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INTRODUCTION

Snake venoms are complex molecular cocktails consist-
ing mainly of bioactive peptides and proteins including 
enzymes (such as serine and metalloproteinase, phos-
pholipase A2, hyaluronidase, L-amino acid oxidase, nu-
cleotidase), non-enzymatic proteins (e.g. cysteine-rich 
secretory protein, disintegrin, vascular endothelial 
growth factor, nerve growth factor, C-type lectin) and 
smaller peptides (e.g. bradykinin-potentiating peptides, 

protease inhibitor peptides) (1-3). Snake venoms also 
contain some minor compounds such as carbohydrates, 
nucleosides, biogenic amines, various carboxylic acids 
and inorganic elements (4,5). Snake venoms, an import-
ant source of bioactive proteins, have attracted research-
ers in the past. Drugs and diagnostic kits were developed 
using snake venom peptides and proteins (2,6-8).

Macrovipera lebetina (Serpentes: Viperidae: Viperinae) is 
a relatively big viper species which could reach up to 
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ABSTRACT

Objective: Snake venoms are rich sources of bioactive molecules and have been investigated using various bioanalytical 
methods. Fourier transform infrared (FTIR) spectroscopy is a sensitive method that can be used to analyze biological samples. 
The aim of this study is to apply the FTIR spectroscopy method for the characterization of snake venom.

Materials and Methods: The study characterized the lyophilized crude venoms of Macrovipera lebetina lebetina and 
M. l. obtusa by FTIR spectroscopy coupled with attenuated total reflectance (ATR) method in the mid-infrared region and 
compared the spectra between the two subspecies. The band area and intensity values were calculated for comparison and 
wavenumbers were detected by automated peak picking. Additionally, the study analyzed the secondary structure of venom 
proteins by using the second derivative spectra. 

Results: The study detected fourteen major and minor peaks in absorbance spectra which were assigned to various 
biomolecules such as proteins, carbohydrates, and nucleic acids. Four major sub-bands were observed in the second 
derivative spectra of Amide I-II region indicating different protein secondary structures. It was observed that there are some 
quantitative differences and peak shifts between the spectra of venoms of two subspecies, indicating the alteration of 
biomolecules. 

Conclusion: To the best of our knowledge, this is the first report of the use of the FTIR-ATR spectroscopy method focusing 
solely on the characterization of crude snake venoms in literature, accompanied with detailed peak assignment and protein 
secondary structure analysis. As a preliminary reference study, the results showed the usefulness of FTIR-ATR spectroscopy for 
the physicochemical characterization of lyophilized snake venom.
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2 meters long and has a wide geographical range from north-
ern Africa to Pakistan and Kashmir, reaching to Kazakhstan and 
Dagestan (southwestern Russia) in the North, including Turkey 
and Cyprus (9-11). Although the taxonomic status of some sub-
species is still in question, it is accepted that nominate taxon M. 
l. lebetina (Linnaeus, 1758) inhabits Cyprus (11-13). The south-
ern and southeastern Anatolia populations were treated as M. l. 
euphratica (Martin, 1838) in the past but this name is generally 
synonymized under M. l. obtusa (Dwigubsky, 1832) today (12). 
M. l. obtusa has a geographical range from Mersin to south-
eastern, southern, and northeastern Anatolia in Turkey while 
M. l. lebetina is restricted to Cyprus island (10-13). M. lebetina is 
largely responsible for the harmful snakebite-cases in its world-
wide range as well as in Turkey and it is the only venomous vi-
per species occurring in Cyprus (12,14,15).

Fourier transform infrared (FTIR) spectroscopy is a fast, robust, 
sensitive, and widely-used vibrational spectroscopy method. The 
working principle is the formation of different vibrational modes 
of the chemical groups in molecules after absorbing infrared ra-
diation (16,17). Due to the non-destructive and non-invasive na-
ture of infrared radiation, this method is widely applied to biolog-
ical and biomedical studies today (18-21). Each vibration type has 
its specific frequency of absorption which can be associated with 
various bioorganic molecules in biological samples. The amounts 
of biomolecules can be assessed in a comparative manner using 
the band intensities and areas (18,19). Moreover, information re-
garding the secondary structures of proteins can be obtained by 
spectral interpretation (17,19,20,22).

