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The identification and classification of microorganisms have been subjects of research for many years. Recently, 

Fourier transform infrared (FTIR) spectroscopy techniques have gained attention in the characterization and 

classification of microorganisms based on biochemical profiles and cell structure characteristics. In the present 

study, the characterization and identification of pigmented photoreceptor-producing microorganisms using FTIR 

spectroscopy were carried out. For this purpose some microorganisms were isolated from different environments, of 

which three pigment producing bacteria were selected to limit the scope of the study to one phenotypic 

characteristic. Genomic relatedness among the isolated strains was investigated. It was shown that these strains had 

similarities to Kushneria marisflavi, Halobacillus halophilus and Halobacillus faecis. In addition, Halobacterium 

salinarum was investigated as a typical representative pigment producing archaeon. Spectra (500-4000 cm
-1

) of the 

intact cells and crude extracted pigments were recorded on an FTIR spectrometer and compared with each other. 

The similarities among the spectra were evaluated using hierarchical cluster analysis and compared with the 

phylogenetic tree based on the genomic study. Our results demonstrate that hierarchical clustering based on 

extracted pigments shows discrimination of strains more distinctly than those based on intact cells. The results of the 

present study suggest that FTIR analysis of bacterial pigments is an easy and economic method comparable to 

phylogenetic markers, for identification and characterization of bacteria.  
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Introduction 

Microbial pigments often have a significant 

phenotypic effect in such a way that in certain genera, 

pigment analysis is important for bacterial genus 

identification. For instance, the presence of yellow 

and red pigments is an important characteristic of the 

Xanthomonas spp. and the Serratia spp., that aid to 
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their identification. Many efforts are directed towards 

the phenotypic detection of microorganisms. 

Consequently, researchers make computer-assisted 

models to predict the properties and behavior of 

microbial cells. They predict the behavior of these 

cells using detailed information obtained from other 

similar cells. So far, analysis of cell proteins (using 

two-dimensional protein gel electrophoresis) and 

membrane lipids have been carried out (1, 2). Another 

approach to the phenotypic detection of 

microorganisms is inferring the phylogenetic position 

of bacteria based on their phenotypic characteristics, 

since microbial phylogeny based on the 16S rRNA 

gene cannot exactly describe the phenotypic 

properties such as microorganism morphology and 

structure. Some routine methods for phenotypic 

microbial identification rely on information obtained 

from the analysis of cell structure, cellular metabolism 

and identification of cell components such as fatty 

acids, pigments and cell walls (3). 

Spectroscopy is recognized as an important 

technique for the rapid identification of organic and 

inorganic compounds. IR analysis is one of the 

spectroscopic methods that have attracted the attention 

of researchers because it is rapid and uses high 

informative content of vibrational spectra. The 

infrared spectrum of a given sample is expectable 

when a beam of infrared light is passed through the 

sample. The absorbed energy at each wavelength is 

determined through examination of the transmitted 

light. FTIR is a type of IR spectroscopy proposed to 

be useful for classification of microorganisms based 

on analysis of intact cell surface. This method is based 

on wavelength measurement and determination of the 

intensities of infrared absorption bands. This kind of 

spectroscopy appears to have high potential for 

investigating the functional groups on bacterial 

surface, detecting the change in the structure of 

bacteria during growth phases (4), inferring the 

secondary structure of peptide (5) and for bacterial 

identification in culture and food (6).  

Recently, some microbial compounds have been 

investigated by FTIR to determinate the 

microorganisms. Kim et al. (7) successfully applied 

the FTIR technique to recognize six different 

serotypes of Salmonella enterica according to their 

lipopolysaccharides (LPS). Similarly, the IR spectra 

of crude phenol-phase extracts containing bacterial 

lipopolysaccharides have been used to differentiate 

five strains of Escherichia coli (8). In addition, in 

previous studies, FTIR was applied to analyze the 

pigment compositions of microorganisms (9). In the 

present study, identification and classification of four 

pigmented microorganisms using FTIR spectra were 

carried out and the biochemical properties of the 

extracted pigments were compared with those of 

intact cells.  

Microbial pigments are an important class of 

natural metabolites which have a wide variety of 

activities. A small group of pigmented organisms can 

produce photoreceptors responsive to light irradiation. 

