in type 1 diabetes
mellitus, and CUT derived ffom Pseudomonas putida which is used
in the pretreatment of fiber and emerging as an
envrionmentally-friendly enzyme for its degradability of
plastics were selected as a heterologous protein. After each
of the expression vectors inserted into the carboxyl terminal
of the PotD was prepared (See FIG. 8), it was transformed in
the E. coli and produced therefrom in the form of a recombinant
protein. When the amount of expression of each recombinant
protein was measured, it was confirmed that the expression of
the heterologous protein fused with the PotD was more abundant
in water-soluble expression than the expressions of most
insolubleinclusionbodies(SeeFIG.22). It was also confirmed
that the amount of water-soluble expression of the heterologous
protein fused with the PotD is increased significantly compared
to that of water-soluble expression of a singly expressed
heterologous protein (See FIG. 22).

Furthermore, the presence of a PNP specific proteolytic
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activity of a recombinant cutinase (PotD::CUT), an industrial
protein which can be used without any removal of a fusion
expression parnter to verify the activity of the recombinant

protein by the method, was confirmed (See FIG. 23).

5) RpoA

The present 1invention attempted to enhance the
water-soluble expression of recombinant proteins, using a RNA
polymerase asubunit whoseexpressionwas increasedwhenstresses
inhibiting the correct folding of proteins were applied, as a
fusion expression partner.

Specifically, when stresses inhibiting the correct folding
of proteins were applied by the addition of the
2-hydroxyethyldisulfide (2-HEDS), known as an oxidizing agent,
E. coliproteins showing an increase in expression were screened
(See FIG. 6). When the protein was analyzed and identified,
it was confirmed that the amount of expression of the E. coli
RNA polymerase o subunit (hereinafter, referred to as "RpoA")
was increased (See Table 5). When a protein with the
water-soluble expression against the proteolytic stress
increased is used as a fusion expression partner, the high level
of the water-soluble expression of the heterologous protein may
be maintained. After 2-HEDS was added to the medium at a
concentration sufficient for the E. coli to keep its growth,

it was confirmed that a 2D-electrophoresis analysis for
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comparison of changes in E. coli proteins was followed by about
1.5 times increase in the amount of the expression of a certain
protein (See FIG. 5). The analysis and identification results
of the protein with its expression amount increased, using a
MALDI-TOF-MS, confirmed that it was RpoA (See Table 5).

In the present invention, RpoA was fusion expressed with
10 other proteins, known to form insoluble inclusion bodies when
expressed separately without a fusion expression partner in E.
coli in order to verify the possibility of the RpoA as a fusion
expression partner. As a representative medical and research
protein, mp-INS, EGF, ppGRN, hIL-2, AID, GADg4sg 585, CUT, hFTN-L,
G-CSF, and Nacht were fusion-expressed. As an industrial
protein, GADy4s_585 Known as a prognostic marker in type 1 diabetes
mellitus, and CUT derived from Pseudomonas putida which is used
in the pretreatment of fiber and emerging as an
environmentally-friendly .enzyme for its degradability of
plastics were selected as a heterologous protein. After each
of the expression vectors inserted into the carboxyl terminal
of the PotD was prepared (See FIG. 11), it was transformed in
the E. coliand produced therefrom in the form of a recombinant
protein. When the amount of expression of each recombinant
protein was measured, it was confirmed that the expression of
the heterologous protein fused with the RpoA was more abundant
in water-soluble expression than the expressions of most

insoluble inclusion bodies (See FIG. 25). Itwas alsoconfirmed
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that the amount of water-soluble expression of the heterologous
protein fused with the RpoA is increased significantly compared
to that of water-soluble expression of a singly expressed
heterologous protein (See FIG. 26).

Furthermore, the presence of a PNP specific proteolytic
activity of a recombinant cutinase (RpoA::CUT), an industrial
protein which can be used without any removal of a fusion
expression partner to verify the activity of the recombinant

protein by the method, was confirmed (See FIG. 23).

2. The present invention provides an expression vector for
production of recombinant proteins, including a polynucleotide
encoding a fusion expression partner selected from the group
consisting of SlyD, Crr, RpoS, PotD, and RpoA, and a
polynucleotide encoding a heterologous protein.

It is desirable that the polynucleotide encoding the fusion
expression partner linked with the polynucleotide encoding the
heterologous protein is included in the expression vector.

In addition, a polynucleotide encoding a protein
restriction enzyme recognition site is desirably linked between
the polynucleotide encoding the fusion expression partner and
the polynucleotide encoding the heterologous protein.

As a fusion expression partner, a polynucleotide, selected
from the group consisting of SlyD, Crr, RpoS, PotD, and RpoA,

linked with a polynucleotide encoding a heterologous protein
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is included in a backbone vector, and as a backbone vector, a
variety of transformable vectors may be used in the E.
coliselected from the group consisting of, but not limited to,
pT7, pET/Rb, pGEX, pET28a, PpET-22b(+), and pGEMX. The
expressionvector of the present inventionmay express the fusion
expression partner and the heterologous protein as recombinant
proteins by including the insertion sites of the genes encoding
the fusion expression partner and the heterologous protein in
a sequence.

Furthermore, a polynucleotide encoding a protein
restriction enzyme recognition site may be linked between a
polynucleotide operably encoding a fusion expression partner
in the fusion expression partner gene and the heterologous
proteinof the present invention. Whentheheterologous protein
to be fused is an industrial protein, the fusion expression
partner may degrade the function of the heterologous protein,
and the fusion expression partner of a medical protein is
desirably removed because the protein may cause an
antigen-antibody reaction. As for the protein restriction
enzyme recognition site, one selected from the group consisting
of Xa factor recognition site, enterokinase recognition site,
genenase I recognition site, or furin recognition site may be
used alone or in any combination of at least two of them.

In addition, a polynucleotide encoding a tag for separation

and purification may be operably linked with the genes of the
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fusion expression partner or heterologous protein of the vector
of the present invention, allowing the recombinant protein to
be easily separated and purified. As for the tag for separation
andpurification,oneselectedframthegroupconsistingofGST,
poly-Arg, FLAG, poly-His, and c-myc may be used alone or in any
combination of at least two of them. Inone aspect of the present
invention, the vector of the present invention may be expressed
as arecombinant proteinincludingthe fusionexpressionpartner,
the heterologous protein, and the tag for separation and
purification by incorporating the insertion sites of the fusion
expression partner gene, the heterologous protein gene, and the
tag for separation and purification into the pT7 backbone vector
in series.

In one aspect of the present invention, the exogenous gene
maylxaclonedthroughearesﬁrictionenzymesite,linkedjilframe
with the polynucleotide when a polynucleotide encoding a protein
restriction enzyme recognition site is used, and allowed to
produce a heterologous protein in the original form when cut
with a protein restriction enzyme after the secretion of the

heterologous protein.

3. The present inventionprovides atransformant transduced
with the expression vector.
The transformant may be obtained through transduction of

the expression vector into a host cell known to those skilled
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inthe art by aknownmethod. Throughthis, arecombinant protein
with both its water-solubility and folding improved may be

obtained by those skilled in the art.

4. A recombinant fusion protein by a preparation method
of the recombinant protein is provided.

A recombinant protein with both its water-solubility and
folding improved may be obtained by those skilled in the art
throughapreparationmethodof the recombinant proteinaccording

to the present invention.

[Description of Drawingsl

FIG. 1 shows growth curves of the BL21 (DE3) culture at
37 T (a control group) and at 49 T (an experimental group),
respectively.

FIG. 2 shows results analyzing the changes of the E.
coliproteins under environmental stresses:

A: the results of 2-D PAGE (2-dimensional polyacrylamide
gel electrophoresis); and

B: the increase in the amount of expression of the SlyD
culture at 48 T.

FIG. 3 shows results analyzing the changes of the E.
coliéroteins under environmental stresses:

A: the results of 2-D PAGE; and

B: the increase in the amount of expression of the Crr by
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GdnHC1.

FIG. 4 shows results analyzing the changes of the E.
coliproteins under environmental stresses:

A: the results of 2-D PAGE; and

B: the increase in the amount of expression of the RpoS
by GdnHCL.

FIG. 5 shows results analyzing the changes of the E.
coliproteins under environmental stresses:

A: the results of 2-D PAGE; and

B: the increase in the amount of expression of the PotD
by GdnHCL.

FIG. 6 shows results analyzing the changes of the E.
coliproteins under environmental stresses:

A: the results of 2-D PAGE; and

B: the increase in the amount of expression of the RpoA
by 2-HEDS.

FIG. 7 shows the construction processes of a single
expression vector of the heterologous protein and a fusion
expression vector with a fusion expression partner.

FIG. 8 are cleavage maps of a single expression vector of
the heterologous protein, a fusion expression vector with a
fusion expression partnef, and a fusion expression vector
including a protein restriction enzyme recognition site:

A: a cleavage map of a single expression vector;

B: a cleavage map of a fusion expression vector; and
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C: a cleavage map of a fusion expression vector including
a protein restriction enzyme recognition site.

FIG. 9 are cleavage maps of a single expression vector of
the heterologous protein, a fusion expression vector with a
fusion expression partner, and a fusion expression vector
including a protein restriction enzyme recognition site:

A: a cleavage map of a single expression vector;

B: a cleavage map of a fusion expression vector; and

C: a cleavage map of an expression vector for purification
including 6 histidines.

FIG. 10 are cleavage maps of a single expression vector
of the heterologous protein, a fusion expression vector with
a fusion expression partner, and a fusion expression vector
including a protein restriction enzyme recognition site:

A: a cleavage map of a single expression vector;

B: a cleavage map of a fusion expression vector; and

C: acleavage map of a fusion expression including a protein
restriction enzyme recognition site.

