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METHOD OF PROTEIN PURIFICATION

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Applica-
tion Serial Number 101127230, filed Jul. 27, 2012, which is
herein incorporated by reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The present disclosure relates to a method for pro-
ducing a target protein and a one-pot process for producing a
purified target protein.

[0004] 2. Description of Related Art

[0005] Using specific functional groups-containing gel to
perform affinity binding with another functional group is the
best approach of purifying a protein. However, a protein
column chromatography, as the commonly used process of
purifying a protein, still has many shortcomings to be over-
come.

[0006] Generally, the protein column chromatography
includes the steps of binding, washing and elution in
sequence. In the step of washing, imdazole buffer solutions
with different pH values are used to rinse the column to wash
away impurities, such that this step is time consuming. Also,
in the step of elution, protease is used to break the linker to
obtain the target protein. If the specificity of the selected
protease to the linker is low, it is difficult to obtain the highly
pure target protein. Moreover, the used column in the process
cannot be reused. Given the above, the process speed and
effect of purification for the protein column chromatography
need to be improved.

[0007] As a result, there is a need for a cost-effective
method for the mass production of the high purity ofthe target
protein.

SUMMARY

[0008] One aspect of the present disclosure provides a
method for producing a target protein, which includes the
steps below. A crude extract including a fusion protein is
provided. The fusion protein includes a tag, a target protein
and a linker inserted between the tag and the target protein.
The magnetic particles and the fusion protein of the crude
extract are then bound to form a magnetic particle-binding
fusion protein. Finally, the linker of the magnetic particle-
binding fusion protein undergoes autocleavage, which is
enabled by using a cleavage buffer solution to release the
target protein.

[0009]  Another aspect of the present disclosure provides a
one-pot process for producing a purified target protein, which
includes the steps below. A crude extract including a fusion
protein is provided. The fusion protein includes a tag, a target
protein and a linker inserted between the tag and the target
protein. The crude extract, a solution and magnetic particles
are mixed to form a magnetic particle-binding fusion protein.
A cleavage buffer solution and the magnetic particle-binding
fusion protein are mixed to let the linker of the magnetic
particle-binding fusion protein undergo autocleavage to
thereby release the target protein and the magnetic residues.
The target protein is then removed.

[0010] Another aspect of the present disclosure provides a
fusion protein applied to the one-pot process mentioned
above. The fusion protein includes a tag, a linker and a target
protein. The tag is a plurality of histidine. The linker is con-
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nected to the tag, and includes at least one primary amino acid
sequence selected from the group consisting of (EA,,,K), ;,
(EAmZR)nZS (EGm3K)n3S (EGm4R)n4S (DAmSK)n55 (DAm6R)
ne> D0G,7K), 7, (DG, 5R), 5. (KA, o), 5. E(Npl)K’ E(sz)Rs
D(N,3)K, D(N,,,)R and a combination thereof, in which m1,
m2, m3, m4, m5, m6, m7, m8 and m9 are respectively equal
or greater than 2. nl, n2, n3, nd, n5, n6, 7, n8 and n9 are
respectively equal or greater than 2. N is glycine (G), valine
(V), leucine (L), isoleucine (1), serine (S), threonine (T) or
cysteine (C), pl, p2, p3 and p4 are respectively equal or
greater than 2. The target protein is connected to the linker.
[0011] The details of one or more embodiments of the
invention are set forth in the accompanying description
below. Other features and advantages of the invention will be
apparent from the detail descriptions, and from claims.
[0012] Ttisto be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The disclosure may be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows:

[0014] FIG. 11s a flow chart of a method for producing a
target protein according to one embodiment of the present
disclosure;

[0015] FIG. 2 is a flow chart of a one-pot process for pro-
ducing a purified target protein according to one embodiment
of the present disclosure;

[0016] FIG. 3 is a schematic diagram of a device of protein
purification according to one embodiment of the present dis-
closure;

[0017] FIG. 4 is the SOS-PAGE analyses during purifying
(His)s-(FAAAK),-GFP. Lane 1: marker; Lane 2: crude
extract; Lane 3: magnetic particle-binding fusion protein;
Lane 4: green fluorescent protein (GFP);

[0018] FIG. 5 is the SDS-PAGE analyses during purifying
(His)g-GFP-(EAAAK),-m-Cherry. Lane 1: marker; Lane 2:
crude extract; Lane 3: magnetic particle-binding fusion pro-
tein; Lane 4: m-Cherry protein; Lane 5: a substances which
still binds with magnetic particles after mixing the cleavage
buffer solution and the magnetic particle-binding fusion pro-
tein;

[0019] FIG. 61sthe SDS-PAGE analyses of autocleavage of
linker of CBP21-(KAAAE),(EAAAK),-AF-(His),. Lane 1:
marker; Lane 2: CBP21-(KAAAE),(EAAAK),-AF-(His)g;
Lane 3: AF protein and CBP;