We focused on the pigmented microorganisms 

capable of producing photoreceptors to limit the scope 

of the study to one phenotypic characteristic and 

investigate whether there were any phenotypic 

similarities among the members of this group of 

microorganisms. 

Materials and Methods  

Isolation of bacteria 

Water and soil samples were collected from different 

regions of Iran. Water (1 mL) and soil (0.1 g) samples 

were transferred to a medium containing 0.5% yeast 

extract, 0.5% Casamino acid, 0.1% peptone, 0.2% 

KCl, 0.3% sodium citrate, 2% MgSO4, 20% NaCl, 

0.0036% FeCl2 and 2% agar (pH was adjusted to 7.5) 

(10). The samples were incubated at room temperature 

and were exposed to light and darkness during the day 

and night, respectively. The colored colonies obtained 

after 4 weeks of incubation, were selected and spread 

on an agar plate using the streak plate technique in 

order to obtain pure bacterial colonies. A strain of 

Halobacterium salinarum was obtained from the 

Iranian biological resource center (Strain Number: 

IBRC-M 10715) as the control bacterial strain. 

 

Screening of photoreceptor-producing bacteria 

The 2,3,5-triphenyltetrazolium chloride (TTC) test 

was employed for the screening of light-driven protein 

producing bacteria using a method described by 

Fanaei and Emtiazi (10). The colored colonies were 

transferred to distilled water at a density of 1 on the 

McFarland scale. Samples were vortexed and shaked 

at 200 rpm for 24 hrs at room temperature to break the 

cells via osmotic force. In this way a homogenous 

suspension of the lysed cells was obtained. 2,3,5-

triphenyltetrazolium chloride (0.3 g) was dissolved in 

100 mL tris HCl (100 mM, pH=7.6) to prepare the 

TTC solution and kept in darkness. Two microtiter 
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plates were used to investigate the interaction of the 

TTC solution with lysed cells in conditions of both 

light and darkness. 150 µl of the lysed cells was 

transferred to each of the microtiter plates and 150 µl 

TTC solution was added to each one (TTC and 

bacterial solutions were examined separately as 

negative controls). One of the plates was immediately 

placed in darkness and the other in light to investigate 

the effect of light on photoactive protein activity. 

Samples were incubated at 37°C for 16 hrs. TTC 

reduction was determined by colorimetric assay at a 

wavelength of 492 nm and the reactions were carried 

out in triplicates. 

 

Identification of the isolates 

Analysis of bacterial morphology and growth 

condition 

Bacterial staining was performed by applying an 

improved technique for halophilic bacteria using 

samples fixed with acetic acid as described by 

Dussault (11). An optical microscope was used to 

study the bacterial morphology. 

 

DNA extraction and polymerase chain reaction (PCR) 

processing 

The boiling extraction method was carried out to 

prepare the DNA template from fresh colonies which 

had been suspended in 750 µl sterile distilled water, 

vortexed for a few mins and boiled in a water bath 

(100°C) for 15 min. The samples were centrifuged at 

7000 rpm for 10 min. 200 µl of the supernatant was 

collected from the specimen as the DNA template and 

stored at ‒20°C until the next step. 

Identification of the isolates was performed using 

the modification method described by Yang et al. 

(12). A partial sequence of the 16S ribosomal RNA 

gene was amplified using the universal primer pairs 

RW01, 5′-AAC TGG AGG AAG GTG GGG AT-3′ 

and DG74, 5′-AGG AGG TGA TCC AACCGC A-3′. 

The PCR mixtures (50 µl) contained 2 µl of each 

primer, 4 µl DNA extraction product, 0.8 µl Taq DNA 

polymerase, 1 µl dNTP, 1.4 µl MgCl2 and 5 µl buffer. 

The PCR reaction was run using the following 

temperature profile: preliminary denaturation, 5 min 

at 95ºC, 30 cycles of 45 s denaturation at 94ºC, 30 s 

annealing at 58ºC, 45 s elongation at 72ºC and 7 min 

final elongation at 72ºC. The PCR products were 

separated by electrophoresis in 1.3% agarose gel and 

stained with ethidium bromide. The gel was run at 85 

V for 45 min. Gel purification of the PCR product 

from agarose gel was conducted and the PCR 

fragments were sequenced using an automated 

sequencer supplied by Bioneer (South Korea). 

