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Abstract

In this study, a novel polymeric material functionalized with gold nanoparticles
(AuNPs) was prepared as solid-phase extraction (SPE) sorbent for isolation of proteins.
The sorbent was synthesized from a powdered poly(glycidyl-co-ethylene
dimethacrylate) monolith, and modified with ammonia, followed by immobilization of
AuNPs on the pore surface of the material. To evaluate the performance of this SPE
support, proteins were selected as test solutes, being the extraction conditions and other
parameters (loading capacity and regenerative ability of sorbent) established. The
results indicated that this sorbent could be employed to selectively capture proteins
according to their pl, on the basis of the strong affinity of these biomacromolecules
towards to AuNPs surface. The applicability of this sorbent was demonstrated by
isolating protein species of interest (bovine serum albumin and cytochrome c and lectins

in European mistletoe leaves), followed by SDS-PAGE analysis.

Keywords: gold nanoparticles; glycidyl methacrylate monolith; proteins; solid-phase

extraction
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1. Introduction

Porous polymer monoliths are a category of materials developed during the last
two decades, which have attracted much interest [1]. Their simple in situ preparation,
high permeability, stability along wide pH-ranges, and versatile surface chemistries
have made these materials to be a competitive alternative to the conventional packed
chromatographic columns [2]. Due to their singular porous structure, polymer monoliths
provide rapid conventional mass transport with very low resistance to flow. As a result,
these stationary phases have been used in HPLC [3] and capillary electroseparation
techniques [4]. Recently, the application of polymeric monoliths has undergone a rapid
growing in the field of sample pretreatment [5, 6]. Thus, the performance of extraction
efficiency of organic monoliths could be modified by tailoring its pore structure and
surface chemistry.

Glycidyl methacrylate (GMA) material has been used as “reactive support” to
provide monoliths with different chromatographic properties (ion exchange,
hydrophobic/hydrophilic, chiral, etc.) [7-10]. GMA-based monoliths have been also
used for holding silver and gold nanostructures to generate a good surface enhanced
Raman spectroscopy (SERS) performance [11-13]. In addition, GMA-based materials in
powder have been demonstrated to be helpful in ultrasensitive SERS detection [12, 13]
as an “entrapment support” to immobilize biomacromolecules [14]. The powder
material could be easily processed into a thin packed column and contains active epoxy
groups that can be susceptible of undergoing functionalization.

Gold nanoparticles (AuNPs) have unique properties such as special stability,
quantum and surface effect, and great biocompatibility [15]. Since AuNPs have high

surface-area-to-volume ratios, easy chemical modification and strong affinity for thiol-
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containing ligands, they have already been used for extracting and enriching analytes
from complex matrices [16-19]. Thus, Tseng et al. [17] used AuNPs to selectively
extract thiol-containing compounds as a result of the specific formation of Au—S bonds.
In a similar way, they have also developed methods for determining aminothiols in
human urine and protein-bound aminothiols in human plasma [18, 19]. Also, the AuNPs
have been suspended in the BGE [20] or attached [21] on the inner wall of capillary in
electrodriven separation techniques. In spite of its excellent properties, the combination
of AuNPs with organic monoliths has been slightly explored. Thus, Svec’s research
group [22-24] has studied the attachment of AuNPs on the pore surface of reactive
polymer-based monolithic supports. In particular, a GMA-based monolithic capillary
column was functionalized with cysteamine to afford a pore surface with thiol groups,
to which the AuNPs were attached. These capillary monolithic columns have proved to
be useful for the capture and separation of cysteine-containing peptides [23] and as
platforms to facilitate further variations in surface functionalities [22, 24]. However, the
extension of this novel hybrid material as extraction phase has been scarcely reported
[13].