[0020] FIG.71sthe SDS-PAGE analyses of autocleavage of
linker of CBP21-(KAAAE),(GGGS),(EAAAK)-AF-(His),.
Lane 1: marker; Lane 2: CBP21-(KAAAE),(GGGS),
(EAAAK)-AF-(His),; Lane 3: AF protein and CBP;

[0021] FIG. 8A is the SOS-PAGE analyses of autocleavage
of linker of CBP21-(EAAAR);-NCTU2-(His), under various
cleavage buffer solutions with different pH values. Lane 1:
pH=4; Lane 2: pH=5; Lane 3: pH=6; Lane 4: pH=7; Lane 5:
pH=8; Lane 6: pH=9; Lane 7: marker;

[0022] FIG. 8B isthe SDS-PAGE analyses of autocleavage
of linker of CBP21-(EGGGK);-NCTU2-(His), under vari-
ous cleavage buffer solutions with different pH values. Lane
1: marker; Lane 2: pH=4; Lane 3: pH=5; Lane 4: pH=6; Lane
5: pH=7; Lane 6: pH=8; Lane 7: pH=9;
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[0023] FIG. 8Cis the SDS-PAGE analyses of autocleavage
oflinker of CBP21-(EGGGR ),-NCTU2-(His), under various
cleavage buffer solutions with different pH values. Lane 1:
pH=4; Lane 2: pH=5; Lane 3: pH=6; Lane 4: pH=7; Lane 5:
pH=8; Lane 6: pH=9; Lane 7: marker;

[0024] FIG. 8D is the SOS-PAGE analyses of autocleavage
of linker of CBP21-(DAAAK),-NCTU2-(His)s under vari-
ous cleavage buffer solutions with different pH values. Lane
1: marker; Lane 2: pH=4; Lane 3: pH=5; Lane 4: pH=6; Lane
5: pH=7; Lane 6: pH=8; Lane 7: pH=9;

[0025] FIG. 8E is the SDS-PAGE analyses of autocleavage
of linker of CBP21-(DAAAR),-NCTU2-(His), under vari-
ous cleavage buffer solutions with different pH values. Lane
1: marker; Lane 2: pH=4; Lane 3: pH=5; Lane 4: pH=6; Lane
5: pH=7; Lane 6: pH=8; Lane 7: pH=9;

[0026] FIG. 8F is the SDS-PAGE analyses of autocleavage
of linker of CBP21-(DGGGK),-NCTU2-(His), under vari-
ous cleavage buffer solutions with different pH values. Lane
1: marker; Lane 2: pH=4; Lane 3: pH=5; Lane 4: pH=6; Lane
5: pH=7; Lane 6: pH=8; Lane 7: pH=9;

[0027] FIG. 8G is the SDS-PAGE analyses of autocleavage
of linker of CBP21-(DGGGR),-NCTU2-(His), under vari-
ous cleavage buffer solutions with different pH values. Lane
1: marker; Lane 2: pH=4; Lane 3: pH=5; Lane 4: pH=6; Lane
5: pH=7; Lane 6: pH=8; Lane 7: pH=9;

[0028] FIG. 8H is the SOS-PAGE analyses of autocleavage
of linker of CBP21-(EAAK);-NCTU2-(His), under various
cleavage buffer solutions with different pH values. Lane 1:
marker; Lane 2: pH=4; Lane 3: pH=5; Lane 4: pH=6; Lane 5:
pH=7; Lane 6: pH=8; Lane 7: pH=9;

[0029] FIG. 81 is the SDS-PAGE analyses of autocleavage
of linker of CBP21-(EAAAAK),-NCTU2-(His), under vari-
ous cleavage buffer solutions with different pH values. Lane
1: marker; Lane 2: pH=4; Lane 3: pH=5; Lane 4: pH=6; Lane
5: pH=7; Lane 6: pH=8; Lane 7: pH=9;

[0030] FIG.91isthe SDS-PAGE analyses of autocleavage of
linker of CBP21-(EAAAK),(KAAAE),-AF under a cleav-
age buffer solution with pH=7. Lane 1: marker; Lane 2:
CBP21-(EAAAK),(KAAAFE),-AF; Lane 3: marker; Lane 4:
AF protein and CBP21; and

[0031] FIG. 10 is the SDS-PAGE analyses of autocleavage
of linker of CBP21-(KAAAE),-AF under a cleavage buffer
solution with pH=7. Lane 1: marker; Lane 2: CBP21-
(KAAAE),-AF: Lane 3: marker; Lane 4: AF protein and
CBP21.

DETAILED DESCRIPTION

[0032] Thepresent disclosure is described by the following
specific embodiments. Those with ordinary skill in the arts
can readily understand the other advantages and functions of
the present invention after reading the disclosure of this speci-
fication. The present disclosure can also be implemented with
different embodiments. Various details described in this
specification can be modified based on different viewpoints
and applications without departing from the scope of the
present disclosure.

