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ABSTRACT: Monosize, nonporous poly(glycidyl metha-
crylate) [poly(GMA)] beads were prepared by dispersion po-
lymerization. Cibacron Blue F3GA was covalently attached
onto the poly(GMA) beads for adsorption of recombinant
interferon-o. (rHulFN-0). Monosize poly(GMA) beads were
characterized by scanning electron microscopy. Dye-carrying
beads (1.73 mmol/g) were used in the adsorption—elution
studies. The effect of initial concentration of rHulFN-o, pH,
ionic strength, and temperature on the adsorption efficiency
was studied in a batch system. Nonspecific adsorption of
rHulFN-o on the beads was 0.78 mg/g. Dye attachment sig-
nificantly increased the rHulFN-o adsorption up to 181.7
mg/g. Equilibrium adsorption of rHuIFN-o onto the dye-car-
rying beads increased with increasing temperature. Negative
change in free energy (AG” < 0) indicated that the adsorption

was a thermodynamically favorable process. AS and AH
values were 146.1 J/mol K and —37.39 kJ/mol, respectively.
Significant amount of the adsorbed rHulFN-o (up to 97.2%)
was eluted in the elution medium containing 1.0M NaCl in
1 h. To determine the effects of adsorption conditions on pos-
sible conformational changes of rHulFN-u structure, fluores-
cence spectrophotometry was employed. We concluded that
dye-affinity beads can be applied for rHulFN-a adsorption
without causing any significant conformational changes.
Repeated adsorption—elution processes showed that these
beads are suitable for rHulFN-a adsorption. © 2006 Wiley
Periodicals, Inc. ] Appl Polym Sci 103: 975-981, 2007
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INTRODUCTION

Interferons are potent biologically active proteins syn-
thesized and secreted by somatic cells of all mamma-
lian species. Interferon proteins have been classified
into three types: o, B, and vy, based on antigenic and
structural differences.! Human interferon-o. (IFN-o)
comprises a family of extracellular signaling proteins
with antiviral, antiproliferating, and immunomodula-
tory activities. They are produced by peripheral blood
leukocytes and lymphoblastoid and myeloblastoid
cell lines on viral activation.” The interest in this pro-
tein is connected with its therapeutic value against
certain types of tumors such as brain tumors and ma-
lignant melanomas.? Recombinant IFN-. is also used
for the treatment of AIDS-related Kaposi’s sarcoma,
hairy cell leukemia, and chronic hepatitis B and C.
The isolation and purification of human interferons
from various sources has been attempted by a variety
of methods, including metal chelation, precipitation,
ion-exchange chromatography, gel-filtration chroma-
tography, hydrophobic chromatography, dye-affinity
chromatography, and immunoaffinity chromatogra-
phy over many years and some protocols have been
proposed that yield homogeneous protein.*™

Correspondence to: A. Denizli (denizli@hacettepe.edu.tr).

Journal of Applied Polymer Science, Vol. 103, 975-981 (2007)
©2006 Wiley Periodicals, Inc.

ST GIWILEY .

. InterScience’

DISCOVER SOMETHING GREAT

Recently, the preparation and applications of micron-
sized particles have attracted considerable attention
because of their unusual physical and chemical prop-
erties owing to small size and large specific surface
area.'”'" A major advantage of the nonporous micro-
particles is that significant intraparticle diffusion re-
sistances are absent; this is particularly useful for the
rapid analysis of proteins with high efficiency and re-
solution.'” The rapid separation makes it very useful
for quality control, on-line monitoring, and purity
check of biomolecules such as peptide mapping of
recombinant products. However, silica is unstable in
extreme pH, and polystyrene-based particles are hy-
drophobic, which makes them exhibit pronounced
nonspecific protein adsorption'® Therefore, the devel-
opment of other polymeric adsorbents with low non-
specific protein adsorption is desirable. Poly(glycidyl
methacrylate) [poly(GMA)] has attracted much atten-
tion for its hydrophilic characteristics."* Recently, there
has been increasing interest in the use of monosize
beads in medical, bioengineering, and biotechnology
applications such as in nuclear medicine for diagnos-
tic imaging and in studying the phagocytic process,'
biopolymer separation,'® enzyme immobilization,"”
protein purification,'® and sequence-specific separa-
tion of polynucleotides and nucleic acids."

