Biointerface Research in Applied Chemistry
Open-Access Journal (ISSN: 2069-5837)
Article
Volume 13, Issue 6, 2023, 592
https://doi.org/10.33263/BRIAC136.592

Optimization of the Expression of Recombinant
Cetuximab Single-Chain Fragment Variable and
Comparative its Purification with Magnetic Nanoparticles
and Conventional Fast Protein Liquid Chromatography

Masumeh Jalalvand 1® Khadijeh Falahzadeh 1®  Amirmasoud Jalalvand 2@,
Mohammadali Mazloumi *® | Haleh Bakhshandeh *@, Gholamreza Shahsavari “@, Elham Bayat s®
Ziba Veisi Malekshahi @ | Leila Nematollahi 5" ®  Babak Negahdari 1@

1 Department of Medical Biotechnology, School of Advanced Technologies in Medicine, Tehran University of Medical
Sciences, Tehran, Iran; masumehjalalvand@gmail.com (M.J.); falahzadeh2020@yahoo.com (Kh.F.); m-
mazlomi@tums.ac.ir (M.M); z_vaisemalekshahi@razi.tums.ac.ir (Z.V.M.); b-negahdari@sina.tums.ac.ir (B.N.);

2 Department of Biotechnology, School of Medicine, Lorestan University of Medical Sciences, Khorramabad, Iran;
amirmasoudjalalvand749@gmail.com (A.M.J.);

3 Department of Nano Biotechnology, New Technology Research Group, Pasteur Institute of Iran, Tehran, Iran;
h_bakhshandeh@pasteur.ac.ir (H.B.);

4 Department of Biochemistry, School of Medicine, Lorestan University of Medical Sciences, Khorramabad, Iran;
reza_shahsavari@yahoo.com (G.S.);

5 Biotechnology Research Center, Pasteur Institute of Iran; elhambyt@gmail.com (E.B.); Leila.nematollahi@pasteur.ac.ir
(L.N.);

*  Correspondence: b-negahdari@sina.tums.ac.ir (B. N.); Leila.nematollahi@pasteur.ac.ir (L.N.);

Scopus Author ID 55918361200
Received: 15.12.2022; Accepted: 23.02.2023; Published: 7.04.2023

Abstract: Various approaches are applied to purify recombinant proteins. Choosing an appropriate
purification method seems necessary to achieve a high purity level. In the current study, we compared
two different purification strategies, including nickel-nitrilotriacetic acid affinity chromatography using
fast protein liquid chromatography system and Ni?*-functionalized Fe;O.@polydopamine magnetic
nanoparticles to purify recombinant cetuximab single-chain fragment variable which specifically
attaches to epidermal growth factor receptor according to the affinity interactions between Ni®* and a
polyhistidine-tag on the carboxyl-terminus of cetuximab single-chain fragment variable. Epidermal
growth factor receptor is overexpressed in many cancer types, especially colorectal cancer cells, making
it a valuable candidate for targeted cancer therapy. We optimized expression conditions for recombinant
cetuximab single-chain fragment variable in terms of isopropyl-L-thio-fB-D-galactopyranoside
concentration and cultivation temperature. The soluble cetuximab scFv was extracted from E. coli
periplasm through osmotic shock. Ni**-functionalized FesO,@polydopamine magnetic nanoparticles
were prepared using the co-precipitation method. Then, nickel-nitrilotriacetic acid affinity
chromatography and Ni**-functionalized Fe;04@polydopamine magnetic nanoparticles were employed
to purify the cetuximab single-chain fragment variable. Although, according to our experiments, the
main strength of nickel-nitrilotriacetic acid affinity chromatography is data reproducibility, this strategy
has some big drawbacks, like a sophisticated, costly, and time-consuming purification process.
Therefore, compared with nickel-nitrilotriacetic acid affinity chromatography using fast protein liquid
chromatography, the Ni?*-functionalized Fe;0,@polydopamine magnetic nanoparticles technique
could be considered a simpler, faster and cheaper method for purification of desired recombinant
proteins. Notably, the concentration of purified single-chain fragment variable using Ni**-
functionalized Fe;O.s@polydopamine magnetic nanoparticles gradually decreased in the subsequent
batch reactions.
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1. Introduction