SPE is a powerful tool to preconcentrate and purify analytes of interest from a
great variety of sample matrices. In particular, this technique is among the widely
employed alternatives for protein separation and preconcentration in protein analysis
schemes and proteomics techniques [25]. However, a limited choice of sorbents for
protein species is available at present, consequently, the development of novel sorbent
materials with satisfactory extraction efficiency and selectivity for protein species is
highly desirable.

The aim of this study was the development of a novel SPE sorbent based on the

modification of a polymer monolith with AuNPs. For this purpose, a GMA-based
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monolith was first synthesized, ground and subsequently amino groups were introduced
onto the surface of the material by reacting epoxy groups with ammonia. Then, the
AuNPs were immobilized onto the amino-functionalized GMA powder material surface
on the basis of the strong interaction between the amino group and AuNPs [26, 27]. The
prepared materials were filled into an empty plastic SPE column tube and its extraction
efficiency was evaluated by using proteins as test solutes. The conditions for the
extraction of proteins (bovine serum albumin and cytochrome c) were optimized.
Loading capacity and regenerative ability of the SPE monolithic material was also
evaluated. The ability of the developed sorbent to isolate proteins in several samples

was also evaluated.

2. Experimental

2.1. Chemicals and reagents

Glycidyl methacrylate (GMA), ethylene dimethacrylate (EDMA), 3-
(trimethoxysilyl) propyl methacrylate, acetonitrile (ACN) and methanol (MeOH) were
purchased from Scharlab (Barcelona, Spain). Azobisisobutyronitrile (AIBN) was from
Fluka (Buchs, Switzerland). AuNP suspension (particle size, 20 nm, stabilized with
sodium citrate) and Coomassie Blue were from Alfa Aesar (Landcashire, United
Kingdom). Monosodium and disodium phosphate (NaH2POs and Na;HPOs4,
respectively) and orthophosphoric (H3POs4) acid were from Merck (Darmstadt,
Germany). Ammonium persulfate (APS), acrylamide, bisacrylamide, bovine serum
albumin (BSA), cytochrome ¢ (cyt c), gold (III) chloride trihydrate, hydrochloric acid

(HCI), 2-mercaptoethanol, nitric acid (HNOs3), lactose, sodium bromide, sodium
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dodecyl sulfate (SDS), tetramethylethylenediamine (TEMED), tris(hydroxymethyl)-
aminomethane (Tris) and trisodium citrate were obtained from Sigma-Aldrich (St.
Louis, MO, USA). A molecular-weight-size protein standard (6.5 to 200 kDa) was also
provided by Sigma-Aldrich. Deionized water (Barnstead deionizer, Sybron, Boston,
Mass., U.S.A.) was used in all procedures.

Stock solutions of BSA and cyt ¢ (1 mg mL™') were prepared by dissolving
appropriate amounts of each protein in deionized water, and working standard solutions
were obtained by dilution of the stock solutions. Phosphate buffer solutions (PBS) of 20
mM at several pH values were prepared by mixing appropriate amounts of Na2HPOu,

NaH>PO4 and H3PO4 according to the required pH.

2.2. Instrumentation

SEM/backscattered electron (BSE) images and energy dispersive X-ray (EDAX)
analysis were obtained with a Philips XL 330 ESEM integrated with backscattered
electron detector and a QUANTAX 400 energy dispersive spectrometer (Bruker,
Germany). For these measurements, the monoliths were coated with a very thin-layer of
conductive carbon instead of the more usual Au/Pd coating.

Elemental analysis of synthesized material was performed using an EA 1110
CHNS elemental analyzer (CE Instruments, Milan, Italy). The determination of Au in
synthetized materials and Bradford protein assay were carried out by measuring in UV-
vis with an 8453 diode-array UV-vis spectrophotometer (Agilent Technologies,
Waldbronn, Germany). For Bradford’s assay [26 28], a calibration curve up to 1 mg

mL! of BSA and cyt ¢ was prepared in the elution solvent (see section 3.2). SDS-PAGE
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experiments were performed using a vertical minigel Hoefer SE260 Mighty Small

system (Hoefer, MA, USA).