[0033] Reference will now be made in detail to the embodi-
ments of the present disclosure, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

[0034] One aspect of the present disclosure provides a
method for producing a target protein, as shown in FIG. 1.
FIG. 1 shows a flow chart of the steps in a method 100.
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[0035] Instep 110, a crude extract including a fusion pro-
tein is provided. The fusion protein includes a tag, a target
protein and a linker inserted between the tag and the target
protein. Specifically, the term “fusion protein” refers to a
recombinant protein expressed by a vector, and it includes a
tag, a linker and a to target protein from N-terminal to C-ter-
minal. Construction of DNA expression vectors is well
known in the art, and thus is omitted herein,

[0036] The tag should bind with magnetic particles. The
type of the tag is not limited herein. For instance, the tag can
be His-tag, such as more than or equal to 6 histidines. Since
the His-tag has high affinity with metal ions (e.g., nickel or
cobalt ions), the metal ions on the surfaces of the magnetic
particles binds the His-tag of the fusion protein to form a
magpnetic particle-binding fusion protein by mixing the mag-
netic particles and the crude extract.

[0037] The term “target protein” herein refers to an inter-
ested molecule. Suitable target protein includes, but is not
limited to, enzymes such as chitosanase, chitinase, laminar-
ipentaose-producing-f-1,3-glucanase (LPHase), hydrolase,
transferase, lyase, isomerase, methylase, endonuclease or
ligase; storage proteins such as ovalbumin; transport proteins
such ashemoglobin; structural proteins such as actin, myosin,
collagen, elastin, a-keratin, glycoprotein and fibrous protein;
immunological proteins such as antigens or antigenic deter-
minants that can be used to prepare vaccines; blood proteins
such as thrombin and fibrinogen; binding proteins such as
antibodies or immunoglobulins that bind and neutralize anti-
gens; hormones such as growth factors, somatostatin, prolac-
tin, estrogen. progesterone, insulin, interleukins, colony
stimulating factor and interferon; and synthetic proteins and
peptides. For examples, the target protein may be green fluo-
rescent protein (GFP), m-Cherry protein, maltose binding
protein or other hydrophilic proteins, but not limited thereto.

[0038] The linker includes at least one primary amino acid
sequence. In one embodiment, the primary amino acid
sequence is selected from the group consisting of (EA | K), |,
(EAmZR)n27 (EGm3K)n37 (EGm4R)n47 (DAmSK)HS: (DAm6R)
nés (DGm7K)n7s (DGm7R)nSs (KAmQE)n9s E(Npl)Ks E(sz)Rs
D(N,;)K, D(N,,)R and a combination thereof, in which m1,
m2, m3, m4, m5, m6, m7, m8 and m9 are respectively equal
or greater than 2. nl, n2, n3, n4, n5, n6, n7, n8 and n9 are
respectively equal or greater than 2. N is glycine (G), valine
(V), leucine (L), isoleucine (I), serine (S), threonine (T) or
cysteine (C). pl, p2, p3 and p4 are respectively equal or
greater than 2. The linker can be (EAAAK);, (EAAAR);,
(EGGGK);, (EGGGR),, (DAAAR),, (DAAAK),,
(DGGGR);, (DGGGK),, (EAAAAK),, (KAAAE),,
(KAAAE),(EAAAK), or (EAAAK),(KAAAE),

[0039] In one embodiment, the linker further includes
(G,,8),;, in which G connects to the tag. S connects to the
primary amino acid sequence. x1 is equal or greater than 3. y1
is equal or greater than 2. The linker can be (GGGGS),
(EAAAK).,.

[0040] In one embodiment, the linker further includes
(G,,8),, inserted between two identical or different primary
amino acid sequences, in which x2 is equal or greater than 3,
and y2 is equal or greater than 2. The linker can be (KAAAEF)
HGGGS),(EAAAK),.

[0041] In one embodiment, the linker further includes
(8G,3),3H.(G,48),, inserted between two identical or differ-
ent primary amino acid sequences, in which x3 and x4 are
respectively equal or greater than 3, y3 and y4 are respectively
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equal or greater than 2. z is more than or equal to 6. The linker
can be (KAAAE),(SGGG),HHHHHH(GGGS),(EAAAK),.

[0042] The crude extract can be prepared by employing any
technique in the art. For instance, the cell membranes of host
cells are broken by mechanical or chemical treatment, and the
crude extract is then collected by centrifugation. The crude
extract contains not only “fusion protein containing the target
protein” but also impurities. The impurities may be other
products formed during expression of vectors. For example,
the impurities may contain “fusion protein containing non-
target protein.” Specifically, the “fusion protein containing
non-target protein” can be a fusion protein including the tag,
the linker and the non-target protein from N-terminal to C-ter-
minal. Therefore, the impurities should be totally removed
during the purification process, and the linker then undergoes
autocleavage to obtain the highly pure target protein. How to
achieve the objective would be described in detail below.

