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ABSTRACT 

 
Fourier transform infrared (FTIR) spectroscopy is an attractive tool for proteomics research as it can be used to 

rapidly characterize protein secondary structure in aqueous solution. Fourier transform infrared spectrometry is well 

known as a powerful tool for determination of secondary structures of proteins. This paper presents the most recent 
experimental results obtained in our laboratory for this kind of analysis. A PeakFit operation was performed and 

some observations were made. 
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1. INTRODUCTION 

 

As the “second part of the genetic code” proteins play a 

pivotal role in living organisms, facilitating metabolism, 

communication, transport, and the maintenance of 

structural integrity. A true understanding of proteins can 

only be achieved by exploring the relationship that exists 

between the unique structure adopted by a protein and its 

function. The enormous structural diversity of proteins 

begins with different amino acid sequences (primary 

structure) of polypeptide chains that fold into complex 3D 

structures. The final folded arrangement of the polypeptide 

chain is referred to as its conformation (secondary and 

tertiary structures). The requirements for hydrogen bond 

reservation in the folded structure result in the cooperative 

formation of regular hydrogen bonded secondary structure 

regions in proteins. The secondary structure specifies 

regular polypeptide chain folding patterns of helices, 

sheets, coils, and turns which are combined / folded into 

tertiary structure. A variety of techniques have been applied 

to the elucidation of the three-dimensional structure of 

proteins, ranging from prediction based on the sequence 

and physico-chemical properties of the constituent amino 

acids [1,2] to more precise methods for the identification of 

atoms and the determination of their molecular coordinates, 

such as NMR spectroscopy [3] and X-ray diffraction [4] .  

 

As the number of sequences identified by the various 

genome projects increases at a phenomenal rate, it becomes 

correspondingly necessary to improve methods for 

predicting their three-dimensional (3D) structures. 

Understanding structural relationships between proteins, 

such as whether certain architectures occur more frequently 

than others, can inform these approaches but requires an 

appreciation of all the known structures. Therefore, fast and 

automatic methods are needed to evaluate the relationships 

between the known structures. 

 

Proteins are frequently referred to as having a certain 

fraction of helical structure and a certain fraction of 

extended beta-structure, but there are no generally valid 

objective criteria to establish numerical values in this 
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context because, among other things, the endpoints of 

segments with different secondary structures are not easy to 

determine in an objective manner.  

 

The secondary structure composition is some of the most 

important information for a structure-unknown protein. 

Therefore estimation of protein secondary structure is one 

of the major applications of the FTIR techniques. α-Helices 

and pleated β-sheets were predicted in 1951 by Linus 

Pauling and Robert Corey [5] on the basis of hydrogen-

bonding and cooperativity criteria.  

 

Fourier transform infrared (FTIR) spectroscopy has 

emerged as a useful tool for the characterization of protein 

secondary structure with a precision lying between that of 

the purely predictive and the molecular coordinate 

approaches [6-11], being one of the earliest experimental 

method for estimating the secondary structure of 

polypeptides and proteins [12]. That IR spectroscopy could 

give us informations related to the secondary structure of 

proteins was first demonstrated by Elliot and Ambrose [12, 

13], who showed that there is an empirical correlation 

between the frequency of the amide I and amide II 

absorptions of a protein and the predominant secondary 

structural motif within the protein as determined by X-ray 

diffraction studies. These studies demonstrated that 

proteins that were known to be predominantly α-helical in 

structure exhibited amide I and II absorptions in the 

spectral range 1652 to 1657 and 1545 to 1551 cm-1, 

respectively, in aqueous solution, while proteins with a 

predominantly β-sheet structure exhibited similar 

absorptions at 1628 to 1635 and 1521 to 1525 cm-1. 

 

These initial observations were later extended to proteins in 
2H2O solutions [14,15], because was shown the 

contribution of water with two main bands in the mid-

infrared range: the intense OH stretching mode, between 

3600 and 3100 cm-1 and the HOH bending mode, δ(HOH), 

at about 1645 cm-1. 

 

The regular secondary structures [16,17], α helices and β 

sheets, are connected by coil or loop regions of various 

lengths and irregular shape as can be seen in Figure 1. 

 

 
Figure 1. Schematic representation of protein secondary structures. 

 

 

The structure classification procedure naturally results in a 

tree hierarchy outlining the relationships between folds. 

The data is stored in a hierarchical database (CATH - 

protein class (C), architecture (A), topology (T) and 

homologous superfamily (H)) [17], with each structure 

indexed by a CATH number akin to the EC nomenclature 

for enzymes. CATH has been made accessible in a 

hypertext form over the World Wide Web for use by text-

based or graphical browsers 

(http://www.biochem.ucl.ac.uk/bsm/cath).  