2.3. Preparation and functionalization of GMA-based monolith

The GMA-co-EDMA monolithic material was based on a previous work [10].
Briefly, a polymerization mixture was prepared in a 10 mL glass vial by weighing GMA
(20 wt%), EDMA (5 wt%), and a binary porogenic solvent mixture containing
cyclohexanol (70 wt%) and 1-dodecanol (5 wt%). AIBN (1 wt% with respect to the
monomers) was added as initiator. This mixture was sonicated for 5 min and then
purged with nitrogen to remove oxygen for 10 more min. The polymerization was
carried out in an oven at 60°C for 24 h. Next, the polymeric material was washed with
methanol to remove the porogenic solvents and possible unreacted monomers. Then, the
monolithic bulk material was ground with a mortar and sieved with a steel sieve with
sizes < 100 um. The synthesized powder porous material was treated with aqueous 4.5
M ammonia in a round bottomed-flask at 60°C (water bath) for 2 h under continuous
stirring. Upon completion of the reaction, the material was washed with ultra-pure water
to remove the excess of ammonia until the eluent was neutral. The poly(GMA-co-
EDMA) powdered material functionalized with amino group was obtained for further

use.

2.4. Functionalization of amino modified GMA-co-EDMA powder material with AuNPs

The amino modified powder material (400 mg) was placed in a Falcon tube, and

then 20 mL AuNPs solution were added, and the mixture was allowed to react under
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stirring for 10 h. A GMA-co-EDMA powder attached with AuNPs (pink colour) was
obtained. Then, the material was washed with deionized water (containing 38.8 mM
sodium citrate at pH 6.6) in order to remove the AuNPs, which had not been attached on
the amino-modified material. The AuNP-modified material was characterized by SEM
and the Au content was evaluated using both UV-vis and EDAX. For UV-vis detection,
the dried methacrylate material with AuNPs was first calcinated at 550 °C for 1 h. Then,
the remaining product (which contained the gold material), was treated with freshly
prepared aqua regia, which was subsequently left to evaporate nitric acid vapor and
cool down to room temperature. The solution was properly diluted with HCI 1 M and
was subjected to UV-vis analysis. The colorimetric determination of Au was based on
the formation of the bromoaurate [Au(Br)4] ™ ion [29,30], which is obtained through the
reaction of chloroauric acid with potassium bromide and measured at 380 nm. A stock
solution of 200 pg mL™" of Au(Ill) was prepared from its chloride salt. A calibration
curve (1-20 pg mL!") was obtained by appropriate dilution of the stock solution in

presence of an excess of NaBr (4 %).

2.5. SPE protocol

Fifty milligrams of AuNP-modified polymer was packed between two frits
(1/16’, 20 um, Anélisis Vinicos, Tomelloso, Spain) into 1 mL empty propylene
disposable SPE cartridge (Analisis Vinicos). Activation of the sorbent was done with
ACN (200 pL) and then equilibrated with water (500 pL). 200 uL of protein standard
was loaded on the SPE material at a flow rate of 0.1 mL min™'. After loading the protein
standard, the material was washed with water (500 pL) at 0.7 mL min™!, collecting the

washing step solution. Retained analytes were eluted with 30 mM PBS (500 pL) and the
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eluted proteins were also collected. Next, the sorbent surface was regenerated with
water at 80 °C during 2h. During the SPE process, the proteins left in the effluent
(loading solution) passing through the microcolumn were quantified by Bradford assay
(measurement of absorbance at 595 nm), in order to evaluate the retention efficiency of
proteins on the AuNP-modified material. Afterwards, the proteins were eluted from the
microcolumn and quantified in the same way. The same procedure was applied to

prepare a blank sorbent constituted by the GMA-co-EDMA polymer (50 mg).

