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Construction of New Infrared Reflection Absorption
Spectroscopy (IRRAS) System for Solid-Solution

Interface Biomaterials
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The study of protein—surface interactions represents one of the most important topics in the field of
biomaterials. The immobilization of proteins on solid surfaces is an important step in biosensor fabrication as
well as medical devices. Infrared spectroscopy is a powerful technique for the determination of conformation
and orientation of lipids and proteins including membrane proteins, and of antibody-antigen reactions on
solid surfaces. Infrared reflection absorption spectroscopy (IRRAS) is one of the FT-IR techniques for
determination of biomaterials on IR reflective metals, and very few IRRAS systems are found to determine
the adsorbate at solid-solution interfaces.

For his doctoral research work, he has constructed a new narrow gap infrared reflection absorption
spectroscopy (NG-IRRAS) system with a prism/narrow solution layer/substrate arrangement, to which
substrates for biosensors and biochips can be directly attached. Advantages of this new NG-IRRAS system
over other conventional-IR systems are i) different IR reflective materials can be used as a substrate ii)
having a sufficient large gap (~8 um ) to flow reagent solution, and iii) a solution injection system is included
to introduce reagent solution onto the sample substrate from outside. Another advantage of this IRRAS
system is that this system can easily be rearranged to vacuum IRRAS system. There were two problems to
be solved for the standardization of this NG-IRRAS system, 1) the baseline was fluctuated due to the change
of solution layer thickness, and ii) sample biomaterials was adsorbed on prism surface.

In the first stage of his PhD work, he constructed the new NG-IRRAS system and investigated the
conditions for the flat and stable baseline. Firstly, he found that baseline was fluctuated due to the change of

solution layer thickness. He developed a new sample
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holder for controlling the solution layer thickness
between the prism and substrate surfaces (Fig. 1).

Thermal effects, adsorbed water on the entrance of

. . . e CaF, prism
optical components, bubbles in solution, and injection

flow rate were considered as factors which distorted

the baseline. He has investigated the experimental
Sample substrate

conditions and found that the following procedures are == Spring
crucial for the stability of the baseline: 1) evacuation
of the sample chamber at least for 6 h was necessary
to minimize the adsorbed water vapor effect, ii)
injection flow rate was kept less then 2 mL/h, ii1)

room temperature fluctuation was controlled within ~ Fig- 1 Schematic diagram of the sample holder for

1°C, and iv) Ni spacer thickness was 8 pm. solid-solution interface IRRAS measurement.

After the standardization of the NG-IRRAS, he started the IRRAS measurement of solid surfaces in thiree
different conditions. i) The observation of CaF, prism surface in total internal reflection (TIR) mode to
investigate the adsorbed biomaterials on prism surface. ii) The observation of biomaterials adsorbed at thé
interface between the sample substrate and solutions. Two IR-reflective substrates, Si wafer with buried
metal layer (BML) and gold were used. iii) The observation of adsorbed biomaterials on the solid surface in

vacuum.



Fibronectin (FN) and immunoglobulin G (IgG) were selected for observation at solid-solution interface.
But, during the experiments, IR absorbance from the adsorbed biomaterials on the prism surface overlapped
the IRRAS spectra of the biomaterials on the sample substrate. Thus, he controlled the adsorption of
biomaterials on the prism surface by regulating the effects of salt and pH of the solution and by coating the
CaF, prism with 2-methoxy-(polyethylene) oxypropyltrimethoxysilane (PEG). Interestingly, the adsorption
tendency on the prism surface was completely opposite with salt effects between these two biomaterials (Fig.
2).

FN is easily adsorbed on SiO; surface and often used as an extra cellular matrix in the cell culture on SiO,
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substrates. Therefore, FN was chosen in this work
to detect at BML-solution interface. He has
mnvestigated the condition, in which FN adsorbed
only on the BML surface, but not on the PEG-
coated prism surface. He found that FN adsorbed
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buffered saline (PBS) solution, but ignorable
adsorbed FN was found on the PEG-coated prism
surface when pure D,0O was used in the

Fig. 2 The amide I bands of adsorbed proteins on a PEG-
coated prism surface measured with the total intemal
reflection (TIR) arrangement.

a) Spectra of FN using (A) D,O-based PBS solution and
(B) pure D,0 as solvents,

b) Spectra of IgG using (A) pure D,0, (B) NaCl (140 mM)

experiment (Fig. 2a).

