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Abstract

Background: This study highlights the significance of using Staphylococcus aureus (S.
aureus) Protein A (SpA) for antibody purification.

Methods: The gene encoding Protein A was isolated from S. aureus and cloned into the
PET-28a vector. Following transformation into Escherichia coli (E. coli) BL21, recom-
binant Protein A was expressed and purified using a nickel affinity resin.

Results: The recombinant expression of protein A produced a yield of 50 mg/L, indicat-
ing a substantial production efficiency. The characterization of the recombinant protein
through various ELISA tests confirmed its binding affinity to antibodies. Subsequently,
the recombinant Protein A was immobilized on two different matrices: activated Se-
pharose 4B and amine-functionalized magnetic nanoparticles.

Conclusion: The immobilization on magnetic nanoparticles presents a versatile alterna-
tive, offering the advantages of rapid separation, high surface area, and ease of han-
dling. Magnetic nanoparticles facilitate automation and reduce processing time, making
them particularly attractive for clinical and industrial applications. These immobilized
forms were used to efficiently purify serum 1gG, demonstrating the potential of Protein
A as an effective tool for antibody isolation in biotechnological applications.

Keywords: Enzyme-linked immuno sorbent assay (ELISA), Magnetite nanoparticles, Recombi-
nant proteins, Staphylococcus aureus protein A (SpA)
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Introduction

Affinity adsorption is highly esteemed in biosepara-
tion due to its selectivity for isolating native and re-
combinant proteins, enhancing yield when applied ear-
ly in downstream processing 2. Affinity chromatog-
raphy exploits specific, reversible, non-covalent inter-
actions between biomolecules and ligands, usually with
association constants of 103-10% A, enabling purifica-
tion from dilute crude extracts and facilitating analysis
of protein interactions 4. Since its development in
1910, affinity chromatography has evolved to include a
variety of ligands such as coenzymes, lectins, dyes, and
biomimetic molecules, enabling the selective targeting
of both natural "biospecific" and synthetic "pseudobio-

specific" ligands °.

Copyright © 2026, Avicenna Journal of Medical Biotechnology

Antibody production has significantly evolved via
hybridoma technology, molecular engineering, and
display platforms, resulting in widespread applications
in diagnostics and immune-affinity chromatography 8.
Purification of antibodies is primarily achieved through
Affinity chromatography, utilizing specific ligand—
antibody interactions, with process optimization in-
volving parameters like pH, ionic strength, and tem-
perature 12,

Affinity chromatography relies on preparing an im-
mobilized ligand on a suitable matrix—such as aga-
rose, synthetic polymers, or inorganic supports—using
coupling chemistries (e.g., CNBr, carbodiimide) 3.
Magnetic beads and affinity membranes are modern
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Preparation of Immobilized Recombinant Staphylococcus aureus Protein A (SpA)

alternatives offering rapid, high-throughput, and gentle
separation methods advantageous for proteomics and
genomic workflows 15, The choice of ligand, matrix,
and conditions is critical for maximizing yield, purity,
and reproducibility in antibody and protein purification
9

Bacterial proteins with high affinity for antibodies,
notably Staphylococcal protein A (SpA) and Strepto-
coccal protein G (SpG), are widely utilized in antibody
detection and purification '8 These ligands, derived
from bacterial cell walls, enable the capture of antibod-
ies from multiple species, with affinity varying among
subclasses. Protein A comprises five Ig-binding do-
mains (designated E, D, A, B, and C), and structural
analyses have demonstrated that it binds the Fc region
of IgG at the interface between the CH2 and CH3 do-
mains. Additionally, protein A can interact with the
variable heavy chain region, specifically between
CDR2 and CDR3 °2°, Protein G, derived from groups
C and G Streptococcus, exhibits strong binding to the
Fc portion of IgG and has been reported to have low-
affinity interactions with the CH1 domain of the Fab
region 821, When selecting between these ligands, pro-
tein A is frequently preferred due to its minimal cross-
reactivity with contaminants such as albumin, oo-
macroglobulin, and kinogen, which are known to bind
protein G and potentially reduce purification efficiency
22

In this study, the sequences of full-length of Staphy-
lococcus aureus protein A (SpA) was isolated from the
genomic DNA of Staphylococcus aureus (S. aureus).
The corresponding gene was cloned into suitable ex-
pression vectors. The purified proteins were immobi-
lized onto two platforms: Cyanogen bromide (CNBr)-
activated Sepharose™ 4B and magnetic particle beads.
The purification of immunoglobulin was then evaluat-
ed using various methods.