2.6. Extraction of mistletoe proteins

European mistletoe (Viscum Album L.) grown on Pinus halepensis was collected
and the green parts were wased with water to eliminate bacterial and surface
contamination from human hands. Then, the green parts were sliced and transferred to a
mortar and frozen in liquid nitrogen. The frozen material was ground to a fine powder in
a pre-cooled mortar and pestle. Then, the protein extraction protocol was carried out
according to Olsner et al. [31]. Briefly, 10 g of this powder was mixed with 100 mL of
10 mM Tris-HCI at pH 8.3, which contained 100 mM lactose to avoid the bind of
lectins to carbohydrate components in the homogenate. Then, the suspension was mildly
shaken at 4°C overnight and centrifuged at 10000 x g for 10 min. Then, 500 puL of
supernatant adjusted at pH 6 was passed through the SPE sorbent. As described above,
the retained proteins were eluted with 30 mM PBS at pH 12 and an aliquot of 20 uL

was loaded into the gel.

2.7. SDS-PAGE analysis
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SDS-PAGE of proteins was carried out with 40% acrylamide/bis solution, and
standard discontinuous buffer systems as described by Laemmli [29-32]. The protein
bands were visualized with staining by using Coomassie Blue. Molecular sizes of the

model proteins were analyzed by comparison with an SDS-PAGE standard marker.

3. Results and discussion

3.1. Preparation and characterization of the AuNP-modified monolith

A generic poly(GMA-co-EDMA) monolith was first synthesized [10], ground
into fine powder and then functionalized with ammonia to prepare the amino modified
column (Fig. 1). Elemental analysis of this bulk material indicated the presence of 1.54
wt% nitrogen (1.10 mmol /g monolith), which is in agreement with previous studies
related to the preparation of other amino-based monoliths [7, 33]. Then, a citrate-
stabilized AuNP colloidal dispersion of 20 nm was used to functionalize the resulting
amino until the menelith polymer surface was fully covered with Au (Fig. 1). It was
visually confirmed by a change of color in the powdered monolith from white to pink.
In addition, SEM micrographs of this menelith material were taken with a BSE
detector, giving a satisfactory surface coverage with AuNPs (white spots randomly
distributed) (Fig. 2B). The coverage of AuNPs was estimated by both UV-vis
spectroscopy (see Section 2.4) and EDAX. Thus, UV-vis spectroscopy analysis showed
the presence of 0.5 wt% Au, being EDAX analysis consistent with this value (0.42 wt%

Au). Next, this material was used as SPE sorbent for enrichment of proteins.
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3.2. Retention of proteins using AuNP-modified GMA material as SPE sorbent

The sample loading flow rate (0.1-0.5 mL min™') was first studied. This variable
has not only a significant effect on the recovery of proteins, but also determines the time
of the whole analytical process. The experimental results indicated that low loading
flow rates (0.1 mL min™") allowed higher retention efficiencies of proteins on the AuNP-
modified menelithie polymeric material. Lower flow-rates than 0.1 mL min™' were not
tested since they require longer processing times. Next, the effect of the elution flow
rate on the recovery was also investigated, being the best elution flow rate 0.1 mL min™!
for protein species, which was employed for further studies.

The adsorption of proteins onto solid surfaces is a complex process in which
several driving forces could be involved, such as hydrophobic, electrostatic, and
hydrogen bonding interactions. In general, hydrophobic and electrostatic interactions
tend to rule the entire process [34-36]. A preliminary study have showed that within an
appropriate pH range, the surfaces of AuNPs could effectively retain proteins, thus
providing a potential medium for isolation of these species of interest from several
sample matrices [37]. For this reason, the effect of sample pH (2.5-11) on the loading
SPE step was first studied (Fig. 3). Solutions (200 uL) containing 200 pg mL™' of BSA
(pI 4.7) or cyt ¢ (pI 10.5) were selected as test solutes to perform the sorption studies.
As shown in Fig. 3A, for BSA, the highest retention in the loading step was achieved at
pH 5.0. This result is in agreement with the findings reported in literature, where the
maximum adsorption from aqueous protein solutions onto the metal surface was usually
observed at the pl [38-40]. The adsorption of proteins to AuNPs could be explained
taking into account both electrostatic interactions and ligand displacement reactions [41,

