Chinese Science Bulletin

© 2008 ® SCIENCE IN CHINA PRESS

@ Springer

Molecular imprinted polymer with positively
charged assistant recognition polymer chains for
adsorption/enrichment of low content target protein
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Here, we introduce a new type of molecular imprinted polymer (MIP) with immobilized assistant recog-
nition polymer chains (ARPCs) to create effective recognition sites and with bacterial cloned protein as
template for adsorbing the low content target protein from cell extract. In this work, cloned pig cyclo-
philin 18 (pCyP18), a peptidyl-prolyl cis/trans-isomerase, was used as template. The template protein
was selectively assembled with ARPCs from their library, which consists of numerous limited length
polymer chains with randomly distributed recognition sites of positively charged amino groups and
immobilizing sites. These assemblies were adsorbed by porous microsphers and immobilized on them.
After removing the template, binding sites complementary to the target protein in size, shape and the
position of recognition groups were exposed, and their confirmation was preserved by the cross-linked
structure. The synthesized MIP was used to adsorb the cellular pCyP18, and its proportional content
was enriched more than hundred times. The extended experiment on imprinting bovine serum albumin
(BSA) with ARPCs shows that this method is also suitable for large protein.

protein-imprinted polymer (PIP), assistant recognition polymer chains (ARPCs) with positively charged recognition sites, template of
cloned bacterial protein, enrichment of low content cellular protein

General methods for the selective recognition/adsorption
of specific proteins remain a significant challenge. The
molecular-imprinting technique, which creates specific
recognition sites using template molecules' >, provides
the possibility for actively recognizing the target pro-
teins by using proteins as templates[éfg]. Until now,
nearly only abundant proteins have been used as tem-

10781 que to a request of large amount of the tem-

plates
plates. However, there are thousands of types of proteins
within a cell and most of them are present at relatively
low level. Indeed, some proteins can exist in just a few
copies, even though they perform important biological
functions in the cell. For recognition and capture of
these low content target proteins from cell extract via
molecular imprinting technique, sufficient amount of

templates is a critical point. Instead of full protein, the
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synthetic peptide in exposed domain (epitope) of the
target protein was used to imprint the capture sites!' ]
and this method can be used for recognition and capture
of the low content proteins. PIP synthesized by using
cloned bacterial protein template can successfully ad-
sorb and enrich the low content target authentic protein
from cell extract'®. For capturing the low content target
protein from thousands of proteins in cell extract, it is
important to enhance the recognition specificity of the
PIP. Haupt suggested creating molecular memory using
a synthetic polymer by assembling the recognition
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monomers and templates into a complex! "), Introduction
of assistant recognition polymer chains (ARPCs) as ex-
tender of monomer enhances the recognition specificity
obviously!"®. In our former work, we had employed lim-
ited length ARPCs with negatively charged carboxyl as
recognition sites to synthesize the PIP!'®. In this work,
we developed a simple method to introduce the amino
groups in ARPCs as recognition sites. Pig cyclophilin 18
(pCyP18) was used as a template!'”*°!. This protein is
ellipsoid in shape, with axes lengths of 4.30x5.26x8.92
nm and a molecular mass of 18 kD. It makes up around
0.08% of the total cytosolic protein in pig’s liver. A pro-
tein of this size and abundance was suitable for our pilot
investigation of this novel method. Figure 1 shows the
strategy of synthesis of this new type of PIP. The cloned
pCyP18 was selectively assembled with ARPCs from
their library, which consists of numerous limited length
polymer chains with randomly distributed recognition
sites and immobilizing sites. The assemblies of proteins
and ARPCs were adsorbed by the porous polymeric
beads, and immobilized by cross-linking polymerization.
After removing the template, binding sites that were
complementary to the target protein in size, shape and
the position of recognition groups were exposed, and
their confirmation was preserved by the cross-linked

Template
cloned bacterial protein

structure. The synthesized imprinted polymer was used
to adsorb authentic pCyP18 from cell extract, and its
proportional content was enriched more than one hun-
dred times. As a comprehensive technology, this im-
printing method with ARPCs must be applied to proteins
with a wide range of molecular weight. Thus, the ex-
periment on imprinting BSA with molecular weight of
66 kD was performed. BSA was enriched from the mix-
ture of lysozyme (14.4 kD), trypsin inhibitor (20.1 kD),
bovin carbonic anhydrase (31.0 kD), rabbit actin (43.0
kD), rabbit phosphorylase b (97.4 kD) and BSA.

