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Abstract : The adsorption of bovine serum albumin (BSA) on monodisperse porous poly(butyl
methacrylate-divinylbenzene) (PBMA), poly(4-vinylpyridine-divinylbenzene) (PVP}, and poly
(acrylonitrile-ethylene glyco! dimethacrylate) (PAN) microgels with different surface properties was
studied. The adsorption isotherm of BSA on these micogels was measured as functions of pH and ionic
strength. The effect of pH dependence for BSA adsorption on the microgels. which differ from the
surface properties. showed the maximum adsorption at the isoelectric point (pl=pH 4.8-5.3) of BSA.
The PBMA microgels showed the highest adsorption isotherm for BSA over the whole range of pH and
ionic strength. Also, the desorption isotherm on PBMA microgels over the whole range of pH showed
lower than those on PVP and PAN microgels. The adsorption and desorption mechanisms of the
hydrophobic polymer microgels are more dependent on the hydrophobic interaction than electrostatic
effect. The BSA adsorption on PBMA microgels was affected by the pH and ionic strength less than on
PVP and PAN microgels. The experimental adsorption isotherm of the microgels for BSA better fitted

to the Langmuir equation than Freundlich equation.

Introduction

Polymer microgels have a wide range of poten-
tial applications in biotechnology and bioengineer-
ing due to the special properties of spherical
shape, high surface area, low viscosity, chemical
stability, and easiness in recovery and purification.
The applications of these polymer microgels
include enzyme immobilization,"? drug delivery**
and affinity chromatography.®” Especially, porous
microgels have been used in a wide variety of
industrial purposes, such as polymeric supports
for adsorbents,® 1013
change resins.™

Protein separation is important not only for
the immunoassay and column chromatography
but also for the food industry. In order to utilize
polymer microgels for the column chromatogra-
phy, protein adsorption onto the polymer
microgels should be investigated to establish the
relationship of adsorption property to microgel
characteristics.

Kondo et al.® has studied the adsorption
properties of ¥-globulin, a model protein for

column materials, and ion-ex-
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antibody, on colloidal particles with different
surface properties as a function of pH and ionic
strength. Kitano et al.’*"” examined the restricted
diffusion effects on binding of bovine serum
albumin (BSA)} to porous polymer resins and
showed the diffusion process and selective se-
paration properties of BSA combined reversibly
or irreversibly to polymer microgels as studied
by a repetitive injection method. Also, Yoshida
et al.”*" presented equilibrium isotherms in order
to show the possibility of using a strong basic
crosslinked chitosan and QAE (a strong-base
dextran-type ion exchanger) as a protein se-
parator. However, it is not clear how the protein
adsorption is affected by the properties of the
microgels.

In this study, adsorption isotherm of BSA on
polymer microgels, such as PBMA, PVP, and
PAN microgels having different surface properties
pH,
The
iso-
iso-

was investigated as functions of solution
the concentration of coexisting salt (NaCl).
experimental and theoretical adsorption
therms were correlated with the Langmuir
therm and Freundlich equation.
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Experimental

Materials. All microgels of poly(butyl metha-
crylate-divinylbenzene) (PBMA), poly(4-vinylpy
ridine-divinylbenzene) {PVP), and poly(acrylonitrile-
ethylene glycol dimethacrylate) (PAN) systhesized
and characterized by previously reported pro-
cedures™ were used. Monodisperse porous PBMA,
PVP and PAN microgels were prepared using
the seeds with diameter of 1.0 um by seed
polymerization method. The bovine serum
albumin (BSA, Calbiochem., fraction V) was used
without further purification. Buffer solutions of
the desired pH and ionic strength were used in
the adsorption and desorption experiments.

Adsorption and Desorption of BSA. BSA
solution (1.0 mg/mL) was mixed with polymer
microgels {20 mg/mL) of the same volume. Stock
solution of BSA was prepared at a concentration
of 0.5 mg/mL. After adsorption at room tempera-
ture for 3 hours, the solution was centrifuged and
filtered out polymer microgels with HAFT filter
membrane (Triton, cellulose acetate, pore size 0.45
um). The residual concentration of BSA in
solution was determined by UV/Vis spectrophoto-
meter (Kontron Uvicon 860) at a wavelength of
278 nm. BSA desorption was carried out as
follows. After the adsorption at the same condi-
tions, the solution was centrifuged and filtered
out to polymer Collected
polymer microgels were redispersed in the same
volume of BSA-free solution having the suitable
pH and ionic strength. After desorption at room
temperature for 3 hours, the
centrifuged and filtered out polymer microgels.
The concentration of the desorbed BSA was
determined by UV/Vis spectrophotometer at a
wavelength of 278 nm. The adsorption and
desorption amount and the rate of desorption
were defined by the following equations (Eq. (1)-
(3)). The adsorption coefficients were correlated
with the Langmuir isotherm and Freundlich
equation (Eq. (4)-(5)).