Classical protein ligands are not an attractive choice
because of their high cost, orientation of ligand, low
binding capacity on immobilization, instability, and
leakage.”® In industrial applications, the use of affinity
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beads carrying antibody or protein ligands is ham-
pered by the cost of biomolecules and the need to val-
idate the process, where the problems come from the
biological sources of biomolecules and by their leak-
age into purified products. Therefore, affinity beads
with synthetic ligands which exhibit selectivity and a
wide range of applications are desirable. Textile dyes
have been considered as one of the important alterna-
tives to the natural biological ligands to circumvent
many of their aforementioned drawbacks.*’** For
example, the antraquinone dye Cibacron Blue F3GA
is widely used in affinity chromatography for purify-
ing nucleotide-binding enzymes, such as dehydroge-
nases and kinases, and human cholesteryl ester trans-
fer protein. Cibacron Blue F3GA is also able to bind to
several proteins, including human serum albumin, ly-
sozyme, and immunotoxins such as ricin A.*> Dye
ligands are biologically inert, chemically and physi-
cally stable, inexpensive, and can be easily immobi-
lized to matrices at high loading, resulting in high-
capacity adsorbents.

The aim of this study was to prepare monosize
dye-affinity beads for efficient separation of recombi-
nant human interferon-o. (rHulFN-o). Nonporous poly
(GMA) monosize beads were obtained by dispersion
polymerization of GMA. A major advantage of non-
porous beads is the absence of significant intraparticle
diffusion resistance, making it particularly useful for
rapid separation of proteins. The poly(GMA) beads
carrying Cibacron Blue F3GA are shown to be very
effective for the adsorption of rHulFN-a.

EXPERIMENTAL
Materials

Recombinant human interferon o (rHulFN-a) (sterile
filtered white lyophilized (freeze-dried) powder; 99%
purity as determined by reversed phase-high per-
formance liquid chromatography (RP-HPLC)) was
purchased from ProSpec-Tany TechnoGene (USA).
The specific activity as determined in a viral resist-
ance assay using bovine kidney MDBK cells was 3.5
x 10%. Cibacron Blue F3GA was obtained from Poly-
science (Warrington, USA) and used without further
purification. Glycidyl methacrylate (GMA, Fluka A.G,,
Buchs, Switzerland) was purified by vacuum distilla-
tion and stored in a refrigerator until use. Azobisiso-
butyronitrile (AIBN) and poly(vinyl pyrrolidone)
(MW: 30,000; BDH Chemicals, Poole, England) were
selected as the initiator and the steric stabilizer,
respectively. AIBN was recrystallized from methanol.
Ethanol (Merck, Germany) was used as the diluent
without further purification. All other chemicals were
the guaranteed or analytical-grade reagents commer-
cially available and used without further purification.
Laboratory glassware was kept overnight in a 5% ni-
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tric acid solution. Before use the glassware was rinsed
with deionized water and dried in a dust-free envi-
ronment. All water used in the experiments was puri-
fied using a Barnstead (Dubuque, IA) ROpure LP™
reverse osmosis unit with a high-flow cellulose ace-
tate membrane (Barnstead D2731) followed by a Barn-
stead D3804 NANOpure® organic/colloid removal
and ion-exchange packed bed system.

Preparation of poly(GMA) beads

Poly(GMA) beads were prepared as described else-
where.® The dispersion polymerization was per-
formed in a sealed polymerization reactor (volume:
500 mL) equipped with a temperature control system.
A typical procedure applied for the dispersion poly-
merization of GMA is given below. The monomer
phase was comprised of 40 mL GMA. AIBN (250 mg)
was dissolved into the monomer phase. The result-
ing medium was sonicated for about 5 min at 200 W
within an ultrasonic water bath (Bransonic 2200,
England) for the complete dissolution of AIBN in the
polymerization medium. Poly(vinyl pyrrolidone) (4.0 g)
was dissolved in a homogeneous solution of ethanol
(100 mL) and water (100 mL) and placed in a poly-
merization reactor. The reactor content was stirred at
500 rpm during the monomer addition, completed
within about 5 min, and the heating was started.
Then, the mixture was degassed by purging with
nitrogen for about 20 min. Then, the sealed reactor
was placed in a shaking water bath at room tempera-
ture. The initial-polymerization time was defined
when the reactor temperature was raised to 65°C. The
polymerization was carried out at 65°C for 4 h with
continuous stirring. After completion of the polymer-
ization period, the reactor content was cooled down
to room temperature and centrifuged at 5000 rpm for
10 min for the removal of dispersion medium. This
polymerization reaction led to the formation of white
beads. Poly(GMA) beads were redispersed in 10 mL
of ethanol and centrifuged again under similar condi-
tions. The ethanol washing was repeated three times
for complete removal of unconverted monomers and
other components. Finally, poly(GMA) beads were
redispersed in 10 mL of water (0.10% by weight) and
stored at room temperature.

