009/005201 A 1 |0 000 0 00O OO OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 January 2009 (08.01.2009)

lﬂfb A0 A 0 0O

(10) International Publication Number

WO 2009/005201 Al

(51) International Patent Classification:
CO7K 1/14 (2006.01)

(21) International Application Number:
PCT/KR2008/000265

(22) International Filing Date: 16 January 2008 (16.01.2008)

(25) Filing Language: Korean

(26) Publication Language: English

(30) Priority Data:
10-2007-0066489 3 July 2007 (03.07.2007)

(71) Applicant (for all designated States except US):
POSTECH ACADEMY-INDUSTRY FOUNDA-
TION [KR/KR]; San 31, Hyoja-dong nam-gu, Pohang-si,
Gyungbuk 790-784 (KR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BAN, Chang
Il [KR/KR]; 7-302, Gyosu Apt., Jigok-dong Nam-gu,
Pohang-si, Gyungbuk 790-751 (KR). KIM, Tae Gyun
[KR/KR]; Chemistry department, Pohang Univ.of Sci-
ence, San 31 Hyoja-dong Nam-gu, Pohang-si, Gyungbuk
790-784 (KR). RYU, Do Wook [KR/KR]; chemistry
department, Pohang Univ. of Science, San 31 Hyoja-dong
Nam-gu, Pohang-si, Gyungbuk 790-784 (KR). AHN, Kyo

KR

(74)

(81)

(34)

Han [KR/KR]; 4-604, Gyosu Apt., Jigok-dong Nam-gu,
Pohang-si, Gyungbuk 790-751 (KR).

Agent: PARK, Sang Hoon; 4th floor, Sewon Bldg.,
823-48 Yeoksaml-dong Gangnam-gu, Seoul 135-080
(KR).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP,KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: A METHOD FOR PRODUCING STROMAL CELL-DERIVED FACTOR-1A AS AN ACTIVE SOLUBLE PROTEIN

FORM

,.' bl
000 obe
7 el f
/ OQN i:OH’z\\ Q ‘\N
! 0 : HHHHHH {
L3
y DenaturedSDF 1a
\\.
) m NTA
HHHHHH
Eluted by
imidazole
[Fig. 2] Refolded SDF-1a

A
HHHHHHM

On-column refolding

o {QZ\Q::\C/ HHHHHH

o (57) Abstract: Disclosed is a method for the production of an active form of human stromal-derived factor (SDF-I a), featuring the
renaturation of an inclusion body of proteins expressed in a large quantity in E. coli into an active form using a column. Also, an
active, solubilized SDF- I a is provided. The protein refolding system is simpler and faster than conventional methods using dialysis

WO

or chaperones, thus having useful applications to other inclusion bodies.



WO 2009/005201 A1 |0 DA0 000 00 000100 00 0000

Published:

—  with international search report

—  with sequence listing part of description published sepa-
rately in electronic form and available upon request from
the International Bureau



10

15

20

25

30

WO 2009/005201 PCT/KR2008/000265

A METHOD FOR PRODUCING STROMAL CELL-DERIVED FACTOR-1A
AS AN ACTIVE SOLUBLE PROTEIN FORM

[Technical Field)

The present invention relates to a method for the production of an active
form of human stromal-derived factor (SDF-1a). More particularly, the present
invention relates to a method for renaturing an inclusion body of proteins expressed
in a large quantity in E. coli into an active form using a column.

[Background Art]

Proteins are large organic compounds made of amino acids arranged in a
linear chain and joined together by peptide bonds between the carboxyl and amino
groups of adjacent amino acid residues. After being translated, a protein
undergoes a change in three—dimensional conformation to a biologically active form
or a thermodynamically stable form through a folding process in which relatively
weak forces such as hydrogen bonds, ionic bonds, etc. are involved. In order to be
used for therapeutic treatment, proteins are isolated or extracted in
thermodynamically stable or biologically active forms from various animals and
plants.