Since the major elements of crude snake venoms are proteins 
and peptides, researchers have been focusing on their pro-
teomic characterization using various bioanalytical methods 
suitable for protein separation and analysis such as polyacryl-
amide gel electrophoresis, liquid chromatography, and mass 
spectrometry (3,23-28). Venom of the subspecies of M. lebetina 
has also been an important source in many studies aimed to 
purify proteins and make proteomic and biological character-
ization (3,25,29). Major protein families of M. lebetina venom 
are metalloproteinase, serine proteinase, phospholipase A2, 
L-amino acid oxidase, hyaluronidase, disintegrin, C-type lectin, 
cysteine-rich secretory protein, vascular endothelial growth 
factor, nerve growth factor, bradykinin-potentiating peptides, 
and protease inhibitor peptides (3,25,29). These proteins give 
the venom its unique pharmacological properties such as anti-
coagulant, cytotoxic and antimicrobial activities.

The Fourier Transform Infrared Spectroscopy method was used 
to analyze the secondary structures of purified snake venom 
toxins (30-33) and their complexes with nanomaterials (34,35). 
In one study, the FTIR spectrum of Echis carinatus venom was 
published together with its chitosan nanoparticle complex 
but the results were used for comparative purposes to assess 
the loading efficiency and it was not aimed to make a venom-
ic characterization (36). Another study, by Shafiga and Huseyn 
(37), reported some IR peaks of M. l. obtusa venom as a part 
of their results but their data was limited. There is no detailed 

published study focusing solely on the application of FTIR spec-
troscopy for the characterization of crude snake venoms which 
provides detailed band assignments, to the best of authors’ 
knowledge. The present study aimed to make physicochemical 
characterization of crude snake venoms by FTIR-ATR spectros-
copy using the venoms of M. l. lebetina and M. l. obtusa as rep-
resentative materials and assess the method’s usefulness in the 
field of toxinology.

MATERIALS AND METHODS

Venom Samples
In this study, we used the pooled venoms of two adult M. l. lebetina 
and two adult M. l. obtusa individuals collected from The Turk-
ish Republic of Northern Cyprus (Selvilitepe and Dikmen) and 
southeast Turkey (Egil/Diyarbakir and Suruc/Sanliurfa), respec-
tively. The venom samples were extracted from vipers using a 
paraffin-covered laboratory beaker and without applying any 
pressure on the venom glands. Authors had ethical permission 
for venom extraction at the time of the study (Ege University 
Animal Experiments Ethics Committee, permit number 2010-
43). After extraction, venom samples were centrifuged at 2000 
× g for 10 min at 4°C. Supernatants were collected, frozen at 
-80°C and then lyophilized by using a bench-top freeze-dryer 
(Millrock Technology, Kingston, NY, USA). Lyophilized samples 
were kept at 4°C until used.

FTIR Data Collection and Evaluation
Lyophilized venom samples were measured using a universal 
attenuated total reflectance (ATR) cell (Pike Technologies, Wis-
consin, USA) connected to an FTIR device (Bruker Tensor 27, 
Bruker Optics GmbH, Ettlingen, Germany) equipped with a 
liquid nitrogen cooled photovoltaic mercury cadmium tellu-
ride detector. High-purity nitrogen gas was purging during all 
the measurements. Air was subtracted automatically before all 
sample measurements. Spectra of the venom samples were re-
corded in the mid-infrared region, between 4500-850 cm-1 wav-
enumbers and interferograms were accumulated for 50 scans 
at 4 cm-1 resolutions at room temperature in the single-bounce 
ATR mode. A small amount of the sample, enough to cover the 
ZnSe ATR crystal, were placed and compressed with a clamp. 
Each sample was measured in triplicate and the average spectra 
was used for analyses.

Spectral data interpretation was performed by OPUS 5.5 soft-
ware (Bruker). Automated peak picking was performed in order 
to determine wavenumber values. Min-max normalization was 
applied with respect to the Amide I peak (at 1644 cm-1) for illus-
trative purposes. Spectra were baselined using an automated 
multipoint method and band areas were calculated by integra-
tion. Band areas were normalized by dividing the value of each 
band to the total spectrum area in order to minimize technical 
variation (21). Second derivatives of the absorbance spectra, in 
which absorption maxima appear as minima, were calculated 
using Savitzky-Golay algorithm. Relative intensity values of the 
second derivative peaks in the Amide I-II region (1700-1500 
cm-1) were used to assign protein secondary structures (20-22, 
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38). Relative intensities were calculated using the arbitrary unit 
values on the y-axis after lining a reference baseline at the min-
imum point of the spectrum in Amide I-II region.