Antibodies and antibody fragments are widely utilized as therapeutic agents, diagnostic
tools, and biosensors, which facilitate the targeted delivery of drugs to a specific location
through a carrier system [1]. Single-chain fragment variables (scFv), as a small functional unit
of an immunoglobulin molecule, is a heterodimer of the non-covalently linked variable region
of immunoglobulin light chain (VL) and the variable region of immunoglobulin heavy chain
(VH) domains with a short flexible peptide linker. This linker comprises stretches of Glycine
(Gly) and Serine (Ser) residues (GlysSer)s and also Glutamic acid (Glu) and Lysine (Lys)
residues to improve the flexibility and solubility of scFv, respectively [2-5]. The linker's length
and amino acid composition are essential for the native three-dimensional structure and the
function of correctly folded proteins [5, 6].

ScFvs, which only include the antigen-binding site, seems preferable to parental
antibodies due to their smaller size (~ 30 kDa) with less post-translational modifications, more
rapid clearance from circulating blood, better tissue penetration, lower in vivo antigenicity
response, and less retention in non-target tissues [1, 2, 4]. ScFv fragments have less
immunogenicity than whole antibodies while retaining antibody specificity and affinity for the
antigen [7]. Compared to conventional antibodies that are produced with costly and time-
consuming processes in various mammalian host cells, scFv can be expressed on a large scale
in bacterial expression systems with considerably less cost [2, 3, 7]. Furthermore, scFv can be
further manipulated and engineered by fusing to diverse moieties like drugs, toxins, cytokines,
enzymes, radionuclides, liposomes, and viruses intended for therapeutic purposes such as the
treatment of cancers, human immunodeficiency virus (HIV) and neurodegenerative diseases,
and also diagnostic imaging and radiotherapy [6, 8]. Due to its favorable features over
monoclonal antibodies, notable advancement has been made in expression conditions and
purification strategies of scFv [1]. With the high demand for scFv for diagnostic and therapeutic
applications, it is vital to optimize its expression conditions and facilitate its purification in
order to achieve low-cost and high-yield strategies. Although recombinant histidine-tagged
proteins are often purified through affinity chromatography because of this method's high
specificity and recovery rate, this procedure is considered a complex and time-consuming
technique [9, 10]. These techniques have been proposed for the concentration and purification
of intricate biological macromolecules or small molecules. Compared to traditional
approaches, new nanoscale materials with remarkable physical and chemical characteristics
have been produced [11-14].

Magnetic nanoparticles (MNPs) are appealing nanomaterials due to their
biocompatibility, straightforward production process, and capacity to be controlled by an
external magnetic field [15-19]. MNPs-based separation techniques have long been understood
to be based on the selective adsorption of molecules to certain magnetic particles [20-23].
MNPs are a fantastic alternative for purifying proteins from their natural and lab sources
because of their low remanence, low cost, and no negative environmental effects [24-28]. This
approach also offers a high rate of operation and accuracy compared to traditional techniques
like chromatography and electrophoresis. It does not require sample preparation methods like

https://biointerfaceresearch.com/ 20of 14


https://doi.org/10.33263/BRIAC136.592
https://biointerfaceresearch.com/
https://creativecommons.org/licenses/by/4.0/