FIG. 11 shows the construction processes of a single
expression vector of the heterologous protein and a fusion
expression vector with a fusion expression partner.

FIG. 12 shows comparisons of the amounts of expression of
recombinant proteins fusion-expressed with the SlyD in a
water-soluble supernatant (S) and an insoluble inclusion body

(IS).
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FIG. 13 shows graphs comparing the amounts of water-soluble
expression between a single expression recombinant protein and
a recombinant expression fusion-expressed with the SlyD.

FIG. 14 shows the results measuring the resolutions of PNB
(‘.) and PNP (i}) between a crude water-soluble protein of E.
coli, which does not express the cutinase and a crude
water-soluble protein of E. coli, which expresses a recombinant
protein fusion-expressed with the S1yD in the formof S1lyD::CUT.

FIG. 15shows theresultsof theamountof asingleexpression
of the target protein and comparison of the amounts of a
recombinant protein fusion-expressed with the Crr in a
water-soluble supernatant (S) and an insoluble inclusion body
(IS).

FIG. 16 shows the results measuring the resolutions of PNB
(.‘f) and PNP (@) between a crude water-soluble protein of E.
coli, which does not express the cutinase and a crude
water-soluble protein of E. coli, which expresses a recombinant
protein fusion-expressed with the Crr in the form of Crr::CUT.

FIG. 17 indicates that a recombinant proteinwith its fusion
expression partner removed keeps the water-soluble properties:

M: protein marker;

l: Crr::G-CSF water-soluble supernatant;

2: Crr::G-CSF insoluble inclusion body;

3: G-CSF water-soluble supernatant with the Crr removed

using enterokinase; and
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4: G-CSF insoluble inclusion body with the Crr removed using
enterokinase.

FIG. 18 shows comparison of the amounts of water-soluble
expression of a recombinant protein fusion-expressed with the
RpoS in a water-soluble supernatant (S) and an insoluble
inclusion body (IS).

FIG. 19 shows a comparison of the amounts of water-soluble
expression between a single expressed recombinant protein and
a recombinant fusion-expressed with the RposS.

FIG. 20 shows the results measuring the resolutions of PNB
(1-.') and PNP (') between a crude water-soluble protein of E.
coli, which does not express the cutinase and a crude
water-soluble protein of E. coli, which expresses a recombinant
protein fusion-expressed with the RpoS in the formof RpoS::CUT.

FIG. 21 shows theresults of purifyinga recombinant protein
using His tag:

A: purification results by the SDS-PAGE method;

M: protein marker;

1: crude water-soluble supernatant including
RpoS: :CUT-Hisg;

2 & 3: purified RpoS::CUT-Hiss;

B: purification results by HPLC

FIG. 22 shows theresultsof theamountof asingleexpression
of the target protein and comparison of the amounts of a

recombinant protein fusion-expressed with the Crr in a
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water-soluble supernatant (S) and an insoluble inclusion body
(IS).

FIG. 23 shows the results measuring the resolutions of PNB
(‘i) and PNP ({}) between a crude water-soluble protein of E.
coli, which does not express the cutinase and a crude
water-soluble protein of E. coli, which expresses a recombinant
protein fusion-expressed with the RpoS in the formof PotD::CUT.

FIG. 24 indicates that a recombinant proteinwithits fusion
expression partner removed keeps the water-soluble properties:

M: protein marker;

1: PotD::G-CSF water-soluble supernatant;

2: PotD::G-CSF insoluble inclusion body;

3: G-CSF water—solublé supernatant with the PotD removed
using enterokinase; and

4: G-CSF insoluble inclusion body with the PotD removed
using enterokinase.

FIG. 25 shows the results of comparison of the amounts of
expression of a recombinant protein fusion-expressed with the
RpoA in a water-soluble supernatant (S) and an insoluble
inclusion body (IS):

A: RpoA::CUT, RpoA::EGF, RpoA::hFTN-L;

B: RpoA::AID, RpoA::ppGRN; and

C : RpoA; ;Nacht, RpoA: :G-CSF, RpoA; ; GADy4g_ 585, RpOA: :mp-INS,
RpoA::IL-2. |

FIG. 26 is a graph comparing the amount of water-soluble
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expression between a single expression recombinant protein and
a recombinant protein fusion-expressed with the RpoA.

FIG. 27 shows the results measuring the resolutions of PNB
(.") and PNP (C’) between a crude water-soluble protein of E.
coli, which does not express the cutinase and a crude
water-soluble protein of E. coli, which expresses a recombinant

protein fusion-expressed with the RpoA in the form of RpoA: :CUT.

[Best Model

Hereinafter, the present invention will be described in
more detail in the following embodiments.

The following embodiments are only intended to illustrate
the present invention, but not to limit the spirit and scope

of the invention.

<Embodiment 1> Analysis and‘ identification of changes of E. coli
proteins under environmental stresses
<1-1>Fusion expressionpartner S1yD (FKBP-type peptidyl-prolyl
cis-trans isomerase SlyD)
<1-1-1> Collection of water-soluble proteins expressed in E.
coli cultured under thermal stress

To apply a stress which inhibits the correct folding of
proteins in E. coli, a water-soluble protein expressed in E.

coli cultured at 48 T was collected (FIG. 1).

The E. coli BL21 (Escherichia coli K-12) was cultured in
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the LB medium [10 g Trypton, 10 g Yeast Extract, 5 g NaCl in
1 L water] at 37 C and 130 rpm. When the ODgyp is reached at
0.5, the solution was cultured at 37 C (a control group) and
48 C (an experimental group) for additional 3 hours and a fungi
precipitatewas collectedbycentrifuge of thecell culturemedia
at 4 T, 6000 rpm. The fungi precipitate was washed twice with

40 mM Tris-HCL buffer (pH 8.0), suspended in 500 @ lysis buffer

[8MUrea, 4 % (w/v) CHAPS, 40mMTris, Protease inhibitor cocktail
(Roche Diagnostics GmbH, Germany) ], and subsequently lysedusing
an ultrasonic homogenizer (Branson sonifier, USA). The
supernatant and precipitate were separated by centrifuge of the
lysed solution at 4 C and 12,000 rpm for 60 minutes and the
removal of the protein inclusion bodies was followed by the
separation of the supernatant. The protein concentration of
the separated supernatant was measured using a Bio-Rad protein
assay kit, and 30 mg water-soluble protein of the supernatant‘
was dissolved in a rehydration solution [2 M thiourea, 8 M urea,
4 % (w/v) CHAPS, 1 % (w/v) DTT, 1 % (w/v) carrier ampholyte,
and pH 4.7] and stored at =80 C as a sample for 2-dimensional
polyacrylamide gel electrophoresis (2D-PAGE).
<1-1-2> 2-Dimensional gel electrophoresis for analysis of
protein bodies

The protein bodies of a control group and an experimental
group obtained according to the method of the embodiment <1-1-1>

were analyzed using a 2-dimensional gel electrophoresis.
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The l1-dimensional isoelectric point separation procedure
for separation of freeze-stored proteins according to PI was
carried out as follows: 45 ug of the freeze-stored proteins were
aliquoted into a linear IPG (immobilized pH gradient) gel strip
(pH 4-7, 17 cm, ReadyStrip, BIO-RAD, USA) and the separation
was carried out on a protein IEF cell electrophoresis apparatus
(Bio-Rad Protein IEF cell electrophoresis system, USA) at 500
V for 2 hours; at 1,000V for 30 minutes; at 2,000V for 30 minutes,
4,000 V for 30 minutes; at 8,000 V for 70,000 VHr (Volt-hours).
The IPG gel strip containing proteins separated according to
PI was allowed to react with an equilibration solution [50 mM
Tris, pH 8.6, 6 M urea, 30 % (v/v) glycerol, 2 % SDS] containing

1

oo

DTT and bromophenol blue for 15 minutes and with an
equilibration solution containing 2.5 % iodoacetamide for
additional 15 minutes. To separate proteins according to
molecular weights, the 2-dimensional electrophoresis was
carried out on the equilibrated gel strips using 12.5 %
polyacrylamide gel (PROTEAN II Xi cell system (Bio-Rad, USA)).
The electrophoresis was carried out at 4 C until the bromophenol
blue reagent is reached at the end of the gel (30 m\/gel, 12
h).

The gelwas silver-stainedaccordingtotheRabilloudmethod
(Rabilloud T, Methods Mol Biol, 112:297-305, 1999) and scanned

using a UMAX PowerLook 1100 Scanner (UMAX, USA). The changes

in density per protein spot area on the gel were measured and
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analyzed using the ImageMaster Software Version 4.01 (Amersham
Biosciences, USA).

Based on the analysis results, the amount of expression
of proteins from the control group was compared with that from
the experimental group, and a protein spot with an increase in
spot volume by 3.37 times was selected (FIG. 2).
<1-1-3> Identification of the E. coli proteins with the amount
of water-soluble expression increased under environmental
stresses using a MALDI-TOF-MS analysis

A protein spot selected according to the embodiment <1-1-2>
was extracted and deposited to the Korea Basic Science Institute,
and then identified using a MALDI-TOF (Matrix-Assisted Laser
Desorption/Ionization - Time Of Flight)- MS analysis.

