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Abstract

Zinc-finger (ZF) arrays are compact, sequence-specific polynucleotide-binding domains, which have been used to target the
delivery of diverse effector domains, enabling applications such as gene identification, localization, regulation, and editing.
To facilitate in vitro applications of ZF arrays, we have developed a general method for their expression and purification.
Here, we describe a protocol involving two chromatographic steps that yields homogeneous and functional ZF arrays in
milligram quantities.

Key features

e A general method for expressing and purifying C2H2 ZF arrays in E. coli, compatible with both natural and artificial
ZFs.

e The His-SUMO tag improves ZF-array solubility, eliminating the need for denaturation and refolding steps.

e Simple, two-step purification yields milligram-scale ZF arrays suitable for downstream applications.
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Background

Zinc-finger (ZF) proteins—initially identified in Xenopus laevis transcription factor IIIA [1]—are DNA-binding domains
found in the most prevalent family of transcription factors in metazoans [2—4]. ZFs adopt a variety of structural motifs,
among which the most abundant and well-studied is that of the C2H2 family, which comprises between 28 and 30 amino
acids, including two cysteine and two histidine residues that tetrahedrally coordinate the central zinc ion [5,6]. The
“recognition helix” of the resulting BPa fold projects into the major groove of DNA, forming hydrogen bonds with three
consecutive base pairs [7,8]. The recognition of extended sequences is made possible by the assembly of ZFs in tandem to
form polydactyl arrays [6,9—14]. Because the specificity of each finger is affected by its neighbors [9], the development of
polydactyl arrays has posed considerable challenges. Recently, these challenges have been mitigated by the advent of deep-
learning methods, enabling the design of ZF arrays targeting arbitrary DNA sequences [15].

ZF arrays are commonly expressed directly in target cells by the introduction of transgenic expression constructs [16-20].
An alternative approach, involving purified ZF arrays, has demonstrated certain advantages, such as greater efficiencies and
lower off-target rates in gene editing by ZF nucleases [21]. However, the production of ZF arrays in suitable amounts and
purity for exogenous delivery has been hitherto challenging, as there has been a need to optimize the expression and
purification procedures for each new ZF array [22—30]. Existing strategies include the use of an affinity tag—polyhistidine
(His-tag) [22—-24], glutathione S-transferase (GST) [25,26], or maltose-binding protein (MBP) [27,28]—and the exploitation
of biochemical properties of ZFs, such as their coordination to zinc ions or their specific binding to DNA sequences [29,30].
To avoid the requirement of tailoring procedures to each unique ZF array, we developed a simple and general method, based
on the His-SUMO tag, for the expression and purification of functional ZF arrays in milligram quantities [31]. We present
the procedure here in full detail.

Materials and reagents

A. Expression of ZF arrays in E. coli BL21 (DE3)

1. pET-28a-SUMO-ZF plasmids (Genewiz)

2. QIAprep® Spin Miniprep kit (QIAGEN, catalog number: 27104)

3. BL21 (DE3) competent E. coli (New England Biolabs, catalog number: C2527H)
4. Tryptone (Fisher Scientific, catalog number: BP14212)

5. Yeast extract (USBiological, catalog number: Y2008)
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6. Kanamycin sulfate (Teknova, catalog number: K2150)