Materials and Methods

Reagents

The following reagents and kits were used. Isopro-
pyl-p-D-thiogalactopyranoside  (IPTG), kanamycin
(Roche); T4 DNA ligase, shrimp alkaline phosphatase,
restriction enzymes, N-(3-Dimethylaminopropyl)-N'-
ethylcarbodiimide  (EDC),  N-hydroxysuccinimide
(NHS) linker (Thermo Fisher Scientific) (a heterobi-
functional, water-soluble, zero-length carbodiimide
crosslinker that is used to couple carboxyl groups to
primary amines), Taq DNA polymerase, plasmid ex-
traction kit, gel purification kit, PCR purification (QI-
AGEN Inc), Ni Sepharose™ High Performance histi-
dine-tagged protein purification resin (Cytiva), CNBr-
Activated Sepharose™ 4B (Cytiva) and pET-28a vec-
tor (Novagen), HRP-conjugated anti-histidine antibody
(Roche). All experiments are repeated at least 3 times
and spectroscopic results are typical experimental data.

Cloning of the staphylococcal protein A gene
The genomic DNA of S. aureus (PTCC1431) was

extracted following the Sambrook protocol 2. Primers
designed based on the S. aureus protein A (SpA) gene
sequence (accession no. M18264.1) were used to am-
plify the protein A gene.

Two primers were used: a forward primer with an
Nhel restriction site (5'-AACATAGCTAGCGCGCA-
ACACGATGAAGCTCAAC-3') and a reverse primer
with a BamHI restriction site (5'-AGGATCCTTATGT-
CATTTACTGTATCACCAGGTTTAACGAC-3"), with
restriction sites underlined. Genomic DNA served as
the template in PCR amplification, performed with Taq
DNA polymerase under the following conditions: ini-
tial denaturation at 94°C for 5 min, 30 cycles of 94°C
for 1 min, 55°C for 30 s, 72°C for 1 min, and a final
extension at 72°C for 5 min.

The PCR product was purified to remove excess
primers. Digestion with Nhel/ BamHI enzymes gener-
ated compatible ends, allowing ligation into similarly
digested and dephosphorylated pET28a (+) vector re-
sulting in recombinant protein A tagged with a Hisg at
the N-terminus. The gene's sequence was confirmed
via sequencing. The ligation mixture was transformed
into Escherichia coli BL21 (DE3) competent cells via
electroporation. All procedures—plasmid preparation,
PCR, restriction digestion, gel electrophoresis, ligation,
and transformation—were conducted following the
protocols described by Sambrook and Russell 23,

Sequencing pET28a (+) vectors containing Staphy-
lococcus aureus protein-A sequenced using an auto-
matic sequencer (MWG) by the T7 promoter and T7
terminator universal primers.

Protein expression and purification and western blot analy-
sis

Five ml of Terrific Broth (TB) Medium containing
50 mg/ml kanamycin with a fresh bacterial colony har-
boring the expression plasmid was inoculated and
grown at 37°C overnight. Then 200 ml of medium with
500 ml overnight cultures was inoculated and grown at
37°C with vigorous shaking until the ODego reached
0.9. Then, IPTG was added to the solution to a final
concentration of 0.5 mM, and the mixture incubated at
22°C overnight with vigorous shaking. The cells were
harvested by centrifugation at 5000 g for 15 min 2. The
cell pellet was resuspended in lysis buffer [50 mM
Tris-HCI, 300 mM NaCl, 10 mM imidazole, and 1 mM
PMSF (add fresh) (pH=7.80)]. Purification of Hisg-
tagged fusion protein was performed with the Ni-NTA
Sepharose™ High Performance histidine-tagged pro-
tein purification resin as described by the manufacturer
(cytiva). Protein was eluted in buffer containing (50
mM Tris-HCI, 300 mM NaCl, and 300 mM imidazole,
pH=7.80). Protein concentrations were measured using
the Bradford assay 2°, and purity was evaluated by
SDS-PAGE on a 12% gel. Proteins were transferred to
nitrocellulose membranes, blocked with 5% skimmed
milk in Tris-buffered saline with Tween-20 (TBST),
and probed with HRP-conjugated anti-histidine anti-
body (1:50,000 dilution). Detection was performed
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using ECL reagents followed by exposure to autoradi-
ography film 25,

