
Se-Hui Jung1, Jae-Wan Jung1 & Kwon-Soo Ha1

1Department of Molecular and Cellular Biochemistry and 
Nano-Bio Sensor Research Center, Kangwon National University
School of Medicine, Chuncheon, Kangwon-Do 200-701, Korea
Correspondence and requests for materials should be addressed
to K.-S. Ha (ksha@kangwon.ac.kr) 

Accepted 9 August 2007

Abstract

In general, antibody arrays were favored to analyze
proteins in blood samples or cell extracts because
the arrays may provide selective immobilization of
target proteins. However, in this study, we proposed
protein arrays based on amide-linked (AL) NHS-
dextran as an alternative approach to analyze C-
reactive protein with a spectral SPR biosensor. The
surface modification with AL NHS-dextran was
based on amide linkage between amine-modified
gold arrays and NHS-modified CM-dextran. The AL
NHS-dextran arrays were characterized with FT-IR
spectroscopy and atomic force microscopy (AFM).
Moreover, AL NHS-dextran arrays were compared
with the previously used epoxide-linked carboxy-
methyl dextran. In order to analyze quantitatively C-
reactive protein in human sera on protein arrays, we
have investigated the effect of buffer pH on the
binding affinity of proteins to the arrays. Then, we
have successfully analyzed C-reactive protein in
human sera on the dextran arrays. Thus, protein
arrays based on the AL NHS-dextran surface can be
used as alternative method for rapid analysis of
blood proteins.
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Introduction

Recently, there have been many reports associated
with applications of protein arrays for serodiagnosis
and proteomics based on the large-scale and high-
throughput analysis1,2. For these applications, various
techniques have been demonstrated as detection
methods such as fluorescence labeling2,3, mass spec-

trometry4, atomic force microscopy (AFM)5 and sur-
face plasmon resonance (SPR). Among these tech-
niques, the most appropriate one for label-free and
high-throughput analysis is SPR. 

There are many reports on analysis of proteins
mainly based on antibody arrays in a high-throughput
manner because target proteins in sample solutions
can be selectively immobilized onto the antibody
arrays. It was reported that proteomic analysis of
secreted proteins in early rheumatoid arthritis was
performed on antibody arrays6. In addition, there are
many reports on applications of antibody arrays for
diagnosis of cancers based on serum-protein profil-
ing7,8. However, there are a few reports on use of pro-
tein arrays in the analysis of proteins, since it is not
easy to immobilize target proteins selectively on pro-
tein arrays. Furthermore, the level of the target pro-
teins in blood is much lower than major blood pro-
teins such as albumin, immunoglobin G and hapto-
globin. Thus, there is no report on the high-through-
put analysis of blood proteins based on protein arrays
with SPR biosensors.

In this study, we introduced a protein array system
based on NHS-dextran and an appropriate pH to ana-
lyze blood proteins. It is known that buffer pH has a
significant influence on binding affinity of proteins to
the arrays. In order to find an optimal buffer pH for
selective immobilization of target proteins in human
sera, we prepared blood samples in different buffer
and applied to the NHS-dextran arrays. The AL NHS
-dextran arrays provide several advantages such as
short fabrication time, possibility to analyze protein
interactions in a high-throughput format on gold
arrays and higher binding affinity of protein to the
arrays. Then, the protein arrays were probed with anti
-CRP antibody and analyzed with a self-developed
spectral SPR biosensor (Figure 1). 

Results and Discussion

To prepare protein arrays, the surface of gold arrays
was modified by two different approaches using new
AL NHS-dextran and previously used EL CM-dex-
tran, and various proteins were immobilized onto the
dextran arrays. Then, two approaches were compared
in the binding affinity of proteins (Table 1). One of
major differences between AL CM-dextran and EL
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CM-dextran is how dextran layers are introduced
onto the gold surface. The formation of CM-dextran
layer using EL CM-dextran was processed on solid
arrays, whereas fabrication process using AL NHS-
dextran was mainly performed in a liquid phase
except the final immobilization. Thereby, AL NHS-
dextran surface has several advantages such as short
fabrication time, high-throughput analysis on gold
arrays and higher binding affinity of proteins. To fab-
ricate AL NHS-dextran arrays, initially, we function-
alized dextran through the addition of carboxyl groups
to hydroxyl functionalities by ether linkage, and the
addition of carboxyl groups to dextran backbone was
verified by the presence of a carboxylic FT-IR band
from the carbonyl stretching of CM-dextran at ca.
1,734 and 1,580 cm-1 (Figure 2). Surfaces of AL NHS
-dextran and EL CM-dextran were characterized with
AFM, focused on surface topology and film thickness