1 Materials and methods
1.1 Materials and reagents

Vinyl acetate (VAc), 2,2'-azobisisobutyronitrile (AIBN)
dimethylsulfoxide (DMSO) and piperidine were pur-
chased from KRS Chemical Reagent Ltd. (Tianjin,
China) which were all of analytical grade. N,N-diiso-
propylcarbodiimide (DIC), Hydroxybenzotrizole (HOBt)
and 9-fluorenylmethoxycarbonyl-protected glycine
(Fmoc-Gly) were purchased from BMJ Science &
Technology Ltd. (Beijing, China). Polyvinylalcohol
macropore micro-spheres (80— 100 mesh) were pro-
duced by Hecheng Corporation (Tianjin, China). Acry-

+
Assistant recognition
polymer chains (ARPCs)

Assembling

Assembly of ARPC

and template

with limited length

Micro spheres

Adsorption
&

mmobilizatio:

Protein-
imprinted

Eluting the
template protein

polymer

Protein-imprinted

template protein

polymer with

Cell extract

Figure 1

2618

Washing & elution

Strategy for synthesis of PIP.

Purified/enriched

natural target
protein

LONG Yi et al. Chinese Science Bulletin | September 2008 | vol. 53 | no. 17 | 2617-2623



loyl chloride, acrylamide (AM), N,N'-methylene bis-
acrylamide (MBA), sodium dodecyl sulfate (SDS)
N-[2-hydroxyerhyl]piperazine-N'-ethanesulfonic  acid
(HEPES) and alkaline phosphatase goat anti-rabbit im-
munoglobulin (IgG) were produced by Sigma-Aldrich
Corporation (USA). Glutathione-sepharose 4B was pro-
duced by Amersham Biosciences UK Ltd. (UK). Factor
Xa was purchased from Merck Corporation Ltd. (Ger-
many). Nitrocellulose membrane was produced by Mil-
lipore Corporation (USA). Coomassie brilliant blue
G250, R250 and protein marker were produced by Sino-
American Biotechnology Corporation (Beijing, China).
Vac was vacuum-distilled before use. AIBN was purified
by recrystallization in methanol and water, respectively.
DMSO was dried using molecular sieves. All other
chemicals and solvents were obtained from commercial
sources and used as received.

1.2 Synthesis of ARPCs

The route of synthesis of ARPCs is described in Figure 2.
Limited length Polyvinylalcohol (PVA) is the backbone
of ARPCs. It was synthesized with vinyl acetate (VAc)
as monomer by means of free radical polymerization. As
described by Guo et al.l'™, the degree of the polymeriza-
tion was controlled to approximately 45 by regulating
the proportion of MeOH to VAc. The polyvinylacetate
was hydrolyzed with NaOH in methanolic solution.
Then, the amino-groups, which acted as recognition
group to target protein, were grafted onto the backbone
polymer chain via 9-fluorenylmethoxycarbonyl-pro-
tected glycine (Fmoc-Gly)?'. purified PVA 4 g, Fmoc-
Gly 8 g and hydroxybenzotrizole (HOBt) 8 g were dis-
solved in 50 mL DMSO solvent. N,N-diisopropylcar-

nCH,=CH _AIBN

%CH;%‘H% NaOH J(CHB—(I:H};
0 H

|
(|J CH;OH CH;OH o)
?=O (|Z=O
CH; n=435 CH;
"""" CH;~CH CH;—CH CH:_(I:H""""
Acryloyl chloride 0 (lr} OH
Pyridine > ]c=0 C=0
[ I
DMSO CH, CH=CH,
Fmoc—NH
10% 10% 80%

Randomly distributed

bodiimide (DIC) 1 mL was added to the mixture and the
reaction was carried on for 16 h at 30°C under stirring.
Afterwards, 4 mL acryloyl chloride and 4 mL pyridine
were added to the reaction mixture at 20°C, and the re-
action was carried on for 4 h at 40°C under stirring. In
this step, the residual hydroxyl groups on the backbone
were partly substituted by acryloyl groups for immobi-
lizing the ARPCs onto the carriers’**. After precipitation
and washing, the brown product named PVA-(Gly-
Fmoc&AC) was dried in vacuum at room temperature
up to constant weight. The product was added to 20%
(v/v) DMSO solution of piperidine and stirred for 30 min
at room temperature for removing Fmoc protection
group. After precipitation and washing, the product
(ARPCs) was dried in vacuum at room temperature up
to constant weight. The ARPCs were soluble in water.