RESULTS

As a result of the FTIR measurements, 14 significant peaks were 
detected in the spectrum of M. l. obtusa and M. l. lebetina venom 
in the mid-infrared region between 4500-850 cm-1 (Figure 1). A 
majority of the characteristic peaks were observed between 
1800 and 850 cm-1 wavenumbers. The wavenumber of each 
peak was determined by automated peak picking and the ar-
eas under the bands were calculated by integration (Table 1). 
Table 1 also includes the definitions of the spectral assignments 
for each major absorbance peak observed in the present study, 
with their wavenumbers (see the Discussion section for a de-
tailed explanation of the peak assignment process).

The characteristic peaks arising from the protein backbone 
such as Amide A, B, I, II and III were observable on the spectra 
of M. lebetina venom (Figure 1, Table 1). The major bands with 
the highest intensities were Amide I at 1644 cm-1 and Amide II 
at 1543 cm-1 wavenumbers (Figure 1, Table 1). Sub-bands were 
obtained by derivatization (second derivative) in the Amide I-II 
region, ranging between 1700-1500 cm-1 to obtain information 
about the protein secondary structures. Two major sub-bands 
and three minor shoulders were observed in this region after 
derivatization in the present study (Figure 1). The wavenumbers 
were assigned to the secondary structures of the proteins by 
comparing the data previously published in the literature (see 
Discussion) and presented in Table 1 with their intensity values. 
According to our results, overall venom proteins of M. lebetina 
subspecies predominantly have α-helix and unordered (random 
coil) secondary structures. The second derivative spectra in the 

Amide I-II region of two subspecies were similar. However, some 
quantitative differences and band shifts were observed (Table 
1, Figure 1), which will be discussed in the next section.

DISCUSSION

We characterized crude venoms of two subspecies of M. lebetina 
(M. l. lebetina and M. l. obtusa) by using FTIR spectroscopy cou-
pled with the ATR method. As a fast, robust, and sensitive ana-
lytical method, FTIR has been used not only in chemistry but 
also in biological and biomedical studies (18). In the present 
study, a majority of the characteristic peaks were observed be-
tween 1800 and 850 cm-1 wavenumbers, which is considered a 
fingerprint region in FTIR spectroscopy (18-21). All the absor-
bance peaks were assigned to various vibrational modes asso-
ciated with biomolecules such as proteins, nucleic acids, and 
carbohydrates comparing the frequencies with those in the 
related literature previously published elsewhere (18,20-22, 39-
46). This is a routine and widely-accepted procedure for the FTIR 
spectroscopic investigation of biological materials, relying on 
information obtained from published literature (18,42,46). As a 
result of scientific research in this field, very detailed reference 
papers as well as textbooks are available today (18,19,22,38-53).

Peak assignment in FTIR spectroscopic studies includes two 
steps: The peaks observed in an FTIR spectrum gives informa-
tion about the vibrational modes of specific functional groups. 
Absorbance peaks of many of the functional groups in the IR 
spectrum were characterized in previous studies (generally us-
ing pure model molecules) and this information can be found in 
published papers and textbooks (18,20-22,39-46). Associating 
the vibrational definitions to particularly more complex mole-
cules (such as bioorganic macromolecules) is the second step 
and depends on the sample. If one knows that the analyte is a 
biological sample, peaks can be assigned to functional groups 
of major and minor biomolecules. Since the most abundant 
macromolecules in cells and biological fluids are proteins, car-
bohydrates, nucleic acids and lipids, the major peaks observed 
in the FTIR spectrum generally arise from various functional 
groups of these macromolecules (18,19,40,42,46). Snake venom 
is a secretion of cells covering the lumen of the venom gland, 
a biological fluid consisting mainly of proteins. Carbohydrates, 
biological amines, nucleotides, and nucleic acids can also be 
found as minor constituents (5). In the light of this knowledge, 
peaks in the FTIR spectrum of a snake venom can be assigned 
to these molecules using previously published papers in which 
FTIR peak information of tissue or cells is available.

