
Adsorption/Desorption of Protein on Magnetic Particles
Covered by Thermosensitive Polymers

XIAO-BIN DING,1 ZONG-HUA SUN,1 WEN-CHUAN ZHANG,1 YU-XING PENG,1 GUO-XIANG WAN,1

YING-YAN JIANG2

1 Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences, Chengdu 610041, People’s Republic of China

2 Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080, People’s Republic of China

Received 5 December 1998; accepted 10 September 1999

ABSTRACT: The adsorption and desorption behavior of protein human serum albumin
(HSA) on magnetic polymer particles covered by thermosensitive polymers was inves-
tigated. The results showed that adsorption was dependent mainly on the properties of
the particle surface. By increasing the temperature, particles deswelled and were
susceptible to absorb larger amounts of proteins, which could be desorbed at lower
temperature. The extent of adsorption was found to depend on the pH value, protein
concentration, and incubation time. At higher pH, a smaller amount of proteins could
be absorbed because of the electrostatic repulsive force between the protein and the
surface particles. Increasing incubation time or initial protein concentration was fa-
vorable to the adsorption of proteins. © 2000 John Wiley & Sons, Inc. J Appl Polym Sci 77:
2915–2920, 2000
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INTRODUCTION

The use of magnetic particles in various fields of
biochemistry and medicine was described in sev-
eral articles.1,2 The area of application included
diagnostics, cell separation, enzyme immunoas-
say, enzyme immobilization, and drug delivery.3,4

Recently, a number of studies were carried out on
poly(N-isopropylacrylamide) (PNIPAM) because
of its thermosensitive property with a lower crit-
ical solution temperature (LCST), a property use-
ful in studies in the biomedical or biological field,
such as in drug-delivery systems and enzyme im-
mobilization.5–7 Crosslinked PNIPAM hydrogel
or microspheres consisting of poly(NIPAM-co-N-
acryloxyl succinimide) or poly(NIPAM-co-methyl-
enebisacrylamide) were utilized for the separa-

tion and purification of biomacromolecules,8,9 but
PNIPAM particles have a shortcoming in their
susceptibility to aggregation when they are cen-
trifuged to separate them from the media.

Preparation of a novel multifunctional particle
with thermosensitivity and a magnetic property
was described in our previous article.10 In this
study, these magnetic particles were used as a
support for adsorbing/desorbing human serum al-
bum (HSA) at different conditions to investigate
the interactions between the protein and the par-
ticles. The results confirmed that magnetic parti-
cles covered by thermosensitive polymers were
easily and rapidly separated by a magnetic field
from the media without aggregates.

EXPERIMENTAL

Materials

N-Isopropylacrylamide (NIPAM, Aldrich, USA)
was recrystallized from a hexane/toluene (1:1)
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mixture. Styrene (St) was treated with a 10%
sodium hydrate solution to remove the inhibitor.
Some other agents, including poly(ethylene gly-
col) (PEG, Mw 5 4000), methylenebisacrylamide
(MBA), potassium persulfate (KPS), and human
serum album (HSA), were used without further
purification.

Preparation of Particles

Fe3O4/P(St–NIPAM) Particles (PSN)

NIPAM (4.0 g), St (11.0 g) and PEG (6.0 g) were
dissolved in a mixture of ethanol (66.0 mL) and
water (39.0 mL) in a 250-mL four-necked flask
after stirring 30 min using an Fe3O4 magnetic
fluid (10.0 g) with an average size of 50 nm (which
was prepared by the precipitation–oxidation
method as mentioned in our previous work10).
KPS (0.45 g) was placed into the flask and the
reaction was carried out under a nitrogen atmo-
sphere and continued for 24 h at 70°C with 300
rpm stirring. The resulting particles were puri-
fied by repetitive magnetic field separation and
decantation and the above purification procedure
was repeated after the particles were immersed
in a 1M HCl solution for 48 h.