1.3 Surface modification of carrier

Polyvinylalcohol =~ macropore micro-spheres (PVA
spheres) were used as carrier. For immobilizing ARPCs,
the hydroxyl groups on the spheres were partly substi-
tuted by acryloyl groups. swollen PVA spheres 10 g
were reacted with 10 mL acryloyl chloride in DMSO
solution of pyridine to modify the acryloyl groups. The
procedure was the same as grafting acryloyl groups onto
ARPCs. This substitution could also improve the hy-
drophobic property of carriers to benefit the adsorption

of complex of template and ARPCs.
1.4 Preparation of the template protein

We used reverse transcription polymerase chain reaction
(RT-PCR) to amplify pig Cyclophilin 18 (pCyP18)
mRNA for cloning and expressing the template protein
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Figure 2 The route of synthesis of ARPCs.
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in Escherichia coli. The upstream primer (pCyP18f)
included an EcoR 1 restriction enzyme site (5'-
CCGGCCGAATTCATGGTTAACCCCACCGT-3'), and
a downstream primer included an X%o 1 restriction en-
zyme site (5'-GGCCGGCTCGAGTTAGATTTGTCC-
ACAGTCAG-3'). After being digested by restriction
enzymes, the amplified RT-PCR product was ligated into
a vector pPGEX5X 1. The recombinant plasmid DNA was
transformed into competent cells of Escherichia coli
strain DH5a, and the positive clones were amplified.
After inducing, purifying, digesting the GST-tag, the
template protein was obtained™.

1.5 Synthesis of the protein-imprinted polymers
(PIPs)

PIP I was synthesized by the following routine: 21 mg
bacterial cloned pCyP18 and 1.12 g ARPCs (the molar
ratio between the template and ARPCs reached to 1:300)
were added to 35 mL P-B (phosphate buffer 12 mmol/L
Na,HPO,, 8 mmol/L NaH,PO,) and incubated at 4°C for
8 h under over-head rotation for selective assembling.
Then, 7 g wet modified PVA spheres were added to this
solution and incubated at 4°C for 16 h also under
over-head rotation for adsorbing the complex of tem-
plate protein and ARPCs to the carrier. Then, 1.4 mL
water solution of acrylamide (AM) and N,N'-methylene
bisacrylamide (MBA) (29% w/v AM, 1% w/v MBA) and
350 pL 10% (w/v) ammonium persulfate water solution
were added and the mixture was rotated for 4 h. The
mixture was stirred for 1 h with N, ventilation to remove
0,. After addition of 4 pL N, N, N, N'-tetrame-
thylethylendiamine, the reaction was carried out at room
temperature for 2 h under stirring and N, protection. The
template proteins were washed away with P-Ksyo buffer
(14 mmol/L Na,HPO,4, 6 mmol/L NaH,PO,4, 500 mmol/L
KCI) until no pCyP18 could be detected by silver stain-
ing® in the washing buffer. PIP II was synthesized by
the same method to synthesize the PIP I by using BSA
as template.

1.6 Characterization

The molecular weight of the limited length PVA synthe-
sized was analyzed using a Waters 410 GPC system. The
contents of amino-group and C-C double bonds were
determined by element analysis using Vario EL element
analyzer. After grafting of side chains onto the backbone,
the structure of ARPCs in DMSO solution was analyzed
by 'H NMR using a UNITY-plus-400 NMR instrument.

