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1  Introduction

With increased interest in the early diagnosis, immuno-
assay based sensing technologies have been intensively 
researched. The immunosensor is a biosensor based on 
the specific antibody-antigen interaction and widely used 
to detect biomarkers for diagnosis since its high speci-
ficity (Tomizaki et al. 2010; Tsai et al. 2007; Marco and 
Barceló 1996). Various highly sensitive sensing methods 
are used as immunosensor including field-effect transistor 
(FET) (Wang 2006), quartz crystal microbalance (QCM) 
(Arlett et  al. 2011), surface plasmon resonance (SPR) 
(Fan et  al. 2008; Tsai and Pai 2009) and micro cantile-
ver (Arlett et al. 2011; Fritz 2008). The SPR based immu-
nosensor is a surface sensitive method and compatible 
for biomolecular analysis as it allows detection of small 
molecular interaction on the thin metal film, label-free 
and real-time monitoring (Pluchery et  al. 2011; Thariani 
and Yager 2008).

In the immunoassay based sensor, efficient immo-
bilization of the specific antibody on the sensor chip 
surface is necessary since the sensitivity of the immu-
nosensor depends on the immobilization condition of 
antibodies (Tomizaki et al. 2010; Tsai et al. 2007; Hanash 
et al. 2008; Weiping et al. 1999). The antibody (Immuno-
globulin) is a Y-shaped protein which recognizes the spe-
cific target antigen and composed of one Fc region and 
two fabricated regions which has the antigen binding site 
(Edelman 1973; Amit et al. 1986). Hence the Fab region 
exposed antibody immobilization can improve the anti-
gen detection ability of immunoassay (Tsai and Pai 2009). 
The biochemical modification is a most typical method 
to create antibody immobilized surfaces (Hanash et  al. 
2008; Lin et al. 2010) such as self-assembled monolayer 
(SAM) (Weiping et  al. 1999), polymer films (Liu 2007), 
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protein G and protein A (Bae et  al. 2005). Parylene is a 
trade name for a poly-(para-xylylene) series which has 
been received attention as a surface modification mate-
rial. The parylene is a thin polymer film which made 
by chemical vapor deposition (Fortin and Lu 2002; Tan 
and Craighead 2010). For the biological application, the 
parylene film has many advantages including the chemi-
cal inertness, possibility of deposition at the room tem-
perature, conformal coating and low intrinsic stress (Liu 
2007; Fortin and Lu 2002; Tan and Craighead 2010). Also 
the surface modification method using parylene film can 
overcome the several disadvantages of biochemical sur-
face modification techniques which are multi-step chemi-
cal process, time-consuming treatment and dependence 
of surface material (Prakash et  al. 2009). And due to its 
chemical vapor deposition process, parylene film has high 
conformity and free of pinhole and stress. More impor-
tantly, various functional groups can be introduced into 
the parylene structure which can bind with desired bio-
chemical molecules (Liu 2007; Tan and Craighead 2010). 
The basic structured parylene is called parylene-N and up 
to four functional groups can be introduced. The newly 
synthesized parylene materials introduced the desired 
chemical group are actively studied. The parylene-H is a 
recently developed parylene polymer and has a aldehyde 
group which can make a covalent bond with the amine 

group of proteins without additional chemical process 
(Ko et al. 2011). The specific structure of aldehyde group 
introduced parylene-H is presented in Fig. 1a. The deposi-
tion process of parylene can be separated into the follow-
ing steps: (1) the dimers are sublimated into the gas phase 
at temperature above 100 °C, (2) the vaporized parylene-
dimers are cracked into the monomers at the temperature 
above 600  °C, (3) the parylene monomers are absorbed 
onto the substrate in the deposition chamber at the room 
temperature. The polymerized monomers deposits a con-
formal and uniform parylene film (Fortin and Lu 2002).

This surface modification methods using parylene-H 
demonstrated the potential of antibody immobilization, but 
have also magnified the need for methods which can main-
tain the activity of antibody using control the immobiliza-
tion morphologies. The Fab region, antigen binding site of 
antibody has amine group which can bind with aldehyde 
group of the parylene-H. Hence the antigen specific region 
of antibody can be blocked by binding with parylene-H 
film surface. To improve the efficiency of antibody immo-
bilization, compatible linkage molecule is suggested. Pro-
tein G, a cell surface protein produced by Streptococcus 
sp. is an immunoglobulin binding protein. The protein G 
consists of three domains including alpha, beta and gamma, 
and the beta domain of protein G can specifically bind with 
Fc domain of immunoglobulin G (IgG) subtypes. Thus, 