With a great advance in genetic recombination technology, extensive
attempts have recently been made to produce industrially useful gene products on a
mass scale using microorganisms.  Among microorganisms for use in the
production of recombinant proteins, E. coli is most widely used, having the most
gene information available and various expression vectors developed therefor. In
addition, cell culture techniques for the mass production of proteins are well
established for E. coli. Further, these technigues are now most widely applied to
the production of recombinant proteins. When recombinant proteins are produced in
large quantities from microorganisms, however, there are problems with the tertiary
structure thereof. In detail, the recombinant proteins synthesized from E. coli are
frequently secreted as inclusion bodies, which are an inactive form. The term
“inclusion body” refers to an insoluble aggregate of proteins in which the native

three—dimensional structure thereof is not formed due to protein misfolding.
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Typically, an inclusion body is formed as a result of misfolding due to non-
covalent interactions between hydrophobic residues exposed from dynamic
intermediates in folding process (Cleland, TI. L., Wang, |. C., Biochemistry, 29,
11072-11078, 1990).

An inclusion body, which is a protein aggregate with a modified three—
dimensional structure, can be converted into a native form, which has biological
activity. In this regard, typically, the protein aggregate is solubilized in a buffer
containing a denaturant to unfold the polypeptide chain and the denaturing condition
is removed through dilution or dialysis to refold the protein into a native form.

A refolding process by which a recombinant protein existing as an inclusion
body can be recovered in an active form generally comprises solubilizing an
inclusion body with a denaturant and removing the denaturant to induce correct
folding of the protein. The removal of denaturants may be implemented by simple
dilution, serial dilution, dialysis, gel filtration chromatography, etc. Simple dilution,
a typical process for protein refolding, suffers from the following disadvantages. A
large reactor is required for reaction because a sample must be diluted to 4 to 100
volumes. With a limitation only to a very low concentration of proteins, a simple
dilution method shows low efficiency. Further, a concentration process is required
due to the large volume to be treated, increasing a cost for the production and
purification of the recombinant protein. Moreover, disulfide bonds may be formed
randomly during simple dilution.

In order to overcome the problems with simple dilution, a protein refolding
method using size exclusion batch chromatography was developed and utilized.
Based on column chromatography, this protein refolding method is advantageous in
that a buffer can be easily exchanged with a desired one and the protein denaturant
used in protein refolding can be readily removed. In addition, size exclusion batch
chromatography allows a refolding process to be applied to a protein concentration
of 80 mg/ml or more, whereas simple dilution is impossible to apply to a
concentration of 10 mg/ml. Particularly, a size exclusion batch chromatography
method can be automated for the full process thereof, thereby affording process

standardization and effective management.
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The refolding process, whether based on simple dilution or batch
chromatography, employs a urea—containing buffer. Urea plays an important role in
refolding proteins. As described above, when synthesized in large quantities in
microorganisms, the recombinant proteins are aggregated to form inactive inclusion
bodies in many cases. Thus, there is a need for a process of unfolding inclusion
bodies in the presence of a denaturant before refolding them into a native form.
For this, urea is widely used as a denaturant. For example, 8 M urea is used for
unfolding inclusion bodies produced in recombinant E. coli and 2 M urea is used for
refolding the denatured polypeptides at a high yield.

SDF-1a (stromal cell-derived factor 1a) is a small cytokine belonging to the
chemokine family, known as CXC chemokine, which was first isolated from a mouse
bone marrow stromal cell line (Nagasawa T. et al., Nature 1996, 382, 635-638).
SDF-1a is involved in diverse functions including hematopoiesis, cardiogenesis, B
cell lymphopoiesis, and cell migration (Doitsidou M. et al., Cell, 2002, 111, 647-
659). Also, SDF-1a is known to play an important role in the mechanism of embryo
development and division by specifically binding to the membrane receptor CXCR4
(Ma Q., Proc. Natl. Acad. Sci. USA, 1998, 95, 9448-9453).

It is reported that SDF-1a is expressed as an insoluble form in bacterial
expression systems. Many research groups have made extensive effort to obtain
SDF-1a in an active form.

For example, chemical synthesis or eukaryotic expression has been
attempted to give an active form of SDF-1a. _

Leading to the present invention, intensive and thorough research into the
renaturation of an inclusion body of proteins into an active form, conducted by the
present inventors, resulted in the finding that after being denatured, mistolded
proteins can be easily refoled into an active form when renaturation is carried out on

a column.