1.7 Preparation of cell extract from pig liver

This was performed as described by Borgeson and
Bowman'®, and Chen et al.*®. All steps of this proce-
dure were performed at 4Cand all buffers and the
equipment were precooled at 4°C. 200 g pig liver was
suspended in 200 mL 2x Buffer E (2 mol/L sorbitol, 10
mmol/L HEPES, pH 7.4 and 2 mmol/L EDTA) with a
homogenator. To break the cells, 1/10 volume of NP-40
(3% solution) was added and shaken on ice for 5 min.
The suspension was centrifuged for 20 min at 1000 g
and the supernatant was collected. The pellet was sus-
pended with 10 mL buffer E and centrifuged for 20 min
at 1000 g once more. The two supernatants were col-
lected together and then centrifuged sequentially at
12000 and 40000 g for 1 h. The supernatant, comprising
cell extract (cytosol), was subjected to Western blot
analysis[27]. The staining strength with anti-pCyP18 an-
tiserum was determined through scanning in comparison
with the standard of bacterial cloned pCyP18, and the
relevant amount of pCyP18 was calculated.

1.8 Adsorption of target of protein from cytosol us-
ing PIP I

The cytosol was adsorbed by 2 g wet PIPT at 4°C for 1 h
under over-head rotation in P-B (pH 7.0). Then, the
spheres were washed by P-B, P-K;o (14 mmol/L
Na,HPO,;, 6 mmol/L NaH,PO,;, 100 mmol/L KCIl),
P-Ky50 (14 mmol/L Na,HPO,4, 6 mmol/L NaH,PO,, 150
mmol/L. KCl) and P-Kjp (14 mmol/L Na,HPO,, 6
mmol/L. NaH,PO,, 200 mmol/L KCI) to remove
non-specific adsorbates. The target proteins were ob-
tained by eluting the PIP with 2 mL P-K34o (14 mmol/L
Na,HPO,, 6 mmol/L NaH,PO,4, 300 mmol/L KCl), and 2
mL P-Ksgo (14 mmol/L Na,HPO,4, 6 mmol/L NaH,POy,
500 mmol/L KCI). Before use, the PIP was tested with a
blank control to ensure that no template remained under
the same elution conditions. The eluent was analysed by
SDS-PAGE with silver staining and immuno-staining
using anti-pCyP18 antiserum. The total protein was de-
termined by the Bradford method®®.

1.9 Isolation of the target protein by chroma-
tographic method using PIP I1

PIP II 7 g was filled into a chromatography column (100
mmx9.0 mm). 500 puL water solution of protein marker
(120 mg) was supplied to the column. HPLC analysis
was performed. Samples were eluted with gradient of
P-B and P-Kj( buffer (0—10 mL, 100% P-B; 10—20
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mL, P-Kso increased from 0 to 100%; 20—24 mL,
100% P-Ksq0). The eluent was collected in 2 mL frac-
tions. 100 pL aliquots from each fraction were subjected
to SDS-PAGE analysis with silver-staining.

2 Results and discussion
2.1 Characterization of the ARPCs.

The molecular weight of the synthesized PVA was ana-
lyzed with GPC. As shown in Figure 3, the molecular
weight of the ARPC (M,) is 1999 and M,,/M,=1.43.

1.50 4 - 100.00
S ool -80.00 &
El -60.00 2
g =
= =
= L 40.00
£ 0.50- =

£20.00 3

0.00

T T T T T T T T
400 380 360 340 320 300 280 260
Slice log M,

Figure 3 GPC analysis of the synthesized PVA.

After grafting of side chains with acryloyl and glycine
groups onto the backbone, the structure of the polymer
changed, so did the 'H NMR spectra. Comparison of the
'H NMR spectra for ARPC and PVA shows a peak at
2.12 ppm, attributed to hydrogen in methylene adjoining
the amino group in grafting side chain, and reducing the
triplet peaks from 4.23 to 4.67 ppm which are attributed
to hydrogen in hydroxyl group on backbone (Figure 4).
Thus, it can be proved that the grafting is successful and
hydroxyl groups decrease. By calculating, we can know
that 6.5% side chains were substituted by glycine
groups.