https://doi.org/10.33263/BRIAC136.592

centrifugation or filtration [29-31]. This is due to the fact that proteins may be effectively
separated and purified using MNPs [17, 32]. Therefore, an alternative system like
functionalized MNPs for the purification of these proteins is highly desirable owing to its
simple synthesis process and cost-effectiveness [33, 34]. Moreover, using these affinity
magnetic materials can effectively shorten the time of histidine-tagged protein purification [35,
36]. Among various functionalized MNPs, Ni?*-functionalized FesOs@polydopamine MNPs
(Ni?*-PD-MNPs) have been considered a suitable approach for polyhistidine-tagged (His-
tagged) protein purification in a protein mixture [37]. FesO4 nanoparticles have a high surface
area, which allows for effective adsorption and, as a result, can promote the adsorption of His-
tagged scFv. As a nanomaterial modification coating, polydopamine has several unique
adhesion features, such as strong adhesion and high durability. Dopamine's catechol possesses
adhesion properties as well. By forming coordination bonds with a wide range of metal ions,
such as Ni?*, the catechol group might create a complex. The Ni?* could particularly bind to
His-tagged scFv, which increases the adsorption of proteins at low protein concentrations. In
this study, the expression conditions of scFv were examined further in terms of temperature
and isopropyl-L-thio-B-D-galactopyranoside (IPTG) concentration, its periplasmic extraction
method was refined, and its interaction with colorectal cancer cells, HCT116, was investigated
for the first time. In addition, the present study aimed to compare nickel-nitrilotriacetic acid
(Ni-NTA) affinity chromatography using fast protein liquid chromatography (FPLC) and Ni?*-
PD-MNPs methods to explore the efficiency of these two strategies for purification of
cetuximab scFv extracted from osmotic shock fractions (Scheme 1). The iron nanoparticles
were also synthesized using the co-precipitation approach, which is easier than the
solvothermal method.
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Scheme 1. Optimization of the expression of recombinant cetuximab single-chain fragment variable and
comparative its purification with magnetic nanoparticles and conventional fast protein liquid chromatography.

2. Materials and Methods

2.1. Production of cetuximab scFv.

To generate soluble scFv, DNA encoding the scFv construct in VH-linker-VL format
with standard 15 amino acid linker (GlysSer)s containing a hexahistidine affinity tag at the
carboxyl-terminus was expressed in BL21 (DE3) E. coli strain using the pET22b (+) vector
consists of a pelB promoter for controlling periplasmic protein expression [38]. E. coli cells
were cultured at 37 °C in Luria-Bertani (LB) medium with 100 mg/mL kanamycin in a 150-
rpm shaker incubator. For scFv expression, isopropyl-L-thio-f-D-galactopyranoside (IPTG)
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was added to a final concentration of 0.8 mM when optical density at 600 nm (OD600) reached
0.5t0 0.6 at 30 °C.

2.2. Extraction of periplasmic scFv.

Following IPTG induction, antibody fragments were produced in bacterial periplasmic
space, and the cells were harvested 4 h post-induction by centrifugation (9,000 rpm, 15 min,
and 4 °C) [39]. Soluble scFv was extracted from E. coli periplasm using TrissEDTA/Sucrose
(TES) buffer (30 mM Tris-HCI [pH 8.0], 20%(w/v) sucrose, and 1 mM EDTA) and was
incubated on ice for 20 min. In the next step, cell homogenate was separated into the pellet and
supernatant by centrifugation (9,000 rpm, 15 min, and 4 °C). The supernatant was discarded
after adding 5 mM MgCI2 to the pellet and incubated on ice for 20 min. Then, it was centrifuged
(9,000 rpm, 30 min, and 4 °C) to achieve a clear supernatant containing soluble periplasmic
proteins. Following that, the periplasmic fraction was dialyzed against buffered phosphate
saline (PBS) for 4 h at 4 °C. After that, the supernatant was removed, and 5 mM MgClz. was
added, and it was incubated on ice for 20 min. Finally, centrifugal force (9,000 rpm, 30 min,
and 4 °C) was applied to achieve a clear supernatant.

