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Techniques of quantitative analysis are very important for studies of the interactions between
bio-molecules in the field of biotechnology and drug development. The total internal reflection
ellipsometry system (TIRE) is an attractive label-free procedure for the quantitative analysis of bio-
molecules because it combines the analytic ability of ellipsometry and the high surface sensitivity
of surface plasmon resonance. In this work, we have used TIRE to study the optical properties of
an aquatic monolayer of human serum albumin (HSA) and oligo-DNA. Also, we have monitored
the adsorption and the interaction processes of protein layers.
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I. INTRODUCTION

To investigate the reaction among bio-molecules, a flu-
orescent label method, such as fluorescence microscopy
[1], or an optical label-free method, is usually used. The
typical label-free methods are surface plasmon resonance
(SPR) [2,3], reflectometry interference spectroscopy [4,5],
and spectroscopic ellipsometry (SE) [6]. Recently, indus-
trial and academic applications using these optical label-
free techniques have continued to grow because they can
be used to analyze samples with a fluorescent substance
in real time without a labeling step.

SPR and a quartz crystal microbalance [7] can mon-
itor the adsorption and the interaction of target bio-
molecules sensitively whereas they lack the capability to
analyze the physical properties of the target. As an ex-
ample, SPR measures only the reflectivity of p-polarized
light. In contrast, SE uses two experimental quantities
(ψ, ∆), which represent the reflectivity and the phase
difference of polarized light [8]. Therefore, SE can be
useful for analyzing both the optical properties and the
structures of samples. However, biological applications
of SE are limited because of its complex optical modeling
and relatively low sensitivity in this context. As a way
to overcome the weaknesses of this technique, total inter-
nal reflection ellipsometry (TIRE) has been proposed [9].
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TIRE combines the analytic ability of SE with the high
surface sensitivity of SPR. Also, TIRE can be used un-
der an opaque ambient, such as milk, because the beam
path used in the TIRE measurements does not directly
pass through the opaque ambient.

Information on the interaction between Human serum
albumin (HSA) and oligo-DNA and the optical proper-
ties of those materials are important inputs for pharma-
ceutical and medical research. HSA is commonly used
for the manufacture of protein chips. However, there
are only several studies of the optical properties and the
physical characteristics of HSA and oligo-DNA compared
with other bio molecules, such as bovine serum albumin
[10–12]. Also, the majority of studies of these materials
were done at a single wavelength level, and the refractive
index was used merely as a necessary parameter in the
measurements of the layer thicknesses. In this work, we
studied the optical properties of HSA and oligo-DNA by
using TIRE, and we monitored the adsorption processes
of each adsorbed monolayer.

II. EXPERIMENTS

Figure 1 represents a schematic of the TIRE experi-
mental setup and the process of adsorption of proteins.
Instead of depositing a metal layer directly on the surface
of the prism, we used an Au-coated glass slide to allow
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Fig. 1. Schematic of the TIRE system with a liquid trans-
fer cell.

a convenient change of samples. An Au layer with the
thickness of 50 nm is deposited on the glass slide using
physical vapor deposition. The prism and the slide are
made of BK7 glass, and index-matching oil (nd = 1.51) is
used to minimize the reflection of light from the interface
between the prism and the slide glass. The TIRE liquid
transfer system consists of a liquid cell with the volume
of 80 µl, a degasser of 2.5 ml to remove residual gas in
the liquid, and a syringe pump to control the liquid flow
rate.

TIRE spectra (the ellipsometric angles ψ and ∆) were
obtained in the spectral range from 400 to 1000 nm at
room temperature by using a rotating-compensator SE
[13] at an angle of incidence (AOI) of 75◦. To remove or-
ganic residues on the Au surface, we injected 0.5M KOH
into the cell for 5 min (at a rate of 500 µl/min). Phos-
phate buffered saline (PBS) was used as a buffer in the
TIRE system. PBS was injected to rinse the inner part
of the cell for 10 min (500 µl/min). Then, both the rins-
ing of the Au surface with PBS for 5 min (250 µl/min)
and the injecting of the solution of HSA (80 µl, 10 µM in
PBS) into the cell for 20 min were repeatedly carried out
until the ψ and ∆ values did not change. We expected
these parameters not to change after the complete for-
mation of a HSA monolayer. Next, the oligo-DNA mono-
layer was formed on the HSA aquatic monolayer by us-
ing a solution of oligo-DNA (80 µl, 1 mM in PBS) in the
same process. Changes in the optical properties on the
metal surface during the incubation step of each protein
were measured by using the real-time TIRE system.

III. RESULTS AND DISCUSSION

Figures 2(a) and (b) present the TIRE spectra ob-
tained at an AOI of 75◦ after the adsorption of the oligo-
DNA and the multilayer model used to obtain the spectra
with oligo-DNA molecules adsorbed on the HSA mono-
layer, respectively. In this model, the optical constants
of Au and BK7 were obtained from SE measurements
on a pure bulk Au sheet (99.99%) and a BK7 slide hav-

Fig. 2. (a) ψ and ∆ spectra for oligo-DNA monolayer ad-
sorbed on a HSA complex (HSA/Au/BK7 ambient) measured
at a AOI of 75◦. (b) Optical model.