7. Agar (Fisher Scientific, catalog number: A360-500)

8. Sodium chloride (NaCl) (Fisher Scientific, catalog number: BP358-212)

9. Zinc chloride (ZnCl,) (Sigma-Aldrich, catalog number: Z0152)

10. Isopropyl B-D-1-thiogalactopyranoside (IPTG) (GOLDBIO, catalog number: 12481C100)

B. Purification of ZF arrays in E. coli BL21 (DE3)

1. Phenylmethylsulfonyl fluoride (PMSF) (Sigma-Aldrich, catalog number: P7626-250MG)
2. Benzamidine hydrochloride monohydrate (GOLDBIO, catalog number: B-050-500)
3. Pepstatin A (GOLDBIO, catalog number: P-020-100)
4. Leupeptin hemisulfate (GOLDBIO, catalog number: L-010-100)
5. Absolute ethanol (Fisher Scientific, catalog number: BP2818-4)
6. Ni-NTA Superflow (QIAGEN, catalog number: 1018611)
7. Pierce™ Bradford Plus Protein Assay Reagent (Thermo Scientific, catalog number: 23238)
8. HiTrap™ SP HP column (Cytiva, catalog number: 17115101)
9. Tris base (Fisher Scientific, catalog number: BP1521)
10. Hydrochloric acid (HC1) ~37% (Thermo Scientific, catalog number: LC149501)
11. Imidazole (Sigma-Aldrich, catalog number: 56750-500g)
12. 2-Mercaptoethanol (MP, catalog number: 190242)
13. L-Arginine (Sigma-Aldrich, catalog number: 11009-100G)
14. Coomassie Brilliant Blue R-250 Dye (Thermo Scientific, catalog number: 20278)
15. 2-Propanol (J.T. Baker, catalog number: 9084-01)
16. Acetic acid (Fisher Scientific, catalog number: A38SI-212)
17. NuPAGE™ Bis-Tris Mini Protein Gels, 4%-12%, 1.0~1.5 mm (Invitrogen, catalog number: NP0321BOX)
18. 2-(N-Morpholino)ethanesulfonic acid (MES) (Sigma-Aldrich, catalog number: M3671)
19. Sodium dodecyl sulfate (SDS) (Invitrogen, catalog number: 15525-017)
20. Ethylenediaminetetraacetic acid (EDTA) (Fisher Scientific, catalog number: BP120-1)
21. Precision Plus Protein™ Dual Color Standards (Bio-Rad, catalog number: 1610374)
22. Ulp1 (home-made, Addgene plasmid #229224) or commercial SUMO Protease (Invitrogen, catalog number: 12588-018)
Solutions
1. LB medium (see Recipes)
2. LB agar (see Recipes)
3. Kanamycin stock (1,000x) (see Recipes)
4. ZnCl; stock (0.1 M) (see Recipes)
5. IPTG stock (1 M) (see Recipes)
6. PMSF stock (100x) (see Recipes)
7. Protease inhibitor cocktail stock (200x%) (see Recipes)
8. Imidazole stock, pH 7.5 (5§ M) (see Recipes)
9. L-Arginine stock (1M) (see Recipes)
10. NaCl stock (5 M) (see Recipes)
11. Tris-HCI, pH 7.5 (1 M) (see Recipes)
12. Coomassie Brilliant Blue R-250 staining solution (see Recipes)
13. Lysis buffer (see Recipes)
14. Wash buffer (see Recipes)
15. Cleavage buffer A (see Recipes)
16. Cleavage buffer B (see Recipes)
17. Stock buffer (see Recipes)
18. 20x MES SDS running buffer (see Recipes)
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Recipes

1. LB medium

Reagent Final concentration Amount
Tryptone 10 g/L 10g
Yeast extract 5¢g/L S5g
Sodium chloride 10 g/L 10g
Double-distilled water (ddH,O) N/A UptolL

Autoclave the LB medium and store at room temperature.

2. LB agar plates
Reagent Final concentration Amount
Tryptone 10 g/L 10g
Yeast extract 5¢g/L S5g
Sodium chloride 10 g/L 10g
Agar 15 g/l 15¢g
ddH,O N/A UptolL

Autoclave the prepared LB Agar. Allow it to cool to approximately 50 °C, then add antibiotics, mix thoroughly, and pour
plates immediately. Store the prepared LB agar plates inverted at 4 °C.

3. Kanamycin stock (1,000x)

Reagent Final concentration Amount
Kanamycin sulfate 50 mg/mL 25¢g
ddH,O N/A Up to 50 mL

Sterilize the solution by passing it through a 0.22 um polyethersulfone filter and store at -20 °C.

4. ZnCl; stock (0.1 M)

Reagent Final concentration Amount
Zinc chloride 0.1 M 13.628 g
ddH,O N/A UptolL

If the powder does not dissolve completely after stirring, add a few drops of concentrated HCI (~37%) while stirring to
facilitate dissolution. Sterilize the solution by passing it through a 0.22 um polyethersulfone filter and store at room
temperature.

5. IPTG stock (1 M)

Reagent Final concentration Amount
IPTG 1M 11915 g
ddH,O N/A Up to 50 mL

Sterilize the solution by passing through a 0.22 um polyethersulfone filter and store at -20 °C.

6. PMSF stock (100x)

Reagent Final concentration Amount
PMSF 100 mM 1.7419 ¢
Absolute ethanol N/A Up to 100 mL

Store at -20 °C.