[0043] In step 120, the magnetic particles and the fusion
protein of the crude extract are bound to form a magnetic
particle-binding fusion protein. Since the surface of the mag-
netic particle has some functional groups ableto bind with the
tag, so as to form the magnetic particle-binding fusion pro-
tein. However, in step 120, there are still some fusion proteins
not binding with the magnetic particles.

[0044] The magnetic particles may be magnetic nanopar-
ticles. Compared to the conventional column, the magnetic
particles have the advantages of reusable, cheap and able to
simplify the process. In one embodiment, the surface of the
magnetic particle has at least one group selected from the
group consisting of a nickel ion, a cobalt ion, 1,6-diamino-
hexane, 1-octylamine, oleylamine, tri-n-octylphosphine
oxide, tri-n-octylphosphine and a combination thereof.
[0045] 1In one embodiment, the surface of the magnetic
particle can be modified with nitrilotriacetic acid (NTA)
groups, and then modified with nickel ions (Ni**) or cobalt
ions (Co®*). NTA groups can form coordinate bond with
nickel (or cobalt) ions, and the metal ions can form coordinate
bond with His-Tags. Before reusing magnetic particles,
nickel (or cobalt) ions and protein residues are removed by
using ethylene diamine tetraacetic acid (EDTA). Subse-
quently, EDTA is removed, and NTA groups and nickel (or
cobalt) ions are then modified on the surfaces of the magnetic
particles in sequence.

[0046] In another embodiment, magnetic particles applied
in protein purification process are synthesized. For one
example, 25 g coprecipitation agent is added in 10 g nickel
chloride (NiCl,)/200 ml glycol. The coprecipitation agent can
be sodium hydroxide (NaOH), sodium bicarbonate
(NaHCQ;), sodium acetate (CH,COONa) or a mixture
thereof. Next, NiCl, and the coprecipitation agent are dis-
solved at 80° C., and then heated to 200° C. for 12 hours. For
another example, various ratios of iron chloride (FeCl,) and
NiCl, are employed to synthesize alloy magnetic nanopar-
ticles. For examples, the ratios of the FeCl, and NiCl, respec-
tively are 1:1, 1:2, 1:3, 1:5, 1:7, 2:1, 3:1 or 4:1. For another
example, a variety of reagents are added to modify ligands
with different characteristics on the surfaces of the magnetic
nanoparticles. The ligands can be hydrophilic groups, such as
1,6-diaminohexane; the ligands can be hydrophobic groups,
such as 1l-octylamine, oleylamine, tri-n-octylphosphine
oxide or tri-n-octylphosphine.

[0047] In one embodiment, step 120 includes mixing the
fusion protein and the magnetic particles in a solution. The
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composition of the solution is not limited herein. For one
example, the solution is 10 mM TRIS buffer (pH=9).

[0048] Inone embodiment, after step 120, the method fur-
ther includes removing the solution by fixing the magnetic
particle-binding fusion protein. Most of impurities are
removed during removing the solution. The impurities may
contain the fusion protein that does not bind with the mag-
netic particles, and other substances.

[0049] Inoneembodiment, after removing the solution and
before step 130, the method further includes washing the
magnetic particles by a wash buffer solution. Step 130 is
employed to flush out impurities to only leave the magnetic
particle-binding fusion protein having the target protein as
much as possible. In one embodiment, the wash buffer solu-
tion has a pH value more than 7. The composition of the wash
buffer solution is not limited herein. For one example, TRIS
buffer with pH=9 is used as the wash buffer solution to flush
the magnetic particles for many times. Given above, the step
of removing the solution and the step of washing the magnetic
particles can be carried out to remove impurities.

[0050] In step 130, the linker of the magnetic particle-
binding fusion protein undergoes autocleavage by using a
cleavage buffer solution to thereby release the target protein.
In one embodiment, the linker undergoes autocleavage in
buffer solution with pH=-9. A suitable pH range of the cleav-
age buffer solution is related to the type of the linker. The
composition of the cleavage buffer solution is not limited
herein. For instance, the cleavage buffer solution may be
TRIS buffer or phosphate buffer.

[0051] In one embodiment, the steps of the method are a
one-pot process. The term “one-pot process” refers to the step
of mixing the crude extract and the magnetic particles till the
step of removing the target protein (i.e., all the purification
process steps) are carried out in one container. Therefore, the
one-pot process of the embodiments is convenient and fast,
such that it can be applied in a large-scale protein purification
process.

[0052] Please refer to FIG. 2 and FIG. 3, another aspect of
the present disclosure provides a one-pot process for produc-
ing a purified target protein. FIG. 2 is a flow chart of a one-pot
process 200. FIG. 3 is a schematic diagram of a device of
protein purification according to one embodiment of the
present disclosure.

