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Abstract

Protein purification is essential for drug development, antibody production, and structural biology. We propose a cost-
effective chromatography method using elastin-like polypeptide (ELP) as an aggregating core. In this approach, a chilled
(target protein)-ELP fusion is loaded onto an immobilized metal affinity chromatography (IMAC) column equilibrated with
low-salt buffer. Impurities are removed with warm high-salt buffer washes. Warming the column above the ELP’s transition
temperature (Tm) triggers ELP aggregation, physically trapping the target protein between beads. Subsequent stringent
washing (high salt/imidazole) eliminates residual contaminants. Finally, cooling with cold low-salt buffer reverses
aggregation, eluting the purified target protein. This method eliminates the need for advanced chromatography systems
while achieving high purity through dual mechanisms: (1) IMAC affinity and (2) temperature-dependent physical capture.
The ELP’s reversible phase transition offers a simplified yet efficient purification platform, particularly valuable for lab-
scale production of challenging proteins.

Key features

e  This protocol requires an elastin-like polypeptide tag at the C-terminus of the target protein.

e  This protocol requires a His-Tag at the N-terminus of the target protein.

e This protocol requires the use of colored/chromogenic proteins to enable real-time visual monitoring of
chromatographic progression.

e  This protocol yields a highly pure protein by manually operating a Ni-bound resin at two different temperatures.
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Background

Protein purification is pivotal for various uses, especially in structure-based drug discovery, where high purity levels are
crucial [1,2]. Recent advancements in molecular biology techniques, such as PCR, have spurred the production of
recombinant proteins, allowing for their large-scale production and purification [3,4]. These proteins have diverse
applications, including vaccines, therapeutics, and diagnostics [4]. Escherichia coli is often the organism of choice for
producing recombinant proteins due to its rapid growth, cost-effectiveness, and high yield [5—8]. By introducing genes into
E. coli via plasmids, controlled protein expression can be achieved upon induction.

Protein purification methods, such as precipitation or chromatography, are employed based on the protein's characteristics.
Affinity chromatography is particularly favored for its efficiency in purifying recombinant proteins [9]. Various strategies
have been developed to enhance this process. Fusion proteins with tags like glutathione S-transferase (GST), maltose binding
protein (MBP), or polyhistidine are common as they aid in production and purification [10-12]. Signal peptides can facilitate
periplasmic secretion, reducing contamination [13,14]. Aggregation tags induce protein precipitation for easier purification.
GST or MBP fusion proteins are typically purified using glutathione or maltose resins, while polyhistidine tags use resins
with immobilized metal ions. Periplasmic secretion is advantageous due to fewer contaminating proteins compared to
cytoplasmic secretion. Aggregation tags manipulate factors like temperature or salt concentration for purification [15]. The
elastin-like polypeptide (ELP) uses inverse temperature cycling (ITC), which requires high-temperature centrifugation,
presenting challenges for low-temperature centrifuges [16].

This study introduces a novel method called aggregation-assisted chromatography for purifying fusion proteins with both
precipitation and polyhistidine tags. The technique employs an immobilized metal affinity chromatography (IMAC) column,
with adjustments in temperature and salt concentration to achieve high purity. By controlling the buffer temperature, this
method allows for high-purity manual purification without the need for sophisticated chromatography equipment. Although
switching the order of the two tags may not significantly affect overall protein expression, it is possible that the ELP, due to
its intrinsically disordered nature, could influence the folding of the downstream protein.
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Materials and reagents

Biological materials

1. E. coli strain specialized for protein production, Rosetta2(DE3)pLysS (Merck, catalog number: 71403)

2. DH5a (Enzyomics, catalog number: CP011)

3. pVP65KR-SacB-148-based plasmid harboring a desired gene [17-20]. SnapGene files of all plasmids will be provided
upon request

Reagents

. Imidazole (Duksan, catalog number: 7097)

. Sodium phosphate, dibasic (NaHPOa4) (Duksan, catalog number: 1490)