[Disclosure]

[Technical Problem]

It is therefore an object of the present invention to provide a method for the
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production of recombinant human stromal cell-derived factor 1A as an active form.

It is another object of the present invention to provide a recombinant human
stromal cell-derived factor, expressed through an E. coli expression system.

It is a further object of the present invention to provide a method for
renaturing an insoluble form of a protein into a soluble form.

It is still a further object of the present invention to provide a recombinant
human stromal cell-derived factor refolded into an active form.

It is still another object of the present invention to provide a recombinant
human stromal cell-derived factor capable of binding to a column.

[Technical Solution]

The present invention pertains to a method for the renaturation of an
inclusion body of arecombinant protein into an activated, soluble form.

In greater detail, when a recombinant SDF-1a protein is expressed in the
form of an inclusion body, it is renatured into an active form through a protein
refolding system using a column.

In accordance with the present invention, SDF-1a is cloned into an
expression vector containing a 6x His—tag and a tobacco etch virus (TEV) protease
recognition site so that a recombinant SDF-1a is expressed, with 6x His residues
tagged at the N terminus thereof and a TEV recognition site subsequent to the tag.
The recombinant protein is immobilized on a column due to interaction with the 6x
His tag before the protein refolding.

As for the TEV protease recognition site, it is digested with the enzyme so as
to remove the 6x His residues attached thereto, leaving activated, soluble SDF-1a
alone.

Also, the present invention pertains to an activated, soluble SDF-1a protein
produced by the method. The SDF-1a produced by the method was found to be
activated, as assayed for the characteristic cell chemotaxis thereof.

In the present invention, a recombinant SDF-1a protein is expressed. In
this regard, a gene coding for SDF-1a may be obtained by PCR amplification from a
human fibroblast cDNA library. The SDF-1a gene is cloned into an expression

vector containing a 6x His tag and a tobacco etch virus (TEV) protease recognition
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site so that a modified SDF-1a protein containing 6x His residues at an N-terminal
region thereof followed by a tobacco etch virus protease recognition site is
expressed.

Useful as the expression vector in the present invention is a pET-28a vector.
In order to join the synthesized SDF-1a gene to the T7 promoter of pET-28a, both
the genetic materials are digested with BamHI and Xhol, and then react with each
other in the presence of a ligase to afford a recombinant expression vector.

Then, the recombinant expression vector thus obtained is transformed into
an ER2566 competent cell (Novagen) to produce a transformant which anchors the
expression vector therein.

In order to over—express the protein of interest, the recombinant pET-28a
vector carrying an SDF-1a gene is introduced into E. coli BL21 (DE3). For
comparison, a mutant SDF-1a (K1A) gene is synthesized by polymerase chain
reaction using site—directed mutagenesis. The mutant gene is transformed into E.
coli BL21 (DE3) to express the mutant protein.

For protein refolding, an affinity column, such as a HiTrap Chelating HP
column (GE Healthcare), may be used. After being denatured with 8M urea, the
SDF-1a protein is immobilized on a HiTrap Chelating HP column resin via the
binding of the 6x His tag to the Ni ions of the resin. While being sustained by the
column, the SDF-1a is depleted of the urea at a very low rate (0.2 ml/min), with
protein refolding taking place gradually. Then, the column onto which the protein is
immobilized is sufficiently washed with a 45 mM imidazole buffer, followed by 300
mM imidazole to completely elute the refolded SDF~-1a from the column.

Subsequently, the 6x His-tag is deleted from the protein by cleavage with
TEV protease, followed by removing remaining 6x His—-tagged SDF-1a by
chromatography with a HiTrap Chelating HP column. Finally, the eluate thus
obtained is purified with a Superdex Peptide Column (GE healthcare) to afford the
protein of interest at a purity of 95% or higher.

Generally, a protein may be produced /n vivo using a recombinant
expression vector carrying a gene encoding the protein. In the present invention,

the gene is a nucleotide sequence coding for SDF-1a (stromal cell-derived factor-
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1a) and the expression vector is preferably based on pET-28a containing a 6x His
tag and a tobacco etch virus (TEV) protease recognition site.

Further, the present invention pertains to an E. coli strain anchoring the
expression vector therein.

Preferably, the E. coli is based on BL21(DE3).