[0053] Instep 210, a crude extract including a fusion pro-
tein 310 is provided. The fusion protein 310 includes a tag, a
target protein 310¢ and a linker inserted between the tag and
the target protein 310. The embodiments of step 210 can be
the same as step 110.

[0054] Instep 220, the crude extract containing the fusion
protein 310 and impurities 312, a solution 320 and magnetic
particles 340 are mixed in a container 302 to form a magnetic
particle-binding fusion protein 320, as shown in FIG. 1. The
functional groups 340a on the surfaces of the magnetic par-
ticles 340 binds with the tag. The embodiments of step 220
can be the same as step 120.

[0055] In one embodiment, the process further includes
removing the solution 330 by fixing the magnetic particle-
binding fusion protein 320 after step 220 and before 230, as
shown in FIG. 2. For one example, a magnet is used to attract
the magnetic particle-binding fusion protein 320 and the solu-
tion 330 is removed. However, there may still a portion of
impurities 312 jammed between the magnetic particle-bind-
ing fusion protein 320.



US 2014/0031531 Al

[0056] Hence, in one embodiment, the process further
includes washing the magnetic particles 340 by using a wash
buffer solution after the step of removing the solution 330 and
before step 230. The washing step is employed to flush out
remaining impurities 312 to only retain the magnetic particle-
binding fusion protein 320 containing the target protein 310c.
In one embodiment, the wash buffer solution has a pH value
higher than 7. As mentioned above, the step of removing the
solution 330 and the step of washing the magnetic particles
340 can be carried out to remove impurities 312. Preferably,
the step of removing the solution 330 and the step of washing
the magnetic particles 340 are performed in sequence.

[0057] In step 230, a cleavage buffer solution 350 and the
magnetic particle-binding fusion protein 320 are mixed to
enable the linker of the magnetic particle-binding fusion pro-
tein to undergo autocleavage, and thereby release the target
protein 310¢ and the magnetic residues 322, as shown in FIG.
3. The magnetic residues may include the magnetic particles
340 and residues 310a. In one embodiment, the cleavage
buffer solution 350 has a pH value equal or greater than 6. The
embodiments of step 230 can be the same as step 130.

[0058] In one embodiment, the residues 310« is the tag.

[0059] 1In step 240, the target protein 310c¢ is removed by
fixing the magnetic residues 322. In one embodiment, a mag-
net is used to attract the magnetic residues 322. Consequently,
supernatant fluid formed by step 240 is the solution contain-
ing highly pure target protein 310c.

[0060] The following examples serve to illustrate certain
embodiments and aspects of the present disclosure and are
not to be considered as limiting the scope thereof.

EXAMPLES
Example 1

Obtaining GFP from (his)-(EAAAK),-GFP

[0061] First, a crude extract containing (His),-(EAAAK);-
GFP, 10 mM phosphate buffer solution (pH=7) and magnetic
particles are mixed in a flask to let the tag (i.e., (His)s) indeed
bind the magnetic particle. The magnetic particles are pro-
duced from GE Healthcare Company.

[0062] Subsequently, the magnetic particles are attracted
by a magnet and the solution is removed. In this step, the
substances that do not bind with the magnetic particles are
removed.

[0063] Next, the magnetic particles are flushed by a buffer
solution (pH=9) for 3 times, and then flushed by another
buffer solution (pH=7) for one time to indeed remove residual
impurities.

[0064] Finally, the magnetic particles are dipped in a buffer
solution (pH=7) for 48 hours at ambient temperature to let the
linker undergo autocleavage to thereby release the target pro-
tein.

[0065] As shown in FIG. 4, the molecular weight of the
magnetic particle-binding fusion protein (Lane 3) slightly
different from the GFP (Lane 4) indicates that the linker
already undergoes cleavage to release the target protein into
the solution. Given above, the one-pot process is a workable
protein purification process to obtain the highly pure target
protein.
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Example 2

Obtaining m-Cherry Protein from
(His)-GFP-(EAAAK),-m-Cherry

[0066] The steps of Example 2 are the same as the steps of
Example 1, and the only difference is that the crude extract of
Example 2 contains (His)g-GFP-(EAAAK),-m-Cherry.
[0067] As shown in FIG. 5, the magnetic particle-binding
fusion protein (Lane 3) has various molecular weights and
shows yellow color under ultraviolet light. It is indicates that
the magnetic particle-binding fusion protein still contains
other substances with different molecular weights.

[0068] After mixing a cleavage buffer solution, the linker
undergoes autocleavage to obtain highly pure m-Cherry pro-
tein (Lane 4) and the substances that still binds with the
magnetic particles (Lane 5). Two substances respectively
show red color and green color under ultraviolet light. As
shown in Lane 5 of FIG. 5, the substances which still binds
with the magnetic particles may includes a portion of (His)g-
GFP-(EAAAK),-m-Cherry and (His);-GFP-(EAAAK),.