Fig. 3. Model values of refractive indices (n) of HSA and
oligo-DNA, solid and dotted lines, respectively, and extinc-
tion coefficient (k) of oligo-DNA (dashed line).

ing a thickness of 1 mm. The Cauchy model are used
to describe the refractive index (n), and an exponential
dependence of the extinction coefficient (k) on the wave-
length are assumed for each mono layer:

n(λ) = A+
B

λ2
+
C

λ4
,

k(λ) = αeβ/λ. (1)

Here, A, B, C, α, and β are model parameters, and λ is
the vacuum wavelength of light.

The optical constants of the protein monolayer, which
were obtained from the model calculation above, are
shown in Fig. 3. The dashed line is the extinction co-
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Fig. 4. ∆ spectrum at AOI of 75◦ at the time that the
HSA monolayer on a Au film (dotted) and the oligo-DNA
monolayer on a HSA complex (dashed) were formed. The
solid line represents the ∆ spectra of the Au film under the
buffer ambient.

efficient of oligo-DNA, and the solid and the dotted lines
are the refractive indices of HSA and oligo-DNA, respec-
tively. In the case of very thin transparent films, the
correlation between the thickness and the optical con-
stants is very strong. We, therefore, fixed thickness of the
adsorbed oligo-DNA layer by using a model calculation
with a fixed refractive index (n = 1.5). Then, only the
parametrization of the extinction coefficient of the oligo-
DNA layer was found from the fit of the measured spec-
tra. The ∆ parameter in the TIRE system is sensitive to
structural factors, such as the thickness and the adsorp-
tion state of the protein monolayer. Figure 4 presents
the ∆ spectrum for an AOI of 75◦ when HSA (dotted)
and oligo-DNA (dashed) monolayers are formed on Au
film sequentially while that of the bare buffer is shown
as the solid line. After each monolayer had been formed,
the spectrum changed significantly, and the largest dif-
ference was observed in spectral range between 600 and
620 nm.

We also carried out real-time TIRE measurements to
monitor the kinetics of the formation of protein layers at
a wavelength of 604 nm. The results obtained at an AOI
of 75◦ are shown in Fig. 5. For clarity, we show only
one-fifth of the data points. The range of the highest
sensitivity was found from 604 nm to 615 nm. The ∆

Fig. 5. (Color online) ∆ values at 604 nm during the ad-
sorption process of proteins: three injections of HSA followed
by two of oligo-DNA.

parameter was remarkably changed by about 15 degree
after HSA adsorption and by about 5 degree after for-
mation of the oligo-DNA monolayer on the HSA. On the
other hand, the change in ψ was several times smaller
than that in ∆. As usual, the ∆ parameter, which is
related to the phase difference of the reflected light, is
more sensitive than the ψ parameter, which is related
to the amplitude of polarized light in ellipsometric mea-
surements.

IV. CONCLUSION

We studied the optical properties of HSA and oligo-
DNA proteins and monitored the adsorption between
them by using TIRE. The ψ and the ∆ spectra are
changed remarkably as each protein monolayer is formed.
We found an excellent fit to the data with an optical
model and could obtain the refractive index spectrum of
a protein monolayer that was not dried. Especially, the
TIRE parameter (∆) was more sensitive than other re-
flectivity related methods in measuring the interaction
between bio-molecules. We also showed that the TIRE
could be very useful for real time monitoring of the ad-
sorption process of proteins. These results could be used
in further measurements of bio-molecule interactions.

ACKNOWLEDGMENTS

This work was supported by World Class University
program through a National Research Foundation (NRF)
grant funded by the Ministry of Education, Science and
Technology (MEST, R33-2010-000-10118-0), the Mid-
career Researcher Program through a NRF grant funded
by the MEST (2011-0000256), and by the Ministry of
Education of Czech Republic through the project “Re-
search4Industry” (CZ.1.07/2.4.00/17.0006).



Study of the Interaction Between HSA and Oligo-DNA Using Total Internal · · · – Y. W. Jung et al. -1291-

REFERENCES

[1] Y. Harada, T. Funatsu, K. Murakami, Y. Nonoyama, A.
Ishihama and T. Yanagida, Biophys. J. 76, 709 (1999).

[2] E. Fontana, R. Pantell and S. Strober, Appl. Opt. 29,
4694 (1990).

[3] I. Lundström, Biosens. Bioelectron. 9, 725 (1994).
[4] G. Gauglitz, J. Krause-Bonte, H. Schlemmer and A.

Matthes, Anal. Chem. 60, 2609 (1988).
[5] A. Brecht, G. Gauglitz and J. Polster, Biosens. Bioelec-

tron. 8, 387 (1993).
[6] H. Arwin, Sens. Actuators, A 92, 43 (2001).
[7] A. W. Czanderna and C. Lu, Applications of Piezo-

electric Quartz Crystal Microbalances (Elsevier, Amster-
dam, 1984).

[8] R. M. A. Azzam and N. M. Bashara, Ellipsometry and
Polarized Light (North-Holland, Amsterdam, 1977).

[9] M. Poksinski and H. Arwin, Thin Solid Films 455, 716
(2004).

[10] N. H. H. Heegaard, Electrophoresis 24, 3879 (2003).
[11] T. A. Ruzgas, V. J. Razumas and J. J. Kulys, Biosens.

Bioelectron. 7, 305 (1992).
[12] J. Vörös, Biophys. J. 87, 553 (2004).
[13] M-2000, Rotating Compensator Type Spectroscopic Ellip-

someter, J. A. Woollam Co.