PSN/N Particles

PSN/N particles were prepared by seed polymer-
ization of NIPAM using PSN particles as seeds:
PSN particles, 2.0 g, as mentioned above, were
dispersed in 110 mL distilled water in a 250-mL
four-necked flask, and 4.0 g PEG, 0.5 g NIPAM,
and 0.05 g MBA were added to the suspension.
Nitrogen was bubbled into the mixture for 40 min
under 300 rpm stirring. Polymerization was ini-
tiated by adding 0.09 g KPS at 70°C. Twenty
milliliters of an aqueous solution containing 1.0 g
NIPAM and 0.10 g MBA was fed into the mixture
within 1.5 h and the reaction proceeded for 6 h.
The resulting particles were cleaned by repetitive
magnetic separation and decantation.

Characterization of Particles

The morphology, size, and size distribution of the
dried particles were determined by scanning elec-
tron microscopy (AMRAY-1000), followed by sta-
tistical treatment using a computer system, and
the hydrodynamic size was determined using a
laser diffraction size analyzer (SALD-2001, Shi-
madzu, Japan). The supernatant transmittance
of the particle suspension solution after being
separated by a magnetic field or sedimentation at

a certain time was measured using a spectropho-
tometer at 580 nm.

Protein Adsorption and Desorption

A 3-mL suspension solution, containing 0.05 g of
PSN or PSN/N particles, was mixed with a 4 mL
HSA solution. Protein adsorption/desorption was
carried out at the desired pH values and temper-
ature. The concentration of the protein remaining
in the supernatant was determined by an UV
spectrophotometer at 280 nm to calculate the
amount of protein adsorbed/desorbed after being
separated by magnetic separation in a magnetic
field with an intensity of 0.42 T.

RESULTS AND DISCUSSION

Thermosensitive Magnetic Particles

Figure 1 shows the morphology of PSN and
PSN/N particles. It was observed that both PSN
and PSN/N particles are polydisperse, and the
statistical treatment showed that the particle-
size distribution was in accord with the Gaussian
distribution. The hydrodynamic size in water of
both PSN and PSN/N depended on the tempera-
ture, as shown in Figure 2, which exhibited a
10–20% decrease in diameter from 25 to 40°C,
while the diameter of Fe3O4/PSt did not display
similar behavior as the temperature increased.
On the contrary, it became slightly larger because
of hot-swelling.

Figure 3 shows that both PSN and PSN/N par-
ticles exhibited an advantage using magnetic sep-
aration. The supernatant transmittance of the
particle suspension was above 90% after being
separated by a magnetic field within 5 min, com-
pared to sedimentation which needed at least 2 h.

Protein Adsorption

HSA protein adsorption was carried out on PSN
and PSN/N particles at different temperatures
between 30 and 45°C. The amount of HSA ab-
sorbed on the particles is shown in Figure 4. It
was observed that a larger amount of protein was
absorbed at higher temperature. Two effects
would be caused by increasing temperature: On
one hand, particle volume and surface area would
be decreased, thus resulting in a smaller amount
of HSA that could be absorbed. On the other
hand, the affinity for the protein adsorption tends
to increase, because the particle surface changes
from hydrophilic to hydrophobic as the tempera-
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ture increases, resulting in a larger amount of
HSA being absorbed. The experimental results
indicate that temperature-dependent adsorption
of HSA on PSN or PSNN/N particles is attributed
mainly to the changes in the properties of the
particles’ surface. Figure 4 shows also that the
amount of protein absorbed on PSN was larger
than that on PSN/N at the same incubation tem-
perature, and the adsorption behavior was differ-
ent between them. The cause of this phenomenon
probably is that the hydrophilicity of the outer
shell is different between PSN and PSN/N.

The results of the protein absorbed at different
pH values are shown in Figure 5. The amount of
HSA absorbed decreased dramatically as the pH
value increased. Because PSN or PSN/N particles

Figure 1 Scanning electron micrographs of magnetic particles covered by thermosen-
sitive polymers.

Figure 2 Particle hydrodynamic sizes in distilled wa-
ter at different temperatures.

Figure 3 Transmittance of magnetic particle suspen-
sions separated by a magnetic field or sedimentation at
different times.
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have an anionic initiator residue (SO2
22 group) at

the polymeric chain ends and the HSA molecule
has a negative charge at pH values above its
isoelectric point (;4.6), there is an electrostatic
repulsive force between the HAS molecules and
the PSN(N) particles at higher pH values. These
results imply that the electrostatic repulsive force
seems to be one of the most dominant factors, like
temperature, affecting the adsorption.

