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A B S T R A C T  A R T I C L E  I N F O   

Blood plasma is rich in albumin protein. Albumin has some physiological duties. Investigations 
over separation of albumin has been paid considerable interest for its excellent potential in blood 
protein production. Natural pumice particles are non-toxic, reasonably priced and alternative 
adsorbents with excellent adsorption performance. In order to study the adsorption performance 
of BSA on composite cryogel discs with immobilized metal affinity chromatography (IMAC), 
Cu+2-attached natural pumice particles were designed and they were embedded into cryogel 
generated medium. Cu2+-attached natural pumice particle embedded composite cryogel discs 
(Cu2+-NP-ECDs) were synthesized through polymerization of gel-former factors at minus 
temperatures. The characterization experiments of the Cu2+-NP-ECDs were accomplished via 
SEM, FTIR experiments. The experiments were studied in a batch system. The highest amount 
of adsorbed BSA (356,8 mg/g particles) onto discs was obtained at pH 7.0 (phosphate buffer), 
4 mg/mL concentration of BSA. As a result of conducted 30 adsorption-desorption experiments 
periods, there was no important change in adsorption performance of composite discs. 
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1. Introduction 

Lately, protein adsorption studies have become so widespread 
since it has been having very many practices in science of 
biological [1, 2, 3]. Blood plasma is rich in albumin protein 
[4]. It can deliver most drugs to target organs or cells where 
therapeutic missions are exerted [5, 6, 7]. Bovine serum 
albumin (BSA) is a globular blood plasma protein that fulfills 
as the stabilizator of enzymes [8]. The studies on the BSA 
separation has been paid much attention for its excellent 
potential by researchers.  
 
Immobilized metal affinity chromatography (IMAC) 
presented by Porath et al. (1975) has turned into a common 
analytic and preparative separation technique on purification 
of some biomolecules [9, 10, 11, 12, 13]. Proteins with 
standard of high purity, which are extensively utilized in 
various fields, such as molecular biology and biotechnology, 
can be gained through His-tagged recombinant proteins which 
require IMAC [14, 10]. 
 
Cryogels are sub-category of hydrogels, which are bio-
materials with excellent physical properties [15]. They have 
spongy morphologies with inter-connected macroporous, 
elastic structures and high mechanical robustness [16]. They 
are multi-purpose tools that could be turn to good purpose 

intended practices [17], such as purification and adsorption of 
some biomolecules [18, 19, 9], removal of heavy metals, dyes, 
[20, 21] and water treatment process [22]. The boosting of 
cryogel properties will carry forward its potential usage in 
various areas [17]. The weak side of cryogels that  adsorption 
capacities of them for proteins is not at intended levels since 
the low surface area of inter-connected supermacropores 
within the matrix [23, 24, 25]. Enhancing the binding 
performance of cryogels has a great significance in bio-
separation operations [26].  
 
Some composite materials have been conducted to fulfill some 
important duties [27, 28].Natural particles (i.e., pumice 
particles) can be embedded in the cryogel structure to solve 
the problem of low surface area and achieve high efficiency 
in a short time. These composite polymers can be successfully 
applied in protein adsorption studies. Particle embedded 
cryogels are a special kind of cryogels column to widen the 
surface area owing to the unification of the unique features of 
both cryogels and particles. Pumice particles are natural 
adsorbents and have some advantages such as low cost, non-
toxicity and high surface area for superior adsorption 
potential. [13, 29]. 
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Here, Cu2+-NP-ECDs were developed a new type of 
functional, low cost, composite cryogel disc for adsorption of 
BSA. Effects of pH, initial BSA concentration, ionic strength 
and temperature on BSA adsorption onto the Cu2+-NP-ECDs 
were studied. Prepared composite cryogel disc and pristine 
cryogel disc were analysed with some characterizations 
concerning Fourier Transform Infrared Spectrophotometer 
(FTIR), Scanning Electron Microscopy (SEM), and attached 
amount of Cu2+ ions. 

2. Materials and methods 

2.1 Materials 

The pumice particles were obtained from Pumice Research 
Centre (through Dr. Fatma Gurbuz), Süleyman Demirel 
University. 2-Hydroxyethyl methacrylate (HEMA) was 
provided from Fluka A.G (Buchs, Switzerland). N,N’-
methylene-bis-acrylamide (MBAAm), N,N,N’,N’-
Tetramethylethylene-diamine (TEMED) and ammonium 
persulfate (APS) were purchased by Sigma (St. Louis, MO, 
USA). Other chemicals were purcahed at reagent grade from 
Merck AG (Darmstadt, Germany).  

2.2 Preparation of natural pumice particles (NP) 

Natural pumice particles have been occurred by pre-treatment 
to remove substances that may be extracted and affected the 
surface area of natural particles. For this purpose, the pumice 
particles were put into acid (3.0 M HCl) and alkali (3.0 M 
NaOH) solutions for 24 hours. And also, a heating method was 
conducted at 130 °C for 5 h for the removal of organic 
contaminants from the pore structures. Therefore, the surface 
area of natural particles has been enlarged. The treated 
particles were washed by using distilled water and dehydrated 
at 180 °C for 24 hours.  