2.3. Purification of cetuximab scFv.

His-tagged scFv was purified from the osmotic shock fractions using Ni-NTA affinity
chromatography according to the manufacturer's instructions [38]. The periplasmic fraction
was loaded at a 1.5 mL/min flow rate on a Ni-NTA column equilibrated with the 10 mM
imidazole binding buffer before the purification and attached to an FPLC system (BIORAD).
After allowing the sample to flow through, the column was washed with the 20 mM imidazole
wash buffer, and the wash fraction was collected for further sodium dodecyl-sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) analysis. Following that, purified scFv was
recovered with 250 mM imidazole in elution buffer (50 mM NaH2POs, 300 mM NaCl, 250
mM imidazole, pH 8). The purified protein buffer exchange was done against PBS at 4 °C for
4 h. The purity of the scFvs was determined according to standard protocols using SDS-PAGE
and confirmed by Western blotting. The purified scFv concentration was determined by
Bradford assay using the bovine serum albumin (BSA) as a protein standard.

2.4. Western blotting.

Western blot technique was performed using standard methods [40]. Briefly, after
electrophoresis, the cetuximab scFv (20ug/mL) was transferred from gel to a nitrocellulose
membrane in a wet blotting system (Denagen Tajhiz). The membrane was blocked with 3%
(w/v) BSA in PBS buffer at 4 °C for 16 h (overnight). The membrane was then washed with
PBS buffer containing 0.05% tween-20 (PBST) and was incubated with anti-Histidine
horseradish peroxidase (HRP) conjugated antibody (1:700 dilution) at room temperature for 2
h. The membrane was washed four times with PBST buffer and one more time with PBS buffer
alone. Finally, scFv was detected using 3,3'-diaminobenzidine (DAB)/H202 system.

2.5. Analysis of antigen binding specificity of scFv by cell-based enzyme-linked immunoassay
(ELISA).

Cell-based ELISA was performed to confirm that scFv specifically binds to cell surface
epidermal growth factor receptor (EGFR) (Abcam protocol). HCT-116 (human colorectal

https://biointerfaceresearch.com/ 4 0of 14


https://doi.org/10.33263/BRIAC136.592
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC136.592

carcinoma), A431 (epidermoid carcinoma), and MCF7 (epithelial breast cancer) cell lines
(purchased from Pasteur Institute of Iran) were separately seeded in 96-well cell culture plates.
After 24 h, cells were harvested and fixed with 100 pL of 8% paraformaldehyde solution and
incubated for 15 min. Then, cells were 3 times washed with PBS. After discarding PBS, 200
ML of blocking solution was added to each well, and cells were incubated for 2 h. In the next
step, the blocking solution was removed, and 100 pL of purified scFv as primary antibody was
added to test wells, and cetuximab antibody as primary antibody solution was added to control
wells and incubated overnight at 4 °C which led to the binding of antibodies to the cell surface.

Then, each well was washed three times with 250 pL wash buffer to remove unbound
primary antibodies. After that, 100 pL of anti-Histidine HRP conjugated antibody (1:250) was
added as the secondary antibody to test wells, and 100 pL of HRP-conjugated anti-mouse 1gG
antibody (1:500) was added as the secondary antibody to control wells. After 2 h incubation,
the secondary antibody solution was discarded, and each well was washed four times with 250
pML wash buffer. Finally, 3,3',5,5'-Tetramethylbenzidine (TMB) substrate, which reacts with
HRP, was added to each plate and was red at 450 nm using Cytation Cell Imaging Multi-Mode
Plate Reader

2.6. Synthesis and analytical methods of Ni?*-PD-MNPs.

Ni2*-PD-MNPs were synthesized via the co-precipitation method [41]. Briefly, 2.97 g
iron (111) chloride and 1.193 g iron (1) chloride with a 1:1:0.6 molar ratio were dissolved in 20
ml deionized water. Then, 30 ml 3M NaOH was added dropwise to the above solution until pH
8 was reached, and the solution was stirred for 30 min and heated at 90 °C. The black solid
particles, MNPs, were separated by an external magnet and washed several times with
deionized water. MNPs (0.2 g) were ultrasonically dispersed in 200 mL of 10 mM Tris-HCI
(pH 8.5) for 15 min at 25 °C. Afterward, dopamine hydrochloride (0.2 g) was added to the
above solution and stirred at room temperature for 12 h. Then, PD-MNPs were repeatedly
washed with water, and PD-MNPs were transferred to 200 mL 100 mM NiSOs solution with
continuous mechanical stirring at room temperature for 2 h. After magnetic separation, the
resultant Ni*-PD-MNPs were stored in deionized water.