Furthermore, the present invention pertains to a method for producing SOF-
1a in an active form in a large quantity, comprising: (a) constructing a recombinant
expression vector carrying a nucleotide sequence coding for SDF-1a, a 6x His tag
and a tobacco etch virus protease (TEV) protease recognition site; (b) transforming
the recombinant expression vector into E. coli and culturing the E. coli to express a
recombinant SDF-1a protein; (c) unfolding the recombinant SDF-1a protein under
denaturing conditions to give a denatured SDF-1a solution; and (d) refolding the
unfolded SDF-1a protein into an active form with the use of column chromatography.
In this method, the unfolding is carried out by lysing the E. coli of step (b) in the
presence of a protease inhibitor and treating the resulting cell lysate with a
denaturant to give a denatured SDF-1a solution. Preferably, the denaturant is urea.

Preferably, the recombinant expression vector is based on pET-28a.

The E. coli useful in the present invention is BL21 (DE3).

In an embodiment of the method, the refolding is carried out by loading the
denatured SDF-1a solution on an affinity chromatography column pre—equilibrated
with Ni and a denaturing buffer, renaturing the SDF-1a protein immobilized on the
column with a renaturing buffer substituting for the denaturing solution, washing the
renatured SDF-1a protein with an imidazole solution, and eluting an active SDF-1a
protein having a 6x His tag with an imidazole buffer.

Also, the present invention is concerned with the active SDF-1a protein
having a 6x His tag, produced by the method of the present invention.

In accordance with another embodiment of the present invention, the
method further comprises removing the 6x His tag from the active SDF-1a by use of
TEV protease after the eluting step. In a further embodiment, the method further
comprises filtering out SDF-1a having a 6x His tag through affinity chromatography

after the removing step. In still a further embodiment, the method further comprises
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purifying SDF-1a free of a 6x His tag using peptide column chromatography after
the filtering.

Moreover, the present invention pertains to an active form of the SDF-1a
which is free of a 6x His tag.

In accordance with an aspect thereof, the present invention provides a
method for renaturing an inactive form of protein into an active form, comprising:
expressing a protein containing a group through which the protein can bind to a
column: unfolding the protein and immobilizing the protein onto a column; refolding
the immobilized protein; and separating the refolded protein from the column.

In the method of the present invention, the protein may be one that is
changed in activity through protein unfolding and refolding processes. The method
according to the present invention may be applicable to a variety of insoluble
proteins which show no activity without renaturation. In a preferred embodiment of
the present invention, the protein is SDF-1a, which is produced in an insoluble form
upon expression in an E. coli system using an expression vector carrying an SDF-1a
gene, and can be refolded into an active, solubilized form through renaturation.

In accordance with the present invention, the protein preferably contains an
attachment group which allows the protein to bind to a column for use in protein
unfolding and refolding. In a preferable embodiment of the present invention, the
attachment group may be added to a protein of interest by inserting a nucleotide
sequence coding for the attachment group, along with a nucleotide sequence
coding for the protein, into an expression vector. In another embodiment of the
present invention, the attachment group may be introduced into a protein of interest
through a chemical reaction therebetween.

In accordance with the present invention, the method may further comprise
removing the attachment group from the protein. The removal of the attachment
group may be achieved by introducing a nucleotide sequence coding for an enzyme
cleavage site between a protein of interest and the attachment group, expressing the
recombinant protein, and cleaving the cleavage site with a suitable enzyme. In a
preferred embodiment of the present invention, the expression vector comprises a

nucleotide sequence encoding a tobacco etch virus (TEV) recognition site so that a
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6x His tag, serving as the attachment group, can be removed after protein refolding.

In accordance with another aspect thereof, the present invention
provides a method for producing SDF-1a in an active form, comprising:
constructing a recombinant expression vector containing nucleotide sequences
respectively coding for SDF-1a, 6x His-tag, and tobacco etch virus (TEV)
protease; expressing a recombinant SDF-1a protein in an E. coli strain transformed
with the expression vector; unfolding an aggregate of expressed proteins under a
denaturing condition; and refolding the recombinant protein on a column.

In a preferred embodiment of the present invention, the expression vector
is pET-28a and the E. coli strain is based on BL21(DE3), in which the protein is
over—expressed in an insoluble form.