Example 3

Autocleavage of Linker of CBP21(KAAAE),
(EAAAK),-AF-(His)g

[0069] Purified CBP21-(KAAAE),(EAAAK),-AF-(His)
and 10 mM phosphate buffer solution (pH=7) are mixed, and
then the linker undergoes autocleavage.

[0070] As shown in Lane 2 (purified CBP21-(KAAAE),
(EAAAK),-AF-(His),) and Lane 3 (AF protein and CBP) of
FIG. 6, the linker undergoes autocleavage to obtain AF pro-
tein and CBP. Therefore, in the embodiment of the present
disclosure, (KAAAE),(FAAAK), is an effective linker.

Example 4

Autocleavage of Linker of CBP21-(KAAAE),
(GGGS),(EAAAK),-AF-(His)g

[0071] The steps of Example 4 are the same as the steps of
Example 3, and the only difference is that CBP21-(KAAAEF)
(GGGS),(EAAAK),-AF-(His), is used.

[0072] As shown in Lane 2 (CBP21-(KAAAE),(GGGS),
(EAAAK),-AF-(His),) and Lane 3 (AF protein and CBP) of
FIG. 7, the linker undergoes autocleavage to obtain AF pro-
tein and CBP. Therefore, in the embodiment of the present
disclosure, (KAAAE),(GGGS),(EAAAK), is an effective
linker.

Example 5

Autocleavage of Linker of
CBP21-(EAAAR),-NCTU2-(his); Under Various
Buffer Solutions with Different pH Values

[0073] Thesteps of Examples 5-13 are the same as the steps
of Example 3, and the only difference is that the fusion pro-
teins containing various linkers and the cleavage buffer solu-
tions with various pH values are used. Specifically, the puri-
fied fusion proteins of Examples 5-13 respectively contain
various linkers (i.e., CBP21-primary amino acid sequence-
NCTU2-(His)s). When the linker undergoes cleavage, the
fusion protein is divided into NCTU2-(His), (36kD) and
CBP21 (18kD), and the different molecular weights thereof
can be clearly observed. Further, the cleavage buffer solutions



US 2014/0031531 Al

with various pH values are respectively used in Examples
5-13 to find out a suitable pH range of the cleavage buffer
solutions with each type of the linkers.

[0074] In example 5, the fusion protein is CBP21-
(EAAAR),-NCTU2-(His)4. As shown in FIG. 8A, the linker
undergoes cleavage under the buffer solutions with pH=6-9.

Example 6

Autocleavage of Linker of
CBP21-(EGGGK);-NCTU2-(His) Under Various
Buffer Solutions with Different pH Values

[0075] In example 6, the fusion protein is CBP21-
(EGGGR),-NCTU2-(His),. As shown in FIG. 8B, the linker
undergoes cleavage under the buffer solutions with pH=6-8.

Example 7

Autocleavage of Linker of
CBP21-(EGGGR),-NCTU2-(His), Under Various
Buffer Solutions with Different pH Value

[0076] In example 7, the fusion protein is CBP21-
(EGGGR),-NCTU2-(His),. As shown in FIG. 8C, the linker
undergoes cleavage under the buffer solutions with pH=6-8.

Example 8

Autocleavage of Linker of
CBP21-(DAAAK),-NCTU2-(His),; Under Various
Buffer Solutions with Different pH Values

[0077] In example 8, the fusion protein is CBP2I-
(DAAAK),-NCTU2-(His)s. As shown in FIG. 8D, the linker
undergoes cleavage under the buffer solutions with pH=6-8.

Example 9

Autocleavage of Linker of
CBP21-(DAAAR),-NCTU2-(His), Under Various
Buffer Solutions with Different pH Values

[0078] In example 9, the fusion protein is CBP21-
(DAAAR),-NCTU2-(His),. As shown in FIG. 8E, the linker
undergoes cleavage under the buffer solutions with pH=6-8.

Example 10

Autocleavage of Linker of
CBP21-(DGGGK)3-NCTU2-(His), Under Various
Buffer Solutions with Different pH Values

[0079] In example 10, the fusion protein is CBP21-
(DGGGK);-NCTU2-(His)s. As shown in FIG. 8F, the linker
undergoes cleavage under the buffer solutions with pH=6-8.

Example 11

Autocleavage of Linker of
CBP21-(DGGGR),-NCTU2-(His), Under Various
Buffer Solutions with Different pH Values

[0080] In example 11, the fusion protein is CBP21-
(DGGGR),-NCTU2-(His)4. As shown in FIG. 8G, the linker
undergoes cleavage under the buffer solutions with pH=6-9.
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Example 12

Autocleavage of Linker of
CBP21-(FAAK),-NCTU2-(His) Under Various
Buffer Solutions with Different pH Values

[0081] In example 12, the fusion protein is CBP21-
(EAAK);-NCTU2-(His),. As shown in FIG. 8H, the linker
undergoes cleavage under the buffer solutions with pH=6-9.