Sequence blast analysis against the 16S ribosomal 

RNA sequences (Bacteria and Archaea) in the NCBI 

database was performed to find the similarity between 

the query partial sequences and the sequences in the 

NCBI database. Hierarchical analysis based on the 

partial sequences of the 16S rRNA was done using 

CLC software version 6.1. 

 

Organisms and growth conditions 

The bacterial strains used in this study were 

Halobacterium salinarum, Kushneria marisflavi strain 

ZF, Halobacillus faecis strain HF and Halobacillus 

halophilus strain HA. Halobacterium salinarum is a 

well-known pigment-producing organism which was 

obtained from the Iranian Biological Resource Center. 

Kushneria marisflavi, Halobacillus faecis and 

Halobacillus halophilus were isolated using a method 

for screening photoactive protein-producing bacteria. 

Each cell was sub-cultured in a medium containing 

0.5% yeast extract, 0.5% Casamino acid, 0.1% 

peptone, 0.2% KCl, 0.3% sodium citrate, 2% MgSO4, 

20% NaCl, 0.0036% FeCl2 and 2% agar (pH was 

adjusted to 7.5) at 37ºC. 

 

Extraction of pigments 

The crude pigments were extracted using 

acetone/methanol solvents by a method used by Olson 

et al. and modified slightly for the purpose of this 

study (13). The colonies were harvested from the solid 

medium and transferred to distilled water. After 

spontaneous cell lysis in distilled water, the pigments 

were extracted with acetone/methanol (7:3 v/v) at 

ambient temperature with continuous shaking for 2 

hrs. The samples were centrifuged at 4000 rpm for 10 

min and the supernatants were collected as pigment 

solutions. The supernatants were analyzed by 

scanning in the wavelength region 350-600 nm using 

a UV-visible spectrophotometer. 

 

Sample preparation for FTIR analysis 

The strains were cultured in the above-mentioned 

medium at 37ºC and the colonies were harvested from 
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the agar surface to prepare the intact cells. The 

resultant samples were air-dried at ambient 

temperature to remove the excess water molecules 

before infrared analysis. The dried intact cells and the 

crude extracted pigments were prepared separately for 

spectral analysis. The samples were milled with 

potassium bromide (KBr) until they were thoroughly 

mixed and were then analyzed using Fourier 

transform infrared spectroscopy. 
 

FTIR analysis 

The data was obtained over the mid IR region (500 to 

4000 cm
-1

) at a spectral resolution of 4 cm
-1 

(JASCO, 

FT/IR-6300; Japan). The baseline of the spectra was 

adjusted using Spekwin 32 software to avoid 

dissimilarity of spectra due to shift in baseline. In 

addition, the spectra were normalized to eliminate the 

differences between each spectrum due to difference 

in sample amount. The second derivatives of the 

spectra were calculated to obtain the most significant 

peaks of absorption (spectral region 600–2000 cm
-1

). 

Hierarchical cluster analysis was carried out by SPSS 

Software version 16 based on the similarities among 

the FTIR spectra of the samples.  

Results  

In this study tree pigment-producing bacteria were 

selected among 75 pigmented microorganisms. All the 

isolated bacteria were halophilic, pigment producing 

strains and their colored colonies appeared on the 

plate after 2-3 days of incubation at 25°C. The partial 

sequences of the 16S rRNA gene from the new 

isolates were blasted with the GenBank database. 

Sequence blast analysis showed that the isolates have 

similarity to a partial sequence of the 16S rRNA gene 

of Kushneria marisflavi, Halobacillus halophilus and 

Halobacillus faecis strains. The related nucleotide 

sequences of the 16S rRNA gene were deposited in 

the NCBI Genbank under accession numbers 

KC906182, KF523277 and KC906181, respectively. 

Spectral measurement of pigments demonstrates 

that the action spectrum for the extracted pigments 

from Kushneria marisflavi and the Halobacteium 

salinarum are characterized by three-fingered peaks; 

Halobacillus faecis is characterized by four-fingered 

peaks and the extracted pigments from Halobacillus 

halophilusis are characterized by one peak (Fig. 1). 

The TTC reduction of all three pigment-producing 

strains was higher when they were incubated under 

light, because these strains have a light-driven protein 

which can reduce TTC to red-colored triphenyl 

formazan (TPF) in a lighted environment. 