The resultant Ni?*-PD-MNPs were analyzed by dynamic light scattering (DLS) to
determine the particle sizes using Zetasizer NS, Malvern Instrument Itd, Malvern, UK, at
25.0+0.1 °C. Ni**-PD-MNPs were freshly prepared and diluted with distilled water before
measurements. The morphological structure of Ni?*-PD-MNPs was studied by scanning
electron microscope (SEM). Fourier-transform infrared (FT-IR) is utilized for demonstrating
the presence of polydopamine on the MNP's surface. FT-IR spectra were collected on a Nicolet
FT-IR spectrometer 4700, USA. Energy dispersive X-ray spectroscopy (EDX) was used to
analyze the elemental composition of the synthesized particles. X-ray diffraction (XRD)
identification of material phases was carried out with a Rigaku D/MAX 2550 X-ray
diffractometer (Rigaku, Japan), using a copper target as the diffraction source and a wavelength
of 0.154 nm.

2.7. Purification of cetuximab scFv by Ni**-PD-MNPs.

Ni2*-PD-MNPs were used to selectively purify cetuximab scFv from periplasmic
solution. 4 ml of Ni?*-PD-MNPs were sonicated for 20 min, and 10 ml of a periplasmic solution
containing recombinant scFv was added and stirred at room temperature for 30 min. After that,
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the Ni?*-PD-MNPs were separated by an external magnet. Then, 2 mL of binding buffer
containing 10 mM imidazole and 2 mL of binding buffer containing 20 mM imidazole were
separately added to Ni?*-PD-MNPs in order to remove the non-specifically bounded proteins.
Finally, the cetuximab scFv was eluted by the addition of 2 mL of an elution buffer containing
250 mM imidazole. The purity of the recombinant scFv was detected by SDS-PAGE analysis,
and also the Bradford protein assay was used to measure the concentration of purified scFv.

3. Results and Discussion

3.1. Polymerase chain reaction (PCR) and digestion.

The correct size of the scFv DNA fragment was confirmed by PCR and restriction
analysis. The VH and VL genes were PCR-amplified using specific primers. The PCR product
of amplified scFv fragment with the size of approximately 750 bp was visualized on agarose
gel (Figure 1a, lane 1). Verification of inserted scFv fragment in the pET22b vector was
performed by double digestion with NCOI and Xhol enzymes as shown in (Figure 1b).

(b)

Figure 1. (a) Analysis of PCR product by 1% agarose gel electrophoresis. Lane 1: amplification of scFv DNA
fragment; lane 2: DNA marker: (b) Restriction enzyme digestion pattern using NCOI/Xhol was analyzed by 1%
agarose gel electrophoresis. Lane 1: undigested pET22b; lane 2: undigested cetuximab; lane 3: cetuximab
digested with NCOI/Xhol; lane 4: DNA marker; lane 5: cetuximab digested with NCOI; lane 6: pET22b
digested with NCOI.