Specifically, a protein spot for the MALDI-TOF-MS analysis
selected according to the embodiment <1-1-2> was extracted from
the silver-stained gel (Gharahdaghi F, et al., Electrophoreis,
20:601-605, 1999). The peptide degradation procedure was
carried out by incubating the extracted protein spot in 25 nM
ammonium bicarbonate solution (pH 8.0) containing 10.15 mg/mé
trypsin overnight at 37 C. The degraded peptide was extracted
using a 5 % (v/v) TFA and a 50 % (v/v) ACN solution, and after
repeating the extraction procedure three times, a solution

containing the peptide extracted using a vacuum centrifuge was

X

dried. The dried peptide was dissolved in a 50 % ACN/0.1 % TFA

solution, deposited to the Korea Basic Science Institute, and

34



WO 2009/031852

PCT/KR2008/005256

its molecular weight was measured using the MALDI-TOF-MS system

(Voyager DE-STR instrument; Biosystems, USA). The measured

peptide mass fingerprints were carried out using the MS-FIT

(http://prospector.ucsf.edu/prospector/4.0.8/html/msfit.htm

) of the Prospector website and the Swiss-Prot was used as an

MS-FIT database for identification of proteins. Through the

protein identification, it was confirmed that the protein with

an increase in the amount of expression at 48 C by 3.37 times

was the E.

[Table 1]

Protein Information

coli SlyD (Table 1).

Gene Gene Protein name | Isoelectric point(pI) Increse | Seq
name | access /molecular weight (kDa) in The, uen
ion relative | ce
number amount of | sim
@ expressi | ila
on® rit
Yy
S1lyD | POA9KY9 | FKBP-type theoretica | experiment 3.37 19%
peptidyl-pro | 1 value® al value®
lylcis~trans | 4.86/20.85 | 4.80/22.23
isomerase
SlyD

35




WO 2009/031852 PCT/KR2008/005256

a. GenBank Accession No : Identification No. for a gene
information search at ExPASy Proteomics Server
(http://www.expasy.org/).

b. The theoretical values were collected using a Compute pI/Mw
tool (http://www.expasy.org/tools/pi tool.html).

c¢. The experimental values were calculated from 2-D
electrophoresis gel images.

d. The relative amount of expression of the SlyD in the
experimental group was indicated, setting the amount of the S1yD

in the control group as 1.

In addition, 98 % solubility was shown, in case of the S1yD
throughapredictionprogramof thewater-soluble proteins (Davis

et al., Biotechnol Bioeng 65:382-388, 1999).

<1-2> Fusion expression partner Crr (glucose-specific
phosphotransferase enzyme IIA component)
<1-2~1> Collection of water-soluble proteins expressed in E.
coli cultured under proteolytic stress

To apply a stress which inhibits the correct folding of
proteins in E. coli, a water-soluble protein expressed in the
E. coli in a medium supplemented with GdnHCl, exhibiting the
proteolytic effect was collected (FIG. 1).

The E. coliBL21 (Escherichia coli K-12) was cultured in

the LB medium [10 g Trypton, 10 g Yeast Extract, 5 g NaCl in
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1 L water] at 37 T and 130 rpm. When the OD¢yp is reached at
0.5, the solution was cultured in a new LB medium (a control
group) and a LB medium containing 100 mM GdnHC1 (an experimental
group) for additional 3 hours and a fungi precipitate was
collected by centrifuge of the cell culture media at 4 C, 6000
rpm. The fungi precipitate was washed twice with 40 mM Tris-HC1
buffer (pH 8.0), suspended in 500 ¢ lysis buffer [8 M Urea,
4 % (w/v) CHAPS, 40 mM Tris, Protease inhibitor cocktail (Roche
Diagnostics GmbH, Germany)], and subsequently lysed using an
ultrasonic homogenizer (Branson sonifier, USA). The
supernatant and precipitate were separated by centrifuge of the
lysed solution at 4 C and 12,000 rpm for 60 minutes and the
removal of the protein inclusion bodies was followed by the
separation of the supernatant. The protein concentration of
the separated supernatant was measured using a Bio-Rad protein
assay kit, and 30 mg water-soluble protein of the supernatant
was dissolved in a rehydration solution [2 M thiourea, 8 M urea,
4 % (w/v) CHAPS, 1 % (w/v) DTT, 1 % (w/v) carrier ampholyte,
and pH 4.7] and stored at -80 C as a sample for 2-dimensional
polyacrylamide gel electrophoresis (2D-PAGE).
<1-2-2> 2-Dimensional gel electrophoresis for analysis of
protein bodies

The protein bodies of a control group and an experimental
group obtained according to the method of the embodiment <1-2-1>

were analyzed using a 2-dimensional gel electrophoresis.
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The 2-dimensional gel electrophoresis was carried out in the
same method as in the embodiment <1-1-2>.
Based on the analysis results, the amount of expression of
proteins from the control group was compared with that from the
experimental group, and a protein spot with an increase in spot
volume by 3.37 times was selected (FIG. 3).
<1-2-3> Identification of the E. coli proteins with the amount
of water-soluble expression increased under environmental
stresses using a MALDI-TOF-MS analysis

A protein spot selected according to the embodiment <1-2-2>
was extracted and deposited tothe KoreaBasic Science Institute,
and then identified using a MALDI-TOF (Matrix-Assisted Laser
Desorption/Ionization - Time Of Flight)- MS analysis.

The identificationmethod was carriedout in the same method
as in the embodiment <1-1-3>.

Through the protein identification, it was confirmed that
the protein with an increase in the amount of expression under

the 100 mM GdnHCl by 2.2 times was the E. coli Crr (Table 2).

[Table 2]
Protein Information
Gene Gene Protein Isoelectric point(pI) Increse | Seque
name | access name /molecular weight (kDa) in The nce
ion relativ | simil
number e amount | arity
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@ of
express
ion?
Crr |P69783 |Glucose-sp | theoretica | experimenta 2.2 26.3%
ecific 1 value® 1 value®

phosphotra | 4.73/18.12 4,70/20.08
nsferase

enzyme IIA

component
a. GenBank Accession No : Identification No. for a gene
information search at ExPASY Proteomics Server

(http://www.expasy.org/).

b. The theoretical values were collected using a Compute pI/Mw
tool (http://www.expasy.org/tools/pi tool.html).

c. The experimental values were calculated from 2-D
electrophoresis gel images.

d. Therelative amount of expressionof theCrr inthe experimental
group was indicated, setting the amount of the Crr in the control

group as 1.

<1-3> Fusion expression partner RpoS (RNA polymerase sigma
factor)
<1-3-1> Collection of water-soluble proteins expressed in E.

coli cultured under proteolytic stress
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To apply a stress which inhibits the correct folding of
proteins in E. coli, a water-soluble protein expressed in the
E. coli in a medium supplemented with GdnHCl, exhibiting the
proteolytic effect was collected.

The protein collection method was carried out in the same
method as in the embodiment <1-2-1>.
<1-3-2> 2-Dimensional gel electrophoresis for analysis of
protein bodies

The protein bodies of a control group and an experimental
group obtained according to the method of the embodiment <1-3-1>
were analyzed using a 2-dimensional gel electrophoresis.

The 2-dimensional gel electrophoresis was carried out in
the same method as in the embodiment <1-1-2>.

Based on the analysis results, the amount of expression
of proteins from the control group was compared with that from
the experimental group, and a protein spot with an increase in
spot volume by 6 times was selected (FIG. 4).
<1-3-3> Identification of the E. coli proteins with the amount
of water-soluble expression increased under environmental
stresses using a MALDI-TOF-MS analysis

A protein spot selected according to the embodiment <1-3-2>
was extracted and deposited to the KoreaBasic Science Institute,
and then identified using a MALDI-TOF (Matrix-Assisted Laser
Desorption/Ionization - Time Of Flight)- MS analysis.

The identificationmethodwas carriedout in the same method

40



WO 2009/031852 PCT/KR2008/005256

as in the embodiment <1-1-3>.
Through the protein identification, it was confirmed that
the protein with an increase in the amount of expression under

the 100 mM GdnHCl by 6 times was the RpoS (Table 3).

[Table 3]
Protein Information
Gene Gene Protein Isoelectric point(pI) Increse | Seque
name | access name /molecular weight(kDa) in The nce
ion relativ | simil
number e amount | arity
a of
express
ion¢
RpoS | P13445 | RNA theoretica | experimenta 6 18.5%
polymerase | 1 value® 1 value®
sigma 4.9/40.0 5.2/39.0
factor
a. GenBank Accession No : Identification No. for a gene
information search at ExXPASY Proteomics Server

(http://www.expasy.org/).
b. The theoretical values were collected using a Compute pI/Mw
tool (http://www.expasy.org/tools/pi_tool.html).

c. The experimental values were calculated from 2-D
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electrophoresis gel images.
d. The relative amount of expression of the RpoS in the
experimental group was indicated, setting the amount of the RpoS

in the control group as 1.

<1-4> Fusion expression partner PotD
(Spermidine/putrescine-binding periplasmic protein)
<1-4-1> Collection of watér—soluble proteins expressed in E.
coli cultured under proteolytic stress

To apply a stress which inhibits the correct folding of
proteins in E. coli, a water-soluble protein expressed in the
E. coli in a medium supplemented with GdnHCl, exhibiting the
proteolytic effect was collected.

The protein collection method was carried out in the same
method as in the embodiment <1-2-1>.
<1-4-2> 2-Dimensional gel electrophoresis for analysis of
protein bodies

The protein bodies of a control group and an experimental
groupobtainedaccordingtdthen@thodoftheemmodiment<l—4—l>
were analyzed using a 2-dimensional gel electrophoresis.

The 2-dimensional gel electrophoresis was carried out in
the same method as in the embodiment <1-1-2>.

Based on the analysis results, the amount of expression
of proteins from the control group was compared with that from

the experimental group, and a protein spot with an increase in
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spot volume by 3.5 times was selected (FIG. 5).
<1-4-3> Identification of the E. coli proteins with the amount
of water-soluble expression increased under environmental
stresses using a MALDI-TOF-MS analysis

A protein spot selected according to the embodiment <1-4-2>
was extracted and deposited to the KoreaBasic Science Institute,
and then identified using a MALDI-TOF (Matrix-Assisted Laser
Desorption/Ionization - Time Of Flight)- MS analysis.