The IRRAS of adsorbed FN was observed at
BML-D,0O interface using this condition. The
protein amide I band appear in the range of 1600
— 1700 cm™ assigned to the C=O stretching. The
fine structure in the amide I supplies the information of the protein secondary structure, because the peak
shift of v (C=0) due to the hydrogen bonding characteristics of the secondary structure, e.g. v (C=0) of B-
sheet at 1613 -1638 cm™', o-helix at 1645 - 1657 cm™ , and B-turn at 1662 -1683 em™. The amide I band of
FN was observed at approximately 1637 cm™ (B sheet) with shoulders around 1671 and 1683 cm™ (B turn)
(Fig. 3a). The ignorable conformational change of FN was found due to the adsorption on BML-D,0
interface.

Immobilization of IgG on gold is an active research field for designing immunosensor for medical
diagnostic purpose. The adsorption state of the IgG at the gold-solution interface was investigated by the NG-
IRRAS. IgG was adsorbed on gold surfaces i.e. coated by the 16-mercaptohexadecanoic acid (MHA)-SAM
and by the MHA-SAM activated by N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (EDC)
and N-hydroxysuccinimide (NHS). It was also found that IgG was easily adsorbed on the PEG-coated prism
surface in pure D,0, while IgG adsorption on the PEG-coated CaF, surface was suppressed sufficiently in
NaCl/D,0 (140 mM) and D,O based PBS solutions (Fig. 2b). He chose D,0 based PBS solutiofi containing
140 mM NaCl for IRRAS measurement of IgG at the gold-solution interface.

The IR spectra showed that IgG easily adsorbed on the MHA-SAM coated and activated-MHA-SAM
coated gold surfaces. The conformation change of the IgG adsorbed on the MHA-SAM coated gold surface
was ignorable when the IRRAS spectrum was compared with the FT-IR spectra of IgG dissolved in solution.
Absorption spectra at the amide 1 band region of the IgG in the solution phase and at the solid-solution



interface were measured with good
reproducibility. The amide I band of the
IgG molecule covalently bonded to the
MHA-SAM (Fig. 3b) was quite similar
to that of the IgG on the MHA-SAM
coated gold surface. The covalent bond
is formed between the COOH-
terminated MHA-SAM and the lysine
residue of the IgG Because of lysine
residue distributes almost
homogeneously on the IgG surface, the
covalently bonded IgG had random
orientation similar to the physisorbed
IgG on MHA-SAM coated gold surface.

After the solid-solution interface
IRRAS  experiments, the same
substrates were examined in the vacuum
IRRAS. The amide I band shape was
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Fig. 3 The amide I bands of adsorbed proteins at solid-solution
interface observed by the new NG-IRRAS.

a) Spectra of FN using pure D0 as the solvent.

b) Spectra of IgG using NaCl (140 mM) added D,O based PBS
solution. '

A) Spectra for protein injection and waiting 3 h (FN) and 30 min
(IgG) for adsorption on solid surfaces,

Spectra were taken every after 0.5 ml D,O solutions flushes; B)
0.50mlC) 1.0ml D) 1.5ml E) 2.0 m], and F) 2.5 ml.

significantly different from that in the solution for both FN and IgG. This change of amide band is due to the
denaturation of the proteins during the removal of water from the substrate surface.

As a whole, he has succeeded for the first time in constructing a new NG-IRRAS system having 8 pm gap
to flow reagent solution for monitoring the chemical reaction. A specially designed sample holder is used to
keep the gap constant during the injection of the reagent solution within a certain njection speed. Adsorption
of proteins on the prism surface, which interferes with precise measurement, is suppressed using PEG-
coating of the prism surface and controlling the solution pH and the effects of the salt. The amide I bands of
the IgG molecules dissolved in the solution and covalently bonded to the COOH-terminated SAM surface at
solid-solution interface have been clearly recorded for the first time. This new IRRAS instrument can be
easily applicable in the characterization of different antibody-antigen reactions on IR-reflective metal

surfaces in physiological condition.
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