Example 13

Autocleavage of Linker of
CBP21-(EAAAAK),-NCTU2-(His), Under Various
Buffer Solutions with Different pH Values

[0082] In example 13, the fusion protein is CBP21-
(EAAAAK);-NCTU2-(His),. As shown in FIG. 81, the linker
undergoes cleavage under the buffer solutions with pH=6-9.
[0083] The primary amino acid sequence and the suitable
pH range of the cleavage buffer solutions of Examples 5-13
are listed in Table 1.

TABLE 1

Suitable pH range

Primary amino acid sequence  of cleavage buffer solution

Example 5 (EAAAR), 6-9
Example 6  (EGGGK), 5-8
Example 7 (EGGGR), 6-8
Example 8  (DAAAK), 6-8
Example 9 (DAAAR), 6-8
Example 10  (DGGGK), 6-8
Example 11 (DGGGR); 6-9
Example 12 (EAAK); 6-9
Example 13 (EAAAAK), 6-9

[0084] As shown in Table 1, suitable pH ranges of the
cleavage buffer solutions are slightly different in accordance
with various linkers.

Example 14

Autocleavage of Linker of
CBP21-(EAAAK),(KAAAE),-AF Under a Cleavage
Buffer Solution with pH=7

[0085] The steps of Example 14 are the same as the steps of
Example 3, and the only difference is that the fusion proteinis
CBP21-(EAAAK),(KAAAE),-AF.

[0086] As shown in FIG. 9 (Lane 4), the linker undergoes
cleavage under the buffer solution with pH=7, and the AF
protein and CBP are obtained.

Example 15

Autocleavage of Linker of CBP2-(KAAAE),-AF
Under a Cleavage Buffer Solution with pH=7

[0087] The steps of Example 15 are the same as the steps of
Example 3, and the only difference is that the fusion proteinis
CBP21-(KAAAE),-AF.

[0088] As shown in FIG. 10 (Lane 4), the linker undergoes
cleavage under the buffer solution with pH=7, and the AF
protein and CBP are obtained.

[0089] Given above, the magnetic particles have the advan-
tages of reusable, cheap, and able to simplify the process.
Further, less material is required and the process is fast, such
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that the process can be applied to a large-scale protein puri-
fication process. The one-pot process can be performed to
save much process time and increase convenience thereof.
Compared to prior art, the process of the present disclosure
does not use imidazole buffer solutions with various pH val-
ues to wash and use protease to break the linker, such that it is
a fairly simple process. In addition, the target protein obtained
by performing the process does not contain the tag and the
linker. That is, the target protein can be free of non-native
protein.

[0090] As mentioned above, the process can effectively
solve the problem in the art and further provides a high
cost-effective protein purification process to produce purified
natural protein.

[0091] Although the present disclosure has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.

[0092] Tt will be apparent to those ordinarily skilled in the
art that various modifications and variations may be made to
the structure of the present disclosure without departing from
the scope or spirit of the disclosure. In view of the foregoing,
it is intended that the present disclosure cover modifications
and variations thereof provided they fall within the scope of
the following claims.

What is claimed is:

1. A method for producing a target protein, comprising the
steps of:

(a) providing a crude extract including a fusion protein, the
fusion protein comprising a tag, a target protein and a
linker inserted between the tag and the target protein;

(b) binding magnetic particles and the fusion protein of the
crude extract to form a magnetic particle-binding fusion
protein; and

(c) enabling autocleavage of the linker of the magnetic
particle-binding fusion protein by using a cleavage
buffer solution to release the target protein.

2. The method of claim 1, wherein the cleavage buffer

solution has a pH value equal or greater than 6.

3. The method of claim 1, wherein step (b) comprises
binding the magnetic particles and the fusion protein of the
crude extract in a solution.

4. The method of claim 3, further comprising a step of (b1)
removing the solution to retain the magnetic particle-binding
fusion protein after step (b) and before step (c).

5. The method of claim 4, further comprising a step of (b2)
washing the magnetic particles after step (b1) and before step
(©)-

6. The method of claim 5, wherein step (b2) comprises
washing the magnetic particles by using a wash buffer solu-
tion, and the wash buffer solution has a pH value more than 7.

7. The method of claim 1, wherein the tag is a plurality of
histidine.

8. The method of claim 1, wherein each of the magnetic
particles has a surface with at least one group selected from
the group consisting of a nickel ion, a cobalt ion, 1,6-diami-
nohexane, 1-octylamine, oleylamine, tri-n-octylphosphine
oxide, tri-n-octylphosphine and a combination thereof.