The identificationmethod was carriedout in the same method
as in the embodiment <1-1-3>.

Through the protein identification, it was confirmed that
the protein with an increase in the amount of expression under

the 100 mM GdnHCl by 3.5 times was the PotD (Table 4).

[Table 4]

Protein Information

Gene Gene Protein Isoelectric point(pI) Increse in | Seq
name | access name /molecular weight (kDa) The uen
ion relative ce
number amount of | sim
@ expressio |ila
n¢ rit
y
PotD | POAFK9 | Spermidine | theoretica | experimenta 3.5 18%
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/putrescin 1 valueP 1 value®

e-binding 4.86/36.49 | 4.85/39.79

periplasmi

Cc protein

a. GenBank Accession No : Identification No. for a gene
information search at ExXPASY Proteomics Server
(http://www.expasy.org/).

b. The theoretical values were collected using a Compute pI/Mw
tool (http://www.expasy.org/tools/pi tool.html).

c. The experimental values were calculated from 2-D
electrophoresis gel images.

d. The relative amount of expression of the RpoS in the
experimental group was indicated, setting the amount of the PotD

in the control group as 1.

<1-5> Fusion expression partner RNA polymerase alpha subunit
(RpoA)
<1-5-1> Collection of water-soluble proteins expressed in E.
coli cultured under 2-HEDS stress

To apply a stress which inhibits the correct folding of
proteins in E. coli, a water-soluble protein expressed in E.
coli cultured in a medium supplemented with
2-hydroxyethyldisulfide (2-HEDS) was collected.

The E. coliBL21 (Escherichia coli K-12) was cultured in
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the LB medium [10 g Trypton, 10 g Yeast Extract, 5 g NaCl in
1 L water] at 37 C and 130 rpm. When the ODgoo 1s reached at
0.5, the solution was cultured in a new LB medium (a control
group) and a LB medium containing 10 mM 2-HEDS (an experimental
group) for additional 3 hours and a fungi precipitate was
collected by centrifuge of the cell culture media at 4 T, 6000
rpm. The fungi precipitate was washed twice with 40 mM Tris-HC1
buffer (pH 8.0), suspended in 500 44 lysis buffer [8 M Urea,
4 % (w/v) CHAPS, 40 mM Tris, Protease inhibitor cocktail (Roche
Diagnostics GmbH, Germany)], and subsequently lysed using an
ultrasonic homogenizer. The supernatant and precipitate were
separated by centrifuge of the lysed solution at 4 T and 12,000
rpm for 60 minutes and the removal of the protein inclusionbodies
was followed by the separation of the supernatant. The protein
concentration of the separated supernatant was measured using
a Bio-Rad protein assay kit, and 30 mg water-soluble protein
of the supernatant was dissolved in a rehydration solution [2
M thiourea, 8 M urea, 4 % (w/v) CHAPS, 1 % (w/v) DTT, 1 % (w/Vv)
carrier ampholyte, and pH 4.7] and stored at -80 C as a sample
for 2-dimensional polyacrylamide gel electrophoresis
(2D-PAGE) .
<1-5-2> 2-Dimensional gel electrophoresis for analysis of
protein bodies

The protein bodies of a control group and an experimental

group obtained according to the method of the embodiment <1-5-1>
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were analyzed using a 2-dimensional gel electrophoresis.

The 2-dimensional gel electrophoresis was carried out in
the same method as in the embodiment <1-1-2>.

Based on the analysis results, the amount of expression
of proteins from the control group was compared with that from
the experimental group, and a protein spot with an increase in
spot volume by 1.5 times was selected (FIG. 6).
<1-5-3> Identification of the E. coli proteins with the amount
of water-soluble expression increased under environmental
stresses using a MALDI-TOF-MS analysis

A protein spot selected according to the embodiment <1-5-2>
was extracted anddeposited tothe KoreaBasic Science Institute,
and then identified using a MALDI-TOF (Matrix-Assisted Laser
Desorption/Ionization - Time Of Flight)- MS analysis.

The identificationmethodwas carriedout in the same method
as in the embodiment <1-1-3>.

Through the protein identification, it was confirmed that
the protein with an increase in the amount of expression under

10 mM 2-HEDS by 1.5 times was the RpoA (Table 5).

[Table 5]

Protein Information

Gene Gene Protein Isoelectric point(pI) Increse | Seque

name | access name /molecular weight(kDa) in The nce
ion relativ | simil
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number , e amount | arity
é of
express
ion®
RpoA | POA7Z4 | DNA-Direct | theoretica | experimenta 1.5

ed RNA 1 valueP 1 value®

polymerase | 4.98/36.51 5.06/39.5

Alphachain
a. GenBank Accession No : Identification No. for a gene
information search at ExPASyY Proteomics Server

(http://www.expasy.org/)..

b. The theoretical values were collected using a Compute pI/Mw
tool (http://www.expasy.org/tools/pi_tool.html).

c. The experimental values were calculated from 2-D
electrophoresis gel images.

d. The relative amount of expression of the RpoS in the
experimental group was indicated, setting the amount of the PotD

in the control group as 1.

<Embodiment 2> Preparation of an expression vector containing
a fusion expression partner at the amino terminal

<2-1> Preparation of an expression vector containing the S1lyD
as a fusion expression partner

An expression vector containing an E. coli protein SlyD
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with the amount of water-soluble expression increased under an
environmental stress selected according to the method in the
embodiment <1-1> as a fusion expression partner was prepared.
To obtain a nucleotide encoding the S1lyD gene, a pair of primers
for PCR amplification of the S1lyD gene except for stop codons
were prepared using the sequence information (SEQ ID NO. 1) of
3475929bpto3476519bpingi:49175990 fromthe Entrez Nucleotide
database. In the preparation of the pair of primers, a
recognition sequence for the Ndel restriction enzyme and a
recognition sequence for the XhoI restriction enzyme were also
included in the sense primer (SEQ ID NO. 2: cat atg aaa gta gca
aaa gac ctg) and the antisense primer (SEQ ID NO. 3: ctc gag
gtg gca acc gca acc gcc gtt), respectively. 100 ngof chromosome
separated from the E. coli as a template DNA and 50 pmole of
each pair of primers represented by SEQ ID No. 2 and 3 were added
to a buffer for DNA polymefase enzyme reaction (0.25 mM dNTPs;
50 mM KC1l; 10 mM (NH4)2S04; 20 mM Tris-HCl (pH8.8); 2 mM MgSO4;
0.1 % Triton X-100), the PCR was then carried out using a Taq
DNA polymerase enzyme. The reactions were carried out 30 times
intotal at the reactionconditions of 95 C/30 sec (degradation),
52 C/30 sec (annealing), and 72 C/60 sec (elongation). As a
result, PCR products were obtained, containing the Ndel
restriction enzyme site at the 5' terminal of the amplified DNA
fragment and the Xhol restriction enzyme site at the 3' terminal

of the fragment. The amplified PCR products was treated with
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the restriction enzymes NdelI and Xhol and inserted into the
restriction enzyme Ndel and Xhol sites of pT7-7 (Novagen, USA).

The insertion is referred to as pT7-SlyD (FIG. 7).

<2-2> Preparation of an expression vector containing the Crr
as a fusion expression partner

An expression vector containing an E. coli protein Crr with
the amount of water-soluble expression increased under an
environmental stress selected according to the method in the
embodiment <1-2> as a fusion expression partner was prepared.

To obtain a nucleotide encoding the Crr gene, a pair of
primers for PCR amplification of the Crr gene except for stop
codons were prepared using the sequence information (SEQ ID NO.
4) of 2533856 bp to 2534365 bp in gi:49175990 from the Entrez
Nucleotide database. 1In the preparation of the pair of primers,
a recognition sequence for the Ndel restriction enzyme and a
recognition sequence for the XhoI restriction enzyme were also
included in the sense primer (SEQ ID NO. 5: cat atg ggt ttg ttc
gat aaa ctg) and the antisense primer (SEQ ID NO. 6: ctc gag
ctt ctt gat gcg gat aac), respectively. 100 ng of chromosome
separated from the E. colias a template DNA and 50 pmole of each
pair of primers represented by SEQ ID NOs. 5 and 6 were added
to a buffer for DNA polymerase enzyme reaction (0.25 mM dNTPs;
50 mM KC1l; 10 mM (NH4)2S04; 20 mM Tris-HCLl (pH8.8); 2 mM MgSOy;

0.1 $ Triton X-100), the PCR was then carried out using a Taq
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DNA polymerase enzyme. The reactions were carried out 30 times
in total at the reactionconditions of 95 C/30 sec (degradation),
52 C/30 sec (annealing), and 72 C/60 sec (elongation). As a
result, PCR products were obtained, containing the NdeIl
restriction enzyme site at the 5' terminal of the amplified DNA
fragment and the XhoI restriction enzyme site at the 3' terminal
of the fragment. The amplified PCR products was treated with
the restriction enzymes Ndel and Xhol and inserted into the
restriction enzyme Ndel and Xhol sites of pT7-7 (Novagen, USA).

The insertion is referred to as pT7-Crr (FIG. 8).

<2-3> Preparation of an expression vector containing the RpoS
as a fusion expression partner

An expression vector containinganE. coliprotein RpoS with
the amount of water-soluble expression increased under an
environmental stress selected according to the method in the
embodiment <1-3> as a fusion expression partner was prepared.