7. Protease inhibitor cocktail stock (200%)

Reagent Final concentration Amount
Benzamidine hydrochloride monohydrate 04 M 3.1322 g
Pepstatin A 0.4 mM 13.7178 mg
Leupeptin hemisulfate 0.12 mM 2.8536 mg
Absolute ethanol N/A Up to 50 mL

Store at -20 °C.
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8. Imidazole stock, pH 7.5 (5§ M)

Reagent Final concentration Amount
Imidazole 5M 3404 ¢

HCl N/A Adjust pH to 7.5
ddH,O N/A UptolL

Wrap the bottle with aluminum foil to protect from light and store at room temperature.

9. L-Arginine stock (1 M)

Reagent Final concentration Amount
L-Arginine 1M 1742 g
HCl N/A Adjust pH to 7.5
ddH,O N/A UptolL
Store at room temperature.
10. NaCl stock (5 M)
Reagent Final concentration Amount
Sodium chloride 5M 2922 ¢g
ddH,O N/A UptolL
Store at room temperature.
11. Tris-HCl, pH 7.5 1 M)
Reagent Final concentration Amount
Tris base IM 121.14 g
HCl N/A Adjust pH to 7.5
ddH,O N/A UptolL
Store at room temperature.
12. Coomassie Brilliant Blue R-250 staining solution
Reagent Final concentration Amount
Coomassie Brilliant Blue R-250 Dye 1g/L lg
2-Propanol N/A 250 mL
Acetic acid N/A 100 mL
ddH,O N/A UptolL
Mix completely and store at room temperature.
13. Lysis buffer
Reagent Final concentration Amount
Tris-HCL, pH 7.5 (1 M) 20 mM 20 mL
NaCl stock (5 M) 2M 400 mL
Imidazole stock, pH 7.5 (5 M) 10 mM 2 mL
ZnCl; stock (0.1 M) 100 uM 1 mL
ddH,O N/A UptolL
Store at 4 °C.
14. Wash buffer
Reagent Final concentration Amount
Tris-HCI, pH 7.5 (1 M) 20 mM 20 mL
NaCl stock (5 M) 500 mM 100 mL
Imidazole stock, pH 7.5 (5 M) 60 mM 12 mL
ZnCl; stock (0.1 M) 100 uM 1 mL
ddH,O N/A UptolL

Store at 4 °C.
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15. Cleavage buffer A
Reagent Final concentration Amount
Tris-HCL, pH 7.5 (1 M) 20 mM 20 mL
NaCl stock (5 M) 100 mM 20 mL
ZnCl; stock (0.1 M) 100 uM 1 mL
L-Arginine stock (1M) 100 mM 100 mL
2-Mercaptoethanol 5 mM 340 pL
ddH,O N/A UptolL

Prepare the solution freshly before use and store at 4 °C.

16. Cleavage buffer B
Reagent Final concentration Amount
Tris-HCI, pH 7.5 (1 M) 20 mM 20 mL
NaCl stock (5 M) IM 200 mL
ZnCl; stock (0.1 M) 100 uM 1 mL
L-Arginine stock (1 M) 100 mM 100 mL
2-Mercaptoethanol 5 mM 340 pL
ddH,O N/A UptolL

Prepare the solution freshly before use and store at 4 °C.

17. Stock buffer
Reagent Final concentration Amount
Tris-HCL, pH 7.5 (1 M) 20 mM 20 mL
NaCl stock (5 M) 100 mM 20 mL
ZnCl; stock (0.1 M) 100 uM 1 mL
L-Arginine stock (1 M) 100 mM 100 mL
ddH,O N/A UptolL

Store at 4 °C.

18. 20x MES SDS running buffer
Reagent Final concentration Amount
MES I M 97.6¢
Tris base 1M 60.6 g
SDS 69.3 mM 10g
EDTA 20.5 mM 38¢g
ddH,O N/A Up to 500 mL

Store at room temperature. The pH of 1x MES SDS running buffer should be 7.3.
Laboratory supplies

1. Thermo Scientific Nalgene™ Rapid-Flow™ sterile disposable bottle-top filters with PES, CN, SFCA or Nylon membranes
(Fisher Scientific, catalog number: 09-741-07)