 

Figure 1. Absorption spectra of extracted pigments from. a. Halobacillus halophilus strain KF523277. B. Kushneria marisflavi 

strain KC906182. C. Halobacillus faecis KC906181. D. Halobacterium salinarum. Abs = absorbance (nm). 
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FTIR analysis 

The spectra of the intact cells and the crude pigment 

extracted from each strain were aligned and compared 

to each other within the mild-infrared range (500‒

4000 cm-1) (Fig. 2).  

 

Identification of the strains using Fourier transform 

infrared spectroscopy 

The similarity between the spectra of the intact cells 

and those of the extracted pigments were evaluated 

using hierarchical cluster analysis. The information 

obtained from each spectrum was considered as input 

data for the calculation of spectral distances. The 

clusters were produced by the Average Linkage 

algorithm and arranged by drawing a dendrogram 

using SPSS software (Fig. 3a). The hierarchical 

clustering achieved by the FTIR data indicates that the 

three strains show different placement based on the 

FTIR analysis (Fig. 3b). 

 

 

Figure 2. FT-IR spectra (4000–500 cm−1) of intact cells and 

crude pigment extracted from each strain were aligned to each 

other. 

 

 

Figure 3. a. Hierarchical cluster based on the partial sequences of the 16S rRNA using the Neighbor joining algorithm which was 

drawn by CLC sequence viewer software version 6.1. Tree branch lengths estimated using maximum likelihood, are displayed at 

the branches. b. Hierarchical cluster analysis based on FTIR spectral data. The horizontal axis shows distance in each sample. 

Long horizontal lines indicate that Halobacterium salinarum is well separated from other organisms. The shorter lines indicate 

that Halobacillus halophilus, Halobacillus faecis and Kushneria marisflavi are not very distinct.  
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The FTIR spectra of the extracted pigments from the 

four pigment-producing microorganisms were also 

recorded and the dendrogram was drawn to arrange 

the clusters produced by the Average Linkage 

algorithm. The dendrogram illustrates that the 

branches related to the extracted pigments from the 

Halobacillus halophilus and Halobacillus faecis 

resemble each other and the branch related to the 

extracted pigments from the Kushneria marisflavi was 

isolated from the Halobacillis halophilus and 

Halobacillus faecis by a relatively large distance as in 

the case of the Halobacterium salinarum (Fig. 4). The 

results indicate there was no direct relationship among 

the extracted pigments and the intact cell patterns of 

the microorganisms investigated in this study. 

 

 

Figure 4. Differentiation of extracted pigments related to four pigment-producing microorganisms by hierarchical cluster 

analysis based on FTIR spectral data. 

 

Discussion  

The spectra of the intact cells illustrate six important 

regions that are representatives of the 

physicochemical properties of the cell surfaces. The 

2800‒3000 cm
-1

 region is related to fatty acids. The 

1637‒1695 cm
-1

 spectral region is the amide I band of 

proteins that characterize the C═O- stretch vibration. 

The position of the amide II absorption band is 1520‒

1550 cm
-1

 which correlates with the bending vibration 

of the N—H bond in proteins (14). The 1200‒1500 

cm
-1

 spectral region is a mixed region of fatty acid 

bending vibrations, proteins and phosphate-carrying 

compounds. Carbohydrates are located at about 900‒

1200 cm
-1

, and 700‒900 cm
-1

 is the fingerprint region 

(15). Both amide I and amide II bonds are generally 

employed for the structural analysis of proteins (5). 

As shown in Fig. 2, the significant difference between 

the aligned absorption spectra is in the amide II 

region. In all the spectra of the intact cells both amide 

I and amide II bonds can be observed, but in the 

spectra of the extracted pigments the amide II bonds 

are eliminated or weak in intensity. The major factor 

responsible for conformational sensitivity of amide II 

is the hydrogen-deuterium exchange in protein. 

During this process a hydrogen atom involved in a 

covalent bond is replaced by a deuterium atom or vice 

versa (16). The main factors affecting the amide 

hydrogen/deuterium exchange are pH, temperature, 

solvent accessibility, pKa and neighboring amino 

acids (17). A proton in a protein can be exchanged 

with the solvent; therefore, solvent accessibility 

causes conformational change of protein (18). In the 

present study the solvent used for pigment extraction 

may have influenced the amid II regions of the 

pigments. Another possible reason is the difference 

among the natural components of the intact cell 

pigments. 