42]. The electrostatic interactions are related to the attraction between the positive

11
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surface residues of the protein and the negative charge from the citrate-coated Au
surfaces. The displacement phenomena implies that citrate is displaced by the protein
upon adsorption with amino acids (functional groups) such as lysine (amine), histidine
(imidazole), or cysteine (thiol) interacting directly with the gold surface [43]. At pH
close to the pl, the electrostatic interactions between the protein molecule and the
sorbent are minimized, being the hydrophobic interactions (displacement mechanism)
predominant. When the pH was modified to other values different from the optimal one,
a less favorable adsorption or retention was obtained owing to electrostatic interactions
(repulsion) between protein molecules-support and/or between adjacent adsorbed
protein molecules onto Au surface. On the other hand, several authors [44-46] have
reported that structural changes (displacement by the protein in its native structure or
denaturation of the protein on the surface) can occur as the result of adsorption on the
surface while the protein displaces the citrate stabilizer. In this way, the protein unfolds
near the surface, exposing hydrophobic residues and presenting specific functional
groups which interact by dispersive and van der Waals forces with the Au surface.
Taking into account all above considerations, the washing step was done at pH close to
pl (buffer at pH 5.0), giving small losses of BSA (< 5%).

Concerning to the elution step, at higher pH values (pH > 11.0) recoveries higher
than 94.8% were yielded. As mentioned above, at this pH, the desorption of this protein
was facilitated owing to electrostatic interactions. Additionally, a generic GMA-based
polymer (parent-menelith material) was used as sorbent in the optimal conditions found
for the material modified with AuNPs. Low retention (15 %) was obtained in the parent
monelith polymer after loading step, which confirmed the selectivity of the AuNP-

modified GMA material.
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A similar study was done with cyt c. As shown in Fig. 3B, the maximum
adsorption of this protein was achieved at a loading pH solution close to its pI (10.7). A
similar explanation than that previously described for BSA can be extended for cyt ¢
[44 47]. This may be the result of electrostatic repulsions between the negatively
charged protein molecules (pH > pl) and negatively charged AuNPs or even between
adjacent proteins retained onto the AuNP surface, giving a decrease in the interaction
between protein and the sorbent. Accordingly, the washing and elution steps were
adequately adjusted to pH conditions to achieve the highest extraction efficiency. In
particular, washing step was performed at pH 11, whereas the elution step was done at
pH 12. Also, a comparison in terms of retention was also performed with the parent
monelith material. Again a high selectivity of the developed procedure was proven
since a retention ca. 27 % of cyt ¢ was observed in the parent polymer.

In SPE, the breakthrough volume is another important parameter, which could
affect the extraction efficiency. For this purpose, different sample volumes (100-2000
uL) of the standard protein solutions were passed through to the SPE material by
keeping constant the amount of protein (1000 pg). Fig. 4 shows the breakthrough curves
obtained for BSA and cyt c using the developed sorbent. As shown in this figure, high
recoveries (89.5-97.8%) up to 1000 pL were achieved for BSA; however, a
considerable decrease in the recovery values of cyt ¢ was observed at volumes <5060
>200 pL. For this reason, a volume of 200 pnL was chosen for further SPE studies.