2. Petri dish, untreated, UltraCruz® (Santa Cruz Biotechnology, catalog number: sc-516726)

3. Falcon™ 50 mL high-clarity conical centrifuge tubes (Fisher Scientific, catalog number: 14-432-22)

4. Pyrex® narrow-mouth graduated Erlenmeyer flask (Millipore, catalog number: CLS498050-12EA)

5. Borosilicate glass narrow-mouth Erlenmeyer flasks, 3,000 mL (United Scientific, catalog number: FG4980-3000)

6. Econo-Pac® chromatography columns (Bio-Rad, catalog number: 7321010)

7. Amicon® Ultra centrifugal filter, 3 kDa MWCO (Millipore, catalog number: UFC9003)

Equipment

1. Fisherbrand™ Isotemp™ general purpose deluxe water baths (Fisher Scientific, catalog number: FSGPD02)
2. Digital incubator (VWR, model: 1525)
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3. Refrigerated centrifuge (Eppendorf, model: 5810R)

4. Refrigerated incubator shaker (New Brunswick Scientific, model: Innova 4430)

5. Sonicator (QSONICA, model: Q500)

6. Sorvall™ LYNX 6000 superspeed centrifuge (Thermo Scientific, catalog number: 75006591)

7. Roto-Torque® heavy duty rotator (Cole-Parmer, model: 7637)

8. Econo pump (Bio-Rad, model: EP-1)

9. AKTA pure™ micro (Cytiva, catalog number: 29302479)

10. XCell SureLock™ Mini-Cell (Invitrogen, catalog number: E10001)

11. ChemiDoc™ MP imaging system (Bio-Rad, catalog number: 12003154)

12. NanoDrop™ 2000¢ Spectrophotometer (Thermo Scientific, catalog number: ND-2000C)

13. Fiberlite™ F9-6 x 1000 LEX fixed angle rotor for LYNX 6000 superspeed centrifuge (Thermo Scientific, catalog number:
096-061075)

14. Fiberlite™ F21-8 x 50y fixed angle rotor with auto-lock for LYNX 4000 and 6000 superspeed centrifuges (Thermo
Scientific, catalog number: 096-084275)

Software and datasets

1. Unicorn™ 7 for AKTA purifier (GE Healthcare,
https://www.cytivalifesciences.com/en/us/shop/chromatography/software/unicorn-7)

Procedure

A. Transformation of E. coli BL21 (DE3) with ZF-array expression plasmids

1. DNA fragments encoding various ZF arrays were optimized for E. coli codon usage, synthesized, and cloned by Genewiz
in a pET-28a-SUMO vector using BamHI and Xhol restriction sites. The constructed plasmids (pET-28a-SUMO-ZF, where
“ZF” is a placeholder for a particular ZF array) were delivered as E. coli agar stab cultures, and plasmids were prepared
therefrom by alkaline lysis and silica column chromatography (e.g., Qiagen Miniprep Kit).

2. Thaw 50 puL of competent E. coli BL21 (DE3) cells on ice.

3. Add 2 pL of the pET-28a-SUMO-ZF plasmid (~30 ng/uL) to the competent cells. Mix by gently flicking the tube.

4. Incubate the competent cells on ice for 30 min, then heat-shock in a water bath (e.g., Fisherbrand™ Isotemp™ water bath)
at 42 °C for 45 s. Place the cells on ice for an additional 3 min.

5. Add 500 pL of LB medium to the competent cells and shake at 180 rpm for 50 min at 37 °C (e.g., Innova 4430 shaker).
6. Spread 200 pL of the transformed cells on 10 cm LB agar plates containing kanamycin (final concentration: 50 pg/mL).
7. Incubate the plates (inverted) overnight at 37 °C (e.g., VWR 1525 incubator).

8. The next day, pick a single colony from the plate using a sterile pipette tip and inoculate into a 50 mL flask containing 15
mL of LB medium supplemented with kanamycin (final concentration: 50 pg/mL).

9. Grow the starter culture overnight at 37 °C at 180 rpm (e.g., Innova 4430 shaker).

B. Expression of ZF arrays (1 L culture)

1. Prepare 1 L of LB medium in a 3 L shaker flask and autoclave. After cooling, add kanamycin to 50 pg/mL (1 mL of
1,000% stock) and ZnCl, to 100 uM (1 mL of 0.1 M stock).

2. Add 15 mL of starter culture to the 1 L of LB medium and grow at 37 °C in a shaker at 180 rpm (e.g., Innova 4430 shaker).
3. Monitor the ODggo of the culture; when it reaches ~0.7, reduce the temperature to 16 °C and induce the expression of ZF
arrays by adding IPTG to 0.3 mM (300 pL of 1 M stock).

4. Incubate the culture overnight (~16 h) at 16 °C while shaking at 180 rpm.

5. Harvest the cells by centrifuging at 4,000x g for 20 min at 4 °C (e.g., LYNX 6000 centrifuge with an F9—6x1000 rotor).