The result of the phylogenic classification of 

bacteria based on the partial sequence of 16S rRNA 
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(Fig. 3a) compared to the hierarchical clustering 

achieved by the FTIR data indicates that the three 

strains were misclassified using FTIR analysis. The 

hierarchical clustering of the strains based on FTIR 

spectral data (Fig. 3b) indicates that the 

Halobacterium salinarum was totally isolated from 

the other microorganisms. Since the Halobacterium 

salinarum is an archaeon and the other strains are 

members of the Bacteria group, this result is 

satisfactory in terms of taxonomic classification. The 

Kushneria marisflavi, Halobacillus halophilus and 

Halobacillus faecis were clustered in the same branch.  

The position of the amide I bond is related to the 

secondary structure of a protein and differences in 

overall amid I absorption is due to the different 

amounts of the secondary structural elements in the 

protein. The α-helix is at 1648‒1660 cm
-1

, the β sheet 

is at 1625‒1640 and the turns are at 1660‒1685 cm
-1

. 

The position of the amide I in all intact cells in this 

research was at 1655 cm
-1

 which indicated that α helix 

was the dominant structural element in the cell. The 

position of the amide I bond in the extracted pigment 

from the Halobacterium salinarum is similar to that of 

its intact cells; therefore, the proteins of the two 

components have the same secondary structure. The 

position of the amide I bond in the extracted pigments 

from the Halobacillus halophilus, Halobacillus faecis 

and Kushneria marisflavi shifted to 1627 cm
-1

, 1636 

cm
-1

 and 1640 cm
-1

, respectively indicating that the 

dominant structural element in the pigments is the β 

sheet. In addition, comparison of spectra shows that 

carbohydrate content (900-1200 cm
-1

) in the surface of 

the Halobacillus halophilus, Halobacillus faecis and 

Kushneriam arisflavi cells is significantly different 

from that of their extracted pigments. 

Spectroscopic techniques permit the study of some 

particular compounds of a given sample. 

Spectroscopic analysis of bacterial intact cells was 

introduced for the analysis of the chemical 

composition of bacteria (19, 20). Thereafter FTIR 

spectroscopy was successfully used for the 

classification of bacteria (21). Intact microbial cells 

have various chemical compounds which are different 

from those of other microorganisms. The spectra of 

intact microbial cells have fingerprint-like patterns 

which give general information concerning the 

physico-chemical properties of a strain (22). The 

detection and characterization of microorganisms 

based on cellular biochemical profile is a valuable 

method since it is rapid, sensitive and economic. 

Recently FTIR analysis of the species in some genera 

such as Salmonella (23), Escherichia coli (6), Bacillus 

(24), and Staphylococcus (25) has been applied for 

their identification and classification. In the present 

study the properties of a group of various species of 

microorganism showing a degree of phenotypic 

similarity were investigated. For this purpose, 

pigmented-producing organisms were selected. 

Two significant roles have been suggested for the 

pigments: enabling strains to adapt to their 

environmental conditions and providing them with 

protection against environmental damages such as 

light irradiation (24). Microorganisms coexisting in 

the same ecological niche encounter similar 

environmental challenges; therefore they introduce 

similar functional groups on their cell surfaces. It 

seems that related pigments are produced for the same 

purpose. Accordingly, we focused on pigmented 

microorganisms living in environments of high salt 

concentrations in order to investigate microorganisms 

with similar phenotypic features.  

The result of the hierarchical clusters based on 

FTIR spectral data demonstrated that the intact cells 

of the microorganisms under study were not as clearly 

separated as the crude extracted pigments. 

Hierarchical clustering based on crude extracted 

pigment spectral data offered a good strain resolution, 

but was very different from classification based on 

intact cell spectral data and 16S rRNA partial 

sequences; therefore hierarchical classification based 

on the spectral data of crude extracted pigments can 

constitute a new kind of classification by which 

microorganisms are well separated. However, further 

research is required to determine the photoreceptor 

type of each cell and investigate the correlation of 

photoreceptor type with bacterial clustering based on 

pigment. 
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