. Sodium phosphate, monobasic (NaH2POs) (Duksan, catalog number: 3989)
. Sodium chloride (NaCl) (Duchefa Biochemie, catalog number: T0520.1000)
. Trypton (Duchefa Biochemie, catalog number: T1332.0500)

. Yeast extract (Duchefa Biochemie, catalog number: T1333.0500)

. IPTG (Gold Biotechnology, catalog number: 12481C)

. Triton X-100 (MP Biomedicals, catalog number: 02194854-CF)

. SfaAlI (ThermoFisher, catalog number: ER2091)

10. Mssl (ThermoFisher, catalog number: ER1342)

11. Rapid DNA Ligation kit (ThermoFisher, catalog number: K1422)

12. Gel Extraction kit (Cosmogenetech, catalog number: CMG0112)
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Solutions

. LB medium (see Recipes)

. 1 M IPTG (see Recipes)

. 0.2 M sodium phosphate, dibasic (see Recipes)

. 0.2 M sodium phosphate, monobasic (see Recipes)
. PBS (see Recipes)

. Binding buffer (see Recipes)

. Washing buffer (see Recipes)

. Elution buffer (see Recipes)

. 20% Triton X-100 (see Recipes)
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Recipes

1. LB medium
Reagent Final concentration Quantity or Volume

Trypton 1% 10g
Yeast extract 0.5% 5g

NaCl 1% 10g
Total n/a 1,000 mL

Sterilize the medium by autoclaving at 121 °C for 20 min.

2.1 MIPTG
Reagent Final concentration Quantity or Volume
IPTG 1M 238¢g
Total n/a 10 mL

Aliquot the solution into 1 mL portions and store at -20 °C.
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3. 0.2 M sodium phosphate, dibasic

Reagent Final concentration Quantity or Volume
NaHPO4 02M 284 ¢
Total n/a 1,000 mL

4. 0.2 M sodium phosphate, monobasic

Reagent Final concentration Quantity or Volume
NaH:PO4 02M 240¢g
Total n/a 1,000 mL
5. PBS
Reagent Final concentration Quantity or Volume

0.2 M sodium phosphate, dibasic
0.2 M sodium phosphate, monobasic
NaCl

Total

10 mM
10 mM
150 mM
n/a

25 mL
25 mL
5844 ¢
1,000 mL

Sterilize the buffer by autoclaving at 121 °C for 20 min.

6. Binding buffer

Reagent

Final concentration

Quantity or Volume

0.2 M sodium phosphate, dibasic
0.2 M sodium phosphate, monobasic
NaCl

Imidazole

Total

10 mM
10 mM
150 mM
10 mM
n/a

25 mL
25 mL
5844 ¢
0.68 g
1,000 mL

7. Washing buffer

Reagent

Final concentration

Quantity or Volume

0.2 M sodium phosphate, dibasic
0.2 M sodium phosphate, monobasic
NaCl

Imidazole

Total

10 mM
10 mM
150 mM
250 mM
n/a

25 mL
25 mL
5844 ¢
17.02 g
1,000 mL

8. Elution buffer

Reagent

Final concentration

Quantity or Volume

0.2 M sodium phosphate, dibasic
0.2 M sodium phosphate, monobasic
NaCl

Imidazole

Total

10 mM
10 mM
150 mM
500 mM
n/a

25mL
25 mL
5844 g
34.04 g
1,000 mL

9.20% Triton X-100

Reagent Final concentration Quantity or Volume

Triton X-100 20% (v/v) 20 mL

Total n/a 100 mL
Laboratory supplies

1. 3 L baffled polycarbonate Erlenmeyer flasks (Corning, catalog number: 431253)

2. 50 mL centrifuge tubes (Corning, catalog number: CLS430829)

3. 10 uL pipette tips (Axygen, catalog number: T-300-L)
4. 200 pL pipette tips (Axygen, catalog number: T-200-C)
5. 1,250 pL pipette tips (Axygen, catalog number: MTX-1250-C)
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6. 20 mL syringe with a Luer lock tip (Beckton Dickinson, catalog number: 302830)
7. 1/16” male/Luer female adaptor (Cytiva, catalog number: 18111251)