 

Proteins are frequently referred to as having a certain 

fraction of helical structure and a certain fraction of 

extended beta-structure, but there are no generally valid 

objective criteria to establish numerical values in this 

context because, among other things, the endpoints of 

segments with different secondary structures are not easy to 

determine in an objective manner. In the FTIR spectra of 

proteins, the secondary structure is most clearly reflected 

by the amide I and amide II bands, particularly the former, 

which absorbs around 1620 to 1690 cm-1 and is primarily 

associated with the stretching vibrations of peptide 

carbonyl groups [18].  

 

A major advantage of FTIR spectroscopy for structural 

characterization is the lack of dependence on the physical 

state of the sample. Samples may be readily examined as 

aqueous or organic solutions, hydrated films, 

inhomogeneous dispersions, or solids, and proteins have 

been analyzed by FTIR spectroscopy in all of these 

physical states. Information may be obtained from analysis 

of solid proteins either deposited on an IR-transparent 

substrate, pressed into a KBr pellet, or by using specialized 

techniques such as photoacoustic IR spectroscopy [19]. 

However, the information obtained from such an analysis is 

of limited relevance due to the nonphysiological nature of 

the measurement. In addition, the structure of the protein or 

peptide under investigation may depend critically on the 

medium from which it was dried and the solvent history 

may not be known. In addition to these traditional methods 
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for the analysis of solid materials, a number of studies [20] 

have been reported in which water-soluble proteins have 

been analyzed as films by attenuated total reflectance 

(ATR). In such studies, a small volume of dilute protein 

solution is allowed to dry on the surface of a (usually 

trapezoidal) crystal composed of an IR transparent material 

of high-refractive index. 

 

The purpose of this study was to investigate for the first 

time in our laboratory how FTIR spectroscopy can be used 

in examination of the secondary structures of some proteins 

in solid in a qualitative manner. It appears that a judicious 

application of deconvoluted FTIR spectra can form a useful 

supplement to the existing methods.  

 

2. EXPERIMENTALS 

 

Reagents 

 

The proteins studied were: Alcohol dehydrogenase was 

supplied by Fluka - Germany, Hemoglobin and 

Muramidase were supplied by Merck, Alkaline 

phosphatase supplied by Reanal - Hungary while Aldehyde 

dehydrogenase, Cytochrome C, Cytochrome C reductase, 

Glucose dehydrogenase, Tyrosinase and Xanthine oxidase 

were supplied by Sigma Aldrich. For fused KBr disk 

preparation a potassium bromide IR spectral grade was 

used (Sigma Aldrich). 

 

Apparatus 

 

Data acquisition was performed using a Spectrum Two 

System FT-IR spectrometer equipped with Spectrum for 

Windows v.10 (Perkin Elmer Co.). all the ATR-FTIR 

spectra were recorded between 4000 and 650 cm-1, at room 

temperature, after 32 scans with a spectral resolution 0f 2 

cm-1. This software also provided for a complete processing 

of the spectra measured. For PeakFit analysis special 

software was used (PeakFit v. 4.1, Jandel Scientific 

Software). 

 

3. RESULTS AND DISCUSSION 

 

The ATR-FTIR spectra of the proteins studied in this first 

research are presented in figure 2. Spectra have been scaled 

to an identical area under amide I and amide II (1700 – 

1400 cm-1) and a linear baseline correction between these 

two frequencies. Because water absorbs strongly in the 

most important spectral range, around 1640  

cm-1, studies in aqueous solution are difficult to evaluate, 

so deuterium oxide is suggested as solvent. 

 

 

 
 

Figure 2.  ATR-FTIR spectra of the proteins. 

 

 

There were performed some more experiments related to other methods used for obtaining FTIR spectra. KBr disks were tried 

and a better intensity was obtained as can be seen in figure 3, where are presented comparatively. 
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Figure 3.  Comparison between KBr and ATR -FTIR spectra of haemoglobin. 

 

 

As can be seen the spectra are similar as shape, but for KBr 

disk method we obtained a better signal. The algorithm we 

used for deconvolution includes both an apodization 

function and a line-shape one. We find that the 

deconvoluted spectra can fit reasonably well by assuming 

that the components have Gaussian line shapes. There are 

some studies [8,21] that suggest that the sum of all the 

integrated areas of the “beta-bands “ as a fraction of the 

total amide I band area is closely related to the total “beta-

content “ of a protein. The same applies to the helices. 

Otherwise, quantitative estimations would be very difficult 

or even impossible, because the number and frequency of 

the components varies from a protein to another. 

 

The most sensitive spectral region to the protein secondary 

structural components is the amide I band (1700−1600 cm-

1), which is due almost entirely to the C=O stretch 

vibrations of the peptide linkages (approximately 80%). 

The frequencies of the amide I band components are found 

to be correlated closely to the each secondary structural 

element of the proteins. The amide II band, in contrast, 

derives mainly from in-plane NH bending (40−60% of the 

potential energy) and from the CN stretching vibration 

(18−40%) [22, 23], showing much less protein 

conformational sensitivity than its amide I counterpart. 