Characterization of purified pr A with Enzyme-Linked Im-
munoSorbent Assay (ELISA)

Direct ELISA: Recombinant SpA was coated with 5
pg/ml on ELISA strip and HRP- Sheep Anti mouse Ig
and F(ab)2 HRP Sheep Anti mouse Ig used as immune
conjugate.

Indirect ELISA: Recombinant SpA was coated with
5 pg/ml on ELISA strip, then human IgM with affinity
to protein A used as second layer and F(ab)2 HRP
Sheep Anti mouse Ig used as immune conjugate.

Titration of conjugates on commercial pr A and recom-
binant pr A produced in this study: In the ELISA assays,
two form of Protein A (commercial pr A, sigma P6031,
and recombinant SpA produced in this study) were
immobilized onto the wells of the ELISA strip at a
concentration of 5 pg/ml. Immunoconjugates, specifi-
cally HRP-conjugated sheep anti-mouse IgG and
F(ab")2 HRP sheep anti-mouse 1gG, were titrated over
a dilution range from 1/250 to 1/32,000.

In a separate assay, recombinant SpA (5 pg/ml) was
again coated onto the strip, with mouse IgG introduced
as the second-layer at concentrations ranging from 2 to
15 pg/ml. The detection was carried out using F(ab")2
HRP sheep anti-mouse IgG as the conjugate.

Investigation of recombinant SpA folding with ELISA:
In order to assess the correct folding of recombinant
SpA the binding ability of protein a to Fab domain of
of IgM was evaluated by ELISA. In this assay recom-
binant SpA (5 ug/ml) was coated onto the strip, with
human IgM introduced as the second. The detection
was carried out using F(ab')2 HRP sheep anti-mouse
IgG as the conjugate.

During all assays, non-specific bindings were mini-
mized by washing with phosphate-buffered saline con-
taining 0.05% Tween-20. To prevent non-specific ad-
sorption, blocking was performed using 5% skim milk
in Phosphate-Buffered Saline (PBS) buffer. The enzy-
matic reaction was developed with TMB (3,3',5,5'-
Tetramethylbenzidine) substrate, and the reaction was
terminated with 20% sulfuric acid. All experiments
were conducted in triplicate. The optical density of
each well was measured at 450 nm using a Biotek mi-
croplate reader.

Preparation of Affinity chromatography platforms
Preparation of recombinant SpA immobilized on CNBr-
activated sepharose 4B: The selection of the immobiliza-
tion medium is critical for the efficiency of the purifi-
cation process. The media are prepared by covalently
attaching the chosen ligand to the affinity support. In
this study, two types of matrices were employed: a
commercial cyanogen bromide-activated support and
magnetite nanoparticle (MnFe:0.@SiO-@NH:) that
was previously synthesized in our laboratory ?’. The
purified proteins were subjected to dialysis against
coupling buffer (0.1 M NaHCOs, pH=8.3, containing