To obtain a nucleotide encoding the RpoS gene, a pair of
primers for PCR amplification of the RpoS gene except for stop
codons were prepared using the sequence information (SEQ ID NO.
7) of 2864581 bp to 2865573 bp in gi:49175990 from the Entrez
Nucleotide database. 1In the preparation of the pair of primers,
a recognition sequence for the Ndel restriction enzyme and a
recognition sequence for the XhoI restriction enzyme were also

included in the sense primer (SEQ ID NO. 8: cat atg agt cag aat

50



WO 2009/031852 PCT/KR2008/005256

acg ctg aaa) and the antisense primer (SEQ ID NO. 9: ctc gag
ctc gcg gaa cag cgc ttc), respectively. 100 ng of chromosome
separated from the E. colias a template DNA and 50 pmole of each
pair of primers represented by SEQ ID NOs. 8 and 9 were added
to a buffer for DNA polymerase enzyme reaction (0.25 mM dNTPs;
50 mM KC1l; 10 mM (NH4)2S04; 20 mM Tris-HC1l (pH8.8); 2 mM MgSOy4;
0.1 % Triton X-100), the PCR was then carried out using a Taq
DNA polymerase enzyme. The reactions were carried out 30 times
intotal at the reaction conditions of 95 C/30 sec (degradation),
52 C/30 sec (annealing), and 72 C/60 sec (elongation). As a
result, PCR products were obtained, containing the NdeIl
restriction enzyme site at the 5' terminal of the amplified DNA
fragment and the XhoI restriction enzyme site at the 3' terminal
of the fragment. The amplified PCR products was treated with
the restriction enzymes NdeI and Xhol and inserted into the
restriction enzyme NdeI and XhoI sites of pT7-7 (Novagen, USA).

The insertion is referred to as pT7-RpoS (FIG. 9).

<2-4> Preparation of an expression vector containing the PotD
as a fusion expression partner

An expression vector containing an E. coli protein PotD
with the amount of water-soluble expression increased under an
environmental stress selected according to the method in the
embodiment <1-4> as a fusion expression partner was prepared.

To obtain a nucleotide encoding the PotD gene, a pair of
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primers for PCR amplification of the PotD gene except for stop
codons were prepared using the sequence information (SEQ ID NO.
10) of 1181006 bp to 1182052 bp in gi:49175990 from the Entrez
Nucleotide database. Inthe preparation of the pair of primers,
a recognition sequence for the NdeI restriction enzyme and a
recognition sequence for the Xhol restriction enzyme were also
included in the sense primer (SEQ ID NO. 1ll: cat atg aaa gtc
gca gtc ctc ggc) and the antisense primer (SEQ ID NO. 12: ctc
gag acg tcc tgc ttt cagctt), respectively. 100 ngof chromosome
separated from the E. coli as a template DNA and 50 pmole of
each pair of primers represented by SEQ ID NOs. 11 and 12 were
added to a buffer for DNA polymerase enzyme reaction (0.25 mM
dNTPs; 50 mM KC1l; 10 mM (NH4),S04; 20 mM Tris-HCl (pH8.8); 2 mM
MgS0O4; 0.1 % Triton X-100), the PCR was then carried out using
a Tag DNA polymerase enzyme. The reactions were carried out
30 times in total at the reaction conditions of 95 C/30 sec
(degradation), 52 T/30 sec (annealing), and 72 T/60 sec
(elongation). As a result, PCR products were obtained,
containing the Ndel restriction enzyme site at the 5' terminal
of the amplified DNA fragment and the XhoI restriction enzyme
site at the 3' terminal of the fragment. The amplified PCR
products was treated with the restriction enzymes Ndel and Xhol
and inserted into the restriction enzyme NdeI and Xhol sites
of pT7~7 (Novagen, USA). TheinsertionisreferredtoaspT7-PotD

(FIG. 10).
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<2-5> Preparation of an expression vector containing the RpoA
as a fusion expression partner

An expression vector containing an E. coli protein RNA
polymerase a subunit (RpoA) with the amount of water-soluble
expression increased under an environmental stress selected
according to the method in the embodiment <1-5> as a fusion
expression partner was prépared.

To obtain a nucleotide encoding the RpoA gene, a pair of
primers for PCR amplification of the RpoA gene except for stop
codons were prepared using the sequence information (SEQ ID NO.
13) of 3438062 bp to 3439051 bp in gi:49175990 from the Entrez
Nucleotide database. In the preparation of the pair of primers,
a recognition sequence for the Ndel restriction enzyme and a
recognition sequence for the XhoI restriction enzyme were also
included in the sense primer (SEQ ID NO. 1l4: cat atg cag ggt
tct gtg aca gag) and the antisense primer (SEQ ID NO. 15: ctc
gag tta ctc gtc agc gat gct tgc), respectively. 100 ng of
chromosome separated from the E. colias a template DNA and 50
pmole of each pair of primers represented by SEQ ID NOs. 14 and
15 were added to a buffer for DNA polymerase enzyme reaction
(0.25deNTPs;501M4KCl;lOmM(NH4hSO4;ZOmMTTis—HCl(pHS.S);
2 mM MgSOs; 0.1 % Triton X-100), the PCR was then carried out
using a Taq DNA polymerase enzyme. The reactions were carried

out 30 times in total at the reaction conditions of 95 C/30
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sec (degradation), 52 C/30 sec (annealing), and 72 C/60 sec
(elongation). As a result, PCR products were obtained,
containing the Ndel restriction enzyme site at the 5' terminal
of the amplified DNA fragment and the XhoI restriction enzyme
site at the 3' terminal of the fragment. The amplified PCR
préducts was treated with the restriction enzymes Ndel and Xhol
and inserted into the restriction enzyme Ndel and Xhol sites
of pT7-~7 (Novagen, USA). TheinsertionisreferredtoaspT7-RpoA

(FIG. 11).

<Embodiment 3> Preparation of an expression vector for a
heterologous in the form of a fusion protein
<3-1> Preparation of a single expression vector for a
heterologous protein

A heterologous protein is one selected from the group
consisting of human minipro-insulin (hereinafter, referred to
as "mp-INS"; EF518215:1-180 bp; SEQ ID NO. 16), human epidermal
growth factor (hereinafter, referredtoas "EGF"; NCBINucleotide
accession number M15672: 1-165 bp), human prepro-ghrelin,
hereinafter, referred to as "ppGRN"; NCBI Nucleotide accession
number NM;016362: 109-393), human interleukin-2 (hereinafter,
referred to as "hIL-2"; 'NCBI Nucleotide accession number
NM; 000586: 116-517), human activation induced cytidine
deaminase (hereinafter, referred to as "AID"; NCBI Nucleotide

accession number NM;020661: 77-673 bp), human glutamate
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decarboxylase (hereinafter, referred to as "GAD4sg-s585"; SEQ ID
NO. 17), cutinase (hereinafter, referred to as "CUT"; SEQ ID
NO. 18) derived from Pseudomonas putida, human ferritin light
chain (hereinafter, referred to as "hFTN-L"; NM;00146:200-727
bp; SEQ ID NO. 19), human granulocyte colony-stimulating factor
(hereinafter, referred to as "G-CSF"; NCBI Nucleotide accession
number NM;172219: 131-655 bp), and cold autoinflammatory
syndromel (NALP3) Nacht domain (hereinafter, referred to as
"Nacht"; SEQ ID NO. 20). A pair of primers in Table 6 prepared
to include arecognition sequence for the Ndel restrictionenzyme
at the 5'-terminal of the heterologous protein and a recognition
sequence for the HindIII at the 3'-terminal of the protein were.
added to a buffer for DNA polymerase reaction (0.25 mM dNTPs;
50 mM KCl; 10 mM (NHg)2S04; 20 mM Tris-HCLl (pH8.8); 2 mM MgSOy;
0.1 % Triton X-100) and 100 ng of DNA as a template. The PCRs
were then carriedout 30 times in total at the reaction conditions
of 95 C/30 sec (degradation), 52 C/30 sec (annealing), and
72 CT/60 sec (elongation) using a Tagq DNA polymerase enzyme.

Specifically, the amino acid sequences containing the stop
codons except for the start codons were amplified in mp-INS,
EGF, ppGRN, hIL-2, AID, CUT, G-CSF, and hFTN-L. 138 amino acid
sequences (SEQ ID NO. 17) corresponding to those from 448th to
585th of the GADsss-535 and 316 amino acid sequences (SEQ ID NO.
20) corresponding to the nacht domain of the cryopyrin of Nacht.

Then, a primer was prepared to contain a recognition sequence
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for the Clal restriction enzyme at the 3'-terminal of GADyss_585.
In addition, a template DNA was one selected from mp-INS, EGF,
PpGRN, hIL-2, AID, GAD448-585, hFTN-L, G-CSF, and Nacht. The
whole RNAwas extracted froma human tissue, inwhich the proteins
were quite often expressed, using a RNeasy mini kit (QIAGEN,
USA). 1 ytg of the whole RNA and 1 ¥4 oligo-d (T) was filled with
50 /4 of DI water and was allowed to carry out a RT-PCR (reverse
transcription polymerase chain reaction). The cDNAs were
obtained from the reactions at 70 C for 5 minutes, at 4 C for
5 minutes, at 42 C for 60 minutes, at 94 C for 5 minutes, and
at 4 C for5minutes. Themp-INSwas clonedinahumanpancreatic
tissue, theEGF inanepithelialcell, theppGRNinahumanplacenta,
the hIL-2, hFTN-L, G-CSF, and Nacht in a human leukocyte, the
AID in a human temporal lobe, and the GADy4g 535 in a human
hippocampus tissue, respectively. In case of CUT, a DNA
extracted using a Genomic DNA Purification kit (promega, USA)

from Pseudomonas putida was used as a template DNA.