Fig. 1   The immobilization of 
antibody using a parylene-H 
film and b a combination of 
protien G and parylene-H. 
Although the parylene-H 
includes a carboxyl group which 
can bind with a primary amine 
group of anti-body, the anti-
IgG may have been randomly 
immobilized since the several 
regions of anti-IgG have amine 
group. The structure of antibody 
and combination of parylene-H 
and protein G used antibody 
immobilization method are 
presented in b. The protein G 
was formed densely and direc-
tionally on the parylene-H layer 
with the Fc binding site of the 
protein G facing away from the 
chip surface. Thus, the binding 
capacity of the anti-IgG to IgG 
is improved when using the 
combination of protein G and 
parylene-H
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the protein G used for the immobilization of antibodies 
can lead efficient antibody immobilization that Fab region 
exposed (Sauer-Eriksson et al. 1995).

In this research, a novel linkage layer for the selective 
and efficient immobilization of antibody using the combi-
nation of protein G and parylene-H film was proposed as 
(Fig.  1b). The suggested linkage-layer was applied to the 
SPR-based biosensor for the detection of specific target 
molecules. The applicability of the combination of par-
ylene-H film and protein G to a SPR biosensor was inves-
tigated by evaluating the changes in efficiency, sensitivity, 
and detection range according to the composition of link-
age layer. The far more improved immobilization efficiency 
as well as the sensitivity and specificity of the SPR biosen-
sor were demonstrated by the combination of parylene-H 
film and protein G.

2 � Materials and methods

2.1 � Immobilization materials

To immobilize the antibody on the gold chip surface (BK7, 
K-MAC, Korea), protein G was used and purchased from 
Sigma (MO, USA). For the modification of antibody and 
protein G, the parylene-H powder (4-formyl[2,2]paracy-
clophane) was purchased from Femto-Science Ltd. (Seoul, 
Korea). The phosphate buffered saline (PBS) which was 
used as buffer solution for sample proteins was purchased 
from Sigma (MO, USA). To verify the surface modification 
condition, anti-human IgG and human IgG were purchased 
from Sigma (MO, USA).

2.2 � Deposition of parylene‑H layer on a SPR sensor 
chip

SPR sensor chip was sonicated in acetone, methanol, and 
DI-water for 5 min each for surface cleaning. Then the par-
ylene film was deposited on a sensor chips by a parylene 
coater (NRPC-500, Nuri-Tech, Korea) through the follow-
ing polymerization steps: (1) vaporization of parylene-H 
dimer at the temperature of 100  °C, (2) pyrolysis for the 
production of parylene-H monomer at the temperature of 
670  °C, and (3) deposition on the chip surface at room 
temperature. The vacuum condition of parylene deposition 
chamber was maintained <0.01 Torr (Fig.  2a). The corre-
lation between the parylene film thickness and the initial 
amount of parylene dimer depends on the deposition con-
ditions as well as the structure of the parylene coater. The 
amount of used parylene-H dimer was 60 mg and the thick-
ness of the deposited parylene-H film was 21 nm on aver-
age. The thickness of the parylene film was measured by 
surface profiler (Dektak XT, Bruker, Germany).

2.3 � Modification of protein G layer Immobilization 
of anti‑IgG

To immobilize the anti-immunoglobulin G, the protein G 
was modified on the SPR sensor chip surface. The two-
channeled SPR sensor (SPRmicro, K-MAC, Korea) with 
peristaltic micro pump (REGLO, ISMATEC, USA) and 
degasser (DGU-12A, SHIMADZU, Japan) was used to 
record the bio-molecular interaction in real time (Fig. 2b). 
The PBS solution was flowed continuously on the reference 
channel while whole experimentation. After the parylene-H 
film deposition procedure, the 150 μl of protein G solution 
at a concentration of 200 μg/ml was injected into the sam-
ple flow channel of SPR sensor system. Then the weakly 
absorbed or unreacted protein G was washed out by a PBS 
solution.

2.4 � Immobilization of anti‑IgG

After the protein G modification, the 150 μl of anti-IgG 
solution at a concentration of 150 μg/ml was injected into 
the sample channel and react with the protein G on the chip 
surface. Then the weakly absorbed or unreacted antibod-
ies were washed out by a PBS solution. And the 150 μl of 
bovine serum albumin (BSA) at a concentration of 100 μg/
ml was subsequently flowed into the sample channel to pre-
vent the non-specific binding.

