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Macroporous chitosan layer coated on non-porous silica gel as a
support for metal chelate affinity chromatographic adsorbent
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Abstract

A new immobilized metal affinity chromatography (IMAC) matrix was prepared by coordinating Cu2+ with cross-linked chitosan coated on
non-porous silica gel (Cu–CTS–SiO2). Macroporous structure could be formed on the coated layer by imprinting polyethylene glycol (PEG)
in chitosan film. The surface morphology changes on Cu–CTS–SiO2 bead prepared in different condition were confirmed by scanning electron
microscopy (SEM). Effects of chitosan and PEG content in coating solution, the molecular mass of PEG on the surface macropore formation
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nd adsorption capacity of bovine serum albumin (BSA) were investigated. Results indicated that coating solution with 2% chitosa
EG 20000 was optimal. Batch experiments were also conducted for elucidating the optimal pH, the adsorption isotherm and
inetics of BSA. Adsorption isotherm of trypsin on the same adsorbent was also performed. Results showed that the support its
on-specific interaction with both BSA and trypsin. The maximum adsorption capacity for BSA and trypsin on the prepared IMAC a
ould reach 192 mg and 5000 IU, respectively calculated by every gram of chitosan. The binding and eluting condition for BSA w
n column filled with the adsorbent. Crude BSA sample could be purified on the IMAC column.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Over the past 28 years since its first introduction, immo-
ilized metal affinity chromatography (IMAC) has become
widespread analytical and preparative separation method

or therapeutic proteins, peptides, nucleic acids, hormones,
nd enzymes[1–11]. In IMAC technique, separation meth-
ds utilize metal ions as pseudo-biospecific ligands for pro-

ein separation especially in His-tagged protein[4–6,12]. Up
o now, the most commonly used chromatographic matrices
or IMAC were various polysaccharide or synthetic polymers
oupled with organic ligands for metal chelating and the most
ften used ligands were iminodiacetic acid (IDA) and nitrilo-

riacetic acid (NTA)[13,14]. These kinds of IMAC adsorbent
ere relatively expensive, and might be suffered from slow
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releasing of the covalent bond chelators off the matrix
ing purification step[13]. This might limit their applicatio
in purification of products especially for food or pharmac
tical purposes. So, coating a non-toxic and metal chel
polymer on suitable support would be a new choice for IM
[15].

Chitosan was the N-deacetylated products of chitin m
ufactured from shrimp or crab shells. It was inexpens
non-toxic, hydrophilic, biocompatible, and biodegrada
Chitosan could provide an excellent binding capacity w
heavy metal ions since it had active primary amino gro
in the polyaminoglucosan chain, which could provide s
cient amount of chelating sites for metal ions[16,17]. When
it was used as matrix for IMAC, the step of covalent c
pling of the chelating ligands could be totally eliminat
However, pure chitosan bead had some disadvantages
as unsatisfied mechanical properties, severe shrinkage,
mation after drying, soluble in acidic conditions, and co
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pressible at high operating pressure[18]. Several works in-
cluding ours had been made to overcome these disadvan-
tages by coating chitosan on porous silica gel (CTS–SiO2)
followed by cross-linking and other steps[19–21]for prepar-
ing affinity chromatographic matrix. Silica gel itself had been
widely used in many chromatographic adsorbent, but when it
was used as an affinity chromatographic support, two aspects
should be considered. First, the non-specific interaction be-
tween the gel surface and bimolecular should be minimized.
Second, surface porous structure should be maintained and
controlled since the original porous structure of the gel might
disappear or totally be changed after the coating step. Non-
specific interaction force between the silica gel and analytes
include dipolar interaction, hydrogen bond and hydropho-
bic interaction force mainly caused by surface silanol groups
[22,23]. Inhibition of the non-specific interaction by coat-
ing a high dense cross-linked chitosan layer on porous sil-
ica gel beads had been reported[24]. However, when the
high ratio cross-linked chitosan was coated on porous sil-
ica gel, the surface porous structure might be changed and
surface area was deceased. Since macropores on the gel sur-
face plays an important role in accommodating the accessi-
bility of the protein adsorption[25], it was an alternative to
use non-porous silica gel as a support of affinity adsorbent
for eliminating the non-specific interaction even if some of
t rface
p ould
b rous
s

by
c l fol-
l ov-
i rous
s had
l sed
g face
p for
t chi-
t and
r ed to
a ugh
c ating
s

ion
b rch,
h in
f with
d eth-
o cific
b and
t ge,
a ere
a hate
b d by
i SA
s tep.