Equipment

. High-speed centrifuge (Hanil, model: Supra R17)

. Pipetman (Gilson, catalog number: F167350)

. Racks (Korea Ace Scientific, catalog number: KA.UB33-27)

. Water bath (Branson, catalog number: CPX1800H-E)

. Shaking incubator (Vision Scientific, catalog number: VS-37SI)
. Deep freezer (-80 °C) (Nihon Freezer, model: MY BIO)

. Ultrasonic processor (Sonics, model: VCX 750)

. HisTrap HP 5 mL column (Cytiva, catalog number: 17524801)

. UV-Vis spectrophotometer (Scinco, model number: S-3100)
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Procedure

A. Plasmid construction

1. Prepare gene fragments either by gene synthesis or PCR. The gene fragments should include AsiSI and Pmel sites at the
5" and 3’ ends, respectively.

2. Digest 5 pg of the vector pVP65KR-SacB-148 with SfaAl and Mssl following the manufacturer’s protocol. Purify the
linearized vector by gel extraction following the manufacturer’s protocol.

3. Digest 1 pg of the gene fragments with SfaAl and MssI following the manufacturer’s protocol. Purify the linearized vector
by gel extraction following the manufacturer’s protocol.

4. Ligate 100 ng each of the enzyme-treated vector and the gene fragment by following the manufacturer’s protocol.

5. Bring 5 pL of the ligation mixture into 100 pL of the chemically competent DH5a by following the manufacturer’s
protocol.

6. Select the colony harboring the correctly ligated plasmid. The target protein is expressed as a fusion with MBP, mCherry,
and ELP. Endogenously produced TVMV protease cleaves off the MBP-mCherry segment, resulting in the target protein
flanked by an N-terminal 8xHis tag and a C-terminal ELP tag (Figure 1).

TVMV protease

protein

Figure 1. Schematic representation of the recombinant protein expressed from the constructed plasmid. The full-
length fusion protein is initially produced, and TVMYV protease cleaves specifically between mCherry and the 8xHis tag. As
aresult, the processed target protein retains the 8xHis tag, allowing it to bind to the affinity column, while the MBP-mCherry
fragment does not bind and is removed during purification.

B. E. coli culturing for protein production

1. Using a disposable toothpick, gently scrape the surface of the frozen Rosetta2(DE3)pLysS cell stock harboring the desired
plasmid and inoculate it into 500 mL of LB medium.

2. Grow the culture in the shaking incubator at 37 °C and 270 rpm.

3. Add IPTG to a final concentration of 0.1 mM when the ODsoo reaches 0.8.

4. Grow the culture at 14 °C and 270 rpm for 18 h.

5. Harvest the cells the next day. The cell pellet should appear very dark purple due to the co-expression of mCherry protein
in the construct (Figure 2).

Cite as: Chae, Y. K. and Shin, H. K. (2025). A Novel Protein Purification Approach Using Elastin-Like 5
Polypeptides (ELP) With His-Tag Assistance. Bio-protocol 15(12): e5342. DOI: 10.21769/BioProtoc.5342



bio-protocol Published: Jun 20, 2025

Figure 2. Cell pellet upon harvesting. The grown cells exhibit a dark pinkish color due to the co-expressed mCherry
protein. If the cells do not show this color, the desired protein has not been produced well.

6. Resuspend the collected cells in 20 mL of PBS.
7. Transfer the resuspended cells to a 50 mL conical tube and store it at -80 °C.

C. Preparation of soluble fraction of cell lysate

1. Thaw the frozen cells in the water bath at ambient temperature (around 22 °C).

2. Lyse the cells using an ultrasonicator. Place the tube containing the cells in the ice. The ON and OFF times are 5 and 50
s, respectively. The total duration of ON time is 8 min. Set applied power to 60% of the full power (750 W).

