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Hydrachnidia) Using Fourier Transform Infrared Spectroscopy (FTIR) Methods
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ABSTRACT

his study employed water mite (Acari, Hydrachnidia) species collected from a natural lake water environment. These

species included Hydrodroma despiciens, Eylais infundibulifera, Hydryphantes flexiosus, Georgella helvatica, Hygrobates
nigromacutlatus, Hydryphantes thoni ve Torrenticola bevirostris. Chemical analyses of these species were conducted using
the Fourier infrared spectrophotometer (FTIR) technique. Solid phase IR spectra were made individually for each species.
The data obtained for all species were examined graphically and were identified in four different spectral regions. Finally,
the spectrum frequency ranges of these species were determined. The functional groups OH, C-H, C=0, C-O, and C-N
were observed. The vibrational frequencies of each species studied were determined. When evaluating the results of the
spectroscopic analysis, the range of the spectrum of these species was shown to be similar to one another; however, peak
intervals were different for each species.
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0z

B u calismada, dogal gol suyu ortamindan toplanan su kenesi (Acari, Hydrachnidia) turleri kullaniimigtir. Bu ttrler Hydrod-
roma despiciens, Eylais infundibulifera, Hydryphantes flexiosus, Georgella helvatica, Hygrobates nigromacutlatus,
Hydryphantes thoni ve Torrenticola bevirostris’dir. Bu tirlerin kimyasal analizleri, Fourier kizilétesi spektrofotometre (FTIR)
teknigi kullanilarak yapildi. Kati faz IR spektrumlari her tir igin ayri ayri yapildi. Tim turler icin elde edilen veriler grafiksel
olarak incelendi ve dort farkli spektral bolgede tanimlandi. Son olarak, bu turlerin spektrum frekans araliklari belirlendi.
Fonksiyonel gruplar OH, C=H, C=0, C=0ve C =N gozlendi. Calisilan her tirln titresim frekanslari belirlendi. Spektroskopik
analiz sonuglari degerlendirilirken, bu tirlerin spektrum araliginin birbirine benzer oldugu ancak, en yuksek araliklarin her
turigin farkl oldugu gosterilmistir.
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INTRODUCTION

large number of studies have been conducted on
Awater mites that are commonly found in marine
and inland waters. Water mite species (Acari: Hydrach-
nidia) belong to 57 families, 400 genera and approxi-
mately 6000 species [1-6]. Water mites are important
ecologically as bioindicator organisms. Molecular and
chemical studies have been conducted on this group
[7- 14]. In terms of solving systemic problems and the
level of understanding of the phylogenetic relationships
encountered between water mites, chemical techniqu-
es have recently been employed [7, 8, 10, 11]. The data
obtained by this method serve as a significant contribu-
tion for systematizers and taxonomists. Considering the
continuing systematic discussion of some water mite
species, it is important to note that the molecular and
chemical methods currently being employed by rese-
archers indicate certain and clear results.

The FTIR technique used in this study provides determina-
tion of functional groups’ (OH, C-H, C=0, C-O, C-N, etc.)
structure by measuring the vibrational energy of molecules
within the structure. This method is generally used to de-
termine the structure of chemical compounds, particularly
organic compounds, alongside other spectrophotometric
methods (NMR, Mass, UV, etc.) [15-16].

Infrared spectroscopy is a spectroscopy-based technique
that absorbs the infrared rays of the material under study.
All' molecules, except for homo-nuclear (N,, O,, Cl) mol-
ecules, have a unique infrared spectrum. The IR spectrum
is generally divided into four regions: 3700-2700 cm™ (X-
H); 2700-1850 cm™ (triple bonds); 1950-1550 cm™* (double
bonds) and 1550-600 cm™ (except for X-H, single bonds).

o The 3700-2700 cm™ region: absorption peaks in this
region generally result from hydrogen vibrations.
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Figure 1. Functional group regions [4].

o O-H and N-H stretching vibration frequency absorp-

tions are seen at 3700-3000 cm™.

o The 1950-1550 cm™ region: this region is called the

carbonyl (C-O) double bond region.

o The 1500-700 cm™ region: This region is called the

fingerprint region. Most of the single bond absorption
peaks are collected in this region. Esters (C-O-C) ethers
(R-O-R) inorganic phosphates, inorganic sulfates, inor-
ganic carbonates, and inorganic nitrates are observed
in this region (Figure 1) [4].