Among the observed peaks in the present study, asymmetric 
and symmetric C-H stretching vibrations of CH3 and CH2 groups 
give rise in the region between 2950-2860 cm-1 wavenumbers, 
which originate from proteins and lipids in biological samples 
(18,20,21,39-42,46). Peaks around 1446-1443 cm-1 can be as-
signed to CH2 and CH3 bending of lipids and amino acid side 
chains of proteins, respectively (40,42,46). Since snake venom 
predominantly consists of proteins, these bands can be as-
signed mainly to proteins rather than lipids for snake venoms. 

Figure 1. Overlayed FTIR spectra of Macrovipera lebetina lebetina 
and M. l. obtusa venoms showing absorbance spectra between 
3800–850 cm-1 wavenumbers and second derivative spectra 
of Amide I and II peaks demonstrated as sub-bands. Arabic 
numbers correspond to the peaks in the absorbance spectrum 
while roman numerals refer to the sub-peaks of the second 
derivative spectrum (see Table 1 for peak assignments)
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Table 1. Assignments of the FTIR peaks of venom samples with their chemical bond definitions. Band area values were given for 
the absorbance peaks (1-14), whereas relative intensity values were used for the second derivative peaks (I-IV).

Peak 
Number

Wavenumber, 
cm-1 (lebetina/

obtusa)

Normalized Area 
or Intensity* 

(lebetina/obtusa)

Definition of the 
Spectral Assignment

Related Bioorganic 
Molecules in Snake 

Venom
Reference

1 3289/3287 0.232/0.210

Amide A, N‒H 
stretching of proteins 
and amines (mainly), 

with contribution 
from O‒H stretching of 

carbohydrates

Proteins (mainly), 
carboxylic acids, 
carbohydrates

(18,20,40,41,45,46)

2 3080/3081 0.032/0.027 Amide B, N‒H stretching Proteins (mainly) (18,40,45,46)

3 2964/2963 0.017/0.012
CH3 asymmetric 

stretching
Proteins (39–41,46)

4 2938/2939 0.015/0.013
Asymmetric CH2 

stretching
Proteins (42,46)

5 2879/2876 0.009/0.007 Symmetric CH3 stretching Proteins (mainly) (18,39,41,46)

6 1644/1644 0.168/0.174

Amide I; 80% C=O 
stretching, 10% N‒H 
bending, 10% C‒N 

stretching

Proteins (18,20,21,38-41,45,46)

7 1543/1543 0.154/0.171
Amide II; 60% N‒H 
bending, 40% C‒N 

stretching
Proteins (18,20,21,38,40,41,45,46)

8 1446/1443 0.037/0.034 CH3 asymmetric bending Proteins (40,42,46)

9 1395/1393 0.065/0.075 CH3 symmetric bending
Amino acid side 
chains, methyl 

groups of proteins
(18,20,40,41)

10 1313/1313 NC**

Amide III; C‒N stretching 
(30%), N‒H bending 

(30%), C=O stretching 
(10%), O=C‒N bending 

(10%)

Proteins (21,40,45,46)

11 1246/1246 0.093/0.097
PO2

- antisymmetric 
stretching (non 

H-bonded)

Nucleic acids 
(mainly), 

phospholipids, 
phosphorylated 

proteins

(18,20,21,40,42,46)

12 1110/1111 0.060/0.067
C‒O stretching, C‒C 

stretching (ring)
Carbohydrates, 

nucleic acids
(40,42)

13 1077/1077 0.079/0.077
PO2

- symmetric stretching 
(fully H-bonded

Nucleic acids, 
nucleotides

(18,21,40,41,42,46)

14 893/892 0.034/0.030
Different modes of 

phosphodiester bonds, 
C‒C, C‒O stretching

Nucleic acids (20,40,42,46)

I-shoulder 1683/1683 NC**
β-sheet, β-turns and 

bends
Proteins (38,44-46)

I 1645/1646 0.095e-3/0.150e-3
Disordered structure 

(random coils), overlaps 
with α-helical structure

Proteins (38,44-46)

II 1580/1580 0.023e-3/0.041e-3 Amino acid side chains Proteins (45)
III 1544/1543 0.063e-3/0.103e-3 α-helix, random coils Proteins (44,45)
IV 1516/1516 0.071e-3/0.048e-3 Amino acid side chains Proteins (45,46)

* Area values were used for absorbance peaks while intensity values for second derivative peaks; ** NC: Not calculated; because these peaks/shoulders were too weak.
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Similarly, a peak at 1446 cm-1 was assigned to CH3 bending of 
amino acid side chains. Two peaks at 1246 and 1077 cm-1 arise 
from PO2- stretching modes of nucleotides and nucleic acids and 
phosphoproteins in biological samples (18,20,21,40,41,42,46).