0.5 M NacCl) using a 12 kDa molecular weight cutoff
dialysis membrane (Sigma).

One g of CNBr-activated Sepharose 4B matrix
powder was dissolved in 200 ml of 1 mM HCI, with
supernatant removed by mild centrifugation between
successive additions. The activated Sepharose was then
transferred into coupling buffer (0.1 M NaHCO:s,
pH=8.3, containing 0.5 M NaCl). Recombinant SpA (5
to 20 mg) was added to the support, and the mixture
was thoroughly mixed and stirred at room temperature
for 2-4 hr to facilitate covalent immobilization. Subse-
quently, the mixture was transferred to an empty col-
umn and washed with 50 ml of 0.1 M Tris-HCI buffer.
The support was further washed through three alternat-
ing pH cycles: each cycle included a wash with 0.1 M
acetic acid/sodium acetate buffer, pH=4.0, containing
0.5 M NacCl, followed by a wash with 0.1 M Tris-HCI
buffer, pH=8.0, with 0.5 M NaCl. Finally, the resin
containing the immobilized ligand was equilibrated
with 0.15 M sodium phosphate buffer, pH=7.2, at room
temperature for use in subsequent purification proce-
dures.

Preparation of recombinant SpA immobilized on mag-
netic beads: The functionalized amino nanoparticle
from previous study MnFe:0+@SiO2@NH. was dis-
persed in 10 ml of ethanol using ultrasonic treatment to
achieve a uniform suspension ?’. The resulting homo-
geneous dispersion was transferred to a round-bottom
flask. Subsequently, 26 mM of EDC and 10 mM of
NHS, were separately dissolved in 0.1 M MES buffer
adjusted to pH=6.3. These solutions were combined
with 1 ml of magnetic beads at a concentration of 5
mg/ml and incubated for 2 hr at room temperature un-
der continuous agitation. Following incubation, the
particles were isolated using a magnetic field, washed
twice with phosphate-buffered saline (PBS, pH=7.2),
and then incubated with 5 mg/ml of recombinant SpA.
The mixture was maintained at room temperature with
constant mixing for 3 hr. The functionalized nanoparti-
cles with immobilized SpA were then collected mag-
netically. The immobilization process was terminated
by adding glycine and allowing the reaction to proceed
for an additional 30 min. The concentrations of protein
A in the supernatant before and after the coupling reac-
tion were measured to determine the efficiency of la-
beling, which was expressed as the ratio of unbound
(free) to bound SpA %6,

Purification of 1gG from human plasma with immobilized
recombinant SpA

Human plasma obtained from anticoagulated blood
was subjected to centrifugation at 200 g for 10 min. A
2.5 ml aliquot was then diluted fivefold with 0.15 M
sodium phosphate buffer at pH=7.2. This diluted sam-
ple was applied to affinity beads, and subsequent wash-
ing with the same phosphate buffer continued until the
absorbance at 280 nm was reduced to below 0.002,
indicating minimal non-specific protein binding. Pro-
teins bound to the beads were eluted using specific
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elution buffers. The purity of the eluted proteins was
assessed using SDS-PAGE with a 12.5% (w/v) poly-
acrylamide gel stained to visualize protein bands. The
separation was carried out using an automated FPLC
system equipped with a fraction collector (Pharmacia,
Sweden). Collected fractions were dialyzed against
0.01 M Tris-HCI buffer at pH=7.0 and stored at 0°C
until further analysis.

Determination of the apparent capacity of immobilized par-
ticles for 1gG and stability of ligand in 1 M NaOH

A resin conjugated with recombinant SpA was
equilibrated using PBS at pH=7.2. A solution of pure
human 1gG (4 mg/ml; 1.5 ml) was then introduced to
the resin. The flow-through was collected and continu-
ously recirculated through the resin until the absorb-
ance at 280 nm reached a stable level. Subsequently,
the 1gG bound to the resin was eluted using a 0.025 M
citric acid buffer at pH=2.4 (10 ml). To evaluate the
stability and reusability of the SpA-immobilized resin
post-IgG purification, the resin was treated with 1 M
NaOH and incubated for 18 hr at 22°C. Subsequently,
the resin was re-equilibrated with 0.15 M sodium
phosphate buffer at pH=7.2. The 1gG binding capacity
was then reassessed to determine any changes resulting
from the alkaline treatment.

