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Abstract: Polystyrene microtitre plates modified by 60Co c-ray irradiation were
used in an indirect enzyme-linked immunosorbent assay (ELISA) for detection
of anti-human immunodeficiency virus type 1 (anti HIV-1). The plates with
9 kGy (optimum dose) irradiation showed 2-5-fold higher detection sensitivity
in serodiagnosis tests compared to untreated ones, and a 3-fold lower enzyme
concentration than the control used was still detectable. Adsorption=desorption
experiment results, atomic force microscopy (AFM) images, and X-ray photo-
electron spectroscopy (XPS) analysis provide the reason for this improvement.
The oxidized surface formed during irradiation presented much more binding
affinity for coating antigens and could adsorb a larger amount (1.5-3-fold) of
protein uniformly.
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INTRODUCTION

Polystyrene (PS) microtitre plates are usually used as solid substrate for
protein adsorption in the enzyme-linked immunosorbent assay (ELISA),
which is widely employed in biological science and medical laboratory
diagnositics as an established technique.[1,2] Since this assay is based on
immunological reaction on solid phase, the adsorption of bioactive
compound to the plate is of great importance.[3] However, low molecular
weight antigens=antibodis can be hardly immobilized on PS surface
by random adsorption due to the fact that small molecules have few
binding sites.

The weak interaction between PS surface and small protein limits the
sensitivity of ELISA assay.[4–6] The immobilization of this type of targets
on PS surface commonly involves covalent coupling procedures, which
are time-consuming and may change the epitopes as a result of unsuitable
presentation and orientation of protein.[7–9] To maintain their conforma-
tion and biological activity, different methods, such as biotin-streptavidin
bridge[10–12] and affinity ligand[13–15] have been used for oriented
immobilization. In this study, we pretreated commercially available PS
microtitre plates with certain doses of 60Co gamma irradiation and the
modified plates were applied for adsorption of the low molecular weight
HIV-1 recombinant antigen (MW: 32 kDa). We evaluated the effect of
irradiation on the performance of PS plates by detecting anti HIV-1 in
a typical indirect ELISA system. Moreover, adsorption=desorption
experiment, atomic force microscopy (AFM) and X-ray photoelectron
spectroscopy (XPS) were adopted for further research of protein
adsorption on PS surface.

EXPERIMENTAL

Irradiation Treatment

Under the air flow rate of 3m3=min, PS 96-well microtitre plates (Nunc,
Denmark) were irradiated with a 60Co source (Academy of Fujian
Agricultural Science, China) at a dose rate of 1 kGy=h to levels of 0, 3,
6, 9, 12, and 15 kGy, respectively.

ELISA Protocol

After irradiation, the plates were incubated overnight at 4�C with
100mL=well of HIV-1 recombinant antigen (gp1200-gp410, kindly provided
by Dr. Dayong Jia) diluted in 10mM phosphate buffered saline (PBS),
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pH 7.2 (this procedure usually known as coating). Next, the plates were
washed with PBS containing 0.05% Tween-20 (v=v), and blocked with
blocking solution (PBS containing 2.5mg=mL BSA) at 37�C for 2 h.
100 mL of diluted serum sample (positive samples containing anti HIV-1
antibodies, obtained from National Center for Clinical Laboratory,
China) was added to each well of the plates. After 0.5 h incubation at
37�C, the plates were washed and added with horseradish peroxidase-
conjugated goat anti-human IgG (HRP-IgG, Sigma, USA) at an
appropriate concentration, followed by another 0.5 h incubation. The
wells were washed again to remove any unbound conjugate and developed
with the substrate tetramethylbenzidine (Sigma, USA) for 15min. The
colorimetric reaction was terminated by addition of 50 mL of 2M
H2SO4 and optical density (OD) was measured at 450 nm by using a model
550 microplate reader (Bio-Rad, USA). All tests were repeated four times
and the arithmetic mean of absorbance values (OD450 nm) was calculated.