[Table 6]

Primer Sequences

Gene Name |Primer SEQ ID NO Base sequence

mp-INS Sense SEQ ID NO. 2ljcat atg ttt gtc aac caa cat

antisense |[SEQ ID NO. 22jaat ctt tta gtt aca gta gtt

C
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EGF Sense SEQ ID NO. 23|cat atg aac tct gac tcc gaa
tgc
antisense [SEQ ID NO. 24laag ctt tta acg cag ttc cca
cca
PPGRN Sense SEQ ID NO. 25|cat atg ggc tcc agc ttc ctg
antisense |[SEQ ID NO. 26laag ctt tca ctt gtc ggc t
hIL-2 Sense SEQ ID NO. 27(cat atg gca cct act tca agt
antisense |[SEQ ID NO. 28|aag ctt tta tca agt cag tgt
ATD sense SEQ ID NO. 29|cat atg gac agc ctc ttg atg
aac
antisense [SEQ ID NO. 30jaag ctt tca taa caa aag tcc
ca
GADyag-s5385 Sense SEQ ID NO. 3l|cat atg cgc cac gtt gat gt
antisense |SEQ ID NO. 32|atc gat tta taa atc ttg tcc
CUT Sense SEQ ID NO. 33|cat atg gct ccc ctg ccg gat
ac
antisense |SEQ ID NO. 34|aag ctt tta aag ccc gcg gcg
ct
hFTN-L Sense SEQ ID NO. 35|cat atg agc tcc cag att cgt
antisense |SEQ ID NO. 36|aag ctt tta gtc gtg ctt gag
agt
G~-CSF Sense SEQ ID NO. 37|cat atg act cca ctc gga cct
g
antisense |SEQ ID NO. 38laag ctt tca tgg ctg tgc aag
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Nacht Sense SEQ ID NO. 39|cat atg act gtg gtg ttc cag

antisense |SEQ ID NO. 40|aag ctt tca cag cag gta gta

C

The PCR amplification products were treated with the
Ndel/HindIII (Ndel/Clal in case of GAD4ss-585) restriction enzyme
and then inserted into the NdeI/HindIII (NdeI/Clal in case of
GADy45-535) toobtainasingleexpressionvector of theheterologous

protein.

<3-2> Preparation of a fusion expression vector with a fusion
expression partner of the heterologous protein
<3-2-1> Preparation of a fusion expression vector of the
heterologous protein with its fusion expression partner SlyD
100 ng of template DNA was added to each of 50 pmole of
buffers for DNA polymerase reaction (0.25 mM dNTPs; 50 mM KC1;
10 mM (NHg)2804; 20 mM Tris-HCLl (pH8.8); 2 mM MgS0O4; 0.1 % Triton
X-100) including a pair of primers in Table 7 prepared to contain
a recognition sequence for the Xhol restriction enzyme at the
5'-terminal of the heterologous, such as mp-INS, EGF, ppGRN,
hIL-2, AID, GADassg_sss, CUT, hFTN-L, G-CSF, and Nacht, and a
recognition sequence for the HindIII at the 3'-terminal of the
protein. The PCRs were then carried out 30 times in total at
the reaction conditions of 95 C/30 sec (degradation), 52 /30

sec (annealing), and 72 C/60 sec (elongation) using a Taqg DNA
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polymerase enzyme.

Specifically, the amino acid sequences containing the stop
codons except for the start codons were amplified in hFTN-L,
mp-INS, EGF, ppGRN, hIL-2, AID, andCUT. 138aminoacidsequences
(SEQ ID NO. 17) corresponding to those from 448th to 585th of
the GADg45-585 and 316 amino acid sequences (SEQ ID NO. 20)
corresponding to the nahct domain of the cryopyrin of Nacht.
Then, a primer was prepared to contain a recognition sequence

for the Clal restriction enzyme at the 3'-terminal of GADj4g-585.

[Table 7]
Primer Sequence
Gene Name |[Primer SEQ ID NO. Base Sequence
mp-INS Sense SEQ ID NO. 41ljctc gag ttt gtc aac caa cat
Antisense |SEQ ID NO. 42|laag ctt tta gtt aca gta gtt
c
EGF Sense SEQ ID NO. 43|ctc gag aac tct gac tcc gaa
tgc
Antisense [SEQ ID NO. 44laag ctt tta acg cag ttc cca
cca
PPGRN Sense SEQ ID NO. 45|ctc gag ggc tcc agc ttc ctg
Antisense |SEQ ID NO. 46laag ctt tca ctt gtc ggc t
hIL-2 Sense SEQ ID NO. 47|cte gag gca cct act tca agt
Antisense |[SEQ ID NO. 48laag ctt tta tca agt cag tgt
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AID Sense SEQ ID NO. 49|ctc gag gac agc ctc ttg atg
aac
Antisense |SEQ ID NO. 50jaag ctt tca taa caa aag tcc
ca
GADy45-585 Sense SEQ ID NO. 5l|ecte gag cgc cac gtt gat gt
Antisense [SEQ ID NO. 52jate gat tta taa atc ttg tcc
CUT Sense SEQ ID NO. 53{ctc gag gct ccc ctg ccg gat
ac
Antisense |SEQ ID NO. 54jaag ctt tta aag ccc gcg gcg
ct
hFTN-L Sense SEQ ID NO. 55|ctc gag agc tcc cag att cgt
Antisense |[SEQ ID NO. 56|laag cct tta gtc gtg ctt gag
agt
G-CSF Sense SEQ ID NO. 57|ctec gag act cca ctc gga cct
g
Antisense |SEQ ID NO. 58laag ctt tca tgg ctg tgc aag
Nacht Sense SEQ ID NO. 59|ctec gag act gtg gtg ttc cag
Antisense |SEQ ID NO. 60laag ctt tca cag cag gta gta
c

The PCR amplification products were treated with the

XhoI/HindIII (NdeI/Clal in case of GADusg-s585) restriction enzyme

and then inserted into the site of the XhoI/HindIII prepared

by the method in the embodiment <2-1> (NdeI/Clal in case of

60




WO 2009/031852 PCT/KR2008/005256

GADy4s_585) toobtainasingleexpressionvectorof theheterologous
protein. The plasmids prepared by the method were referred to
as pT7-S1yD: :FTN-L, pT7-S1lyD::IL-2, pT7-S1lyD: :EGF,
pT7-S1lyD: :G-CSF, pT7-SlyD: :AID, pT7-S1lyD::CUT,
pT7-S1lyD: :ppGRN, pT7-SlyD::GAD448-585, and pT7-SlyD::Nacht,

respectively (FIG. 7).

<3-2-2> Preparation of a fusion expression vector of the
heterologous protein with its fusion expression partner Crr

The PCRwas carriedout inthe samemethod as in the embodiment
<3-2-2>.

The PCR amplification products were treated with the
XhoI/HindIII (Ndel/Clal in case of GADy4g-585) restriction enzyme
and then inserted into the site of the XhoI/HindIII prepared
by the method in the embodiment <2-2> (NdeI/Clal in case of
GADy4s-585) toobtainasingleexpressionvector of the heterologous
protein. The plasmids prepared by the method were referred to
aspT7-Crr::FTN-L, pT7-Crr::IL-2, pT7-Crr: :EGF, pT7-Crr: :G-CSF,
pT7-Crr::AID, pT7-Crr::CUT, pT7-Crr: :ppGRN,
pT7-Crr::GAD448-585, and pT7-Crr::Nacht, respectively.
<3-2-3> Preparation of a fusion expression vector of the
heterologous protein with its fusion expression partner RpoS

The PCRwas carriedout inthe samemethodas in the embodiment
<3-2-2>,

The PCR amplification products were treated with the

61



WO 2009/031852 PCT/KR2008/005256

XhoI/HindIII (Xhol/Clal in case of GADy4g-585) restriction enzyme
andthen insertedintothesiteof the XhoI/HindIIIof the pT7-RpoS
prepared by the method in the embodiment <2-3> (Ndel/Clal in
case of GADy4g-535) to obtain a single expression vector of the
heterologous protein. The plasmids prepared by the method were
referred to as pT7-RpoS: :FTN-L, pT7-RpoS::IL-2, pT7-RpoS: :EGF,
pT7-Rpos: :G-CSF, pT7-RpoS: :AID, pT7-RpoS::CUT,
pPT7-RpoS: :ppGRN, pT7-RpoS::GAD448-585, and pT7-RpoS::Nacht,
respectively (FIG. 9).

<3-2-4> Preparation of a fusion expression vector of the
heterologous protein with its fusion expression partner PotD

The PCRwas carriedout inthe samemethodas inthe embodiment
<3-2-2>.

The PCR amplification products were treated with the
Xhol/HindIII (Xhol/Clal incase of GAD4s3-585) restriction enzyme
andthen insertedintothesiteof the XhoI/HindIIIof the pT7-PotD
prepared by the method in the embodiment <2-4> (NdeI/Clal in
case of GAD44s-535) to obtain a single expression vector of the
heterologous protein. The plasmids prepared by the method were
referred to as pT7-PotD: :FTN-L, pT7-PotD::IL-2, pT7-PotD: :EGF,
pT7-PotD: :G-CSF, pT7-PotD: :AID, pT7-PotD: :CUT,
pT7-PotD: :ppGRN, pT7-PotD::GAD448-585, and pT7-PotD::Nacht,
respectively.
<3-2-5> Preparation of a fusion expression vector of the

heterologous protein with its fusion expression partner RpoA
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The PCRwas carriedout inthe samemethodas in the embodiment
<3-2-2>.

The PCR amplification products were treated with the
XhoI/HindIII (XhoI/Clal in case of GADy4s-585) restriction enzyme
andthen insertedintothesiteof the XhoI/HindIIIof the pT7-RpoA
prepared by the method in the embodiment <2-5> (Ndel/Clal in
case of GADy45.535) to obtain a single expression vector of the
heterologous protein. The plasmids prepared by the method were
referred to as pT7-RpoA: :FIN-L, pT7-RpoA: :IL-2, pT7-RpoA: :EGF,
pPT7-RpoA: :G-CSF, PT7-RpoA: :AID, pT7-RpoA: :CUT,
PT7-RpoA: : ppGRN, pT7-RpoA::GAD448-585, and pT7-RpoA::Nacht,
respectively (FIG. 11).