Results

Construction of expression plasmid pET28a-Staphylococ-
cus aureus Protein A (SpA)

A gene fragment encoding S. aureus Protein A
(SpA) was amplified via Polymerase Chain Reaction
(PCR) utilizing specific primers and genomic DNA
from S. aureus as the template. The resulting DNA
segment, encompassing the targeted gene, was subse-
quently inserted into the pET28a (+) plasmid vector for
cloning purposes. The SpA gene spans 1146 base pairs,
commencing with an ATG start codon and ending with
a TAA stop codon (Figure 1).

Staphylococcus aureus protein A (SpA) expression, purifi-
cation and characterization with WB and ELISAs

The SpA gene fragment was highly expressed from
the pET28a-SpA plasmid construct. The expressed
protein was fused with an MGSSHHHHHHSSGLVP
RGSHM affinity tag, enabling straightforward purifica-
tion via a single-step His-tag affinity chromatography
process. Molecular weight estimation through SDS-
PAGE analysis indicated a size of approximately 42
kDa (Figure 2A). The SDS-PAGE profile displayed a
single band at roughly 42 kDa, which aligned with the
theoretical molecular weight derived from the amino
acid sequence. The western blot analysis with anti-his
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Figure 1. A) Gel electrophoresis image displaying genomic DNA extracted from S. aureus culture. Lane 1 contains the Gene Ruler DNA Ladder
Mix, serving as a size reference, while Lane 2 shows the extracted genomic DNA. B) Gel image illustrating the digestion products: Lane 1 with the
DNA ladder; Lane 2 exhibiting the SpA gene after digestion with Nhel and BamHI restriction enzymes; Lane 3 showing the pET-28a vector digested
with the same enzymes. C) Confirmation of plasmids harboring the Protein A (SpA) gene via double digestion with Nhel and BamHI. D) The Gene-
Ruler DNA Ladder Mix used in all DNA gel electrophoresis. E) Snap gene result of SpA cloning in pET-28a plasmid.
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Figure 2. Summarizes the characterization and binding assessment of recombinant SpA: A) SDS-PAGE analysis of purified recombinant SpA was
performed using a 12% gel, with samples alongside molecular weight markers stained with Coomassie Blue R-250. The estimated molecular weight
of the purified protein was determined based on the marker proteins. B) Western blotting of recombinant SpA was conducted using Horseradish Pe-
roxidase (HRP)-conjugated anti-His tag antibody to confirm the presence of the His-tagged recombinant protein. C and D) Enzyme-linked immuno-
sorbent assay (ELISA) experiments involved coating ELISA strips with 5 pg/ml of recombinant SpA, followed by incubation with HRP-conjugated
sheep anti-mouse Ig and F(ab")2 HRP-conjugated sheep anti-mouse lg, respectively, to evaluate binding specificity. E) Titration curves from direct
ELISA showed the binding of HRP-conjugated sheep anti-mouse Ig to plates coated with commercial SpA (Sigma, red line) and recombinant SpA
(green line), indicating comparable reactivity. F) Indirect ELISA titration assessed the binding of mouse immunoglobulin (ranging from 2 to 0.015
pg/ml) to plates coated with protein A, using F(ab')2 HRP sheep anti-mouse IgG as the detection conjugate. H) The interaction of coated SpA with
VH3 of IgM was examined, along with detection using F(ab")2 HRP sheep anti-mouse 1gG; controls included NC-1 (no coating), NC-2 (absence of
IgM), and NC-3 (absence of conjugate), to verify specific binding.

antibody confirms the single correct band (Figure 2B). removal by centrifugation, concentration, and purifica-
The production yield of recombinant Staphylococcal tion by anion exchange chromatography, achieving a
Protein A (SPa) in E. coli varies significantly based on total process yield of 90% and final purity of >95% *.
the expression system, cultivation conditions, and op- These findings highlight the potential for achieving
timization strategies employed. One study optimized high yields of recombinant SPa in E. coli through care-
the expression and secretion of a truncated form of SPa ful optimization of expression systems and cultivation
using its native signal sequence. The optimization in- conditions. In this study, the recombinant expression of
cluded factors such as lactose concentration, glycine protein A produced a yield of 50 mg/L, indicating a
concentration, induction time, optical density, and substantial production efficiency without any optimiza-
temperature. This resulted in a fivefold increase in the tion. The protein yield reported in this study is com-
secretion of SPa 2. The use of the E. coli X-press strain pared with that of another study. The yield was found
facilitated extracellular recombinant protein produc- to be significant (Table 1).