Detailed studies on the FTIR spectroscopic characterization of 
proteins in H2O and D2O revealed band patterns which can be 
used to identify proteins, secondary structures, and amino acid 
side chains (18,22,38,42-46). The major absorption bands in an 
IR spectrum of pure proteins are mainly associated with their 
amide group (i.e. peptide bond). The characteristic bands of 
proteins arise from C=O, C-N, N-H stretching, N-H bending and 
O-C-N bending modes of their amide groups and therefore la-
belled as Amide bands (e.g. Amide I-VII, A, B) (17-21). The Amide I 
band originates from C=O stretching (80%), N-H bending (10%) 
and C-N stretching (10%) modes of proteins. Similarly, the Am-
ide II band arises from N-H bending (60%) and C-N stretching 
(40%) vibrations of amide groups and takes a significant con-
tribution from proteins (18,20,21,38,41,44-46). The percentages 
written in parentheses were calculated by the potential energy 
distribution approach in previous studies, reflecting the rela-
tive contribution of a specific mode to the total change in po-
tential energy during vibration (54). A strong band rising from 
N-H stretching vibrations between 3310-3270 cm-1 is referred 
to as Amide A band of proteins (45,46) and a weaker band ris-
ing again from N-H stretching modes between 3100-3030 cm-1 
is named Amide B band (45,46). A weak band near 1300 cm-1 
originates from C-N stretching (30%), N-H bending (30%), C=O 
stretching (10%) and O=C-N bending (10%) modes of proteins 
is called the Amide III band (44-46). These bands were also ob-
servable in the IR spectrum of M. lebetina venom.

Sub-bands obtained by derivatization (e.g. second derivative) 
in the Amide I-II region, ranging between 1700-1500 cm-1 
provides information about the protein secondary structures. 
The Amide I band is generally preferred for analyzing protein 
structures but the Amide II band can also be used for the same 
purpose (38,43-46). It is a widely-applied procedure to obtain 
information about secondary structures of proteins by spectral 
interpretation using FTIR data since previous studies using pure 
peptides and proteins provided knowledge for this practice by 
relating specific frequencies to particular protein secondary 
structures (38,43-46,54). Exact frequencies of sub-bands in the 
Amide I-II region depend on the H-bonding, involving the am-
ide group, which is determined by the secondary structure (46). 
In the present study, wavenumbers were assigned to the sec-
ondary structures of proteins by comparing the reference data 
previously published in the literature (38,44-46).

Analyzing biological samples gives insight about the unique bio-
molecular content and provides information about the amounts 
of these compounds, as well as molecular alterations (19,42,46). 
This method also provides an opportunity to analyze the protein 
secondary structures and structural changes (38,46). There are 
many published papers on the use of FTIR spectroscopy coupled 
with multivariate statistical analysis for the elucidation of molec-
ular mechanisms and the diagnosis of various diseases such as 

cancers, (21,47,48) metabolic disorders (20,41), the classification 
of microorganisms (49,50), plants (51), and food products (52,53).

In the field of toxinology, FTIR spectroscopy has been used to an-
alyze the secondary structure of purified snake venom proteins 
(30-33) but there is scarce data on the physicochemical character-
ization of crude snake venoms. In one study, the influence of eco-
logical factors on the venom of M. l. obtusa (from Azerbaijan) was 
investigated by radiobiological and biophysical (spectroscopic) 
methods (37). The researchers also made an IR spectroscopic 
characterization using the KBr pellet method, but they present-
ed neither a detailed assignment list associated to venom mole-
cules nor protein secondary structure information. Moreover, the 
resolution of spectrum figures did not allow an investigation of 
spectral patterns and the spectrum in two out of three figures 
seemed too noisy, making clear peak picking not possible. The 
study reported peaks at 3300, 3100, 3020, 2570, 2100-2260, 1480, 
1460, 1350, 1100 cm-1 wavenumbers. It assigned peaks above 
3000 cm-1 to N-H stretching, while others to various C-H modes. It 
also identified peaks between 3100-3700 cm-1 as an indication of 
the presence of S atoms, but characteristic bands of S containing 
groups lie below 2600 cm-1 (46). Possible S-H stretching peaks in 
this region are generally too weak to observe. The research data 
contained significant differences when compared to the results 
of this study. The most important protein bands (i.e. Amide I, II) 
were lacking in the previous study’s reported peaks, which was 
surprising since the major component of snake venom is pro-
tein. Moreover, that study did not report any peak assigned to 
PO2- stretching modes. This current study presents a more com-
prehensive and complete FTIR spectroscopic characterization of 
both M. l. obtusa and M. l. lebetina.