The adsorbent might be applied in the separation of metal
binding biological macromolecules especially in His-tagged
protein.

2. Experimental

2.1. Preparation of silica gel beads coated with
macroporous chitosan layer (CTS–SiO2)

Solutions with different contents of chitosan (supplied
by Potuo Biomedical Corp., China) and polyethylene gly-
col (PEG) were prepared by dissolving various amounts of
chitosan and PEG in 1 M acetic acids solution. Non-porous
silica gel (75–100 um) was added into the solution and im-
mersed overnight before drying in vacuum condition. The
chitosan-coated gel was suspended in dimethylsulphoxide
(DMSO) and stirred vigorously in a flask. After dissipation,
NaOH was added until pH reached above 10.0. Continued
to stir the mixture for 30 min in order to remove the im-
printed PEG and form macropores on the bead surface. Fil-
tered the solution and the solid was re-suspended in DMSO
containing 0.1 M NaOH and 1 M epichlorohydrin at 60◦C
for 8 h. After thoroughly washed with pure water, the cross-
linked matrix with some active epoxy groups was shaken in
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he silica gel surface were exposed. Meanwhile, the su
orous structure for specific binding the target protein c
e maintained by coating a chitosan layer with macropo
tructure.

In this paper, a new IMAC adsorbent was prepared
oating chitosan–PEG solution on non-porous silica ge
owed by the steps of chitosan deposition, PEG rem
ng, crosslinking and copper ion loading. The non-po
ilica gel not only acted as a rigid support but also
ittle non-specific interaction between its residue expo
el surface and protein. In order to maintain the sur
orous structure which was needed in affinity binding

arget protein, a macroporous structure of the coated
osan layer was obtained by PEG molecular imprinting
emoving method. Suitable pore size could be design
chieve the maximum adsorption for given protein thro
hanging the molecular mass and content of PEG in co
olution.

Since bovine serum albumin (BSA) had copper
inding sites in its amino acid sequence (PIR sea
ttp://pir.georgetown.edu/), it was used as a model prote

or investigating the adsorption capacity of the beads
ifferent surface porosity through batch experimental m
ds. The new IMAC adsorbent had the quality of high spe
inding capacity for metal binding proteins such as BSA

rypsin, low non-specific interaction, stable in wide pH ran
nd rigidity at high pressure. Column experiments w
lso performed filled with the adsorbent. BSA in phosp
uffer solution could be bound on the column and elute

midazole solution. SDS–PAGE verified that a crude B
ample could be purified after one column purification s
0.85 M ammonia solution at 60C for 4 h for recovering
ome amino groups lost in cross-linking step[26]. Then, the
artrix was washed with pure water to remove the res
mmonia.

.2. Preparation of IMAC matrix (Cu–CTS–SiO2) by
oordinatering Cu2+ with CTS–SiO2

One gram of the CTS–SiO2 were mixed with 50 mL o
queous solutions containing 0.1 M Cu2+ at constant pH o
.0 (adjusted with HCl and NaOH), which was the optim
H for Cu2+ chelating at room temperature. The flask
tirred magnetically at 100 rpm for 1 h (sufficient to re
quilibrium). The concentration of the Cu2+ ions in the result

ng solution was determined with a flame atomic adsorp
pectrometer (So1 AAR S2, Thermo Electron Corpora
K). The amount of adsorbed Cu2+ was calculated by usin

he concentration of the Cu2+ ions in the initial solution an
n the equilibrium.

The copper ion immobilized blue-colored bead
lled in a glass column and washed with su
ient amount of PBS solution to remove the unbo
u2+. Finally, the Cu–CTS–SiO2 affinity adsorbent wa
btained.

.3. Surface morphology of the adsorbent bead

Scanning electron micrographs of Cu–CTS–SiO2 was
one by gold plating the dried powder of the adsorbent
canning it on a SIRION (FEI, USA) scanning electron
roscopy.

http://pir.georgetown.edu/
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2.4. BSA adsorption experiment in different pH

BSA (purchased from Shanghai Shengong Bioengineer-
ing Corp., China) was dissolved in 15 mM PBS plus 0.1 M
NaCl with pH ranging from 4.0 to 8.0, respectively. Bead
of SiO2, CTS–SiO2 and Cu–CTS–SiO2 was incubated indi-
vidually with above BSA solution and shaken in a vibrator
for 120 min. After equilibration, the amount of the BSA in
the each supernatant was analyzed. The adsorption capacity
of BSA in different condition was calculated by following
equation:

Q = (C0 − Ce)V

ma
(1)

C0 andCe represent initial and equilibration concentration
or activity of protein,V is the volume of the solution andma
the weight of adsorbent.