tion, achieving extracellular SPa titers of up to 349 In two direct Enzyme-Linked Immunosorbent As-
mg/g, comprising up to 90% of the total soluble prod- says (ELISASs), recombinant SpA demonstrated specif-
uct 2°. A protocol developed for extracellular produc- ic binding affinity for the Fc region of human IgG,
tion of SPa in a stirred tank bioreactor yielded 5.5 g/L with no reactivity observed towards the F(ab")2 frag-
of the secreted target protein. The process included cell ment, consistent with its established binding profile.
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Table 1. Comparison of different protein yield

Expression system Yield Purity Notes Ref
E. coli (native signal sequence) Increased 5-fold Not specified Optimization of multiple factors [28]
E. coli X-press strain 349 mg/g Not specified Extracellular production [29]
Stirred tank bioreactor 55¢/L >95% Fed-batch cultivation, anion exchange chromatography  [30]

Positive control experiments yielded high Optical Den-
sity (OD) readings at 450 nm, confirming the function-
al integrity of the Horseradish Peroxidase (HRP)-
conjugated secondary antibody used in the assays (Fig-
ures 2C and D). Additionally, indirect ELISA tests
confirmed that the recombinant SpA retained its ability
to interact with anti-SpA antibodies (Figure 2E).

A titration experiment comparing commercial (Sig-
ma) and recombinant SpA, each coated at a concentra-
tion of 0.5 pg/ml, involved titrating HRP-conjugated
sheep anti-mouse Ig from 1/250 to 1/32,000. The re-
sulting curves demonstrated similar reactivity patterns
between the two protein sources and indicated that both
could effectively detect antibodies at lower conjugate
concentrations. The optimal conjugate dilution for spe-
cific antigen detection was determined to be 1/1,000
(Figure 2E).

In a separate titration assay, coating SpA at 5 pg/ml
followed by titration with mouse Ig revealed that the
recombinant protein exhibited comparable reactivity to
the commercial standard (Figure 2F). Furthermore,
Figure 2H depicts the interaction between recombinant
SpA and the Fab region of IgM (VH3), highlighting
alternative binding sites on SpA distinct from its clas-

1g CNBr-activated
Sepharose 48
200 mL1mMHCL’

Transfer tc couplin
buffer

01 M NaHCQs pH 83
0,5 M NaCl

sical 1gG Fc-binding region. Prior research has shown
that 1gG F(ab")2 fragments can also bind to SpA, with
this interaction serving as a marker for Ig light chains
encoded by the V.3 gene family in humans. This bind-
ing occurs across multiple immunoglobulin classes
(IgM, IgA, 1gG) and their F(ab")2 fragments, suggest-
ing that SpA’s specificity is largely influenced by
germline V.3 gene sequences external to the conven-
tional antigen-binding site 3.
Assessment of SpA conjugation on CNBr-activated se-
pharose 4B and magnetic nanoparticles

Figure 3A depicts the schematic process for prepar-
ing recombinant SpA immobilized on CNBr-activated
Sepharose 4B. SpA was conjugated at varying concen-
trations, and the amount of protein bound to the matrix
was measured. The non-bound fractions were collected
and analyzed via 12% SDS-PAGE, as shown in Figure
3B. Based on data summarized in table 2 and illustrat-
ed in figure 3C, the yields of purified human IgG ob-
tained using the immobilized recombinant SpA were
(12.4, 13.1, 14.1, and 15.7 mg) corresponding to 5, 10,
15, and 20 mg of SpA per/ml of CNBr-activated Se-
pharose 4B, respectively. These results suggest that
immobilizing 5 mg of recombinant SpA per ml of resin