(Table 1). 
Subsequently, we investigated whether AL NHS-

dextran arrays were appropriate for the analysis of
blood proteins with the spectral SPR biosensor. It is
difficult to analyze proteins in blood samples on pro-
tein arrays since the level of the target proteins in
human blood is generally lower than major blood
proteins such as albumin, immunoglobulin G and
haptoglobin. It is known that albumin, immunoglobu-
lin G and haptoglobin occupy 54, 17 and 3%, respec-
tively, of total human blood proteins. In general, anti-
body arrays were favored to analyze proteins in blood
samples or cell extracts because the arrays may pro-
vide selective immobilization of target proteins. How-
ever, in this study, we used protein arrays as an alter-
native method to analyze CRP in human sera since
antibody arrays were not so sensitive to analyze CRP
at low concentrations with the SPR biosensor (data
not shown). In addition, when antibody arrays are
analyzed by SPR biosensors, it is necessary to check
whether the SPR signals obtained from the binding of
proteins are specific. 

In preparation of protein arrays, selective protein
immobilization onto the array is important. It is
known that buffer pH has a significant effect on bind-
ing affinity of proteins to the arrays. Thus, we inves-
tigated the effect of buffer pH on the binding affinity
of proteins to the NHS-dextran arrays with a spectral
SPR biosensor (Figure 3). Protein solutions of BSA,
hemoglobin, haptoglobin, immunoglobulin G, CRP
and GST were prepared in acetate buffer (pH 4.5) or
phosphate buffer (pH 7.4), and then applied onto the
dextran arrays. Most proteins showed strong binding
affinity to the dextran surface at pH 4.5. However,
when the proteins were prepared in the phosphate
buffer, there was a dramatic decrease in the binding
affinity of BSA, haptoglobin and GST with a slight
decrease in that of hemoglobin and CRP. These results
showed that selective immobilization of proteins can
be achieved by choosing a proper buffer pH. Thus,
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Figure 1. A self-developed spectral SPR biosensor.

Figure 2. Characterization of synthesized CM-dextran by
FT-IR.

Table 1. Differences between EL CM-dextran and AL NHS
-dextran surfaces.

EL CM-dextran AL NHS-dextran

Time for surface 
modification 2 day 2 hr

Synthesis of modified 
dextran on chip in solution

Thickness of layer (nm) 3.2 4.2

Binding capacity of 
proteins 1 2.2±0.8

High-throughput analysis 
on gold arrays Inappropriate Appropriate



the phosphate buffer (pH 7.4) was selected to immo-
bilize human sera onto the dextran arrays to analyze
CRP in human blood samples. 

In order to analyze CRP in human sera with the
spectral SPR biosensor, initially, various concentra-
tions of CRP ranging from 0.1 to 50 ng/µL were pre-
pared in the normal human serum, diluted ten times
with the phosphate buffer (pH 7.4), and applied to the
AL NHS-dextran arrays. Then, the arrays were probed
with anti-goat CRP, incubated with the secondary
antibody, and then analyzed with the spectral SPR
biosensor. CRP caused a dose-dependent increase of
SPR signals (Figure 4) and a standard curve was
obtained by the Sigmoid fit of the Origin program.
Then, human sera were analyzed with a spectral SPR
biosensor after diluting the sera ten times with the
phosphate buffer (Figure 4). The level of CRP was
determined by using the standard curve. The level of
CRP in the human sera was also determined by a
commercialized method, the latex-enhanced turbidi-

metry immunoassay using an automated chemical
analyzer. Then, the relationship between the results
obtained by two methods was investigated with the
Fit Linear of the Origin program, and the results
showed a good correlation with those determined by
the latex-enhanced turbidimetry immunoassay. Thus,
protein arrays are an alternative approach to analyze
blood proteins in an appropriate pH environment. 

Materials and Methods

Protein and Serum Samples 
GST was prepared by expressing the genes in E.

coli (BL21) according to the procedures specified in a
previous report9. C-reactive protein was obtained
from Scripps Lab (San Diego, CA). Human sera were
obtained from the Kangwon National University
Hospital, divided into aliquots and stored at -20�C
until use. Experiments using the human samples were
performed under the approval by the local Institute
Ethics Committee for human subject research. 