The loading capacity of SPE sorbent (50 mg) was also evaluated by passing
different amounts of BSA. The maximum loading capacity of the polymer monolith
modified with AuNPs was 16.6 mg per g sorbent. Typical capacity values for porous
media are 1-10% of the bed weight [48, 49], meaning that 10 mg of analyte could be

potentially retained (under the proper condition) per g of sorbent material.
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In order to ensure a satisfactory loading capacity of the SPE sorbent, its
reusability was also evaluated. Svec et al. [23] have described that rinsing with water at
elevated temperatures (80°C) allowed a satisfactory regeneration of AuNP-modified
columns after treatment with different ligands. On the basis on this study, the
regeneration of the AuNP-modified menelith material was carried out by washing it
with water at 80°C for 2 h. After this treatment, the loading capacity was again checked,
giving ca. 87% of the original capacity. Further, SEM/BSE micrograph of the
regenerated AuNP-modified sorbent was performed, where AuNPs were attached onto
the menelith polymer surface (data not shown) Also, UV-vis and EDAX measurements
of Au content were conducted, with values ca. 0.42 wt%, which confirmed the
feasibility of the rinsing protocol. Following this procedure, the sorbent can be reused
for 20 times without significant efficiency losses (or with satisfactory recoveries
comprised between 81.3-97.6%).

The proposed SPE sorbent described here could be favorably compared with
recent reports related to the use of functionalized polymeric films for protein
purification [50, 51]. Thus, the loading capacity was higher than that reported using
membranes-based devices modified with poly(acrylic acid) (PAA) brushes [52].
However, the derivatization of PAA films with metal-ion complexes developed by these
authors in several works [50, 51, 53] allowed an increase in the binding capacity of the
platform (5.8 pg/cm? for BSA [52] and ca. 90 mg/mL for His-tagged ubiquitin [53, 54]
and its specificity to protein with accessible histidine groups. From these results, a 12
cm x 12 cm membrane area would be needed to retain the same amount of protein (830
ug BSA) previously found for 50 mg sorbent per cartridge, being this SPE device
adequate to process small amounts of sample. In spite of the satisfactory binding

capacities of these films, the membrane-modification process to achieve these platforms
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is laborious (several reaction steps). Moreover, brush synthesis is complicated and
controlling the polymer-chain density, which undoubtedly affects the amount of protein
binding, is challenging [55]. In our case, the preparation of sorbent (synthesis and
modification protocol) involved few simple steps.

Another aspect to be considered in these films is that they should be thin enough
to prevent clogging and maintain flow. In our case, the resulting polymeric sorbent
showed some residual permeable porous monolithic structure, which minimizes the
probability of sorbent clogging.

Other strength of the proposed sorbent is its large reusability (see data above). In
this regard, in some of the related works of polymeric films, these devices were reused

at least 4 [52] or 6 times [56].

3.3. Application to protein isolation

The feasibility of the present extraction method for the isolation of proteins
according to their pI was demonstrated by isolating cyt ¢ from BSA. A 200 pg mL"! of
BSA sample solution prepared at pH 5 and spiked with 100 ug mL™" of cyt ¢ was
employed. The extraction process was conducted as detailed above and the different
fractions were subjected to SDS-PAGE as illustrated in Fig. 5. As observed, BSA was
effectively isolated from cyt ¢, which is not retained onto the sorbent at pH 5. The SDS-
PAGE showed the cyt ¢ band around 12 kDa in the loading fraction (lane 3); whereas
the presence of proteins was not observed in the washing step solution (lane 4). On the
other hand, BSA band at 66 kDa was observed in the elution fraction after pass through

the column buffer solution at pH 11 (lane 5).
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3.4. Application to lectins isolation from European mistletoe leaves

To demonstrate the application of this sorbent in complex real samples, the
isolation of lectins from an European mistletoe sample was done. The extracts from this
plant material have been used for a long time as therapeutic agents, mainly for
oncological applications. In particular, the cytotoxic and immune stimulant properties of
this plant material have been attributed to lectins [57,58]. These glycoproteins are
constitute by two polypeptide chains, the cytotoxic A-chain (Mr = 29 kDa) and the
carbohydrate-binding B-chain (Mr = 32 kDa) , linked by a disulfide bond, and they can
classified as mistletoe lectins (ML): ML-1, ML-2, and ML-3, depending on sugar-
binding specificities [59-61]. In particular, most of the European MLs belong to ML-1
group, being it well characterized. Thus, the chains of ML-1 were distributed over a pl
range comprised between 6.6 and 7.0 [62-64]