Desorption Experiment

Each coated well was added with 100 mL of 100mM KNO3 solution
(pH 7), incubated at 37�C for 2 h with vigorous shaking. After the solution
was collected, the amount of desorbed HIV-1 antigens was determined
from the protein concentration in the solution. Desorption experiment
was repeated with 99mM KNO3-1mM HNO3 (pH 3) and 90mM
KNO3-10mMKOH (pH 12). Protein concentration was determined using
micro BCA protein assay kit (Pierce, USA).

AFM and XPS

Well bottom of coated plates was applied for AFM and XPS measure-
ment before blocking procedure. AFM was performed with a Nanoscope
IIIa multimode scanning probe microscope (Digital Instruments, USA)
in the contact mode. XPS was carried out on a SSX-100 spectrometer
(Surface Science Instruments, USA) with a monochromatised AlKa

X-ray source (1486.6 eV) run at 150W.

RESULTS AND DISCUSSION

Immunoassay Characteristics

The effects of various doses of irradiation were assessed on ELISA
sensitivity. Figure 1 reveals that the absorbance value was gradually

Polystyrene Surface for Anti HIV-1 ELISA 459

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



increased with the increase of irradiation dose, and was up to maximum
at 9 kGy, further irradiation would reduce the value to some extent.
Compared to untreated ones, the 9 kGy irradiated plates showed 2–5-fold
higher detection sensitivity at serial dilutions (4–46-fold) of anti HIV-1
(Figure 1a) or over a wide range (0.1–1000 mg=mL) of coating concentra-
tions (Figure 1b). Table 1 shows the Signal-to-Noise Ratio (SNR, the
ratio of the difference between the mean absorbance value of positive
and negative samples to that of negative ones) of ELISA using 9 kGy
irradiated plates was as high as 25.9, and a 3-fold lower HRP-IgG
concentration than the control used was still detectable. In contrast,

Figure 1. Immunoassay characteristics of HIV-1 recombinant antigen adsorption
on PS plates pretreated with various doses of irradiation. (a) The concentrations of
coating antigen were all 40mg=mL, while the concentrations of anti HIV-1 were
varied in series multiple dilutions. (b) The same anti HIV-1 (1:10 dilution of a posi-
tive serum sample) was used in tests, while the concentrations of coating antigen
were varied in the range of 0.1–1000mg=mL. 1:2400 diluted HRP-IgG was used
in (a) and (b).
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the SNR of assay using untreated plates was rather poor, only 7.7 and 6.5
when using 1:2400 and 1:800 diluted HRP-IgG respectively. Figure 2 shows
that protein adsorption on 9kGy irradiated plates went more quickly and
could reach the equilibrium earlier than that on untreated ones.

Adsorption/Desorption Behavior

In order to identify whether this improved ELISA sensitivity was
primarily owing to the increased adsorption ability of modified surface
or owing to the better stereo presentation of coated antigens, untreated
and 9 kGy irradiated plates were coated with antigens and then reacted
with HRP conjugated rabbit anti HIV-1 (polyclonal antibody, produced
in rabbits by injection of HIV-1 recombinant antigen) in a direct ELISA
system (named adsorption experiment here). If the improved ELISA
sensitivity was primarily owing to the increased adsorption ability of
modified surface rather than the better stereo presentation of coated
antigens, the absorbance value of direct ELISA using irradiated plate
should be increased because polyclonal antibodies could recognize all
coated antigens regardless of their stereo presentation. It was found that,
at all coating concentrations tested (8, 40 and 200 mg=mL) in adsorption
experiment, the absorbance value of direct ELISA using 9 kGy
irradiated plate was about 2–4-fold greater than that using untreated
one. The conclusion drew from this experiment was in accordance with
XPS results of the following.