Hydrophobic Modification of Gold Arrays 
Gold arrays were fabricated and modified according

to the previous report9. Briefly, gold arrays with fifty
spots each of 2 mm diameter were fabricated by
depositing Ti/Au (50/450Å) films on pyrex glass, and
were cleaned with a cleaning solution of NH4OH :
H2O2 : H2O (1 : 1 : 5, v/v) at 70�C  for 10 min. Then,
the glass slides were incubated with a mixture of
hexadecane/carbone tetrachloride/octadecyltrichloro-
silane (20 : 5 : 0.04, v/v) to generate hydrophobic
glass surface at 50�C for 30 min. And the gold arrays
were washed with a mixture of hexadecane/carbone
tetrachloride (20 : 5, v/v), carbon tetrachloride and
ethanol in order. The gold spots were hydrophilized
with the cleaning solution just before using.
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Figure 4. Analysis of CRP in human sera. Standard samples
ranging from 0.1 to 50 ng/µL and 20 human sera were applied
onto NHS-dextran arrays. The protein arrays were incubated
with anti-CRP antibody and anti-goat IgG, and analyzed in
the line-scanning mode of the spectral SPR biosensor as des-
cribed in Materials and Methods.
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Figure 3. Differential binding affinity of proteins according
to buffer pH. 100µg/mL BSA, hemoglobin (Hb), haptoglobin
(Hp), immunoglobulin G (IgG), CRP and GST were prepared
in acetate buffer (pH 4.5) and phosphate buffer (pH 7.4), and
applied onto NHS-dextran arrays. Then, the arrays were
analyzed in the line-scanning mode of the spectral SPR bio-
sensor as described in Materials and Methods (a). The results
are expressed as means±S.D from three separate experiments
(b).



Synthesis of CM-dextran Hydrogel
CM-dextran was synthesized according to the pro-

cedures of McArthur et al.10 Six grams dextran (M.W.
500 K) was dissolved in 20 mL of 100 mM bromo-
acetic acid in 2 M NaOH and stirred overnight. Then,
the solution was dialyzed against milliQ water for 24
h, against 0.1 M HCl for 24 h and finally against water
for 24 h. The dialyzed CM-dextran solution was lyo-
philized, and the lyophilized CM-dextran was stored
until use.

Surface Modification of Gold Arrays with 
AL NHS-dextran

The surfaces of gold arrays were modified with AL
NHS-dextran according to the procedures of Jung et
al.11 First, the gold arrays were incubated with a
mixed thiol solution of 0.1 mM MUA and 0.9 mM 6-
mercaptohexanol in ethanol for 16 h, and then washed
with ethanol to remove the excess thiols12. For ami-
nation of carboxyl groups, the arrays were incubated
with 500 mM ethylenediamine for 1 h after preincu-
bation with a mixture of 50 mM NHS and 200 mM N-
ethyl-N′ -(3-dimethylaminopropyl) carbodiimide
hydrochloride for 10 min. The CM-dextran was func-
tionalized with NHS groups by incubating 0.3 g/mL
CM-dextran in the mixed solution of 50 mM NHS
and 200 mM N-ethyl-N′-(3-dimethylaminopropyl)
carbodiimide hydrochloride at room temperature for
10 min. Then, AL-NHS dextran layer on gold arrays
was formed by applying the NHS-dextran solution to
the monolayer of N-(2-aminoethyl)-11-mercaptounde-
canamide and 6-mercaptohexanol. 

Preparation of Protein Arrays 
on the AL NHS-dextran Layer of Gold Arrays

In order to investigate the effect of buffer pH on the
binding affinity of proteins onto the AL NHS-dextran
layer of arrays, various proteins including BSA, hemo-
globin, haptoglobin, immunoglobulin G, CRP and
GST prepared in 10 mM sodium acetate buffer (pH
4.5) or 9.3 mM phosphate buffer (pH 7.4) were appli-
ed to the AL NHS-dextran surface of gold arrays for
1 h. Then, the arrays were washed twice with 0.1%
Tween 20 in PBS for 5 min, rinsed with milliQ water,
flushed with N2 gas to remove the water and imme-
diately analyzed with a self-developed spectral SPR
biosensor.

High-throughput Analysis of CRP
in Human Sera 

The high-throughput analysis of CRP in human sera
on protein arrays was performed in the line-scanning
mode of the spectral SPR biosensor according to a
previous report13. Briefly, the spectral SPR sensor

was configured using the Kretschmann geometry of
the attenuated total reflection method. The arrays
were coupled with a fused silica prism via an index
matching fluid and mounted on an x-y linear stage.
Then, the array spots were automatically scanned
every 100µm along the central line by the line-scann-
ing mode. 