2.5. Binding kinetics of BSA

Binding kinetics of BSA to Cu–CTS–SiO2 was performed
by adding 150 uL BSA (9 mM) into 0.5 g Cu–CTS–SiO2 bead
immersed in 2 mL PBS buffer (pH 6.0). The content of BSA
in the interval supernatant was measured.
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buffer (pH 6). Seven milligrams of BSA in 10 mL solution
was loaded on the column by peristaltic pump. The flow rate
was controlled at 0.5 mL min−1. The column was washed
with binding buffer for two columns volume at the same flow
rate. Elution was carried out with 0.1 M imidazole in PBS
at flow rate of 1 mL min−1. The amount of protein in each
eluted fraction was monitored with the method of Bradford
after dialyzing to remove the imidazole.

2.10. SDS–PAGE[28]

SDS–PAGE was conducted on DDY-12 power supply and
DYCZ-24D vertical electrophoresis slab (Liuyi Instrumen-
tal Corp., China). A loading of 200 ng protein per lane was
applied to a 10% gel. Electrophoresis was carried out at a
constant current of 20 mA. The gel was silver-stained[29].

2.11. Regeneration of Cu–CTS–SiO2

The copper ion in Cu–CTS–SiO2 could be stripped with
0.05 M HCl, the chelating ability of the CTS–SiO2 matrix
could be recovered by washing with 0.05 M NaOH followed
by pure water washing to remove the residue alkaline. After
this step, the Cu2+ can be chelated again and the column was
regenerated.
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.6. Adsorption isotherm of BSA and trypsin

Adsorption isotherm of BSA and trypsin (BBI, 250
g−1) was determined by equilibrating different concen

ion of BSA and trypsin with 0.5 g Cu–CTS–SiO2 in 15 mM
BS (pH 6.0 and 7.8, respectively) for 100 min at room t
erature. After equilibration, the amount of BSA and tryp
ound was calculated by Eq.(1). The amount of the tryps
as expressed in specific enzyme activity.

.7. Estimation of protein

The amount of the protein was measured by the me
f Bradford[27].

.8. Determination of the activity of trypsin

The activity of trypsin was determined at 25◦C using BA-
AN as substrate. A suitable amount of trypsin solution
dded to 3.0 mL 50 mM Tris–HCl buffer containing 10 m
aCl2, pH 8.5. Then 15 ul of 0.15 MN-benzoyl-arginine–p-
itroanilide (BAPAN) in DMSO solution were added to t
ixture. One unit (IU) of trypsin was defined as 0.001

rease in optical density at 410 nm min−1. UV1200 UV–vis
pectrophotometer (Shimadzu Corp., Japan) was us
onitor the optical absorption.

.9. Column chromatography

Packed a 1.0 cm× 20 cm (bed volume 10 mL) colum
ith Cu–CTS–SiO2 and equilibrated with the PBS bindi
. Results and discussion

.1. Cu2+ adsorption on CTS–SiO2

Cu2+ adsorption capacity on the CTS–SiO2 prepared in
ifferent condition was shown inTable 1. Adsorption capac

ty of Cu2+ on CTS–SiO2 was significantly increased with t
ncreasing of chitosan content coated on the silica gel. S
t was the chitosan that could coordinate with the Cu2+, the
igher amount of chitosan was coated on the adsorben
igher amount of Cu2+ could be adsorbed.Table 1also in-
icated that the PEG content and its molecule mass di
ffect Cu2+ adsorption capacity significantly when chitos
oncentration was same in the coating solution. PEG in
xperiment only affected the porous structure. It might a
he adsorption of protein but it could not affect the ads
ion behavior of small metal ion, which could access dif
nt size of pores. In overall, the amount of immobilized C2+

as significantly higher than the previous reported valu
ther IMAC materials[24]. The high Cu2+ binding capacity
ould be ascribed to our unique chitosan coating, de
ion, crosslinking and amino group recovering method
he preparing procedure, the dried chitosan-soaked silic
as dispersed in DMSO solution and chitosan was depo
n silica gel surface through phase inversion method, w
ould prevent diffusion of chitosan into liquid phase. T
ethod might acquire a relative thick chitosan layer c
aring with other method[24]. In the process of crosslin

ng, epichlorohydrin reacted with both amino and hydro
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Table 1
Effect of coating condition on the Cu2+ adsorption capacity of adsorbent