3.2. Production and optimization and extraction of periplasmic of cetuximab scFv.

BL21 (DE3) E. coli strain was transformed with the pET22b (+)/pelB vector containing
cetuximab scFv sequence and was subjected to protein expression induction in LB broth
medium with 100 mg/mL kanamycin. Therefore, protein expression induction was triggered
by the addition of the inducer IPTG. The protein expression condition optimization, including
changes in IPTG concentration and growth temperature, was carried out to obtain soluble scFv
protein. When the OD at 600 nm reached 0.5 to 0.6 values, the cetuximab scFv expression was
induced by various concentrations of IPTG (0.3, 0.4, 0.5, 0.6, 0.8, and 1 mM) and was grown
for 4 h. When the optimum IPTG concentration was obtained at 0.8 mM, the expression of
scFv protein was carried out at two different temperatures (18 °C and 30 °C). After induction,
the bacterial biomass was collected by centrifugation (9,000 rpm for 15 min and 4 °C). In order
to perform periplasmic extraction, the cell pellet was resuspended in a TES buffer. A
supernatant containing soluble periplasmic scFv was finally achieved, and the total protein was
analyzed by SDS-PAGE, followed by Coomassie brilliant blue R250 staining. As shown in
Figure 2, the presence of a clear protein band with a molecular weight of around 28 kDa
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demonstrated that the recombinant cetuximab scFv was successfully expressed in periplasmic
space. According to our results, the final IPTG concentration of 0.8 mM conducted at 30 °C
for 4 h was the optimum condition for the high-level expression of soluble cetuximab scFv (red
arrow in Figure 2). As shown in Figure 2c, when an empty plasmid that lacks the cetuximab
scFv fragment was transferred in the BL21 (DE3) E. coli strain, no band appeared as a
consequence of protein expression analysis by SDS-PAGE.

- - ]
(@) (b) (©

Figure 2. (a) IPTG concentration optimization for soluble cetuximab scFv at 30 °C. Lane 1: 0.3 mM, lane 2: 0.4
mM, lane 3: 0.5 mM, lane 4: 0.6 mM, lane 5: 0.8 mM, lane6: 1 mM IPTG, and lane 7: protein marker; (b) 15%

SDS-PAGE of IPTG-induction optimization of soluble cetuximab scFv at 18 °C. Lane 1: BL21 (DE3) E. coli

without IPTG induction, lane 2: protein marker, lane 3: 0.3 mM, lane 4: 0.4 mM, lane 5: 0.5 mM, lane 6: 0.6
mM, lane 7: 0.8 mM, lane 8: 1.0 mM IPTG; (c) 15% SDS-PAGE of soluble cetuximab scFv expression at 30°°.

Lane 1: protein marker, lane 2: soluble cetuximab scFv, lane 3: uninduced BL21 (DE3) E. coli.

3.3. Western blotting.

After SDS-PAGE analysis, western blotting was performed to detect the cetuximab
scFv protein band among cellular protein fractions using an anti-His tag antibody. As
demonstrated in Figure 3, the western blotting analysis anti-His tag antibody recognized a
single protein band near 28 kDa. Our results confirmed the presence of the cetuximab scFv
protein. A 30 kDa protein was used as the positive control to confirm the western blotting
results.

Figure 3. Western blotting analysis using anti-His tag antibody. Lane 1: the detected band for cetuximab scFv,
lane 2: positive control, lane 3: protein marker.

3.4. Analysis of antigen binding specificity of scFv by cell-based ELISA.

The cell-based ELISA was employed using the EGFR over-expressing cell lines HCT-
116 and A431 (as positive control) and a cell line with low levels of EGFR expression (MCF7)
to determine the specificity of the purified cetuximab scFv. As shown in Figure 4, the A431
and HCT-116 cell lines exhibited higher OD values than the MCF7 cell line. Cetuximab scFv
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and cetuximab antibody recognized and latched onto the EGF receptor on the surface of the
A431 and HCT-116 cell lines, while cetuximab scFv showed reduced attachment to MCF7 cell
line due to lower EGFR cell surface levels. Therefore, our results confirmed the high specificity
of purified cetuximab scFv for the EGFR antigen.

*

3 —
E= scFv
B Cetuximab

0D value (@ 450nm
™)
1

A431 HCT116 MCF7

Figure 4. Binding assay of cetuximab scFv by cell-based ELISA. Binding assay of cetuximab scFv by cell-
based ELISA. A statistical evaluation was performed using an unpaired t-test. The data displayed are means
with standard errors of the means (SEM). *, P value < 0.0467 (compared the interaction of scFv with HCT116
and A-431 cells as indicated); ***, P value < 0.0006 (compared the interaction of scFv and HCT116 with MCF-
7 cells as indicated); A P-value below 0.05 was considered statistically significant.