The isolation of lectins from complex samples is often complicated and requires
many purification steps (ammonium precipitation, ionic and affinity chromatography,
etc) [65]. These chromatographic methods can be time-consuming and expensive,
leading to a low yield of the entire process. In addition, the affinity chromatography
maintenance is a hardy task when plant crude extracts are loaded into columns since
such samples contain pigments, oily components, and other complex substances that
could damage the column and worsen the purification [66]. These awkward purification
protocols can be considerably simplified by using the sorbent developed here. For this
purpose, the extraction process detailed in section 2.6 was followed and then SDS-
PAGE analysis of the collected fractions was carried out. Fig. 6 shows the SDS-PAGE
analysis of the mistletoe extract without (lane 2) and with pretreatment (lane 3) using

this sorbent under non-reducing conditions. Lane 2 did not yield a clearly visible band
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at the position of the ML proteins, whereas the lane 3 gave two major bands
corresponding to M; = 60,000 and 58,000 Da. These two prominent bands were
identified as ML-1 and ML-3, respectively, which was in agreement with previous
studies [67]. Also, SDS-PAGE analysis was performed under reducing conditions
(presence of 2-mercaptoethanol) (Fig. 6, lane 4), where two major bands originated
from the heterodimeric lectins were evidenced, which corresponded to M; = 28,000 and
34,000 Da, being ascribed to the corresponding A- and B- chains of ML-1 and ML-3,
respectively [67]. In addition, a misty band at M; = 60,000 Da was found, which was

caused by uncompleted reaction of 2-mercaptoethanol.

4. Conclusions

A novel material based on a powdered GMA-based polymeric monolith
modified with AuNPs has been developed and used as a sorbent in SPE for proteins
separation. Several parameters of the SPE procedure have been optimized and protein
recoveries have been evaluated by using Bradford assay. By simply adjusting the pH of
the loading and washing solution close to pl values of proteins of interest, the
biomacromolecules were readily adsorbed onto the AuNPs surface, and could
afterwards be eluted by a proper variation of the pH of the eluent. Satisfactory results in
terms of recovery efficiencies (95-98 %), loading capacity (16.6 mg per g sorbent) and
reusability (at least 20 times) of this sorbent have been also obtained. The feasibility of
this methodology was also successfully demonstrated by the isolation of cyt ¢ from
BSA followed by SDS-PAGE analysis. Moreover, the practical applicability of the
sorbent was demonstrated by an efficient isolation of lectins from mistletoe samples.

The results obtained here showed that the developed sorbent could be useful for the
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417  selective separation and/or preconcentration of protein species of interest (according to
418  pl) in complex real samples.
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Fig. 1. Preparation of poly(GMA-co-EDMA) monolith and its modifications with

ammonia and immobilization of AuNPs.

Fig. 2. SEM/BSE micrograph of GMA-co-EDMA powder material without AuNPs (A)

and modified with AuNPs (B).
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Fig. 3. Effect of loading pH solution on elution step of BSA (part A) and cyt ¢ (part B).
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passing through the GMA-co-EDMA material modified with AuNPs; lane 4, the
washing step solution; lane 4: the elution step solution with the recovered BSA from the

sample solution.
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Fig. 6. SDS-PAGE analysis demonstrating isolation of ML lectins from an European
mistletoe extract. Lane 1: molecular weight marker, lane 2: mistletoe extract without
pretreatment with this sorbent using non-reducing conditions; lane 3: mistletoe extract
after pretreatment with this sorbent using non-reducing conditions; lane 4: mistletoe

extract after pretreatment with this sorbent using reducing conditions.
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