2.5 � Detection of IgG using SPR sensor

After the immobilization of anti-IgG and blocking step, the 
150 μl of human IgG solution was injected into the modi-
fied sensor chip surface. The non-specifically bounded or 
weakly absorbed analytes were removed by a PBS solu-
tion flow after detection process. The concentration of IgG 
solution were 1, 3, and 5 μg/ml and the experiments were 
repeated for 3 times each IgG concentration. To verify 
the detection efficiency of the antibody immobilized sen-
sor system, the IgG detection signals from the SPR sensor 
were measured and compared.

3 � Results

The IgG detection capabilities of immobilized anti-IgG 
using parylene-H film and a combination of protein G and 
parylene-H were investigated and compared by SPR immu-
nosensor. For the SPR based detection, gold deposited glass 
chip was used as sensing surface (Fig. 3a). The parylene-H 
layer was formed on the bare sensor chip surface to intro-
duce the carboxyl group at the beginning of each experi-
ment as shown in Fig. 3b. As the SPR sensor used here had 
two flow channels, the PBS solution was allowed to flow 
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into both channels first. In the experiment of combination 
of protein G and parylene-H, the protein G was injected into 
the sample channel and bound with parylene-H film modi-
fied on the sensor chip surface (Fig. 3c). After confirming 
a stable output signal from both channels, the anti-IgG at 
a concentration of 150 μg/ml was injected into the sample 
channel and immobilized on the linkage layer on the sen-
sor chip surface (Fig. 3d). The BSA solution at a concen-
tration of 100 μg/ml was flowed into the sample channel 

and bind on the extra space of antibody immobilized on 
sensor chip surface to block any non-specific binding as 
presented in Fig. 3e. Finally, various concentrations of IgG 
(1, 3 and 5 μg/ml) were allowed to flow across the sensor 
chip surface. The IgG was bound with Fc region of anti-IgG 
(Fig.  3f). Between all the protein injection steps, the sen-
sor chip was washed with a sufficient volume of the PBS 
solution to remove the unreacted proteins. Throughout each 
experiment, the PBS solution flowed continuously through 

Fig. 2   The Schematic of a parylene-H film deposition process and 
a structure of SPR based biosensor and flow channel. The parylene-
H has a aldehyde group which can make a covalently bond with 
the amine group of proteins. Firstly, the powder formed parylene-H 
precursors are vaporized at the 100 °C. Then the produced parylene 
dimers are heated at over 670 °C for pyrolysis into the monomer. The 
parylene monomers polymerised into the parylene polymers at the 
room temperature and make a conformal parylene film on the sub-
strate. In the case of the parylene-H used antibody immobilization 
method, an aldehyde group included parylene-H interacts with the 

amine group of the antibody. However, there is a possibility that vari-
ous parts of the amine group on the antibody could have interacted 
with the aldehyde group of the parylene-H. The 2-channeled SPR 
sensor was used to record the bio-molecular interaction in real time. 
The PBS solution was flowed continuously on the reference channel 
while whole experimentation. After the parylene-H film deposition 
procedure, the sample proteins were injected into the sample flow 
channel subsequently. Then the weakly absorbed or unreacted pro-
teins were washed out by a PBS solution between sample injections
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the reference channel. For the analysis of protein interac-
tions, the accurate signal was calculated by subtracting the 
reference signal from the sample signal to exclude other 
interference effects including temperature. The SPR angle 
shift from the whole experimentation was demonstrated in 
Fig.  4. The output signal was successively increased after 
the injection of sample proteins. The quantity of SPR angle 
shift starting from the injection of sample solution and end-
ing at the saturation of the protein binding was used to esti-
mate the binding amount. The varied output signals were 
calculated from the mean of the signal during 100 s in the 
stable phase after sufficient flow of the PBS solution and the 
error range of the SPR system was 0.001°. The responses of 
the SPR sensor to the various concentrations of IgG are pre-
sented in Fig. 5. The error bars illustrate the standard devi-
ation for the three replicates. The SPR detection signal of 
each concentration of IgG using parylene-H was 0.02303°, 
0.00610°, and 0.00292° respectively. And the output signal 
from combination of parylene-H and protein G was 0.1017°, 
0.0685°, and 0.00514°, respectively. The sensitivities may 
be determined from the ratio of the angle shift and detected 
IgG concentration. The mean sensitivity of IgG detection 
using parylene-H was 0.00319° per μg/ml, and the combi-
nation of protein G and parylene-H was 0.01610° per μg/ml 
which is five times higher than parylene-H.