6. Discard the supernatant and flash-freeze the cell pellet in liquid nitrogen.

Note: The frozen pellet can be stored at -80 °C for at least one year.
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C. Purification of ZF arrays

Day 1. ZF-array purification—affinity chromatography: Ni-NTA

1. Pour 2 mL of Ni-NTA Superflow resin slurry (50% v/v resin) into a gravity-flow chromatography column (e.g., Econo-
Pac® Chromatography Column).

2. Wash the resin with 10 column volumes each of ddH»O and lysis buffer.

3. Thaw the frozen cell pellet on ice and resuspend it in lysis buffer (10 mL of lysis buffer per gram of cell pellet)
supplemented with 1x PMSF (100 pL of 100x stock solution per 10 mL of lysis buffer) and 1x Protease inhibitor cocktail
(50 pL of 200x stock solution per 10 mL of lysis buffer).

4. Lyse the resuspended cells on ice with a tip sonicator (e.g., Q500 Sonicator. Amplitude: 50%; 15 s on/45 s off; 5 min).
Note: We recommend the use of type-304 stainless-steel beakers during sonication due to their high thermal conductivity
and cavitation erosion resistance.

5. Centrifuge the lysate at 60,000x g for 1 h at 4 °C (e.g., LYNX 6000 centrifuge with an F21-8x50y rotor).

6. Apply the clear supernatant to the packed bed of Ni-NTA Superflow resin.

7. Wash the resin with lysis buffer while monitoring the protein concentration of the flowthrough by mixing 10 pL of the
column effluent with 50 pL of Bradford reagent and observing the color (or measuring the absorbance at 595 nm). Continue
washing until there is no detectable protein in the effluent.

8. Wash the resin with wash buffer until there is no detectable protein in the effluent.

9. Wash the resin with cleavage buffer A until there is no detectable protein in the effluent.

Note: All washing steps (steps C7-9) are typically performed using 10—-20 column volumes of the corresponding buffer.

10. Resuspend the resin in 5 mL of cleavage buffer A.

Note: We suggest using five bed volumes of cleavage buffer A, larger volumes may reduce cleavage efficiency.

11. Add 0.1 mg of homemade Ulpl protease to the resuspended resin for on-column cleavage of the His-SUMO tag.
Notes:

1. N-terminally His-tagged Ulpl was expressed in E. coli BL21 (DE3) and purified by Ni-NTA affinity chromatography,
following the same procedure used for ZF-array expression and purification. After loading the clarified supernatant onto
the Ni-NTA Superflow resin, the resin was washed with wash buffer. Ulpl was subsequently eluted using wash buffer
containing 300 mM imidazole. The eluted Ulpl was concentrated to 1 mg/mL and mixed with glycerol to a final
concentration of 50% (v/v). The final Ulpl was flash-frozen in liquid nitrogen and stored at -80 °C.

2. Homemade Ulp1 can be replaced with a commercial Ulpl (SUMO Protease, catalog number: 12588-018).

12. Seal the column and incubate on a rotator at 4 °C overnight (e.g., Cole-Parmer rotator).

Day 2. ZF-array purification—cation exchange chromatography: Sulfopropyl-Sepharose

1. Equilibrate the HiTrap SP HP column with five column volumes of ddH,O using a peristaltic pump at a flow rate of 1
mL/min (e.g., EP-1 pump).

2. Equilibrate the column with five column volumes of cleavage buffer A using the peristaltic pump at a flow rate of 1
mL/min.

3. Collect the cleaved ZF arrays from the Ni-NTA Superflow resin (flowthrough fraction) in a 50 mL Falcon tube.

4. Wash the Ni-NTA Superflow resin with additional cleavage buffer A and collect the flowthrough fraction until there is
no detectable protein in the effluent.

5. Mix the two flowthrough fractions and centrifuge them at 4,000 g for 20 min at 4 °C to remove insoluble material.

6. Load the clarified supernatant onto the HiTrap SP HP column at a flow rate of 1 mL/min using the peristaltic pump.

7. Flush the AKTA pure™ micro system with cleavage buffer A and then insert the HiTrap SP HP column into its flow path.
Note: Before starting the run, configure the AKTA system to continually monitor UV absorbance at 280 nm (Azsq), 254 nm
(A254), and 215 nm (A215).

8. Wash the column at a flow rate of 1 mL/min with cleavage buffer A until all absorbance curves reach a stable baseline.
9. Elute the ZF arrays using a linear gradient from 0% to 100% cleavage buffer B over 60 min. Collect the eluate in 1-mL
fractions.