B
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- Figure 3. A) Schematic presentation of immobilized recombinant SpA on CNBr-Activated Sepharose 4B and then human 1gG purification. B) SpA
protein which didn’t bound to resin. C) the purified human IgG after immobilization of SpA on to the resins (20,15, 10 and 5) show the initial amount

of recombinant SpA used in immobilization process.
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Table 2. The binding capacity of CNBr-activated Sepharose 4B conjugated with recombinant SpA for purifying human serum 1gG

Recombinant SpA immobilized per 1 ml of CNBr-activated Sepharose 4B (mg/ml) 5 10 15 20
Amount of IgG purified (mg) 12.4 13.1 14.1 15.7

It details the amount of 1gG captured per ml of resin, indicating the efficiency of this affinity matrix in immunoglobulin purification.
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Figure 4. Illustrates the process and results of 1gG purification using recombinant SpA immobilized on magnetic nanoparticles: A) A schematic dia-
gram depicting the immobilization of recombinant SpA on MnFe.04@SiO@NH:) magnetic nanoparticles. B) SDS-PAGE analysis showing the
purification of human IgG. Lane 1; displays the 1gG in its reduced and Lane 2; IgG in non-reduced forms purified using 5 mg of immobilized SpA,
Lane 3, prestain protein markers included for size reference. Lane 4 confirms the purified 1gG in its reduced form, obtained using 10 mg of SpA im-
mobilized on the nanoparticle matrix.

Table 3. The binding capacity of MnFe-O4@SiO:@NH-) magnetic nanoparticles functionalized with
recombinant SpA for isolating human serum IgG

Recombinant SpA immobilized per 5 mg of magnetic nanoparticle 5 10 15
Amount of 1gG purified (mg) 14 4.33 7.29

The table provides quantitative measurements of 1gG binding efficiency, reflecting the potential of these magnetic
nanomaterials as an alternative affinity purification platform

offers a cost-effective approach for consistent 1gG pu-
rification, with the resin efficiency and binding capaci-
ty reaching approximately 65%.

In another assay the 5 mg/ml nanoparticles were
coupled via their surface amino group to the carboxyl
groups on the (5, 10 and 15 mg) of SpA using the
EDC/NHS conjugation method (Figure 4A). The
amount of 1gG captured by above mentioned of SpA
was 1.4, 4.3 and 7.2 mg respectively (Figure 4B and
Table 3).

Discussion

The present results showed that protein A could cap-
ture human plasma 1gG successfully, which indicated
the bioactivity of recombinant SpA was retained after
its attachment to MnFe.0.@SiO2@NHa.

In comparison to the long operation time, solvent
consumption, and problems with protein solubility as-
sociated with affinity chromatography, the convention-
al method for antibody purification, we have demon-

strated that use of nonmagnetic beads is a much sim-
pler and more versatile system for antibody purifica-
tion. Magnetic separation can significantly shorten the
purification process by quick retrieval of affinity beads
at each step (e.g., binding, wash, and elution), and re-
duce sample dilution usually associated with traditional
column-based elution.

Conclusion

The production of recombinant Protein A (SpA) and
its stabilization on CNBr-activated Sepharose 4B and
magnetic nanoparticles advance 1gG purification. Re-
combinant SpA, derived from S. aureus and expressed
in E. coli, provides a consistent, high-affinity 1gG lig-
and, reducing variability from native sources and ena-
bling large-scale, cost-effective production with high
purity and activity. Immobilizing recombinant SpA on
CNBr-activated Sepharose 4B provides a stable matrix
suitable for repeated use, maintaining its binding ca-
pacity through multiple purification cycles. This meth-
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od benefits from the strong covalent linkage, which
enhances the durability and reusability of the affinity
matrix. Immobilization on magnetic nanoparticles of-
fers rapid separation, high surface area, and ease of
handling, facilitating automation and reducing pro-
cessing time—beneficial for clinical and industrial ap-
plications.

Both platforms maintain SpA activity and IgG affin-
ity, enabling efficient purification. The choice between
Sepharose and magnetic nanoparticles depends on
specificity, process scale, and operational convenience.
Overall, stabilizing recombinant SpA on these plat-
forms enhances efficiency, reusability, and scalability
in 1gG purification, supporting biomedical research,
diagnostics, and therapeutic antibody production.
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