4 � Discussion

The high efficient immunoassay using the combination of 
protein G and parylene-H was proposed and the antigen 
detection capability using SPR based sensor was com-
pared with previous immobilization method using single 
parylene-H film. The anti-IgG was immobilized on the 
each linkage layer and detection of various concentration 
of IgG was investigated. To verify the protein absorption 
on the sensor chip surface, the SPR signals from sensor 
chip surface were measured in real-time. In the anti-IgG 
immobilization step, the single parylene-H layer consumed 
more time in signal stabilization than the protein G com-
bined method as shown in Fig.  4a. Almost one-third of 
the increased signal of anti-IgG was decreased through 
the PBS washing step and it can be assumed that the non-
specifically bound anti-IgG molecules fell away by flow of 
PBS solution. In contrast, the SPR output signal from anti-
IgG binding on the combination of protein G and parylene-
H layer was stably increased and quickly settled after inter-
action as shown in Fig. 4b. The protein G was modified on 
the parylene-H deposited sensor chip surface, and anti-IgG 
was immobilized on the protein G by specific interaction. 
Figure 5 shows and compares the average of IgG detection 
signals using different linkage layers. Although the similar 

Fig. 3   The process of IgG detection using a combination of protein 
G and parylene-H. a The SPR sensor chip was fabricated with 50 nm 
of gold film on 0.1 mm of glass substrate. b The 20 nm thickness of 
parylene-H film was deposited on the sensor chip surface by CVD 
process. c The protein G was modified on the parylene-H film with 

amide bond. d The anti-IgG was immobilized on the combination of 
protein G and parylene-H layer modified sensor chip surface. e To 
prevent non-specific bindings, the BSA was modified on the sensor 
chip surface. f IgG in sample solution binds with the immobilized 
anti-IgG
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amount of anti-IgG molecules were immobilized on the 
each linkage layer (Fig.  4), the SPR sensor system using 
combination of protein G and parylene-H layer presented 
the higher sensitivity of the IgG detection. These results 
clearly show that the IgG sensing capability of anti-IgG 
array was improved when using the combination of protein 
G and parylene-H film as linkage layer for immobilization 
of anti-IgG. The parylene-H has carboxyl group which can 
bind with amine group of anti-IgG at several region includ-
ing antigen binding site, thus it can be supposed that the 
anti-IgG was randomly immobilized on the parylene-H film 
and specific antigen binding sites of some molecules were 
blocked. However in the combination of protein G and par-
ylene-H used experimentation, among the three domains of 
protein G, the beta domain has a specific affinity with Fc 
domain of anti-IgG which is lower part of antibody. There-
fore, it can be assumed that the anti-IgG can immobilized 
on the protein G layer with specific orientation which has 
opened upper antigen binding site to the outside from sen-
sor chip surface as aforementioned in Fig. 1b. From these 
results, the SPR sensor using the combination of parylene-
H and protein G as the linkage layer showed the higher IgG 
detection efficiency.

Fig. 4   The SPR output 
signal of IgG detection using 
a parylene-H film and b the 
combination of parylene-H film 
and protein G layer. Throughout 
each experiment, a PBS solution 
flowed continuously through 
the reference channel. The 
accurate signal was calculated 
by subtracting the reference 
signal from the sample signal 
to exclude other interference 
effects including temperature

Fig. 5   The SPR output signal of IgG detection using parylene-H film 
and a combination of parylene-H film and protein G layer. After suf-
ficient flow of the PBS solution, the varied output signals were cal-
culated from the mean of the signal during 100 s in the stable phase. 
The responses of the SPR sensor to the various concentrations of IgG 
are presented. The error bars illustrate the standard deviation for the 
three replicates. The SPR sensor using combination of parylene-H 
and protein G as the linkage showed higher increased output signal, 
indicating that the sensing capability was improved when using pro-
tein G on the parylene-H layer
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5 � Conclusions

The antigen detection capability of the antibody on the SPR 
gold chip surface using a combination of protein G and 
parylene-H film was investigated and compared with single 
parylene-H used method. The protein G was immobilized 
on the parylene-H film deposited SPR sensor chip surface 
and the anti-IgG was immobilized on the protein G layer 
for detection of IgG. Thus, using the protein G on parylene-
H layer, higher density of anti-IgG has higher probability 
to interact with IgG. Therefore, the present experimental 
results demonstrated that the proposed SPR sensor systems 
with sensor chips modified by the combination of protein 
G and parylene-H established the efficient immobilization 
of antibody and more sensitive detection of target antigens. 
In addition, the proposed combination of protein G and the 
parylene-H film can improve the sensitivity of the immu-
nosensor system which can be used for the various biosens-
ing applications.
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