The bacteria is lysed in the presence of a protease inhibitor, and the cell
lysate thus obtained is treated with a denaturant, preferably with urea, so as to
unfold protein aggregates.

Then, the cell lysate is loaded on a HiTrap Chelating HP column to
immobilize the unfolded protein onto the column, followed by refolding the protein
thereon. Then, the histidine residues tagged to the N~terminal of the refolded SDF-
la protein are removed by cleaving the TEV protease recognition site with TEV

protease.
[Advantageous Effects]

As described above, an SDF-1a gene amplified from a human fibroblast
cDNA library is introduced into a recombinant E. coli system for the overexpression
thereof, and an inclusion body of the SDF-1a protein thus expressed can be
renatured into a soluble form using an on-column protein refolding system. The
protein refolding system according to the present invention is simpler and faster than
conventional methods using dialysis or chaperones, thus having useful applications

to other inclusion bodies.
[Description of Drawings]

FIG. 1 shows the expression of stromal cell-derived factor-1a (SDF-1a) in a

soluble form and an insoluble complex form in an E. coli expression system, wherein
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lane M shows a marker with a lowest band of 14.4 kDa, lane BF shows a state
before IPTG treatment, lanes 2h and 4h show states after treatment with 0.4 mM

3

IPTG for 2 and 4 hours, respectively, lane “ soluble” shows proteins existing in an

“

agueous layer after cell lysis, and lane " insoluble” shows insoluble protein
aggregates, obtained after cell lysis, at the point indicated by the arrow.

FIG. 2 is a diagram illustrating a protein refolding process wherein denatured
SDF-1a contained in a cell lysate is immobilized onto Ni-NTA (nitrilotriacetic acid)
resins in a pre—equilibrated HiTrap Chelating HP column, treated with a refolding
buffer for 6 — 10 hrs, and washed with 45 mM imidazole buffer, followed by elution
with 300 mM imidazole buffer.

FIG. 3 is an absorbance profile upon the refolding of SDF-1a on a HiTrap
Chelating HP column.

FIG. 4 is a photograph taken after the SDS electrophoresis of SDF-1a
purified to a purity of 95% or higher, which is detected at 8 kDa as indicated by the
arrow, along with a standard protein marker (left lane) with a lowest band detected
at 14.4 kDa.

FIG. 5 is a graph showing the cell chemotaxis of the refolded SDF-1a
according to the present invention in a dose-dependent manner upon the treatment
of the human T cell leukemia CCRF-CEM with 10, 50, 100 and 250 nM of SDF-1a,
wherein the same results are obtained for migrated cells upon treatment with a
mutant (K1A) of SDF-1a and without treatment (Con).

[Best Mode)
A better understanding of the present invention may be grasped with reference
to the following examples, which are set forth to illustrate, but are not to be construed

to limit the present invention.

EXAMPLE 1
Cloning of SDF-1a Gene

A human stromal cell-derived factor 1a (SDF-1a) gene was amplified from a

human fibroblast cDNA library by PCR using a pair of primers (Primer-5" : 5" -
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GCGGATCCAAGCCCGTCAGCCTGAG-3" , SEQ ID NO.: 1; Primer-38 : 5 -
CGCTCGAGTTACTTGTTTAAAGCTTTCTCCAG-3" , SEQ ID NO: 2), which are
modified from the nucleotide sequence of SDF-1a. After being purified, the
synthesized SDF-1a gene was digested with BamHI| and Xhol and jointed into the T7
promoter of pET-28a in the presence of a ligase to construct a recombinant