This proportion can also be calculated by element
analysis which revealed that 7.1% side chains were sub-
stituted by glycine groups and 9.1% side chains were

RS

9 8 6 4 2 0

Figure 4 '"H NMR spectrum of ARPC (2) compared with PVA (1).

substituted by acryloyl groups.
2.2 Influencing factors of target protein adsorption

The pH value plays an important role in recognition of
positively charged amino groups and the negatively
charged site chains of acidic amino acid residues in tar-
get protein. The experiments of adsorption of target pro-
tein from cytosol were performed in different pH buffers,
respectively. As shown in Figure 5, pH value of adsorp-
tion buffer could influence adsorption of target protein
by PIP greatly®”). When pH value of adsorption buffer
was 7.0, the content of pCyP18 in eluent was the high-
est.

6004

5004

400+

3004

2004

Content of pCyP18 in eluent (ng)

1004

60 65 7.0 75 80
pH of adsorption buffer

Figure 5 Influence of pH value in adsorption buffer on the adsorption
amount of target protein by using PIP with ARPCs.

The molar ratio between ARPCs and template could
also affect the adsorbing ability of PIP to target protein.
Figure 6 shows that the content of pCyP18 in eluent in-
creased following the increasing of the molar ratio be-
tween ARPCs and template up to 300, and higher ratio
could not induce obvious increasing of content of
pCyP18 in eluent.

700
600 —"

500
400
300
200
100

0

Content of pCyP18 in eluent (ng)

0 100 200 300 400 500

Molar ratio between ARPCs and pCyP18
Figure 6 Influence of the molar ratio between ARPCs and template on
the adsorption amount of target protein by using PIP with ARPCs.

2.3 Adsorption of target protein from cytosol using
PIP1

PIPI was used for direct adsorption of target protein
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from cell extract. Every eluent was analyzed by SDS-
PAGE with silver staining (Figure 7(a)) and immuno-
staining with anti-pCyP18 antiserum (Figure 7(b)). The
results showed that the proteins eluted in P-B and in
low-salt concentration (100 mmol/L KCl and 150
mmol/L KCI) buffer were nonspecific adsorbents (lanes
1—7), and the protein eluted in high-salt concentration
(200 mmol/L, 300 mmol/L and 500 mmol/L KCI) buffer
was more specific (lanes 8 —10).

12 3 4 5 6 7 8 9 10

(a)

A

— —

— «— pCyP18

(b) R e S

Figure 7 Gel electrophoresis analysis of adsorbed target protein. (a)
Silver staining of the gel slide; (b) immune staining of the blotted gel slide
using anti-pCyP18 antiserum: Lanes 1—10, 100 pL eluent. The concen-
tration of KCl in eluting buffer: lanes 1 and 2, 0 mmol/L; lanes 3—5, 100
mmol/L; lanes 6 and 7, 150 mmol/L; lane 8, 200 mmol/L; lane 9, 300
mmol/L; lane 10, 500 mmol/L.

As shown in Figure 7, most of the target proteins
were in eluent 9 (300 mmol/L KCIl), but most of
non-target proteins were not in this elution. Thus, the
proportion of pCyP18 to total protein reached to 600
ng/7.1 pg (8.5%), whereas in 800 pL cytosol, this figure
was 51 pg/64 mg (0.08%). Thus, the proportional con-
tent of pCyP18 was enriched 107 times.

As shown in lane 1 in Figure 8, 100 pL probe of the
eluent from the PIP contained 355 ng total protein,
which included 30 ng pCyP18. The same amount of
pCyP18 was found in 0.45 pL cytosol containing 36 pg
total proteins (lane 2).

The control-PIP [ was synthesized by the same
method to sythesize PIP I but without ARPCs. No
pCyP18 can be detected in the eluent by using this con-
trol-PIP 1 after adsorption of 800 uL cytosol, which
shows that the ARPCs play a very important role in spe-
cific recognition.

(5]

(a)

pCyP18 —=

(b) | b al-|

Figure 8 Gel electrophoresis analysis of the eluent from the PIP (frac-
tion 9) and the control. (a) Silver staining of the gel slide; (b) immune
staining of the blotted gel slide using anti-pCyP18 antiserum. Lane 1, 800
uL cytosol adsorbed using 2 g wet PIP I. After washing with low concen-
tration saline buffer to remove the non-specific adsorbate, the spheres
were eluted with 2 mL high-concentration saline (300 mmol/L KCl) buffer.
Elution buffer (100 uL) was the prepared as a probe for the gel-electro-
phoretic analysis. Lane 2, 0.3 puL cytosol.