3. Add 20% Triton X-100 to a final concentration of 1%.

4. Centrifuge the cell lysate at 24,192% g for 30 min at 4 °C.

5. Transfer the supernatant to a new 50 mL conical tube. If proceeding to the next step, place the tube in the ice. Otherwise,
store it at -80 °C.

D. Preparation of manual chromatography

1. Prepare a bucket of ice and set the temperature of the water bath to 37 °C.

2. Place the column and syringe in the ice and wait 10 min before use. Dispense 20 mL of binding buffer into a 50 mL tube.
Do the same for the washing buffer and elution buffer. Place the three tubes in the water bath. Then, add 20 mL of PBS and
20 mL of elution buffer to each tube and place the two tubes on ice.

3. Prepare a syringe with a Luer lock and connect it to the adaptor (Figure 3).

Caution: It is strongly recommended to use a syringe with a Luer lock. A syringe with a Luer slip cannot hold the pressure
from the plunger, and the connection to the column may break.

Figure 3. Syringe, adaptor, and column. Luer lock syringe, adaptor, and HisTrap column: (a) separate, and (b) assembled.
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E. Purification of the desired protein

E1. Equilibration

1. Aspirate 20 mL of chilled PBS with a syringe.

Caution: Try not to draw any air into the syringe. Air drawn in can dry the column.

2. Connect the syringe to the column with the adaptor.

3. Slowly press the plunger to equilibrate the chilled column with PBS. A drop-by-drop flow rate at the column outlet is
sufficient.

Caution: Too much pressure will damage the resin of the column. As the rubber gasket of the syringe plunger wears down,
the force required to push it increases.

4. Detach the syringe from the column. Place the column on ice.

E2. Loading

1. Aspirate the chilled supernatant with a syringe.

2. Connect the syringe to the column and slowly press the plunger to load the chilled column with the supernatant. Collect
the flowthrough fraction in the 50 mL conical tube, and label it properly. The column will turn dark pink due to the mCherry
protein (Figure 4A).

Figure 4. Manual column operation. (A) Upon loading, the color of the column turns dark pink due to the mCherry protein.
(B) Upon washing, the pink color diminishes as the mCherry protein is washed away. (C) After washing, the column resumes
a pale green color.

3. Detach the syringe from the column and reload it if necessary by repeating steps 1 and 2.
Caution: Use the squeeze bottle to rinse the syringe tip with at least 10 mL of water every time you attach it to the column.
Keep the column on ice and plugged with a stopper while not loading it.

E3. Washing

1. Aspirate the 20 mL warmed (to 37 °C) binding buffer with a syringe. This starts the washing step.

2. Connect the syringe to the column and slowly press the plunger to wash and warm the column. Collect the wash fraction
in the 50 mL conical tube and label it properly. The column will turn pale green as the mCherry protein is washed away
(Figure 4B, C).

3. Detach the syringe from the column. Place the column on the bench (not on ice).

4. Aspirate the 20 mL warmed (to 37 °C) washing buffer with a syringe.

5. Connect the syringe to the column and slowly press the plunger to wash the warmed column. Collect the wash fraction in
the 50 mL conical tube and label it properly.

6. Detach the syringe from the column. Place the column on the bench (not on ice).

7. Aspirate the 20 mL warmed (to 37 °C) elution buffer with a syringe.

8. Connect the syringe to the column and slowly press the plunger to wash the warmed column. Collect the wash fraction in
the 50 mL conical tube and label it properly.

9. Detach the syringe from the column. Place the column and syringe on ice and wait 10 min.
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E4. Elution

1. Aspirate the 20 mL chilled elution buffer with a syringe. This starts the elution step.

2. Connect the syringe to the column and slowly press the plunger to elute the protein from the chilled column. Collect the
wash fraction in the 50 mL conical tube and label it properly.