Other amide vibrational bands are very complex depending 

on the details of the force field, the nature of side chains 

and hydrogen bonding, which therefore are of little 

practical use in the protein conformational studies. Banker 

[24] described the nine amide vibration modes and some 

standard conformations in detail in his review. The 

characteristic IR bands of the proteins and peptides are 

listed in Table 1. 
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Table 1. Characteristics infrared bands of peptide linkage 

 

Designation 

Approximate wavenumber (cm-1) 

Description 

Amide A 3300 NH stretching 

Amide B 3100 NH stretching 

Amide I 1600 – 1690 C=O stretching 

Amide II 1480 – 1575 CN stretching, NH bending 

Amide III 1229 – 1301 CN stretching, NH bending 

Amide IV 625 – 767 OCN bending 

Amide V 640 – 800 Out-of-plane NH bending 

Amide VI 537 – 606 Out-of-plane C=O bending 

Amide VII 200 Skeletal torsion 

 

Table 2 presents the principal FTIR peaks for the proteins studied in the range 1600-1500 cm-1, while in Table 3 we present the 

peaks observed after PeakFit process. Figure 4 presents comparatively the FTIR spectra, in ATR and KBr methods used, after 

PeakFit process was performed for Hemoglobine protein. Similar spectra were obtained for all the substances used in this study. 

 

 

Table 2. The principal FTIR peaks for the proteins studied 

 

Proteins studied FTIR Peak spectra (cm-1) 

Xanthine oxidase - 1638.01 - - 1541.89 - - 

Tyrosinase - 1638.18 - - 1542.23 - - 

Alkaline phosphatase - 1637.31 1630.33 - 1542.33 1535.08 - 

Muramidase 1644.80 - - - - - 1526.73 

Haemoglobine 1649.03 - - - - 1535.07 - 

Glucose dehydrogenase. - 1637.68 - - - 1534.63 - 

Cytochrome C reductase. - - 1625.24 1578.07 1545.95 - - 

Cytochrome C 1648.28 1638.01 - - 1542.11 1534.78  

Aldehyde dehydrogenase 1648.61 - - - 1542.20 - - 

Alcohol dehydrogenase - 1637.02 - - - 1534.61  
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Table 3. The principal FTIR peaks for the proteins studied after PeakFit process 

 

 
 



 GU J Sci, 27(1):637-644 (2014)/ Andrei A. BUNACIU, Şerban FLESCHIN, Hassan Y. ABOUL-ENEIN 643 

Strictly speaking, the observed amide I band contours of 

proteins or polypeptides consist of overlapping component 

bands, representing α-helices, β-sheets, turns and random 

structures. It is needed to establish a correspondence 

between IR spectra and the various types of protein 

secondary structure. A component centered between 

approximately 1658 and 1650 cm−1 has been assigned to 

the α-helix, which is consistent with both theoretical 

calculation24 and the observation of bands in the spectra of 

α-helical proteins7, 26. Bands near 1663 cm−1 are assigned 

to 310 helices [7, 24, 25], although this structure is rarely 

found in proteins. More than one β-component has been 

observed in the spectra of many β-sheet proteins. Bands in 

the regions of 1640−1620 cm−1 and 1695−1690 cm−1 have 

been assigned to β-sheet by many authors [7, 23-27]. 

Theoretical calculation of β-sheets also predicts an IR 

active mode between approximately 1695 and 1670 cm−1. 

These β-components are often complicated by the presence 

of more than one band above 1670 cm−1. The assignment of 

bands around 1670, 1683, 1688 and 1694 cm−1 to β-turns 

has been proposed. Turns are also associated with a 

characteristic band around 1665 cm−1. The unordered 

conformation (usually referred to as random coil) is usually 

associated with the IR band between 1640 and 1648 cm−1. 

 

 

 
 

Figure 4. Comparison between KBr and ATR -FTIR spectra of haemoglobine after PeakFit process. 

 

 

Although its potential usefulness has been recognized for 

some time, the recognition of the different components of 

conformation-sensitive amides bands (particularly amide I 

band) was difficult due to the resulting overlap of bands 

originating from the different secondary structures such as 

α-helix, β-sheet, β-turns and random. Pointing out the 

different components of amide I have been made possible 

by the advent of numerical analysis of the spectra. 

 

4. CONCLUSIONS 

 

FTIR spectroscopy is a well-established experimental 

technique for studying the secondary structural 

composition. Empirically, most workers have found the 

amide I absorption to be more useful for protein secondary 

structure determination than the amide II absorption, 

probably due to the fact that it effectively arises from only 

one of the amide functional groups, in contrast to the amide 

II mode. The correlations between IR spectra and protein 

secondary structures have been established. The singular 

advantage of FTIR over other techniques is convenience. 

IR spectra can be obtained for proteins in a wide range of 

environments with a small amount of sample. The FTIR 

spectrum is also complex, and some characteristic bands of 

secondary structure elements might overlap. The 

background subtraction procedure could also bring 

experimental error. Estimation of side-chain absorption 

must be taken into account in the analysis of protein 

spectra. All the complications indicate that caution has to 

be exercised in the interpretation of IR spectra of proteins. 
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