2.4 Chromatographic isolation of target protein
from protein marker using PIP I1

The PIP can be also used for chromatographic isolation
of the target protein of high molecular weight. As shown
in Figure 9, BSA almost was purified in eluent 12, but
its proportional content just was less than 15% in protein
marker which was the mixture of 6 proteins.

kD Il 23 4 5 6 7 8 9101112
974 — [ —
BSA 662 ==p | g S - i e b
43.0 —s | - -
p"E'-.
3.0 —» | - 4
20,1 — | S . ——
144 — | =y

Figure 9 Chromatography for PIP II used as the stationary phase for
purification of BSA from the 6-proteins mixture: 700 pL cytosol was
subjected to chromatography on a column (10 cmx0.9 cm) of compacted
beads of the protein-imprinted polymer with ARPCs. The probe was
eluted with P-B (12 mmol/L Na,HPO4, 8 mmol/L NaH,PO,) with the
gradient P-Ksgo buffer (14 mmol/L Na,HPO,, 6 mmol/L NaH,PO,, 500
mmol/L KCl); the eluate was collected as 2-mL fractions and 100 puL of
each fraction was subjected to SDS-PAGE analysis with detection by
silver staining.

3 Conclusion

In summary, an improving PIP was synthesized by se-
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lective assembly of a cloned bacterial protein with
ARPCs from a library, adsorption of the assembled
complexes by porous polymeric beads, and immobiliz-
ing them onto porous polymeric beads to form a com-
plementary structure to the templates. PVA was used as
backbone and modified PVA macropore micro-spheres
were used as carrier considering their excellent biocom-
patibility. A simple method for synthesizing ARPCs with
positively charged amino group as recognition group
was developed. As an extender of functional monomer,
the ARPCs were introduced for synthesizing the PIP. It
enhanced the recognition efficiency obviously. This PIP
can efficiently recognize, adsorb and enrich authentic
target protein with low content from cell extract. The

1 Anderson L, Sellergren B, Mosbach K. Imprinting of amino acid de-
rivatives in macroporous polymers. Tetrahedron Lett, 1984, 25:
5211—5214

2 Vlatakis G, Andersson L I, Mueller R et al. Drug assay using antibody
mimics made by molecular imprinting. Nature, 1993, 361: 645—647

3 Wulff G. Molecular imprinting in cross-linked materials with the aid
of molecular templates-a way towards artificial antibodies. Angew
Chem Int Ed Engl, 1995, 34: 1812—1832

4 Wulff G. Enzyme-like catalysis by molecularly imprinted polymers.
Chem Rev, 2002, 102: 1—27

5 Shi F, Liu Z, Wu G L et al. Surface imprinting in layer-by-layer
nanostructured films. Advanced Functional Materials, 2007, 17 (11):
1821—1827

6 Bossi A, Piletsky S A, Piletska E V et al. Surface-grafted molecularly
imprinted polymers for protein recognition. Anal Chem, 2001, 73:
5281 —5286

7  Venton D L, Gudipati E. Influence of protein on polysiloxane polymer
formation: Evidence for induction of complementary protein-polymer
interaction. Biochim Biophys Acta, 1995, 1250: 126—136

8 Hjeérten J, Liao J L, Nakazato K, et al. Gels mimicking antibodies in
there selective recognition of proteins. Chromatography, 1997, 44:
227—234

9 Kempe M, Glad M, Mosbach K. An approach towards surface im-
printing using the enzyme ribonuclease A. J Molrecogn, 1995, 8:
35—39

10 Burow, M, Minoura, N. Molecular imprinting: Synthesis of polymer
particles with antibody-like binding characteristics for glucose oxi-
dase. Biochem Biophys Res Commun, 1996, 227: 419—422

11 Hirayama K, Burow M, Morikawa Y, et al. Synthesis of polymer-
coated silica particles with specific recognition sites for glucose oxi-
dase by the molecular imprinting technique. Chem Lett, 1998, 8:
731—732