recover microgels.

solution was

_(C=Cy) Vs
Qod = Wp (1)
_ (C,ad _C,W)Vsol
Gae _——Wp (2)
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r=de 00 (3)
ad
_ KbCe,
Qod = (1 +KCeq) (4)
Dad =kCV” (5)

q.« :adsorbed phase equilibrium concentration of
BSA (mg/g-particles)
C: tliquid phase initial concentration of BSA
(mg/L)
C., liquid phase equilibrium concentration of BSA
{mg/L)
g : desorbed phase equilibrium concentration of
BSA (mg/g-particles)
C’.  adsorbed concentration of BSA after
adsorption (mg/L)
C’., * liquid phase equilibrium concentration of BSA
after desorption (mg/L) ‘
V. : volume of solution {mL)
» * weight of adsorbent (polymer microgel) (mg)
‘ rate of desorption (%)
: Langmuir coefficient (mL/mg)
: saturation capacity (mg/mL)
k, n: Freundlich coefficients
Measurements. The particle size and the sur-
face morphology of microgels were characterized by
a scanning electron microscopy (SEM, Hitachi S
570). The specific surface area of the microgels
was measured by a nitrogen adsorption
measurement (ASAP 2000M) following the BET
method.** The pore volume, pore size distribution,
and porosity were determined by a mercury intru-
sion porosimetry (Micrometrics, Poresizer 9320).

O‘x"‘g

Results and Discussion

Characteristics and Morphology of the Poly-
mer Microgels. Monodisperse porous PBMA,
PVP, and PAN microgels were prepared by the
seed polymerization method using polystyrene
seeds. In previous studies, we examined in detail
the physical properties of microgels such as the
specific surface area, pore size, pore volume, and
porosity according to the amount of seed and
diluent, crosslinking agent content, and a type of
diluent.”” Seed polymerization can synthesize
microgels which have either core-shell or the
porous types according to the structure and
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Figure 1. Scanning electron micrograghs of polymer mi-
crogels. (A) PBMA, (B) PVP, and (C) PAN.

characterization of seed. The formation of pore
structure in polymer microgels may be formed by
removal of the diluent and polystyrene seed after
polymerization.

In this study, porous polymer microgels were
obtained by extraction of diluent and seed acting
as a porogenic material after polymerization.
Scanning electron micrographs of particle shape
for these polymer microgels were given in Figure
1. PBMA, PVP, and PAN microgels with particle
diameter about 2.8, 3.7 and 5.2 pum respectively,
were prepared and showed a spherical shape.
PAN microgels showed the developed surface
features compared with PBMA and PVP
microgels. The physical properties of these
polymer microgels were given in Table L.
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Figure 2. Effect of time on equilibrium isotherm for ad-
sorption of BSA bound on polymer microgels at pH 5; BSA
concentration: 500 mg/dm® NaCl: 0.01 mol/L.

Equilibrium Isotherm of BSA. Polymer
microgels with different surface property were
suspended in an aqueous solution and BSA
solution were mixed. The adsorption isotherm at
pl of BSA was shown in Figure 2. The adsorption
of BSA showed increasing tendency for initial 3
hours, are reached to equilibrium after that. The
pH dependence of the adsorption of BSA on
polymer microgels was shown in Figure 3. All of
the polymer microgels showed the maximum
adsorption at pl of BSA. The hydrophobic PBMA
microgels showed higher adsorption isotherm for
BSA over the whole range of pH (3-11) than
PVP and PAN microgels, due to the hydrophobic
interaction. The BSA was less adsorbed on PVP
microgels in acidic solution than in alkaline
solution. This may be explained as follows. The
protein molecules are positively charged when

Table 1. Physical Properties of Polymer Microgels

Sampl Crosslinker (mol%) Particle Diameter 5 v, @ d’ [N
ampie DVB EDMA (Lm) {(m®/g) (mL/g) (%) (um) (g/em®)
PBMA 60 - 2.8 84.2 1.04 55.1 0.097 0.53
PVP 60 - 37 63.6 0.75 47.1 0.064 0.67
PAN - 20 5.2 211.0 1.27 61.0 0.134 047
° Specific surface area. "“Cumulative pore volume. ¢ Porosity. ¢ Mean pore diameter. “Apparent density.
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K. S Kim and S. H. Kang

707 —~O— PBMA
K —O- PWP
€ —/— PAN
[0
40|
(o))
S
£
O
S 30}
5
w
Rel
(4]
S 20k
om
kS
=
3 10
£
<
0 { 1 I | |
3 5 7 9 1

pH
Figure 3. Effect of pH on equilibrium isotherm for ad-

sorption of BSA on polymer microgels; BSA concentration:
500 mg/dm® NaCl: 0.01 mol/L.

pH<pl and negatively charged when pH>pl
Thus, the decrease in adsorption in acidic solution
is probably due to an elecltrostatic repulsion
between positively charged BSA and PVP
microgels which are positively charged by
protonation in acidic solution. On the other hand,
the hydrophilic PAN microgels showed a low
adsorption over the whole range of pH, except
for when pH=pl. Above results mean that the
hydrophobic interaction and electrostatic
attraction are important factors in protein-
polymer interactions.