expression vector,

EXAMPLE 2

Preparation of Transformant Anchoring SDF-1a Expression Vector

The recombinant expression vector constructed in Example 1 was
transformed into E. coli. For this, ER2566 cells (Novagen) were first inoculated into
an LB broth, incubated overnight at 37°C and then amplified to an ODgg of 0.4 in an
LB broth. After being harvested by centrifugation, the cells were suspended in 500
ml of sterile deionized water and centrifuged at 2,500 rom and 4°C for 20 min. The
cell pellet thus obtained was suspended in 250 ml of 10% glycerol, followed by
centrifugation at 4C and 2,500 rpm for 20 min. The suspension and centrifugation
were repeated, with the exception that 10 ml, instead of 250 ml, of 10% glycerol was
used, to afford competent cells. The ER2566 competent cell pellet was suspended
in 40 p | of 10% glycerol to which the constructed recombinant expression vector
was then added, followed by transformation using an electroporation method.
Thereafter, the cells were incubated in 1 ml of a fresh SOC broth (0.5% yeast extract,
2% tryptophan, 8.5 mM NaCl, 2.5 mM KCI, 20 mM glucose, 10 mM MgCl,) at 372C
with shaking at 250 rom. Subsequently, the cell culture was spread over an LB
plate containing 50 u g/ml of kanamycin to select transformants anchoring wild—type
SDF-1a or mutants thereof. For the overexpression of SDF-1a, the pET-28a
carrying an SDF-1a gene was transformed into E. coli BL21 (DE3). For comparison,
a mutant SDF-1a (K1A) gene was synthesized through polymerase chain reaction
using site—directed mutagenesis. The mutant gene was transformed into E. coli

BL21 (DE3) in the same manner as described above.
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EXAMPLE 3

Expression of SDF-1a Protein

The E. coli BL21(DE3) into which the expression vector pET-28a carrying an
SDF-1a gene prepared in Example 1 was cultured at 37°C to the degree of an
ODggo of 0.6 in 2 liters of LB broth, after which wild-type and mutant proteins were
induced in the presence of 0.4 mM at 37°C express them. After 4 hours of the
induction, the cells were harvested by centrifugation and resuspended in 100 ml of a
buffer (10 mM sodium phosphate, 150 mM NaCl, pH7.4) containing a protease
inhibitor. To the suspension was added lysozyme (1.0 mg/ml) to destroy cell
membranes, followed by sonication to rupture cells. The insoluble complex
obtained by centrifuging the cell lysate thus obtained was subjected to solubilization
with a denaturing buffer (8 M urea, 20 mM Tris=HCI, pH 8.0, 500 mM NaCl, 0.5 mM
b-mercaptoethanol, 3% glycerol) for 2 hrs at room temperature. Centrifugation at

15,000 rpm for 30 min afforded a denatured extract.

EXAMPLE 4
On-Column Refolding of SDF-1a

The extract obtained in Example 2 was applied to the HiTrap Chelating HP
column (GE Healthcare) pre—equilibrated with Ni ions and a denaturant buffer. After
the extract was loaded at a rate of 3 ml per min on the column, a refolding solution
was slowly poured at a rate of 0.2 ml per min for 6 — 10 hrs to replace the pre-
existing buffer therewith.

Subsequently, the column was washed with 45 mM imidazole buffer,
followed by elution with 300 mM imidazole buffer. The recombinant SDF-1a having
a 6x His tag thus eluted was treated with TEV protease to delete the His tag
therefrom. Using a HiTrap Chelating HP column, the SDF-1a tagged with 6x His
residues was removed again. The SDF-1a protein was purified to a purity of 95%
or higher using a Superdex peptide column (GE Healthcare) equilibrated with a
buffer (20 mM Tris—HCI, pH 8.0, 200 mM NaCl, 3% glycerol, 1 mM DTT).
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EXAMPLE 5
Assay for Biological Activity of SDF-1a

The SDF-1a prepared in Example 3 was assayed for cell chemotaxis using
the human leukemia cell line CCRF-CEM on which CXCR4, a receptor of SDF-1a, is
expressed, commercially available from the Korean Cell Line Bank (KCLB). The
CCRF-CEM cell line was maintained in an RPMI 1640 medium supplemented with 25
mM Hepes and 10% FBS. The CCRF-CEM cells were plated at a density of 2x10°
cells/ml and washed with an assay solution (RPMI 1640, 25 mM Hepes, pH 7.5,
0.1% BSA). The chemotactic ability of SDF-1a was analyzed using a 48-well
ChemoTx chamber (NeuroProbe, Gaithersburg, MD) in which 27 u | of the SDF-1a
was placed in each of the lower wells while 50 py | of CCRF-CEM cells was placed in
each of the upper wells. After the chamber was incubated at 372C for 3 hrs in a 5%
CO2 incubator, the CCRF-CEM cells that migrated into the lower wells were counted
to determine cell chemotaxis, compared with that of the wild-type SDF-1a or the
mutant (K1A).
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[Claims]
[Claim 1]