12 GuoTY, XiaY Q, Hao G J, et al. Adsorptive separation of hemoglo-
bin by molecularly imprinted chitosan beads. Biomaterials, 2004, 25:
5905—5912

13 Shi H, Tsai W B, Ferrari S, et al. Templateimprinted nanostructured
surfaces for protein recognition. Nature, 1999, 398: 593 —597

14 Rachkov A, Minoura N. Recognition of oxytocin and oxytocin-related
peptides in aqueous media using a molecularly imprinted polymer
synthesized by the epitope approach. J Chromatography A, 2000, 889:
111—118

cellular protein was enriched several hundred times up
to about eight percent of total protein by using this new
type of PIP with ARPCs. This method also can be used
for enriching or purifying the protein of high molecular
weight. Most non specific adsorbed proteins with this
type of PIP are probably the negatively charged acidic
proteins. Whereas by using PIP with negative charged
acidic recognition sites, one can find that most non spe-
cific adsorbed proteins might be basic proteins. Perhaps,
a combination of these two types of PIPs can reach the
aim of purifying the low content natural proteins.

The authors are very grateful to the Alexander von Humboldt Foundation
and the World University Service in Wiesbaden (Germany) for provision of
very useful laboratory instrumentation.

15 Nishino H, Huang C S, Shea K J. Selective protein capture by epitope
imprinting. Angew Chem Int Ed, 2006, 45: 2392—2396

16  Zhao Z, Wang C H, Guo M J, et al. Molecular imprinted polymer with
cloned bacterial protein template enriches authentic target in cell ex-
tract. FEBS Lett, 2006, 580: 2750—2754

17 Haupt K. Creating a good impression. Nat Biotechnol, 2002, 20:
884—885

18 Guo M J, Zhao Z, Fan Y G, et al. Protein-imprinted polymer with
immobilized assistant recognition polymer chains. Biomaterials, 2006,
27:4381—4387

19 Handschumacher R E, Harding M W, Rice J, et al. Cyclophilin: A
specific cytosolic binding protein for cyclosporin A. Science, 1984,
226: 544—547

20 Ke H, Zydowsky L D, Liu J, et al. Crystal structure of recombinant
human T-cell cyclophilin A at 2.5 A resolution. Proc Natl Acad Sci
USA, 1991, 88: 9483 —9487

21 Nowick J S, Lam K S, Khasanova TV, et al. An unnatural amino acid
that induces B-sheet folding and interaction in peptides. J Am Chem
Soc, 2004, 124: 4972—4973

22 ZhenY, Wan S, Liu Y, et al. A series of polymer-clay nanocomposites
were prepared by the simultaneous. Macromol Chem Phys, 2005, 206:
607—612

23 Wang Y, Han R F, Wu D, et al. The binding of FKBP23 to BiP
modulates BiP’s ATPase activity with its PPlase activity. BBRC, 2007,
354:315—320

24 Bloom H, Beier H, Gross H. Improved silver staining of plant proteins,
RNA and DNA in polyacrylamide gels. Electrophoresis, 1987, 8:
93—99

25 Borgeson C E, Bowman B J. Isolation and characterization of the
Neurospora crassa endoplasmic reticulum. J Bacteriol, 1983, 156:
362—368

26 Chen C,MaH, Wang Y, et al. Binding of FKBP23 to BiP in ER shown
by gel filtration chromatograhy. Z Naturforsch, 2007, 62¢: 133 —137

27 Zhang X B, Wang Y, Li H, et al. The mouse FKBP23 binds to BiP in
ER and the binding of C-terminal domain is interrelated with Ca"
concentration. FEBS Lett, 2004, 559: 57— 60

28 Bradford M M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein dye
binding. Anal Biochem, 1976, 72: 248—254

29 NiulJ, Shi F, Liu Z, et al. Reversible Disulfide cross-linking in layer-
by-layer films: Preassembly enhanced loading and pH/reductant
dually controllable release. Langmuir, 2007, 23 (11): 6377 —6384

LONG Yi et al. Chinese Science Bulletin | September 2008 | vol. 53 | no. 17 | 2617-2623 2623

>
14
=
Z
=
L
T
©)
o
Z
<
)
x
(@)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