Chitosan content
(percentage in silica gel) (%)

PEG and its molecular mass
(percentage in coating solution, %)

Cu2+ adsorption capacity
(mmol L−1 wet bead)

Silica gel (control) – 0.02
2 PEG 10000 (10) 65.0
2 PEG 20000 (10) 60.2
2 PEG 20000 (25) 52.0
5 PEG 10000 (10) 82.4
5 PEG 20000 (10) 80.7
5 PEG 20000 (25) 76.6

groups in chitosan molecules to improve the stability of chi-
tosan film. As a result, the primary amino groups on chitosan
layer lost in two ways: crosslinking and activation by epoxy
group. Through the second way the lost could be recovered
after amination of the epoxy groups with ammonia[26]. High
amount of metal ion loading is important in IMAC materials,
which could lead to a high capacity of protein adsorption.

3.2. Effect of pH on the BSA adsorption capacity

The principle of IMAC suggested that the adsorption of
protein to the adsorbent was governed by the coordination of
metals with electron-donor ligands exposed on the surface of
the proteins[2,7]. Interaction between BSA and immobilized
copper on the surface of Cu–CTS–SiO2 in different pH was
investigated in 15 mM PBS + 0.1 M NaCl with pH 4.0, 5.0,
6.0, 7.0, 7.5. Significant difference in binding capacity could
be found inFig. 1. Results showed that in acidic condition,
the capability of protein coordination with the copper ion
was decreased with the lowing of pH. This tendency may be
caused by the protonation of electron donor group in amino
acid residues, leading to decreasing coordination ability with
metal ion. The maximal adsorption capacity was reached at
pH 6.0. But when the pH went more higher than 6.0, the ad-
sorptive capacity was decreased remarkably. It might be ex-
p with
t alue
w
i ighe
c -
p well
s orce

F
(

in IMAC. In the following experiments, 15 mM PBS (pH
6.0) containing 0.1 M NaCl act as the binding buffer.Fig. 1
also showed that the CTS–SiO2 matrix almost did not ad-
sorb BSA in the whole experimental pH range. This result
further proved that the BSA was bound on the adsorbent sur-
face through specific coordination force and the non-specific
interaction could be almost neglected.

3.3. Effect of the adsorbent preparing condition on the
BSA adsorption capacity and the morphology of the
adsorbent

The results of BSA adsorption capacity on Cu–CTS–SiO2
prepared in different condition were shown inFig. 2 com-
pared with bare silica gel. In the CTS–SiO2 preparation step,
PEG was used as the porogen according the method described
by Yang[26]. It was extracted into the liquid phase to form a
macroporous chitosan layer before chitosan was cross-linked
by epichlorohydrin. Generally, the surface porosity was
controlled by cross-linking ratio. However, in this paper, the
concentration of epichlorohydrin was so high that the im-
printed PEG content and its molecular size would dominate
the macropores formation on the bead surface. The maximum
BSA adsorption capacity of adsorbent prepared in different
condition was shown inFig. 2. It could be seen that the high-
e SiO
p ting

F
p
C ) 2%
C 10%
P

lained that the phosphate ion in buffer might compete
he protein to coordinate with copper ion. When the pH v
as high, the percentage of HPO4

2 and PO4
3− in buffer was

ncreased. These two kinds of ions possessed a relative h
oordinating ability compared with H2PO4

− and would com
eted with protein for metal binding. This phenomenon
upported the theory that coordination was the driving f

ig. 1. BSA adsorption capacity on Cu–CTS–SiO2 (curve 1) and CTS–SiO2
curve 2) as a function of the pH.
r

st adsorption capacity was obtained with Cu–CTS–2
repared by 2% chitosan with 10% PEG 20000 in coa