2.3 Attachment of Cu2+ ions to natural pumice particles (Cu2+-
NP) 

Attachment process of Cu2+ ions to NP was operated (at room 
temperature, 2 h) with a Cu2+ ions containing solution (100 
ppm, pH 5.0 tuned up with 0.01 M HCl). The quantity of 
binded Cu2+ ions onto NPs were calculated through beginning 
and last solutions of Cu2+ ion by a graphite furnace atomic 
absorption spectrometer (GFAAS, Analyst 800/PerkinElmer, 
Waltham, MA).  

2.4 Formation of Cu2+-attached natural pumice particle 
embedded composite cryogel disc (Cu2+-NP-ECD)  

HEMA (6 mmol) as monomer and MMBAm (1 mmol) as 
cross-linker were dissolved in deionized water (14 mL)  by 
cryo-polymerization method. Then, 150 mg Cu2+-NP was 
added into polymerization solution, APS (10%, w/v) as the 
free radical producer and TEMED (20 µL) as the initiator were 
added immediately. The prepared solution was poured into 
two glass layers (separated by 1.5 mm thick spacers) and was 

completed the polymerization  in the refrigerator frozen at −12 
°C for 24 h. After polymerization, it was thawed at room 
temperature. The synthesized composite cryogel discs were 
washed with deionized water until the impurities were 
removed. They were cut into circular discs (0.6 cm in 
diameter) with the help of a perforator. Lastly, they were put  
into buffer containing sodium azide (0.02 %) at 4 °C until 
usage. 

2.5 Characterization of Cu2+-NP-ECD sample and pristine 
cryogel 

The functional groups of Cu2+-NP-ECD and natural pumice 
were brightened by Fourier Transform Infrared Spectrometer 
(FTIR 8000 Series, Shimadzu, Japan). These samples (about 
0.1 g) were combined separately with KBr. They were 
pelleted and analyzed by FTIR spectrophotometer.  
 
The surface structure of pristine cryogel and Cu2+-NP-ECD 
membrane discs were examined by using scanning electron 
microscopy (SEM, EVO LS 10 ZEISS 5600 SEM, Tokyo, 
Japan) at desired magnifications. For this purpose, the 
composite discs and pristine discs were swollen in deionized 
water. Then, they were put into absolute (98%) ethanol to 
replace water with alcohol molecules in the pores. 
Immediately after the alcohol is diffused, both samples were 
put into an oven (60 °C) to remove the alcohol molecules from 
the samples without harm their structures. The dewatered 
samples were coated with gold-palladium (40:60) and they 
were then taken to SEM for taking images. 

2.6 Adsorption-elution stages of BSA from aqueous solutions 

BSA adsorption experiments on composite cryogel discs were 
applied in a shaker bath system to investigate some parameters 
such as pH effect, initial BSA concentration, ionic strength 
effect and temperature factor. The control of temperature on 
the shaker system was followed with temperature control unit 
of shaker. The phosphate buffer (pH 7.0, 0.05 M) was 
implemented to equilibrate the system. All BSA readings were 
accomplished at 280 nm via a UV spectrophotometer 
(Shimadzu, Tokyo, Japan, Model 1601). Elution of adsorbed 
BSA from Cu2+-NP-ECDs were accomplished with 0.5 M 
NaCl solution . 

3. Results and discussion  

3.1 Characterization of Cu2+-NP-ECD sample and pristine 
cryogel 

The quantity of Cu2+ ions binded to natural pumice particles 
was determined to be 40 mg/g. Additionally, It was checked 
for any ion leakage. No ion leakage was found. This outcome 
approved that washing process was satisfying. 
 
The FTIR spectra of both natural pumice particles and pumice 
particle embedded cryogel discs were shown in Figure 1. SiO2 
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is found in natural pumice particles about 70 % percentage 
[29]. The typical SiO2 stretching vibration band of about was 
observed around 1006 cm-1. On the other hand, the wavelength 
belonged to the SiO2 groups in pumice particle embedded 

cryogel disc shifted to around 1022 cm-1. The shift value in 
FTIR spectrum of natural pumice particle embedded cryogel 
discs can be attributed to the interaction of the Cu2+-NP with 
the cryogel structure and the presence of the Cu2+-NP in the 
cryogel disc structure. 

 
Figure 1. FTIR spectra: Natural pumice (A) and Cu2+-NP-ECDs (B). 

The structures of pristine cryogel discs and Cu2+-NP-ECDs 
were portrayed by a scanning electron microscope to figured 
out surface structures in Figure 2.  Even if pristine cryogel 
discs have perfect flow rate and  unique interconnected routes, 
they have insufficient adsorption capacity in consequence of 
their low surface area. Cu2+-NPs were combined with cryogel 
disc structures to cope with this problem of them. Cu2+-NP-
ECDs have highly porous and spongy morphologies as a result 
of uniformly dispersing of Cu2+-NPs into cryogel discs. 
Therefore, this integrated morphological construction that 
high surface area fulfilled for circulation of mobile phase, 
enhanced the adsorption performance owing to the unification 
of these binary structure.  Cu2+-NP-ECDs displayed excellent 
BSA adsorption (mg/g) with respect to the adsorption capacity 
of pristine cryogel discs (mg/g).  
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Figure 2. SEM images of pristine cryogel discs (A) and Cu2+-
NP-ECDs (B). 