In another study, chitosan nanoparticles alone and loaded with 
Echis carinatus venom were measured by FTIR spectroscopy but 
the spectrum was dominated by peaks originated from chitosan 
nanoparticles so that it was not possible to obtain information 
from snake venom (35). After this study, the same group inves-
tigated the efficiency of E. carinatus venom loaded chitosan 
nanoparticles as antigen carrier for antivenom production and 
they provided the FTIR spectrum of E. carinatus venom obtained 
by the KBr pellet method together with chitosan, chitosan 
nanoparticles and E. carinatus venom loaded chitosan nanopar-
ticles in the same figure (36). It was not easy to discriminate the 
venom spectrum from the figure published in the results and it 
only reported that a venom sample showed peaks around 3305, 
1650 and 1541 cm-1 wavenumbers which correspond to the Am-
ide A, Amide I and Amide II peaks, respectively. These peaks were 
also visible in the FTIR spectrum of M. lebetina venom obtained 
in the present study with slightly shifted wavenumbers, due to 
the protein-based nature of snake venoms. Since the aim of the 
study by Mirzaei et al. (36) was to investigate the formation of 
venom loaded nanoparticles, the researchers focused on the 
spectra of nanoparticles and did not provide a detailed FTIR 
spectroscopy-based biomolecular characterization of the ven-
om sample. With the use of state-of-the-art -omics technologies 
and approaches such as genomics, transcriptomics, proteomics 
and metabolomics in toxinology, the characterization of unex-
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plored animal venoms can be done faster and more reliably to-
day. Within the context of systems biology and -omics approach, 
FTIR spectroscopy has the potential to provide complementary 
information for the characterization of snake venoms.

This study optimized the FTIR-ATR procedure, which allowed us 
to detect absorbance peaks characterizing the major and minor 
biomolecules in venom samples. Moreover, information about 
the overall protein secondary structures was obtained by ana-
lyzing a second derivative spectrum of the Amide I and Amide II 
region. As a result, major structures were found as random coil 
and α-helix, taking contributions from β-sheet structures. This 
finding is concordant with three dimensional structures of snake 
venom C-type lectins (55), phospholipase A2s (56), metallopro-
teinases (57), and serine proteinases (58), which are also the 
most abundant proteins in the venom of M. lebetina (3,25,59). 
Each species has a unique combination of proteins in their ven-
oms and this method can be used to obtain information reflect-
ing the dominant secondary structures of abundant venom pro-
teins, as well as to make comparisons between different species 
and individuals. The study found that the absorbance spectra of 
two subspecies were quite similar, as an expected result of the 
research. However, there were some quantitative, qualitative al-
terations and peak shifts in both absorbance and second deriva-
tive spectra. The Peak II and Peak IV in second derivative spectra 
originating from amino acid side chains clearly showed a differ-
ence between subspecies (Figure 1) and this result emphasized 
the potential of second derivative spectrum in Amide I-II region 
for the differentiation of venom samples.

Differences in the area or intensity values of the bands indi-
cate that the amount of venom compounds show variation 
between subspecies. Inter and intraspecies variation in snake 
venoms is a well-known phenomenon (60) which can explain 
the differences we observed in the present study. Moreover, 
the venom proteins of M. l. lebetina and M. l. obtusa were pre-
viously compared by using two-dimensional polyacrylamide 
gel electrophoresis (2D-PAGE) method and results showed 
that there was a variation between these two taxa (3). Al-
though the FTIR spectroscopy method gives resulting peaks 
rising from different vibrational modes of overall molecules 
in the sample, the results of the present study showed that 
its sensitive measurement can provide data especially in the 
second derivative spectrum in Amide I-II region to uncover the 
venom variation between different taxa.