Dye attachment to poly(GMA) beads

Cibacron Blue F3GA was covalently attached to the
poly(GMA) monosize beads. First, Cibacron Blue
F3GA was dissolved in 100 mL of water (dye concen-
tration: 5 mg/mL). This aqueous dye solution was
transferred to poly(GMA) beads (total mass: 1.0 g) in
100 mL distilled water, and then 4.0 g of NaOH were
added. The medium was heated at 80°C in a sealed
reactor and was stirred magnetically for 4 h. Under
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these experimental conditions, a chemical reaction
took place between the chlorine containing group of
the Cibacron Blue F3GA and the epoxy groups of the
GMA monomer. Afterward, the remaining epoxy
groups were blocked with 2M ethylene diamine at
pH 10 for 16 h under gentle stirring. To remove the
nonspecifically attached dye molecules, an extensive
cleaning procedure was applied, which was as fol-
lows: The beads were first washed with deionized
water. The monosize beads were dispersed in metha-
nol, and the dispersion was sonicated for 2 h in an
ultrasonic bath. At the last stage, beads were washed
again in deionized water. Cibacron Blue F3GA-attached
poly(GMA) beads were stored at 4°C with 0.02%
sodium azide to prohibit microbial contamination.

The release of the Cibacron Blue F3GA from the
dye-attached monosize beads was investigated at dif-
ferent pH values in the range of 4.0-8.0. It should be
noted that these media were the same which were
used in the rHulFN-a adsorption experiments given
below. Cibacron Blue F3GA release was also deter-
mined in the medium at 0.05M Tris/HCI buffer con-
taining 0.5M NaSCN which was the medium used for
the rHulFN-u elution experiments. The medium with
the Cibacron Blue F3GA-attached beads was incu-
bated for 24 h at room temperature. Then, beads were
removed from the medium, and the Cibacron Blue
F3GA concentration in the supernatant was measured
by spectrophotometry at 630 nm.

Characterization of monosize beads

The amount of attached Cibacron Blue F3GA was
determined using an elemental analysis instrument
(Leco, CHNS-932, USA). The amount of Cibacron
Blue F3GA attachment on the monosize beads was
calculated by considering the sulfur stoichiometry.

Poly(GMA) beads were gold coated (about 100 A
thickness) under a high vacuum, 0.1 Torr, high volt-
age, 1.2 kV and 50 mA. Coated beads were examined
using a scanning electron microscope (JEOL, JEM
1200 EX, Tokyo, Japan) to characterize the morphol-
ogy and size of beads.

The epoxy group content in the synthesized poly
(GMA) samples was determined by the perchloric
acid titration method. The poly(GMA) beads were
dispersed in 0.1 mol/L tetraethylammonium bromide
in acetic acid solution and titrated with 0.1 mol/L
perchloric acid solution until the crystal violet indica-
tor changed to blue-green.

rHulFN-a adsorption studies

rHulFN-o was selected as a model protein for adsorp-
tion studies. rtHulFN-o adsorption of the normal and
the Cibacron Blue F3GA-attached beads were studied

at various pH. The pH of the adsorption medium was
changed between 4.0 and 8.0 by using different buffer
systems (0.1M acetate for pH 4.0-6.0, 0.1M phosphate
for pH 7.0-8.0). All pH measurements were made
with a digital pH/mV meter. The initial concentration
of rHulFN-o was changed between 0.25 and 2.0 mg/
mL. In an adsorption experiment, rHulFN-o was dis-
solved in 5 mL of buffer solution and beads were
added. The time to reach equilibrium adsorption with
continuous stirring was found to be 60 min and in the
rest of the study a 60-min adsorption duration was
therefore employed. At the end of the equilibrium pe-
riod, the beads were separated from the adsorption
solution. The rHulFN-a adsorption capacity of beads
was determined by measuring the remaining concen-
tration of rHulFN-a in the adsorption medium spec-
trophotometrically at 280 nm. A UV-vis diode array
spectrophotometer with 10-mm cuvettes was used for
absorbance measurements. It should be noted that all
adsorption curves are averages of five experiments.
The amount of adsorbed rHulFN-o. per unit mass of
the beads was calculated by using the mass balance.