Figure 4 shows the rate of desorption of BSA
adsorbed on different polymer microgels. PBMA
microgels showed a low desorption rate at the
entire pH range, but PAN microgels showed a
high desorption with minimum at pH=pl. This
indicates that hydrophobic PBMA microgels have
been bound more irreversibly to BSA than the
hydrophilic PAN microgels.

In the case of PVP microgels, the reason why
the desorption amount is relatively larger when
pH<pl against alkaline pH is an elecltrostatic
repulsion with BSA which is positively charged
when pH<pl. Figure 5 shows the effect of ionic
strength on the adsorption of BSA. The
adsorption amount of hydrophilic PAN microgels
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Figure 4. Effect of pH on equilibrium isotherm for desorp-

tion of BSA on polymer microgels; BSA concentration: 500
mg/dm% NaCl: 0.01 mol/L.

and charged PVP microgels was decreased with
increasing the ionic strength. This is attributed to
the reduction of the protein-polymer interaction
by the effect of the charge shielding action of the
added salts.”” Also, PBMA microgels didn't show
a susceptible influence on ionic strength. The
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Figure 5. Effect of ionic strength on equilibrium isotherm
for adsorption of BSA on polymer microgels at pH 5.0; BSA
concentration: 500 mg/dm”.
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Figure 6. Equilibrium isotherms according to BSA con-
centration on PBMA microgels at pH 5.0.
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Figure 7. Equilibrium isotherms according to BSA con-
centration on PAN microgels at pH 5.0.

adsorption mechanism of the hydrophobic
polymer microgels is more dependent on the
hydrophobic interaction than electrostatic effect.
This means that BSA adsorption on PBMA
mocrogels was highly irreversible with respect to
the pH and ionic strength compared with PVP
and PAN microgels.

Figure 6 and 7 showed the curve fitting for
concentration of BSA on PBMA and PAN
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Figure 8. Equilibrium isotherms according to BSA con-
centration on PBMA microgels at pH 9.0.
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Figure 9. Equilibrium isotherms according to BSA con-
centration on PAN microgels at pH 9.0.

microgels at pH 5.0. The experimental curve well
applies to the Langmuir equation. Also, Figure 8
and 9 showed the curve fitting for concentration
of BSA on PBMA and PAN microgels at pH 9.0.
The experimental curve applies to the Langmuir
equation better than Freundlich equation. The
Langmuir isotherm model is based on the assump-
tion that adsorption is restricted to monolayer
coverage, that adsorption is localized (ie., that
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specific adsorption sites exist and interactions are
between the site and a specific molecule), and
that the heat of adsorption is independent of
the amount of material adsorbed. Thus, the
Langmuir equation is well applied when
adsorption forms only monolayer and Freundlich
equation is well applied when adsorption occurs
on heterogeneous surface at some kinds of
heterogeneous sites. But Freundlich equation can
not be satisfied if the degree of adsorption is
increased. Because PBMA and PAN microgels
well applied to Langmuir equation than Freundlich
equation, BSA adsorption on polymer microgels
means to form monolayer on surface of microgels
and PBMA microgels imply that combine more
irrevesiblely compared to PAN microgels.

Conclusions

The adsorption properties of BSA on polymer
microgels such as PBMA, PVP and PAN which
differ from the surface properties were measured
as functions of pH and ionic strength in an
aqueous solution. The adsorption and desorption
of BSA on polymer microgels showed maximum
adsorption and minimum rate of desorption when
pH=pl, respectively. The adsorption of the
hydrophobic PBMA microgels was higher than
the hydrophilic PAN microgels and charged PVP
microgels. The order of maximum values of the
adsorption isotherm for the microgels was PBMA>
PVP>PAN microgel. Thus, they were also affected
by the charged group and hydrophobicity of the
microgel surface.

The effect of ionic strength of BSA adsorption
on hydrophobic microgels was lower than on the
hydrophilic microgels. The adsorption mechanism
of BSA on the hydrophobic microgels was more
dependent upon the hydrophobic interaction than
electrostatic effect. The hydrophobic PBMA
microgels have been bound irreversibly with
BSA than the hydrophilic PAN microgels. The
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experimental adsorption isotherm of the microgels
for BSA better fitted to the Langmuir equation
than Freundlich equation.
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