3.2. Effect of pH on BSA adsorption  

Figure 3 indicates the effect of pH parameter on BSA 
adsorption. In all the occasions studied, the highest adsorption 
of BSA was observed at pH 7.0. Low adsorption was observed 
for acidic and alkaline pH regions with composite discs. The 
decrease in the BSA adsorption performance was seen in these 
regions because of electrostatic repulsion impacts between the 
opposite charged groups. The isoelectric pH of BSA is in the 
range of 4.7–5 in the literature [28]. Here, the highest 
adsorption was obtained at pH 7.0. Especially, the affinity 
between Cu+2 ions on natural pumice particles and BSA 
molecules (in particular, imidazole (histidine), thiol 
(cysteine), and indoyl (tryptophan)) are mainly responsible for 
the specific or electron donor–acceptor interactions. These 
specific interactions are based on the event of deprotonation 
of amino acid side changings (i.e., histidine and in particular 
primary amines such as lysine) of BSA with immobilized Cu+2 
ions. The changings as conformational because of the specific 
interactions of BSA molecules at this pH point may also cause 
specific interaction [29].  

 
Figure 3. Effect of pH on adsorption of BSA. ( CBSA 1 mg/mL, T: 25 
°C) 

3.3 Effect of initial BSA concentration  

The particles of natural origin with non-toxic, modifiable 
properties are attractive for biomedical applications. [30, 31]. 
The effect of initial concentration of BSA over adsorption 
have been shown in Figure 4. Different BSA concentrations 
(0.25 - 4 mg/mL) were conducted to investigate effect of 
initial BSA concentration on adsorption onto Cu2+-NP-ECDs. 
Even though the adsorption of BSA pristine cryogel discs’ 
having low adsorption performance, the power of adsorption 
capacity of Cu2+-NP-ECDs were reasonably satisfactory 
(356,8 mg/g particles).  

 
Figure 4. The effect of initial BSA concentration on adsorption. (pH 
7.0, T: 25 °C) 

The maximum adsorption capacity was obtained at 4 mg/mL. 
The binding sites on the Cu2+-NP-ECDs for BSA were 
satiated. No significant increase in amount on adsorption seen 
after the BSA concentration of 4 mg/mL. This event can be 
emphasized by feeding of interaction regions on the cryogel 
disc occupied by BSA molecules. Consequently, Cu2+-NP-
ECD cryogel discs obtained a high adsorption of 356,8  mg/g 
particles. However, pristine cryogel discs achieved just 31,4 
mg/g particles. 

3.4 Effect of ionic strength  

The effect of ionic strength on BSA adsorption also 
investigated at various concentrations (0-0.5 M) ( Figure 5). 
As demonstrated in Figure 5, it was observed a diminish in 
adsorption versus boosting ionic strength. This situation is 
able to described as follows: The increase in salt concentration 
prevented the electrostatic interactions between the ligand and 
BSA as a result of masking the groups interacting on the 
adsorbent. 
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Figure 5. The effect of ionic strength on adsorption of BSA.  (pH 
7.0, CBSA: 1 mg/mL, T: 25 °C) 

The effect of temperature gives important information over 
adsorption of biomolecules on a adsorbent surface.  The  
temperature parameter was carried out in the range of 5–
35 °C. As demonstrated in Figure 6, the adsorption of BSA 
onto Cu2+-NP-ECDs enhanced up to 25 °C, immediately after 
the adsorption was started to fall after 25 °C. This condition 
can be expressed with electrostatic interaction dominance 
between BSA molecules and Cu2+-NP-ECDs. 

 
Figure 6. The effect of temperature on adsorption of BSA.  (pH 7.0, 
CBSA: 1 mg/mL) 

The reusability of  Cu2+-NP-ECD composite cryogel discs 
presented satisfactory performance. Here, over 95% of 
adsorbed BSA was desorbed by 0.5 M NaCl. Adsorption-
desorption stages were iterated 30 times by operating the same 
disc, and a considerable changing wasn’t seen in cryogel disc 
structure. 

4. Conclusion 

In sum, Cu2+-NP-ECDs were synthesized to study the 
adsorption capacity for BSA from aqueous solution. The 
highest adsorption value was obtained at pH 7.0 as 356,8 mg/g 
particles. The reusability experiments were endorsed 30 
adsorption-desorption periods with 0.5 M NaCl by taking 
advantage of the same disc. The reusability of Cu2+-NP-ECDs 

were extremely convenient to use for the next studies. The 
natural pumice particles and composite cryogel disc were 
characterized by SEM, FT-IR experiments. Under the light of 
all performed studies, it is expected that Cu2+-NP-ECDs could 
be usefully applied for high amount separation of BSA 
molecules in the field of biomedicine and biotechnology. 
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