rHulFN-« elution studies

The rHulFN-a elution experiments were performed
in a buffer solution containing 1.0M NaCl. The
rHulFN-o adsorbed beads were placed in the elution
medium and magnetically stirred for 1 h at 25°C, at a
stirring rate of 100 rpm. The final rHulFN-o concen-
tration within the elution medium was determined by
spectrophotometry. The elution ratio was calculated
from the amount of rHulFN-o adsorbed on the beads
and the amount of rHulFN-o desorbed into the me-
dium. To obtain the reusability of the dye-attached
poly(GMA) beads, rHulFN-a adsorption—elution pro-
cedure was repeated 10 times by using the same poly-
meric adsorbent. It should be also noted that, during
the elution step of rHulFN-o, dye release was also
monitored continuously.

Antiviral bioassay for rHulFN-«

The biological activity of the eluted rHulFN-o was
determined by its ability to show cytopathic effect on
MDBK cells. Specific activity was determined with
reference to standard rHulFN-o obtained from Pro-
Spec TechnoGene (USA). One unit of activity is defined
as the amount of rHulFN-a required to produce anti-
viral activity equivalent to that expressed by 1 inter-
national unit (IU) of the ProSpec TechnoGene refer-
ence standard.

RESULTS AND DISCUSSION

Figure 1 shows the scanning electron micrograph of
the prepared poly(GMA) beads, illustrating that the

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 1 SEM photograph of monosize poly(GMA) beads.

beads are uniform in size (R.S.D. < 1%) with a diame-
ter of 1.6 pm. Poly(GMA) beads are hydrophilic poly-
mer networks capable of imbibing large amounts of
water yet remain insoluble and preserve their three-
dimensional shape. The equilibrium swelling ratio of
the poly(GMA) beads is 45%. Epoxy groups in the
poly(GMA) structure were reacted with dye ligand
Cibacron Blue F3GA in the presence of NaOH. To
evaluate the degree of dye attachment, elemental analy-
sis of the beads was performed. The physicochemical
properties of poly(GMA) beads are presented in Table .

rHulFN-a adsorption—elution studies
Adsorption isotherms

Figure 2 shows the rHulFN-o adsorption isotherm of
the plain and dye-affinity beads. Note that one of the
main requirements in dye affinity chromatography is
the specificity of the adsorbent. The nonspecific inter-
action between the support, which is the poly(GMA)
beads in the present case, and the molecules to be
adsorbed, which are the rHulFN-o. molecules here,
should be minimal to consider the interaction as spe-
cific. As presented in this figure, with increasing
rHulFN-o concentration in solution, the amount of
rHulFN-o adsorbed by the beads increases almost lin-
early at low concentrations, below about 0.5 mg/mL,

TABLE I
Some Properties of the Monosize Poly(GMA) Beads
Particle diameter 1.6 = 0.01 pm
Polydispersity index 1.006
Theoretical epoxy group content 4.2 mmol/g
Experimental epoxy group content 3.8 mmol/g

Swelling ratio 45%
Wet density 1.09 g/mL
Dye content 1.73 mmol/g
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then increases less rapidly and approaches saturation.
The steep slope of the initial part of the adsorption
isotherm represents a high affinity between rHulFN-u
and Cibacron Blue F3GA. It becomes constant when
the rHulFN-a concentration is greater than 0.5 mg/
mL. A negligible amount of rHulFN-o adsorbed non-
specifically on the plain beads (0.78 mg/g). This non-
specific adsorption value was obtained at 25°C. Dye-
immobilization significantly increased the rHulFN-o
coupling capacity of the beads (up to 205 mg/g). This
increase in the rHulFN-o coupling capacity may have
resulted from cooperative effect of different interac-
tion mechanisms such as hydrophobic, electrostatic,
and hydrogen bonding caused by the acidic groups
and aromatic structures on the Cibacron Blue F3GA
and by the side chains of amino acids on the rHulFN-
o molecules. It should be mentioned that Cibacron
Blue F3GA is not very hydrophobic overall, but it has
planar aromatic surfaces that prefer to interact with
hydrophobic groups in rHulFN-o structure.