<Embodiment 4> Water-soluble expression of a recombinant
protein

A single expression vector of the heterologous protein
prepared by the method of the embodiment <3> and a fusion
expression vector with the fusion expression partner were
transformed in E. coli and cultured, and the effects of the
water-soluble expression by a fusion expression partner of the
present invention was confirmed by inducing the expression of

a recombinant protein with the IPTG.

<4-1> Confirmation of the water-soluble expression of the

heterologous protein fused with the fusion expression partner

S1lyD
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<4-1-1>Transformation in E. coli and Expressionof a recombinant
protein

The vectors prepared in the embodiments <3-1> and <3-2-2>
were transformed in E. coli, using themethoddescribed by Hanahan
(Hanahan D, DNA Cloning vol.l 109-135, IRS press 1985).

Specifically, the vectors in the embodiments <3-1> and
<3-2-1> were transformed in the E. coli BL21 (DE3) treated with
CaCl, using the thermal shock method, and a colony of the
expression vectors, which were transformed due to the growth
in a culture medium containing ampicillin and exhibited the
ampicillin resistance, were screened. A E. coli transformed
with a fusion expression vector pT7-SlyD (pT7-SlyD::mp-INS,
pT7-RpoA: : FTN-L, pT7-RpoA::IL-2, pT7-RpoA: : EGF,
pT7-RpoA: :G-CSF, pT7-RpoA: :AID, pT7-RpoA: :CUT,
PT7-RpoA: : ppGRN, pT7-RpoA::GAD448-585, and pT7-RpoA::Nacht)
was referred to as BL21 (DE3) :pT7-S1lyD (BL21
(DE3) :pT7-S1lyD: :mp-INS, BL21 (DE3):pT7-RpoA::FTN-L, BL21
(DE3) :pT7-RpoA::IL-2, BL21 (DE3) :pT7-RpoA: :FIN-L, BL21
(DE3) :pT7-RpoA::IL-2, BL21 (DE3) : pT7-RpoA:: EGF, BL21
(DE3) :pT7-RpoA: :G-CSF, BL21 (DE3) :pT7-RpoA: :AID, BL21
(DE3) :pT7-RpoA: :CUT, BL21 (DE3) :pT7-RpoA: : ppGRN, BL21
(DE3) :pT7-RpoA: :GAD448-585, and BL21 (DE3):pT7-RpoA::Nacht).
A portion of the inoculum medium cultured overnight in the LB
mediumof the colony was inoculated into the LBmediumcontaining

100 mg/md ampicillin and cultured at 37 C and 200 rpm. When the
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ODgoo was reached at 0.5, the expression of the recombinant gene
was induced by adding 1 mM IPTG. After the addition of IPTG,
the mediumwas cultured undér the same conditions for additional
3 to 4 hours.
<4-1-2> Confirmation of a soluble recombinant protein produced
using SDS-PAGE

The fungi precipitate was collected by centrifuge of the
E. colicultured by the method in the embodiment <4-1-1>at 6,000
rpm for 5 minutes, suspended in 5 ml of lysed solution (10 mM
Tris-HCl buffer, pH 7.5, 10 mM EDTA), and subsequently lysed
using anultrasonic homogenizer (Branson sonifier, USA). After
the lysis, the suspension was centrifuged at 13,000 rpm for 10
minutes and as a result, the supernatant and the insoluble
inclusion bodies were sepafated. The protein concentration of
the separated supernatant was measured using a Bio-Rad protein
assay kit (USA). The supernatant and the insoluble inclusion
bodies were mixed with 5xSDS (0.156 M Tris-HC1l, pH 6.8, 2.5 %
SDS, 37.5%glycerol, 37.5mMDTT) at theratioof1l:4, respectively,
and the mixture was boiled at 100 C for 10 minutes. The boiled
samples were loaded into the wells of 10 % SDS-PAGE gel and
developed at 125 V for 2 hours. The gel was stained by the
Coomassie staining method and then decolorized. The amount of
expression of each recombinant protein was confirmed using a
densitometer (Bio-Rad, USA) and then the solubility (%) was

calculated according to the following formula 1.
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total amount of s uperanatant protein (15100

Solubility (%) =

total amount of s uperanatant protein (1) + fotal amount of p recipitate protein (1g)

As a result, it was confirmed that the water-soluble
expression of the heterologous protein fused with the S1yD was
more abundant than those of most insoluble inclusionbodies (FIG.
12). 1In addition, it was confirmed that the solubility in a
heterologous protein fused with the SlyD was increased more than
that in a heterologous protein expressed alone (FIG. 13).
<4-1-3> Enzyme activity of cutinase fusion expressed with the
SlyD

A hydrolysis activity of a cutinase fusion expressed with
the S1lyD (hereinafter, referred to as "SlyD:CUT") obtained in
the embodiments <4-1-1> and <4-1-2> was measured.

After 106.7 # of 0.1 M phosphate buffer (pH 8.0) and 13.3
W of Triton X-100 (4 g/L) was placed into a 96-well microplate,
eachof 13.3 4l of acrude SlyD::CUT supernatant and a supernatant
of E. coli BL21 (DE3) as a control group was added into it. A
hydrolysisreactionwas initiatedbyaddingé66.7 yl of asubstrate
(PNP (p-nitrophenyl palmitate) and PNB (p~nitrophenyl butyrate),
6.6 mM; Sigma, USA) into the solution, and allowed to react at
37 C for 20 minutes. After the reaction began, the change in
optical density wasmeasuredon aBio-Radmicroplate reader (USA)
at 415 mm wavelength per minute.

Theresult showed that thewater solublerecombinant protein
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SlyD::CUT had a PNP-specific degradation ability (FIG. 14).
<4-2> Confirmation of the water-soluble expression of the
heterologous protein fused with the fusion expression partner
Crr
<4-2-1>Transformation in E. coli and Expressionof a recombinant
protein

The expression vector prepared in the embodiment <3-2-2>
was transformed in the E. coli by the same method as in the
embodiment <4-1-1>.
<4-2-2> Confirmation of a soluble recombinant protein produced
using SDS-PAGE

It was confirmed that a protein in the E. coli cultured
by the method in the embodiment <4-2-1> was the recombinant
protein prepared by the same method as in the embodiment <4-1-2>.
As a result, it was confirmed that the water-soluble expression
of the heterologous protein fusedwith the SlyD was more abundant
than those of most insoluble inclusion bodies (FIG. 15). 1In
addition, it was confirmed that the solubility in a heterologous
protein fused with the SlyD was increased more than that in a
heterologous protein expressed alone (FIG. 15).
<4-2-3> Study on enzyme acfivity of cutinase fusion expressed
with the Crr

A hydrolysis activity of a cutinase fusion expressed with
the Crr (hereinafter, referred to as "Crr:CUT") obtained in the

embodiments <4-2-1> and <4-2-2> was measured. The measurement
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was carried out by the same method as in the embodiment <4-1-3>.
The result showed that the water soluble recombinant protein
Crr::CUT had a PNP-specific degradation ability (FIG. 16).
<4-2-4> Confirmation of conditions of the heterologous protein
after the removal of the Crr from the recombinant protein

The fusion expression vector containing a recognition site
for the protein prepared in the embodiment <3-2-2> was
transformed in the E. coliBL21 (DE3) using the method described
by Hanahan (HanahanD, DNACloningvol.1109-135, IRSpress 1985),
and the expression of the recombinant gene was induced. The
transformed BL21 (DE3) was lysed by the method in the embodiment
<5-2>, and then the supernatant and the insoluble inclusion
bodies were separated by centrifuge.

A recombinant protein (Hisg)Crr::(enterokinase)G-CSF was
purified from the supernatant by an affinity chromatography.

Specifically, the recombinant protein was combined by adding

the supernatant to 500 m{ of Ni-NTA agarose beads (Qiagen, USA)
and allowed to react overnight at 30 T by adding 500 #{ of an
enterokinase solution (5 #{ enterokinase, 50 #¢ 10 x buffer, 445
4! PBS; Invitrogen, USA). The eluted fraction was collected
and centrifuged at 13,000 rpm for 15 minutes, and the
water-soluble supernatant and the insoluble inclusion bodies
were separated.

The supernatant and the insoluble inclusion bodies were

X

mixed with 5xSDS (0.156 M Tris-HCl, pH 6.8, 2.5 % SDS, 37.5 %
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glycerol, 37.5 mM DTT) at the ratio of 1:4, respectively, and
the mixture was boiled at 100 C for 10 minutes. The boiled
samples were loaded into the wells of 10 % SDS-PAGE gel and
developed at 125 V for 2 hours. The gel was stained by the
Coomassie staining method and then decolorized. The amount of
expression of each recombinant protein was confirmed. As a
result, it was confirmed that the G-CSF with the Crr removed

existed in a water-soluble state (FIG. 17).

<4-3> Confirmation of the water-soluble expression of the
heterologous protein fused with the fusion expression partner
RpoS
<4-3-1>Transformation in E. coliand Expressionof a recombinant
protein

The expression vector prepared in the embodiment <3-2-3>
was transformed in E. coli in the same method as in the embodiment
<4-1-1>.
<4-3-2> Confirmation of a soluble recombinant protein produced
using SDS-PAGE

It was confirmed that a protein in the E. coli cultured
by the method in the embodiment <4-3-1> was the recombinant
protein prepared by the same method as in the embodiment <4-1-2>.