A method for renaturing an inactive form of a protein into an active form,
comprising steps of:

(1) expressing a protein containing an attachment group through which the
protein can bind to a column:

(2) unfolding the protein and immobilizing the protein onto a column;

(3) refolding the immobilized protein; and

(4) detaching the refolded protein from the column.
[Claim 2]

The method according to claim 1, wherein the unfolding step (2) is carried

out by denaturing the protein.
[Claim 3]

The method according to claim 1, wherein the protein is denatured using

urea.
[Claim 4]

The method according to claim 1 or 2, wherein the attachment group is
expressed simultaneously with the protein or is introduced into the protein after

protein expression.
[Claim 5]

The method according to claim 4, wherein the attachment group is one

histidine residue or a set of histidine residues.
[Claim 6]

The method according to claim 1 or 2, wherein the refolding step is carried
out by loading a

refolding buffer on the column.
[Claim 7]

The method according to claim 1 or 2, further comprising removing the
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attachment group after the detaching step.
[Claim 8]

The method according to claim 1 or 2, wherein the expressing step is
carried out by transforming an expression vector carrying an SDF-1a (stromal cell-

derived factor—1a) gene into an E. coli strain and culturing the E. coli strain.
[Claim 9]

The method according to claim 8, wherein the expression vector contains a

nucleotide sequence coding for 6x His residues.
[Claim 10]

The method according to claim 9, wherein the expression vector contains a

nucleotide sequence coding for a tobacco etch virus (TEV) protease recognition site.
[Claim 11]

The method according to claim 8, wherein the expression vector is based on
pET—-28a.

[Claim 12]
The method according to claim 8, wherein the E. coli strain is BL21 (DE3).
[Claim 13]

A method for producing SDF-1a in an active form, comprising the steps of:

(a) constructing a recombinant expression vector containing nucleotide
sequences respectively coding for SDF-1a, 6x His-tag, and tobacco etch virus
(TEV) protease;

(b) expressing a recombinant SDF-1a protein in an E. coli strain
transformed with the expression vector;

(c) unfolding an aggregate of expressed proteins under denaturing
conditions; and

(d) refolding the recombinant protein on a column.
[Claim 14]

The method according to claim 13, wherein the recombinant expression
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vector is based on pET-28a.
[Claim 15]
The method according to claim 13, wherein the E. coli strain is BL21(DE3).
[Claim 16]

The method according to claim 13, wherein the unfolding step is carried out
by rupturing the E. coli strain transformed with the recombinant expression vector in
the presence of a protease inhibitor to give a cell lysate, and denaturing the cell

lysate with a denaturant.
[Claim 17]
The method according to claim 16, wherein the denaturant is urea.
[Claim 18]

The method according to claim 13, further comprising removing the 6x His

tag from the SDF-1a protein group after the refolding step.
[Claim 19]

The method according to claim 18, wherein the 6x His tag is removed by

TEV protease.
[Claim 20]

A soluble SDF-1a protein containing a 6x His tag, produced by the method

of one of claims 13 to 18.
[Claim 21)

A soluble SDF-1a, free of a 6x His tag, produced by the method of claim 19
or 20.

[Claim 22]

A recombinant expression vector, carrying nucleotide sequences coding for
SDF-1a, a 6x His tag, and a tobacco etch virus (TEV) protease recognition site,

respectively, capable of expressing SDF-1a in an E. coli strain.

[Claim 23]
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The recombinant expression vector according to claim 22, wherein the

recombinant expression vector is based on pET-28a.

[Claim 24]

An E. coli strain, transformed with the recombinant expression vector of

claim 22 or 23.

[Claim 25]

The E. coli strain according to claim 24, wherein the E. coli strain is based

on BL21 (DE3).
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[Fig. 2]

On-column refolding

<:1 "
(
Eluted by { ) )

Imrdazole

Refolded SDF-1a



WO 2009/005201 PCT/KR2008/000265
3/5

[Fig. 3}
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[Fig. 4]




WO 2009/005201 PCT/KR2008/000265

5/5

[Fig. 5]}
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