9. The method of claim 1, wherein the linker comprises at
least one primary amino acid sequence selected from the
group consisting of (EA,;K),;, (EA,.R),., (EG,:K),s,
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(EGm4R)n4> (DAMSK)715> (DAm6R)n6> (DGm7)n7> (DGMSR)}’I6>
(KA, oB),0. E(Npl)Ks E(sz)R, D(Np3)K3 D(Np4)R and a
combination thereof, wherein

ml, m2, m3, m4, m5, m6 m7, m8 and m9 are respectively
equal or greater than 2;

nl,n2,n3,nd, n5, n5,n7, n8 and n9 are respectively equal
or greater than 2,

N is glycine (G), valine (V), leucine (L), isoleucine (I),
serine (S), threonine (T) or cysteine (C); and

pl, p2, p3 and p4 are respectively equal or greater than 2.

10. The method of claim 1, wherein the steps of the method
are a one-pot process.

11. A one-pot process for producing a purified target pro-
tein, comprising the steps of:

(a) providing a crude extract including a fusion protein, the
fusion protein comprising a tag, a target protein and a
linker inserted between the tag and the target protein;

(b) mixing the crude extract, a solution and magnetic par-
ticles to form a magnetic particle-binding fusion protein;

(c) mixing a cleavage buffer solution and the magnetic
particle-binding fusion protein to let the linker of the
magnetic particle-binding fusion protein undergo auto-
cleavage to thereby release the target protein and the
magnetic residues; and

(d) removing the target protein.

12. The process of claim 11, wherein the cleavage buffer
solution has a pH value equal or greater than 6.

13. The process of claim 11, further comprising a step of
(b1) removing the solution to retain the magnetic particle-
binding fusion protein after step (b) and before step (c).

14. The process of claim 13, wherein a step of (b1) com-
prises removing the solution by fixing the magnetic particle-
binding fusion protein by a magnet.

15. The process of claim 13, further comprising a step of
(b2) washing the magnetic particles after step (b1) and before
step (c).

16. The process of claim 15, wherein step (b2) comprises
washing the magnetic particles by using a wash buffer solu-
tion, and the wash buffer solution has a pH value more than 7.

17. The process of claim 11, wherein step (d) comprises
removing the to target protein by fixing the magnetic particles
with a magnet.

18. The process of claim 11, wherein the tag is a plurality of
histidine.

19. The process of claim 11, wherein each of the magnetic
particles has a surface with at least one group selected from
the group consisting of a nickel ion, a cobalt ion, 1,6-diami-
nohexane, 1-octylamine, oleylamine, tri-n-octylphosphine
oxide, tri-n-octylphosphine and a combination thereof.

20. The process of claim 11, wherein the linker comprises
at least one primary amino acid sequence selected from the
group consisting of (EA,,,K),;, (EA,.R),., (EG,:K),s,
(EG,.4R),4 (DA,,sK), 5. (DA, 6R), ¢ (DG,,7K),7, (DG,,sR)
ey (KA, 0B) 10, BN, JK, BN, )R, D(N 5)K, D(N,,,)R and a
combination thereof, wherein

ml, m2, m3, m4, m5, m6, m7, m8 and m9 are respectively
equal or greater than 2;

nl,n2,n3, nd, n5, n6,n7, n8 and n9 are respectively equal
or greater than 2;

N is glycine (G), valine (V), leucine (L), isoleucine serine
(S), threonine (T) or cysteine (C); and

pl, p2, p3 and p4 are respectively equal or greater than 2.
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21. A fusion protein applied to the one-pot process for
producing the purified target protein according to claim 11,
the fusion protein comprising:
atag being a plurality of histidine;
a linker connected to the tag, the linker comprising at least
one primary amino acid sequence selected from the
group consisting of (EA,,,K),,;, (EA, ,R),,, (EG,;K)
n3s (EGm4R)n4! (DAMSK)I’IS3 (DAm6R)n6! (DGM7K)VI7)
(DGR, 55 (KA 108,00 BN, K, BN, )R, DN, K,
D(N,.,)R and a combination thereof, wherein
ml, m2, m3, m4, m5, m6, m7, m8 and m9 are respec-
tively equal or greater than 2;

nl,n2n3,n4,n5,n6,n7, n8 and n9 are respectively equal
or greater than 2;

N is glycine (G), valine (V), leucine (L), isoleucine (I),
serine (S), threonine (T) or cysteine (C); and

pl, p2, p3 and p4 are respectively equal or greater than 2;
and

a target protein connected to the linker.

22. The fusion protein according to claim 21, wherein the
linker further comprises (G, S)

'yl
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wherein

G connects to the tag;

S connects to the primary amino acid sequence;

x1 is equal or greater than 3; and

vl is equal or greater than 2.

23. The fusion protein according to claim 21, wherein the
linker further comprises (G,,S),, inserted between two iden-
tical or different primary amino acid sequences,
wherein

x2 is equal or greater than 3; and

v2 is equal or greater than 2.

24. The fusion protein according to claim 21, wherein the
linker further comprises (SG.3),3H.(G,48),4 inserted
between two identical or different primary amino acid
sequerices,
wherein

x3 and x4 are respectively equal or greater than 3;

v3 and y4 are respectively equal or greater than 2; and

Z is more than or equal to 6.
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