3. Detach the syringe from the column. Place the column on ice.

4. Repeat steps 1 through 3.

ES. Re-equilibration

1. Aspirate the chilled 20 mL PBS with a syringe. This starts the re-equilibration step.

2. Connect the syringe to the column with the adaptor.

3. Slowly press the plunger to equilibrate the column with PBS.

4. Store the column at 4 °C for future use. For longer storage, wash the column with 20 mL of 20% ethanol.

Data analysis

We analyzed the purification results using SDS-PAGE [20]. A warm elution buffer was used to wash the column. As the
buffer contained 150 mM NaCl and 500 mM imidazole, we believe that most nonspecifically bound proteins were effectively
removed, as evidenced by the SDS-PAGE results (Figure 5). Deliberately overloading the gel can be useful for detecting
trace contaminants. We tested nine proteins (mostly under 13 kDa), and among them, MBP was the only one that eluted
with the warm elution buffer. Notably, even MBP was only partially eluted under these conditions.

1 2 3 4 5 6 7 8 9 10 M1 12 13 14 15

Figure 5. SDS-PAGE gel images of four target proteins fused to 148 during the purification steps. mazE-148 (32.2k),
lanes 1-7, and ccdB-148 (34.5k), lanes 8—15. Lanes 1 and 2: soluble and insoluble fractions of cell lysate; lane 3: flowthrough
fraction upon loading onto HisTrap column; lanes 4, 5, and 6: elution fractions with 10, 250, and 500 mM imidazole at room
temperature; lane 7: elution fraction with 500 mM imidazole at ice cold temperature; lane 8: size marker; lanes 9 and 10:
soluble and insoluble fractions of cell lysate; lane 11: flowthrough fraction upon loading onto HisTrap column; lanes 12, 13,
and 14: elution fractions with 10, 250, and 500 mM imidazole at room temperature; lane 15: elution fraction with 500 mM
imidazole at ice-cold temperature. Reprinted/adapted from Shin and Chae [20] under an open-access Creative Commons
CC BY license.
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Validation of protocol

This protocol or parts of it has been used and validated in the following research article:
+ Shin and Chae [20]. Aggregation-Dispersion Chromatography: Application of Elastin-like Polypeptides. Separations
(Figures 2 and 3).

General notes and troubleshooting

General notes

1. This method works most successfully with smaller proteins. The largest protein that was successfully purified was 12.9
kDa. The maltose binding protein was partially successful. Based on our analysis, while it is challenging to define a precise
optimal size range (in kDa) for the target protein (guest) without experimental validation, we hypothesize that it should
generally be smaller than the ELP (host scaffold) to ensure proper aggregation of ELPs. For larger target proteins, increasing
the ELP size (e.g., longer chain length) may improve tight aggregation. Furthermore, to maintain the transition temperature
within the ambient range, selecting an ELP variant with reduced aggregation propensity is recommended. Empirical testing
will be critical to determine system-specific thresholds.

2. This method recommends the use of an indicator protein (color) to visually monitor the progress of chromatography in
real-time. For practical manual operation, we implemented a color indicator to eliminate dependence on UV monitoring.
The absence of this visual marker would necessitate either UV-based measurements or fraction analysis by SDS-PAGE.

3. This colored protein also serves as an indicator of successful expression of the target protein. Our plasmid construct
contains a single large open reading frame comprising MBP, mCherry, a His-tag, the target protein, and finally ELP. A
TVMV protease cleavage site is located between mCherry and the His-tag. The TVMV protease is co-expressed at low
levels from the same plasmid, enabling the cleavage of the MBP-mCherry portion from the target protein, which remains
fused to the His-tag and ELP. Therefore, the more intense the pink color, the higher the level of target protein production.
4. This method may work with batch-style chromatography.

Troubleshooting

Problem 1: The desired protein elutes early.
Possible cause: The protein is larger than what this method can handle with HisTrap HP resin (34 um diameter).
Solution: A column with larger resins, such as FF (90 um), may help.

Problem 2: The desired protein does not elute at all.
Possible cause: The protein molecules remained aggregated at the elution step.
Solution: Omit NaCl in the loading and elution steps.
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