Adsorption isotherm

Langmuir adsorption isotherm is expressed by eq (1).
The corresponding transformations of the equilibrium
data for rHulFN-o gave rise to a linear plot, indicat-
ing that Langmuir model could be applied in these
systems and described by the equation:

0]* = fmax b Ceq/(1 + b Ceq) (1)

where g is the amount of adsorbed rHulFN-« in the
adsorbent, Ceq is the equilibrium rHulFN-o concen-
tration in solution, b is a coefficient related to the af-
finity between the sorbent and adsorbate, and gy is
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Figure 2 Adsorption isotherms of rHulFN-o on poly
(GMA) beads. Dye loading: 1.73 mmol/g; pH: 6.0.
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TABLE II
Equilibrium Association Constants and Free Energies
T Gmax 1/T(10% AG°
(K) (mg/g) K, K™ In K, (kJ/mol)
277 188.6 4.8 3.61 1.572 -77.9
298 204.0 8.2 3.35 2.106 —80.9
310 200.0 16.7 3.22 2.812 —82.7
318 208.3 48.0 3.14 3.871 —83.8

the maximum adsorption capacity. The maximum
adsorption capacity (gmax) data for the adsorption of
rHulFN-o was obtained from the experimental data.
The correlation coefficients (R?) were close to 1.0.

Thermodynamic parameters such as free energy
(AGY), enthalpy (AHY), and entropy (ASY) changes for
the process can be estimated using the following
equations:

AG’ = —RT InK, ()

AGY = AH — TAS° (3)
Here, K, is the equilibrium association constant (1/
K,). The plot of In K, versus 1/T for the adsorption
process must be found linear. Table II shows the cor-
responding thermodynamic parameters such as max-
imum adsorption capacity (4max), the equilibrium
association constant, and free energy (AG’) calcu-
lated from the experimental data at 4°C, 25°C, 35°C,
and 45°C, respectively.

The equilibrium adsorption of rHulFN-o onto the
Cibacron Blue F3GA carrying beads significantly
increased with increasing temperature. A possible ex-
planation for this behavior is as follows: Chemical
interaction between the dye and the rHulFN-o mole-
cules increased with increasing temperature. The neg-
ative change in free energy (AG’ < 0) indicated that
the adsorption of rHulFN-o on the dye-affinity beads
was a thermodynamically favorable process. The AS
value for the adsorption of rHulFN-a to dye-attached
monosize beads was calculated as 146.1 J/mol K. Pos-
itive value for the AS indicates an increase in the total
disorder of the system during adsorption. The calcu-
lated AH value of the system for the interaction of
rHulFN-o with dye was —37.39 kJ/mol.

Effect of pH

Figure 3 shows the effects of pH. In all the cases
investigated, the maximum adsorption of rHulFN-«
was observed at pH 6.0. It should be noted that the
isoelectric pH of rHulFN-a is 5.9. Significantly lower
adsorption capacities were obtained in more acidic
and in more alkaline pH regions. The decrease in the
rHulFN-o adsorption capacity in more acidic and
more alkaline pH regions can be attributed to electro-
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Figure 3 The variation of rHulFN-o adsorption capacities
of the poly(GMA) beads as a function of pH; Dye loading:
1.73 mmol/g; rHulFN-o. concentration: 1.0 mg/mL; T:
25°C.

static repulsion effects between the opposite charged
groups. It has been shown that proteins have no net
charge at their isoelectric points, and therefore the
maximum adsorption from aqueous solutions is usu-
ally observed at their isoelectric points.

Effect of ionic strength

The effect of salt concentration on rHulFN-o adsorp-
tion is shown in Figure 4. With an increase of the
aqueous phase concentration of sodium chloride, the

175
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Figure 4 Effect of the ionic strength on rHulFN-o adsorp-
tion; Dye loading: 1.73 mmol/g; rHulFN-a concentration:
1.0 mg/mL; pH: 6.0, and T: 25°C.
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TABLE III
Elution of rHulFN-«

rHulFN-o rHulFN-o

Concentration adsorbed desorbed
(mg/mL) (mg/g) (%)
0.1 25.6 94.1
0.2 52.5 93.6
0.3 90.2 92.9
0.5 151.6 94.8
0.8 152.2 97.2
1.0 1524 96.3
1.5 153.0 96.0

adsorption capacity decreased drastically. Increasing
the ionic strength could promote the adsorption of
the dye molecules to the poly(GMA) surface by
hydrophobic interaction.””*® Moreover, the hydro-
phobic interactions between the attached dye mole-
cules themselves would also become strong, because
it has been observed that the salt addition to a dye so-
lution caused the stacking of the free dye molecules.”
Thus, the numbers of the attached dye molecules ac-
cessible to rHulFN-o. would decrease as the ionic
strength increased, and the adsorption of the rHulFN-o
to attached dye became difficult. In addition, the ionic
interactions decrease with increasing ionic strength
due to the Debye screening effect.’® The adsorption
capacity decreased from 159.7 to 141.6 mg/g polymer
with the increase of the NaCl concentration from 0 to
0.2M. The adsorption amount of rHulFN-a decreased
by about 11.4%.