Major absorbance peaks observed in the present study such as 
Amide A, B, I, II and III arise from proteins (Table 1), which was 
an expected result since snake venoms mainly consist of pro-
teins and peptides (1-3). Additionally, some other peaks were 
observable originating from other biological macromolecules 
such as nucleic acids and carbohydrates. The main bioactive 
compounds responsible for the pharmacological properties of 
snake venoms are proteins and peptides but the other mole-
cules such as amines, nucleosides, carbohydrates and inorgan-
ic elements, which can be referred to as minor components, 
contribute to the activity of these proteins (4). The Fourier 

transform infrared spectroscopy method provides information 
about all the bioorganic molecules allowing the researchers to 
analyze minor components of crude venoms. There was little 
information in the literature about the aforementioned minor 
components of snake venom, except some very old research. 
Recently, in a study by Villar-Briones and Aird (5), small metab-
olites and peptides were screened in the venom of 15 different 
taxa belonging to Elapidae, Viperinae and Crotalinae by using 
liquid chromatography-mass spectrometry (LC-MS) which re-
visited the small organic molecule content of snake venoms. 
They detected carboxylic acids, purine nucleosides and their 
bases, neurotransmitters, amines, amino acid residues, and 
peptides as abundant small organic molecules.

We observed C-O and C-C stretching vibration modes originat-
ing from carbohydrates. Although old publications reported 
the presence of sugars such as galactose, glucose, mannose 
and fucose in some Viperid and Elapid species (61), observed 
peaks may also arise from the carbohydrate moieties of nucle-
osides, nucleotides (4,5) and venom glycoproteins (5,62). Poly-
saccharides are not reported from snake venoms. This research 
also detected peaks characterizing PO2- stretching modes 
mainly arising from nucleic acids and nucleotides. The presence 
of nucleosides in snake venom and its role in toxicity was doc-
umented but there was limited information on free nucleotides 
(4,5). However, it is known that snake venom contains ribonu-
cleic acid (RNA) (63,64) and deoxyriboucleic acid (DNA) (65,66), 
which comes from the cells covering the lumen of the venom 
gland. In line with this information, it is highly possible that 
peaks originating from PO2- stretching vibrations in the FTIR 
spectrum arise mainly from nucleic acid backbone and nucle-
osides. Phosphate groups of phosphorylated proteins may also 
contribute to these bands. Stretching vibration peaks of CH2 
and CH3 groups were also observed which may originate from 
proteins and lipids but there is scarce information on the occur-
rence of lipids in snake venom (4) and more studies should be 
conducted on this topic.

CONCLUSION

In conclusion, we applied the FTIR-ATR method for crude snake 
venom analysis and obtained the molecular fingerprint spec-
trum of M. l. lebetina and M. l. obtusa venom samples in the 
mid-IR region. This method is fast, sensitive to molecular alter-
ations and does not require time-consuming sample prepara-
tion, which is suitable for the direct measurement of lyophilized 
venom samples. It provides rapid information about not only 
proteins, but also minor constituents of snake venoms. Al-
though this method is not sufficient alone to fully characterize 
an unexplored venom, once the spectral libraries including data 
from different known species is obtained it may be possible to 
classify and identify venom samples using multivariate statisti-
cal analyses such as hierarchical cluster analysis and principal 
component analysis coupled with linear discriminant analysis, 
as well as to make quality control and stability testing of crude 
venom products. These kinds of classifications of biological 
samples were successfully achieved by FTIR spectroscopy (47-
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52). Moreover, this method can be used to assess the individual 
venom variation. The results of this study show the usefulness 
and feasibility of this method in the field of toxinology. It also 
provides a peak assignment table which will be useful for oth-
er similar studies as a reference list. Although the absorbance 
spectra of two subspecies were almost identical (except some 
quantitative differences), the second derivative spectra showed 
differences in the Amide I-II region. Therefore, the second deriv-
ative spectra should be taken in consideration in similar studies. 
The sample size of this study was not enough to perform sta-
tistical analyses but this approach deserves further studies in-
cluding more individual venom samples from different species 
and families to test the sensitivity and specificity of the meth-
od supported with univariate and multivariate statistics. Such 
studies will reveal the potential of this method for classifying 
crude venoms by using chemometric analyses.
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