3.5. Purification of cetuximab scFv by FPLC system.

In order to purify desired scFv, it was expressed in 500 mL LB broth media at optimized
conditions (0.8 IPTG, 30 °C, 4 h), and periplasmic extraction was carried out. Affinity
chromatography was performed using a Ni-NTA column by FPLC system. 20 pug/mL of
purified scFv eluted from the FPLC system was obtained from 25 mL total protein solution,
and SDS-PAGE analyzed elution fractions. Our findings indicated that non-specific proteins
were removed by washing. Coomassie blue staining visualized a single band of cetuximab scFv
under the 30 kDa protein marker reference band in the gel. Protein purification outcomes
demonstrated that recombinant scFv was successfully purified by the FPLC system (Figure 5).

Figure 5. SDS-PAGE analysis of purified cetuximab scFv using Ni-NTA column by FPLC system. Lane 1:
initial sample, lane 2: protein marker, lane 3: purified cetuximab scFv.

3.6. Characterization of the Ni?*-PD-MNPs.

The Ni?*-PD-MNPs dispersions were characterized using DLS. The particle size
distribution of Ni?*-PD-MNPs is shown in Figure 6a. The average hydrodynamic size of The
NiZ*-PD-MNPs was 268 nm. SEM showed that the Ni?*-PD-MNPs were non-uniform and
dispersed, with a diameter of about 50 nm (Figure 6b). The correct polydopamine coating on

the surface of MNPs was confirmed by FT-IR spectroscopy (Figure 6c). As observed in the
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FT-IR spectrum, the peak between 1500-1650 cm™ indicated N-H stretching vibration, and
another peak between 3200-3600 cm™* showed the presence of hydroxyl groups. EDX analysis
also confirmed the existence of nickel in the Ni>*-PD-MNPs (Figure 6d). XRD examination of
the synthesized materials showed diffraction peaks at 30.1°, 37.1°, 43.1°, 53.4°, 57°, and 62.6°
(Figure 6d), which correlate to FesOas crystal plane diffraction.
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Figure 6. (a) DLS analysis of Ni?*-PD-MNPs; (b) SEM image of Ni?*-PD-MNPs; (c) FT-IR analysis of Ni®*-
PD-MNPs revealed that the polydopamine was correctly coated on the surface of MNPs; (d) The dispersive
energy X-ray (EDX) analysis of Ni>*-PD-MNPs confirmed the presence of Ni in the prepared nanoparticle; (e)
X-ray diffraction of Ni?*-PD-MNPs.

3.7. Purification and reusability of cetuximab scFv by Ni?*-PD-MNPs.

Remarkable progress has been carried out in recombinant protein purification protocols
[42-46]. Recombinant protein can be purified using various methods [47-50]. However,
purification techniques must be explored for each individual protein based on its application
[51]. The broad applications of recombinant proteins in diagnostic and treatment techniques
and the vital importance of highly efficient Histidine tagged proteins purification via metal ions
like Ni*2 highlight the great importance of finding a facile, fast, low-cost, and efficient protein
purification strategy [52, 53]. Masthoff et al. prepared Fe2O3 nanoparticles via solvothermal
synthesis using triethylene glycol. Fe2Os nanoparticles were then functionalized with 3-
glycidoxypropyltrimethoxysilane and NTA and were charged with Ni?*. This highly specific
purification method was used for His-tagged ABF D1.3 scFv. Due to the presence of NTA and
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being charged with Ni?*, this system was an alternative approach for the facile and efficient
purification of Histagged proteins or peptides [35]. Imani et al. used the co-precipitation
method to prepare magnetic NiFe204 nanoparticles. When the Ni was on the surface of NiFe204
nanoparticles, a suitable system was produced for His-protein isolation. They emphasized that
the three-dimensional structure of nickel and iron oxide nanoparticles' distance between nickel
and nanoparticles is an important factor in increasing the capacity of NiFe204 nanoparticles for
the purification of His-tag protein [53]. Zeng et al. used Ni-MNPs for purification of his-tagged
glycoside hydrolase DspB protein. They demonstrated that in comparison with commercial Ni-
NTA, their purification system led to more pure and active protein [54].