ig. 2. Comparison of adsorption capacity between Cu–CTS–SiO2 pre-
ared in different condition. (A) Non-porous silica gel; (B) CTS–SiO2 (no
u2+), (C) 2% CTS–10% PEG 10000; (D) 2% CTS–5% PEG 20000; (E
TS–10% PEG 20000; (F) 2% CTS–25% PEG 20000; (G) 5% CTS–
EG 20000; (H) 5% CTS–25% PEG 20000.
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solution. It was obviously that a thicker layer of chitosan
could be formed on silica gel with the higher content of
chitosan in coating solution. Nevertheless, a thick chitosan
layer and higher metal loading (Table 1) did not show any
advantage on the protein adsorption capacity. The result in-
ferred that the amount of immobilized metal ion was not the
only factor affecting the protein binding capacity, the surface
pore structure might also affected the protein binding.Fig. 2
showed that the molecular size of PEG and its content in coat-
ing solution could significantly affect the adsorption capacity
of the adsorbent. For instance, BAS adsorption capacity on
PEG 20000 imprinted Cu–CTS–SiO2 (Fig. 2E) was almost
four times larger than that with PEG 10000 (Fig. 2C) when
the other conditions were the same. The phenomenon was
probably due to the pore size formed by PEG 20000 was more
accessible for BSA compared with PEG 10000, and might
significantly increased the chance of interaction of BSA
with immobilized Cu2+. The results indicated that the pore
size control in preparation of IMAC adsorbent might be very
important regarding its adsorption capacity and selectivity.

Fig. 2A and B also showed that the non-porous silica gel
support and the CTS–SiO2 almost did not adsorb significant
amount of BSA. The percentage of non-specific interaction
on CTS–SiO2 support only account for about 3.1% in the
highest protein adsorption capacity on Cu–CTS–SiO2. This
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Fig. 3. SEM of the surface of the Cu–CTS–SiO2 prepared in different coating
solution. (A) Silica gel; (B) coated with 5% chitosan and 25% PEG 20000;
(C) coated with 2% chitosan and 10% PEG 20000; (D) coated with 2%
chitosan and 10% PEG 10000.

on CTS–SiO2 coated with 2% chitosan and 10% PEG 20000
(Fig. 3C), which might contribute to the largest adsorption
capacity. The results also inferred that in IMAC processes,
the porosity and pore size of the matrix could affect the
accessibility of binding sites for protein adsorption. So, the
selective adsorption of metal binding protein by IMAC adsor-
bent could be achieved based on surface pore control as well
as exploiting the differences in metal binding affinity. This
would be an attractive aspect in protein separation by IMAC.

3.4. Adsorption kinetics

Fig. 4 was the kinetics curve of BSA adsorption to
Cu–CTS–SiO2. The curve indicated that the adsorption was
fast in initial step. After 60 min, the rate of adsorption was
decreased. The maximum adsorption capacity for BSA was
reached after 100 min. In initial fast adsorption step, BSA
might enter some easy accessible pore sites and bind with
alue was much lower than the result of porous silica
ased matrix[24], in which the ratio was about 8.8% calc

ated by the reported value. The results not only proved
he adsorption of BSA on the Cu–CTS–SiO2 was through
pecific metal chelating force, but also proved that the
orous silica gel had minimal non-specific interaction w
rotein. This might be ascribed to low surface area of the
orous silica gel and shortage of the surface pores for pr
ccessing. The situation was very different with the re
hen porous silica was used as the support for chitosan

24]. Usually, porous silica gel could adsorb protein[23] and
complete hydrophilic polymer coating could decrease

on-specific interaction. But if the surface coverage was
omplete such as in the situation of low ratio of crossl
ng, the residual non-specific interaction might still exist.
he other hand, when the high ratio of crosslinking was
ormed, suitable pore structure might be lost. By introdu
he method of molecular imprinting, the macroporous st
ure of the coated chitosan film could be obtained even i
hitosan was crosslinked in high ratio.

Fig. 3 presented the surface morphologies of CTS–S2
repared in different condition with variation of chitos
oncentration and imprinted molecular PEG 10000 or P
0000. The surface morphology of silica gel was
resented (Fig. 3A). It could be found that the surface of t
onporous silica gel was smooth. After the coating, P
emoving and cross-linking steps in different condit
he surface morphologies were totally changed wit
ugged and porous surface formed. The pore structu
TS–SiO2 coated in different condition was totally differe

Fig. 3B–D). A dense and macroporous surface was for
 Fig. 4. Kinetic curve of BSA adsorption on Cu–CTS–SiO2.
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Fig. 5. Adsorption isotherm of BSA at pH 6,T = 25◦C.

the copper ions, while in the slow adsorption step, some pro-
tein might diffuse into deeper and smaller pore.