For the quantitative analysis of CRP in human sera
by the spectral SPR biosensor, first, it was necessary
to obtain the standard curve through analysis of stan-
dard samples. Thus, pure CRP was serially mixed,
ranging from 0.1 to 50 ng/µL, with normal human
serum diluted with the phosphate buffer (pH 7.4) and
applied to AL NHS-dextran surface. Collected SPR
signals were used to obtain a standard curve by the
Sigmoidal Fit of the Origin program. Then, human
sera were diluted ten times with the phosphate buffer
and immobilized onto the AL NHS-dextran layer of
arrays. The protein arrays were blocked with 1%
BSA containing 0.1% Tween 20 in PBS for 30 min
and probed for 1 h with 200µg/mL monoclonal anti-
CRP antibody (2µL/spot) in 1% BSA containing 0.1%
Tween 20 in PBS. After washing with 0.1% Tween
20 in PBS, the arrays were incubated with anti-goat
IgG and immediately analyzed with the spectral SPR
biosensor. The level of CRP in human sera determined
by a spectral SPR biosensor was compared with that
determined by latex-enhanced turbidimetry immuno-
assay, another method commercially used. Then, cor-
relation between two methods was analyzed with the
Linear Fit of the Origin program.

Conclusions

In this paper, we proposed protein arrays based on
AL NHS-dextran as an alternative method to analyze
blood proteins. AL NHS-dextran surface showed a
higher binding affinity of proteins than EL CM-dex-
tran surface. Proteins were selectively immobilized
on the NHS-dextran surface in an appropriate pH
environment. CRP in human sera was successfully
analyzed on the NHS-dextran arrays with a spectral
SPR biosensor. Thus, protein arrays based on the AL
NHS-dextran surface has a potential for rapid analy-
sis of blood proteins.

Acknowledgements

This work was supported in part by a grant from
the Korea Health 21 R & D Project, Ministry of Heal-
th & Welfare, Republic of Korea (A030003).

216 Biochip Journal  Vol. 1(3), 213-217, 2007



References

1. Yuk, J.S. & Ha, K.-S. Proteomic applications of sur-
face plasmon resnonace biosensors: analysis of pro-
tein arrays. Exp. Mol. Med.37, 1-10 (2005).

2. Zhu, H. & Snyder, M. Protein chip technology. Curr.
Opin. Chem. Biol.7, 55-63 (2003).

3. MacBeath, G. & Schreiber, S.L. Printing proteins as
microarrays for high-throughput function determina-
tion. Science289, 1760-1763 (2000).

4. Griesser, H.J. et al. Surface-MALDI mass spectro-
metry in biomaterials research. Biomaterials 25, 4861
-4875 (2004).

5. Lee, K-B., Park, S.-J., Mirkin, C.A., Smith, J.C. &
Mrksich, M. Protein nanoarrays generated By Dip-
Pen nanolithography. Science295, 1702-1705 (2002).

6. Hueber, W. et al. Proteomic analysis of secreted pro-
teins in early rheumatoid arthritis: anti-citrulline auto-
reactivity is associated with up regulation of proin-
flammatory cytokines. Ann. Rheum. Dis.66(6), 712-
719 (2007).

7. Hamelinck, D. et al. Optimized normalization for anti-
body microarrays and application to serum-protein

profiling. Mol. Cell. Proteomics4(6), 773-784 (2005).
8. Ingvarsson, J. et al. Design of recombinant antibody

microarrays for serum protein profiling: targeting of
complement proteins. J. Proteome. Res.In press. 

9. Jung, J.-W. et al. High-throughput analysis of GST-
fusion protein expression and activity-dependent pro-
tein interactions on GST-fusion protein arrays with a
spectral surface plasmon resonance biosensor. Pro-
teomics6, 1110-1120 (2006).

10. McArthur, S.L. et al. Effect of polysaccharide struc-
ture on protein adsorption. Colloid. Surface B 17, 37-
48 (2000).

11. Jung, S.-H. et al. Analysis of C-reactive protein on
amide-linked N-hydroxysuccinimide-dextran arrays
with a spectral surface plasmon resonance biosensor
for serodiagnosis. Anal. Chem.79, 5703-5710 (2007).

12. Jung, S.-H. et al. Oriented immobilization of antibod-
ies by a self-assembled monolayer of 2-(biotinamido)
ethanethiol for immunoarray preparation. Colloid.
Surface B47, 107-111 (2006).

13. Yuk, J.S. et al. Analysis of protein interactions on
protein arrays by a wavelength interrogation-based
surface plasmon resonance biosensor. Proteomics4,
3468-3476 (2004).

Protein Arrays for Blood Protein Analysis       217