In an effort to identify an optimal approach for the purification of recombinant proteins,
we compared two different purification methods, including Ni-NTA affinity chromatography
using the FPLC system and Ni?*-PD-MNPs for the purification of recombinant cetuximab
scFv. Due to the binding ability of Histidine-tag to Ni?*, Ni?*-PD-MNPs, and Ni-NTA affinity
chromatography could be employed to purify histidine-tagged scFv. Compared to Ni-NTA
affinity chromatography using an FPLC system, Ni?*-PD-MNPs were easier to operate. Also,
the synthesis process was simpler and more economical for the purification of recombinant
cetuximab scFv. The total loaded protein on the Ni-NTA affinity chromatography column was
approximately 25 ml, and the concentration of the eluted scFv was 20 pug/mL, whereas the total
loaded protein in each batch reaction of Ni?*-PD-MNPs was 10 ml, and the concentration of
the eluted scFv was 14 pug/mL in the first batch reaction.

Purification of cetuximab scFv by Ni?*-PD-MNPs led to identifying a 28kDa clear
protein band, in which non-specifically bound proteins were decreased. These findings verified
that the Ni?*-PD-MNPs were able to bind and selectively purify the cetuximab scFv (Figure
7a). The concentration of the eluted scFv was determined by Bradford assay [55]. 14 pg/mL of
eluted scFv was obtained from 10 mL total protein in the first batch reaction. We assayed the
reproducibility of the Ni?*-PD-MNPs strategy for the purification of cetuximab scFv. To this
end, the Ni?*-PD-MNPs were utilized to purify subsequent total protein leading to 9 pg/mL
eluted cetuximab scFv. SDS-PAGE analysis indicated a faint band with a molecular weight of
around 28 kDa (Figure 7b).

(@) (b)
Figure 7. (a) SDS-PAGE analysis of purified cetuximab scFv by Ni?*-PD-MNPs. Lane 1: initial sample, lane 2:
binding buffer containing 10 mM imidazole, lane 3: binding buffer containing 20 mM imidazole, lane 4: protein
marker, lane 5: purified cetuximab scFv; (b) SDS-PAGE analysis of purified cetuximab scFv using Ni?*-PD-
MNPs. Lane 1: purified cetuximab scFv, lane 2: protein marker.

4, Conclusions

In this study, the periplasmic extraction method of scFv was optimized, the expression
conditions of scFv were further investigated in terms of temperature conditions and IPTG
concentration, and its interaction with HCT116 cells, which are colorectal cancer cells, was
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examined. Future studies may employ this scFv for the targeted delivery of colorectal cancer
because of its association with these cells. On the other hand, two techniques FPLC and
nanoparticles.were researched to purify it more effectively. Our results demonstrated that the
purification capacity of Ni-NTA affinity chromatography for cetuximab scFv remained almost
constant after repeated use of the column. Still, the concentration of eluted scFv purified by
Ni2*-PD-MNPs gradually reduced in the subsequent batch reaction (9 pg/mL) which revealed
that the later purification strategy could not be considered as a reproducible method. This may
be attributed to the detachment of Ni?* from the nanoparticle surface, which reduces the
capacity of Ni?*-PD-MNPs for efficient purification of the desired protein. Therefore, we
concluded that in comparison with Ni?*-PD-MNPs, the FPLC system indicates higher
reusability. According to the outcome of this study, we suggest that further research is needed
to improve the reproducibility of the Ni?*-PD-MNPs purification strategy to achieve a cost-
effective and convenient method.
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