3.5. Adsorption isotherm

Adsorption isotherm of BSA on Cu–CTS–SiO2 was sim-
ilar to the Langmuir sorption isotherm. Data shown inFig. 5
were fitted to the linear form of the Langmuir equation:

[Ce]

[Q]
= 1

k[Q]max
+ [Ce]

[Q]max

where [Ce] and [Q] represent equilibrium concentration of
protein and the amount of adsorbed protein per unit weight of
immobilized chitosan, respectively; [Q]max is the maximum
amount of protein adsorbed on per gram weight of chitosan;
andk the adsorption–desorption equilibrium constant related
to the binding energy. The data were well fitted to the linear
form of Langmuir equation expressed as following:

[Ce]

[Q]
= 0.0006+ 0.005[Ce], r2 = 0.9988

The calculated coefficientk= 8.3 and [Q]max= 200
mg g−1 indicated the adsorbent had a considerable sorption
capacity and could be used as a suitable adsorbent for BSA
from aqueous solution.

In order to further verify that the new IMAC adsorbent
h ro-
t m of
t ed.
A t

F
C

could effectively bind with trypsin. The maximal adsorption
capacity of the adsorbent for trypsin could reach 5000 IU per
gram of the adsorbent. Meanwhile the Cu2+ free adsorbent
(CTS–SiO2) only adsorbed 20 IU of trypsin, which indicated
that the support had low non-specific interaction with differ-
ent kinds of protein.

3.6. Binding and elution of BSA from IMAC column
packed by Cu–CTS–SiO2

In IMAC column experiments, the sample solution was a
crude BSA crystal sample dissolved in PBS.Fig. 7a shows
that a relative small and wide peak was found in sample load-
ing and washing step. The peak might be caused by unbound
impurity protein or unbound BSA. A large peak was found
after the column was eluted with 0.1 M imidazole solution.
The content of protein concentration in collected peak frac-
tion was determined by Bradford method. The recovery rate
of BSA could reach 85%.

SDS–PAGE (Fig. 7b) proved that the main component in
sample solution was BSA with some low molecular mass
impurity polypeptide. After one step of IMAC purification,
the collected BSA was purified.

3.7. Stability of Cu–CTS–SiO2

be
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B -
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a . The
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c rt of
c ring
r nked
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s cles.
O with
0

F re
s ding
b per
f BSA
(

ad feasibility of pervasive application in metal binding p
ein adsorption and separation, the adsorption isother
rypsin that also had metal binding ability was perform
s illustrated inFig. 6, the Cu–CTS–SiO2 IMAC adsorben

ig. 6. Adsorption isotherm of trypsin on the Cu–CTS–SiO2 (curve 1) and
TS–SiO2 (curve 2).
The column filled with regenerated adsorbent can
eused.Fig. 8 summarized the results of regeneration
SA adsorption capacity change of Cu–CTS–SiO2. The ad
orption capacity decreased obviously in initial four cyc
fter that, the adsorption capacity tended to be stable

nitial reduction in adsorption might result from the losing
hitosan that was not sufficiently cross-linked. This pa
hitosan could be a little solved in acid washing step du
egeneration, while the remaining high dense cross-li
art could stabilize in acidic washing step and lead to a
tability of the adsorbent in subsequent regeneration cy
n the other hand, after continuously washing the beads
.1 M NaOH solution at a flow rate of 1 mL min−1 for 24 h,

ig. 7. (a) Elution curve of Cu–CTS–SiO2 column. Fractions 1 and 2 a
ample loading 5 mL per fraction; fractions 3–6 were eluted by bin
uffer 5 mL per fraction; fractions 7–11 were eluted by imidazole 5 mL
raction. (b) SDS–PAGE photograph of BSA sample of: the purified
lane 1) and the loading sample (lane 2).
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Fig. 8. The remain adsorption capacity for BSA during the regeneration
cycles of the Cu–CTS–SiO2 adsorbent.

only 5% weight loss was observed and the 92% protein bind-
ing capacity was reserved. This indicates that the bead was
also stable after long-term contacting with alkaline solution.
Overall, the absorbent was more stable in alkaline condition
than the previous report[24], in which only about 75% BSA
adsorption capacity was remained after long-term soaking in
0.1 M NaOH solution.

4. Conclusions

The experiment show a promising results that the new
IMAC adsorbent with surface macroporous structure could
be prepared by coating mixed solution of chitosan and PEG
on non-porous silica gel and subsequently followed the step
of PEG removal, chitosan deposition, cross-linking and cop-
per ion chelating. Various porosity on the bead surface was
formed by controlling the content of chitosan and PEG with
different molecular mass in coating solution. The results
proved that these kinds of ligand-free matrix had the advan-
tage of low non-specific interaction, easy to prepare, high
adsorption capacity for metal binding protein and high sta-
bility. More important, potential selective adsorption of metal
binding protein could be achieved by designing the surface
pore size using molecular imprinting method, as well as by
utilizing the difference in metal chelating ability.
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