The effect of incubation time on protein adsorp-
tion was also investigated. These results are
shown in Figure 6. It was observed that a pro-
tracted incubation time is beneficial to the ad-
sorption. The amount of adsorption did not in-
crease linearly with the incubation time, but in-

creased rapidly within 15 min with a lower
increase when the incubation time was longer
than 15 min.

Experiments were also performed with differ-
ent HSA concentrations in order to investigate
the effect of the initial concentration of HSA on
the adsorption. These results are shown in Figure
7. As the initial concentration of HSA increased,
the amount of HSA absorbed also increased. The
adsorption behaviors are similar to those of
shown in Figure 6, namely, an increasing initial
concentration of HSA leads to similar results as
those of a protracted incubation time.

Protein Desorption

Figure 8 shows that the protein absorbed on the
particles at higher temperature could be desorbed

Figure 4 Amount of HSA adsorbed on PSN and
PSN/N particles at different temperatures: pH 4; incu-
bated for 30 min; HAS 5 1.0 mg/mL.

Figure 5 Effect of pH on adsorption of HSA on
PSN/N particles incubated at 40°C for 30 min; HSA
5 1.0 mg/mL.

Figure 6 Adsorption of HSA on PSN and PSN/N par-
ticles at different incubation times: pH 4.0; HAS 5 1.0
mg/mL.
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at lower temperature (25°C). The affinity of the
adsorption between the protein and the particle
could be changed, along with the hydrophilicity of
the particle surface, which could be changed re-
versibly from the hydrophilic state to the hydro-
phobic state by changing the temperature alter-
nately between lower (25°C) and higher temper-
ature. This is because of the reversible formation
and cleavage of the hydrogen bond between the
amide group and the surrounding water mole-
cules with changing temperature.9 The amount of
HSA absorbed on the particles increased with
increasing temperature, but the smaller fraction
of HSA absorbed at higher temperature could be

desorbed from the particles at 25°C. It seems that
the absorbed protein molecules can be easily de-
formed by the interactions between the protein
molecules and the polymeric chains or the elec-
trostatic force at higher temperature; therefore,
only a small fraction of undeformed HSA could be
desorbed from the particles.

Figure 9 shows the change of the HSA concen-
tration in the mixture with the temperature
changed alternately between 40 and 25°C. It was
observed that, in both PSN and PSN/N particles,
HSA concentrations at 25°C were higher than
those at 40°C; in other words, a large amount of
HSA could be absorbed on PSN or PSN/N parti-
cles at 40°C and some of them could be desorbed
at 25°C. This behavior was reversible between 40
and 25°C. The results of cycling experiments con-
firmed that the adsorption exhibited good repro-
ducibility and the particles did not form aggre-
gates with each other when they were separated
from the media by a magnetic field (Fig. 10). From
the above-mentioned results, we can conclude
that the reversible thermosensitivity of PSN or
PSN/N particles and their easy magnetic separa-
tion property would be considered useful in some
fields, such as in the purification and separation
of protein or the recovery of enzymes.

CONCLUSIONS

Our investigation confirmed that the adsorption/
desorption of protein on thermosensitive mag-
netic particles had a remarkable temperature

Figure 7 Effect of HSA concentration on adsorption
of HSA on magnetic particles.

Figure 8 Desorption of HSA absorbed on PSN/N at
higher temperatures for 30 min by lowering the tem-
perature to 25°C. (Total bar) Amount of HSA adsorbed
at 40°C for 30 min; (solid part of bar) amount of HSA
desorbed at 25°C for 60 min.

Figure 9 Variations of the concentration of HSA in
solutions of PSN/N and HAS mixture, measured alter-
nately at 40°C (incubated for 30 min) and 25°C (incu-
bated for 60 min) at pH 4.0 and HAS 5 1.0 mg/mL.
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sensitivity. The extent of adsorption was influ-
enced by the pH values, the incubation time, and,
also, the initial concentration of the protein. The
results of the adsorption–desorption cycles im-
plied that magnetic particles covered by thermo-
sensitive polymers have the potential to be used

in the separation of some biomacromolecules such
as protein and enzymes.
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Figure 10 Protein separation scheme for thermosen-
sitive magnetic particles.
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