Note: For most ZF arrays, elution can be monitored by Azs9. However, for ZF arrays with low molar absorptivity at 280 nm
(e.g., due to a lack of tryptophan residues), the presence of ZF arrays can be monitored by the absorbance at 215 nm.
Typically, only one elution peak is observed in either the Azs) or Az;s signal.

10. Analyze the eluate fractions by SDS-PAGE. Stain the gel with Coomassie Brilliant Blue R-250 staining solution, and
then destain with water until a clear background is obtained.

11. Concentrate the fractions containing pure ZF arrays using a centrifugal filter device with an appropriate molecular-
weight cutoff (e.g., Amicon® Ultra Centrifugal Filter, 3 kDa MWCO) while exchanging the buffer to stock buffer.
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12. (Optional) Perform preparative gel-filtration chromatography to ensure monodispersity of size.

Note: If this step is performed, the buffer exchange described in step 11 above can be omitted.

13. Determine the concentration of the purified ZF array by measuring the absorption at 280 nm (e.g., using a NanoDrop
spectrophotometer). Aliquot and flash-freeze the protein solution in liquid nitrogen and then store at -80 °C.

Notes:

1. For ZF arrays with very low molar absorptivity at 280 nm, the protein concentration can instead be measured according
to the method of Bradford [32].

2. Frozen ZF arrays remain stable at -80 °C for at least 6 months. For optimal protein stability, we recommend avoiding
repeated freeze-thaw cycles.

Validation of protocol

This protocol has been used and validated in the following research article:
* Liang et al. [31]. A universal method for the purification of C2H2 zinc finger arrays. PLOS One (Figures 1E, 2, and 3A,
top panel).

General notes and troubleshooting

General notes

1. This protocol has been tested on ZF arrays with isoelectric points (pI) ranging from 7.8 to 10.6 [31]. For ZF arrays with
a pl at or below 7.5, the pH of the buffers may need to be adjusted accordingly to ensure a net positive charge in solution.
2. Beginning with Section C, all steps should be carried out on ice or in a cold room.

3. Due to the presence of 2-mercaptoethanol in cleavage buffer A, we recommend using fresh Ni-NTA Superflow resin.

4. Zinc ions should be present throughout the entire expression and purification process. L-Arginine should be included in
all steps starting from Ulpl cleavage.

Troubleshooting

Problem 1: After overnight Ulp1 treatment, cleaved ZF arrays fail to elute from Ni-NTA Superflow resin.
Possible cause: ZF arrays may exhibit strong, nonspecific binding to the resin.
Solution: Elute ZF arrays with imidazole-containing wash buffer.

Problem 2: Multiple bands, at or above the expected MW, appear on SDS-PAGE gels of purified ZF arrays.

Possible cause: Upon denaturation, cysteine residues in ZF domains may form intermolecular disulfide bonds, leading to
bands corresponding to monomers, dimers, or higher-order complexes.

Solution: Add fresh 2-mercaptoethanol to the protein loading buffer and use freshly prepared samples.

Problem 3: Bands below the expected MW appear on SDS-PAGE gels of purified ZF arrays.
Possible cause: Protease contamination.
Solution: Add PMSF/protease inhibitor cocktail to purification buffers immediately before use.

Problem 4: Cleaved His-SUMO tag and Ulp1 appear in the eluate.
Possible cause: The binding affinity of Ni-NTA Superflow resin may be reduced by the inclusion of 2-mercaptoethanol.
Solution: Use fresh resin. The His-SUMO tag and Ulp1 can also be removed by the HiTrap SP HP column step.

Problem 5: Incomplete cleavage of the His-SUMO tag.
Possible cause: The activity of the batch of homemade Ulp1 may be suboptimal, or the cleavage duration may be insufficient.
Solution: Use a new batch of Ulp1 or increase its concentration. Extending the duration of cleavage may also be helpful.

Problem 6: Low protein expression after induction.
Possible cause: Poor protein expression.
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Solution: If, after repeating the transformation, expression continues to be low, optimize the IPTG concentration and the
induction temperature. If necessary, redesign the construct (ensuring bacterial codon optimization).

Problem 7: Protein expression observed before IPTG induction.
Possible cause: Basal expression from the T7 promoter.
Solution: Use the BL21 (DE3) pLysS (or pLysE) strain instead of BL21 (DE3) to suppress basal expression.
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