Elution

Regeneration of dye-affinity beads is important for
their application in affinity separation. The adsorbed
rHulFN-o was desorbed from the beads by the addi-
tion of NaCl. Dye-affinity beads carrying different
amounts of rHulFN-o were placed in an elution me-
dium containing 1.0M NaCl and the amount of
rHulFN-o released in 60 min was determined. Table
III gives the elution data. More than 92% of the
adsorbed rHulFN-o was desorbed in all cases when
NaCl was used for elution. The desorbed rHulFN-o
has a specific activity of 3.5 x 10° TU/mg as inhibition
of the cytopathic effect of MDBK cells. This result
showed that the specific activity of HulFN-o re-
mained almost constant during the adsorption-elu-
tion steps. Note that there was no dye release in this
case which shows that Cibacron Blue F3GA molecules
are attached to the beads surface by strong chemical
bond. With the elution data given above we con-
cluded that NaCl is a suitable elution agent especially
for the Cibacron Blue F3GA carrying beads, and
allows repeated use of the dye affinity adsorbents de-
veloped in this study.

To investigate the reusability of the Cibacron Blue
F3GA-attached beads, the adsorption—elution cycles
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of rHulFN-o were repeated 10 times using the same
poly(GMA) beads. Adsorption capacities for beads
did not change noticeably during the 10 repeated
adsorption—elution operations. This is an important
feature indicating the possibility of recycling dye-
affinity beads for reuse in the protein separation
process.

To evaluate the effects of adsorption conditions on
rHulFN-o structure, fluorescence spectrophotometry
was employed. The fluorescence spectrum of rHulFN-
o samples obtained from the elution step was re-
corded. The fluorescence spectra of native and heat-
denaturated rHulFN-o were also taken. A clear differ-
ence was observed between the fluorescence spectra
of native rHulFN-o and heat-denaturated rHulFN-o.
An appreciable shift was seen in the maximum wave-
length of denaturated rHulFN-o according to the
native one. On the other hand, the fluorescence spec-
trum of the samples withdrawn from the elution step
were very close to those of native rHulFN-o and no
significant shift of maximum wavelength was de-
tected in the spectra of these samples relative to that
of native rHulFN-a. It may be concluded that dye-
affinity beads can be applied for rHulFN-a separation
without causing any conformational changes and
denaturation.

CONCLUSIONS

A wide variety of functional molecules, including en-
zymes, coenzymes, cofactors, antibodies, amino acid
derivatives, oligopeptides, proteins, nucleic acids,
and oligonucleotides may be used as ligands in the
design of novel adsorbents.”*'® These ligands are
extremely specific in most cases. However, they are
expensive, because of high cost of production and/or
extensive purification steps. In the process of the
preparation of specific adsorbents, it is difficult to im-
mobilize certain ligands on the supporting matrix
with retention of their original biological activity.”
Precautions are also required in their use (at adsorp-
tion and elution steps) and storage. Dye-ligands have
been considered as one of the important alternatives
to natural counterparts for specific affinity chroma-
tography to circumvent many of their drawbacks,
mentioned above.”® Dye-ligands are able to bind most
types of proteins, especially enzymes, in some cases
in a remarkably specific manner. They are com-
mercially available, inexpensive, and can easily be im-
mobilized, especially on matrices bearing hydroxyl
groups.” Although dyes are all synthetic in nature,
they are still classified as affinity ligands because they
interact with the active sites of many proteins by
mimicking the structure of the substrates, cofactors,
or binding agents for those proteins.*’ The triazine
dye Cibacron Blue F3GA immobilized to monosize
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poly(GMA) beads provided an efficient method to
separate THulFN-o, showing high binding capacity,
assuring a recovery of about 92%. To examine the
effects of adsorption conditions on conformational
changes of rHulFN-o molecules, fluorescence spectro-
photometry was employed. It appears that the dye-
affinity chromatography with modified monosize
magnetic beads can be applied for the adsorption of
rHulFN-o without causing any denaturation. Repeated
adsorption—desorption processes showed that these
dye-attached monosize magnetic beads are suitable
for rHulFN-o adsorption.
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