Figure 2. Influence of coating time on ELISA detection using untreated and
9 kGy irradiated plates. The plates were coated with 40mg=mL HIV-1 recombi-
nant antigen for time of 2–1000min. The same anti HIV-1 (1:10 dilution of a posi-
tive serum sample) and 1:2400 diluted HRP-IgG were used in tests.
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The stability of the coating was evaluated by desorption experiment.
When the coating concentration was 40mg=mL, HIV-1 antigens adsorbed
on 9kGy irradiated surface were not removed with 100mM KNO3 at pH 7
or with 90mM KNO3-10mM KOH at pH 12 while on untreated one were
removed 11% and 29% under the same conditions. About 6%=48% of antigens
coated on irradiated=untreated plate were removed from PS surface at pH 3.
Similar results could be obtained at other coating concentrations. Further-
more, it was found that antigens could be adsorbed on modified surface with
scarcely suffering from interference by coexisting surfactants and salts during
coating process. No significant loss of immune reactivity was observed even
after the addition of 5% Tween-20 (v=v) and 0.5M NaCl. These findings sug-
gest that, comparedwith untreated plate, antigens were preferentially adsorbed
on irradiated one and not readily desorbed in a wide range of pH.

Figure 3. Plate surfaces imaged by AFM. (a) Background of PS surface before
coating. (b) and (c) Untreated and 9 kGy irradiated plates coated with 40mg=mL
of HIV-1 recombinant antigen, respectively. Each image represents 1mm� 1 mm
of the surface.
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Surface Characterization

To investigate the improved performance of the irradiated plates, surface
characterization was examined by AFM and XPS. The surface morphol-
ogies of coated plates as determined by means of AFM are shown in
Figure 3. HIV-1 antigens were present as aggregates that were approxi-
mately 0.1 mm wide and 0.05 mm high with average spacing of 0.15 mm.
Compared to modified surface, the distribution of antigens on untreated
one was uneven and completely absent in some regions. It appears to be
the reason for the difference of coefficient variation (CV, see Table 1) and
ELISA sensitivity between untreated and 9 kGy irradiated plates.

Before protein adsorption, only carbon and oxygen were detected in
XPS analysis of PS surface. Untreated plates contained 1.7% oxygen
(might have come from additives and sterilization treatments), and the
content went up to 13.1% after irradiated with optimum dose of 9 kGy,
indicating the development of oxygenic groups which might include
hydroxyl, carbonyl, carboxyl group, etc.[16,17] So, the surface oxidation
during irradiation with a corresponding increase in hydrophilicity was
probably the main cause of improved performance of modified plates.
After coating of HIV-1 antigens, the amount of protein immobilized
on PS surface could be deduced from the amount of nitrogen detected
by XPS (the average nitrogen content of proteins being about 16%).
Figure 4 shows that, at all coating concentrations tested (1.6–
1000 mg=mL), the amount of protein adsorbed on 9 kGy irradiated plates
was approximately 1.5–3-fold greater than that on untreated ones. This

Figure 4. XPS analysis of the relative amounts of protein adsorbed on untreated
and 9 kGy irradiated plates. The concentrations of coating antigen were varied in
the range of 1.6–1000mg=mL. Mean % nitrogen � SD was given (n¼ 4).
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was in accordance with ELISA results mentioned above, and
demonstrated that PS plates pretreated with appropriate dose of 60Co irra-
diation indeed exhibited much more binding affinity for coating proteins.

CONCLUSION

Low molecular weight HIV-1 recombinant antigen could be directly
adsorbed on PS surface pretreated with 9 kGy (optimum dose) 60Co
c-ray irradiation, and the resulting coating showed high levels of sensitiv-
ity, specificity and homogeneity in ELISA detection. The results of
adsorption=desorption experiments, AFM and XPS analysis suggest that
the hydrophilic surface formed during irradiation presented high binding
affinity for coating antigens and could adsorb protein more quickly and
more firmly. The assay used in this study is well suited for ELISA and
might be applied to other detection techniques using PS as support matrix.
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