As a result, it was confirmed that the water-soluble
expression of the heterologous protein fused with the RpoS was

more abundant than those of most insoluble inclusionbodies (FIG.
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18). In addition, it was confirmed that the solubility in a
heterologous protein fused with the RpoS was increased more than
that in a heterologous protein expressed alone (FIG. 19).
<4-3-3>Enzyme activity of a cutinase fusion expressed with RpoS

A hydrolysis activity of a cutinase fusion expressed with
the RpoS (hereinafter, referred to as "RpoS:CUT") obtained in
the embodiments <4-3-1> and <4-3-2> was measured.

The measurement was carried out by the same method as in
the embodiment <4-1-3>. Theresult showedthat thewater soluble
recombinant protein RpoS::CUT had a PNP-specific degradation
ability (FIG. 20).
<4-3-4>Purification of a recombinant protein using a histidine
tag

The fusion expression vector for purification containing
6 histidines prepared in the embodiment <3-2-2> was transformed
in the E. coliBL21 (DE3) using the method described by Hanahan
(Hanahan D, DNA Cloningvol.l 109-135, IRS press 1985), and the
expressionof the recombinant gene was induced. The transformed
BL21 (DE3) was lysed by the method in the embodiment <5-2>, and
then the supernatant and the insoluble inclusion bodies were
separated by centrifuge.

A recombinant protein RpoS: :CUT-Hiss was purified from the
supernatant by an affinity chromatography. Specifically, the
ProBond resin (Ni®**) column (Invitrogen, USA) filled with metal

ions was washed using a binding buffer [pH 8.0, 50 mM sodium
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phosphate, 300 mM NaCl, 10 mM imidazole] and the supernatant
containing the RpoS::CUT-Hiss was combined at 4 C in the washed
column. Subsequently, the mixture was washed twice using 8 m{
of awashing buffer (pH 8.0, 50 mM sodium phosphate, 300 mM NaCl,
50 mM imidazole), and the RpoS::CUT-Hisg was collected using
an elution buffer (pH 8.0, sodium phosphate, 300 mM NaCl, 250
mM imidazole). To remove the imidazole from the elution buffer
containing the RpoS::CUT-Hise, an Amicon Ultra-4 centrifugal
filter (Millipore, USA) was used and abuffer exchangewas carried
out using a PBS buffer (137 mM NaCl, 2.7 mM KC1l, 10 mM Na,HPO,,
2 mM KH,;PO,, pH 7.4).

The separated supernatant and the purified RpoS: :CUT-Hisg
were mixed with 5xSDS (0.156 M Tris-HCl, pH6.8, 2.5 % SDS, 37.5 %
glycerol, 37.5 mM DTT) at the ratio of 1:4, respectively, and
the mixture was boiled at 100 C for 10 minutes. The boiled
samples were loaded into the wells of 10 % SDS-PAGE gel and
developed at 125 V for 2 hours. The gel was stained by the
Coomassie staining method and then decolorized. The amount of
expression of each recombinant protein was confirmed.

In addition, the RpoS::CUT-Hisg was analyzed using a HPLC
(high-performance liquid chromatography). Specifically, a
LC-20A Prominence model (Shimadzu Co. Ltd., Japan) and Shim-pack
CLC-NH; column (60 x 150 mm, Shimadzu Co. Ltd., Japan) were used
as tools for analysis. Prior to an analysis using the column,

an equilibrium was reached by flowing 10 % acetonitrile (SIGMA,
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USA) containing 0.1 % trifluoroacetic acids (SIGMA, USA) at 1

m¢/min. After the RpoS::CUT-His6 purified by the method was

introduced into the equilibrated column, the mixture was eluted
from the column by flowing 5 % acetonitrile at 1 m{/min. The
elution profile was detected using a wavelength at 215 nm.
The result showed that only the RpoS: :CUT-His6é was purified
from the water-soluble supernatant (FIG. 21-A). It was
confirmed that there was one peak from the HPLC analysis result

(FIG. 21-B).

<4-4> Confirmation of the water-soluble expression of the
heterologous protein fused with the fusion expression partner
PotD
<4-4-1>Transformation in E. coli and Expressionof a recombinant
protein

The expression vector prepared in the embodiment <3-2-4>
was transformed in E. coli in the same method as in the embodiment
<4-1-1>.
<4-4-2> Confirmation of a soluble recombinant protein produced
using SDS-PAGE

It was confirmed that a protein in the E. coli cultured
by the method in the embodiment <4-4-1> was the recombinant
protein prepared by the same method as in the embodiment <4-1-2>.

As a result, it was confirmed that the water-soluble

expression of the heterologous protein fused with the PotD was
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more abundant than those of most insoluble inclusionbodies (FIG.
22). In addition, it was confirmed that the solubility in a
heterologous protein fused with the PotD was increased more than
that in a heterologous protein expressed alone (FIG. 22).
<4-4-3> Enzyme activity of a cutinase fusion expressed with the
PotD

A hydrolysis activity of a cutinase fusion expressed with
the PotD (hereinafter, referred to as "PotD:CUT") obtained in
the embodiments <4-4-1> and <4-4-2> was measured.

The measurement was carried out by the same method as in
the embodiment <4-1-3>, Theresultshowedthat thewater soluble
recombinant protein PotD::CUT had a PNP-specific degradation
ability (FIG. 23).
<4-4-4> Removal of the PotD from the recombinant protein

The fusion expression vector containing a recognition site
for the protein prepared by the method in the embodiment <3-2-4>
was transformed in the E. coliBL21 (DE3) using the method
described by Hanahan (Hanahan D, DNA Cloningvol.l 109-135, IRS
press 1985), and the expression of the recombinant gene was
induced. The transformed BL21 (DE3) was lysed by the method
in the embodiment <5-2>, and then the supernatant and the
insoluble inclusion bodies were separated by centrifuge.

Subsequently, the experiment was carried out in the same
method as in the embodiment <4-2-4>

As a result, it was confirmed that the G-CSF with the PotD
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removed existed in a water-soluble state (FIG. 24).

<4-5> Confirmation of the water-soluble expression of the
heterologous protein fused with the fusion expression partner
RpoA
<4-5-1>Transformation in E. coli and Expressionof a recombinant
protein

The expression vector prepared in the embodiment <3-2-5>
was transformed in E. coli in the same method as in the embodiment
<4-1-1>.
<4-5-2> Confirmation of a soluble recombinant protein produced
using SDS-PAGE

It was confirmed that a protein in the E. coli cultured
by the method in the embodiment <4-5-1> was the recombinant
protein prepared by the same method as in the embodiment <4-1-2>.

As a result, it was confirmed that the water-soluble
expression of the heterologous protein fused with the RpoA was
more abundant than those of most insoluble inclusionbodies (FIG.
25). In addition, it was confirmed that the solubility in a
heterologous protein fused with the RpoA was increased more than
that in a heterologous protein expressed alone (FIG. 26).
<4-5-3> Enzyme activity of a cutinase fusion expressed with the
RpoA

A hydrolysis activity of a cutinase fusion expressed with

the PotD (hereinafter, referred to as "RpoA:CUT") obtained in
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the embodiments <4-5-1> and <4-5-2> was measured.

The measurement was carried out by the same method as in
the embodiment <4-1-3>.

The result showedthat thewater solublerecombinant protein

RpoA: :CUT had a PNP-specific degradation ability (FIG. 27).

[Industrial Applicabilityl]

The method of producing a recombinant proteinusinga fusion
expression partner selected from the group consisting of S1lyD,
Crr, RpoS, PotD, and RpoA of the present invention may overcome
the limitations about the water-solubility and folding which
the conventional fusion expression partners have, and be used
widely in the production of pharmaceutical and industrial

proteins.
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[cLatMs]
[claim 1]
A method of preparing a recombinant protein, comprising:
1) preparing an expression vector linking a polynucleotide
with a polyDNA fragment encoding a target protein, the
polynucleotide encoding a -fusion expression partner selected
from the group consisting of SlyD (FKBP-type peptidyl-prolyl
cis-tans isomerase), Crr [glucose-specific phosphotransferase
(PTS) enzyme IIA component], Rpos (RNA polymerase sigma factor),
PotD (Spermidine/putrescine-binding periplasmic protein), and
RpoA (RNA polymerase alpha subunit);
2) preparing a transformant by introducing the expression
vector into a host cell; and
3) inducing and obtaining an expression of a recombinant

protein by culturing the transformant.

[claim 2]
The method as set forth in claim 1, wherein the S1lyD, Crr,
RpoS, PotD, and RpoA are represented by SEQ ID NOS: 1, 4, 7,

10, and 13, respectively.

[claim 3]
The method as set forth claim 1, wherein the heterologous
protein instepl) hasabiological activity of aproteinselected

from the group consisting of an antigen, an antibody, a cell
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receptor, an enzyme, a structural protein, a serum, and a cell

protein.

[claim 4]

Anexpressionvector for productionof arecombinant protein,
comprising:

a polynucleotide encoding a fusion expression partner
selected from the group consisting of SlyD (FKBP-type
peptidyl-prolyl cis-tans ‘isomerase), Crr [glucose-specific
phosphotransferase (PTS) enzyme IIA componentj, Rpos (RNA
polymerase sigma factor), PotD (Spermidine/putrescine-binding
periplasmic protein) and RpoA (RNA polymerase alpha subunit),

and a polyDNA fragment encoding a target protein.

[claim 5]

The expression vector as set forth in claim 4, wherein the
polynulceotide encoding the fusion expression partner is linked

with a polynucleotide encoding the heterologous protein.

[claim 6]

The expression vector as set forth in claim 4, wherein the
polynucleotide encoding a ©protein restriction enzyme
recognition site is linked between the polynulceotide encoding
the fusion expression partner and the polynucleotide encoding

the heterologous protein.
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[claim 7]
A transformant transduced with the expression vector of

claim 4.

[claim 8]

A recombinant fusion protein preparedby themethodof claim
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