IR (infrared spectroscopy) has recently become one of
the molecular methods used in invertebrate animals for
taxonomic purposes. This study is the first to identify
functional groups in water mite species using IR. The
infrared technique was used for the first time in Acari-
dae in 1989 by Leal et al. In this study, Leal and collea-
gues isolated rosefuran and perylene derivatives from
Tyrophagus neiswanderi (Acariformes, Acaridae) speci-
es. The study described these natural compounds using
IR and other spectroscopic techniques and compared
them with synthetic ones [17].

Another study by Leal et al. (1989) isolated a novel
monoterpene 2(E)-(4-methyl-3-pentenyl) butanediol
(a-acari dial) from another Acari species, Tyrophagus
pernicious, and determined the structure of this com-
pound by spectroscopic methods (GS-FTIR, MS). Subse-
quently, a series of reactions on the part of this com-
pound was carried out to obtain the E and Z isomers of
this a-acari dial compound. The study also compared
the spectroscopic results of these natural monoterpe-
ne derivatives with that of synthetic ones [17]. A similar
study by Hiraoka and colleagues (2001) obtained a mix-
ture of two monoterpenes from Histiogaster sp. A096
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(Acari: Acaridae). They then elucidated their structure
by GC/MS, GC/FTIR, UV and 1H NMR spectroscopy ((2E,
4E) - and (27, 4E)-3,7-dimethyl-2,4,6-octatrienals) [18].
In a study conducted by Sato et al. (1993) researc-
hers extracted a new salicylaldehyde derivative with
a yield of 37% by extracting Dermatophagoides pte-
ronyssinus, a type of mite, with hexane [19]. In anot-
her study, a new monoterpene lactone was obtained
from Tyrophagus putrescentiae, a type of mold fun-
gus by Morino and coworkers (1997). The researchers
noted the chemical name of this lactone as (E)-2-(4'-
methyl-3’-pentenylidene)-4-butanol and assigned it the
B-acarolide trivial name [20]. There is no information in
the literature about the use of this method in relation
to water mites. In the present study, the similarities or
differences between species belonging to different fa-
milies were evaluated using a systematic approach.

MATERIALS and METHODS

The water mites used in the study were collected from
Karamik Lake (Afyonkarahisar-Turkey) from May-August
2015. Samples were identified in the laboratory under a
microscope. The samples were washed with pure water
and dried in sterile petri dishes at room temperature;
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100 mg of anhydrous KBr (potassium bromide) was ad-
ded to roughly 5 mg of water mite species (Hydrodroma
despiciens, Eylais infundibulifera, Hydryphantes flexio-
sus, Georgella helvatica, Hygrobates nigromacutlatus,
Hydryphantes thoni, Torrenticola bevirostris) by weig-
hing each species with a precision scale. The mixture
of water mites and potassium bromide was placed into
a mortar and thoroughly crushed for homogenization.
This mixture was pressed into thin transparent discs
and then analyzed by FTIR (Perkin Elmer Spectrum BX).
The results of the analysis were graphically evaluated.

RESULTS

When the results obtained from samples of seven wa-
ter mite species were examined, four functional groups
in the spectrum were observed. These functional gro-
ups were: (1) functional group (OH, NH) in the range of
3600-3200 cm; (2) functional group (C-H) in the range
of 2900-2850 cm; (3) functional group (C-C, C=0, C=N)
in the range of 1780-1650 cm™; (4) functional group (C-
0, C-N, C-S) in the range of 1200-400 cm™ (Figure 1). All
of these functional groups were observed in all species.
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Figure 2. FTIR analysis of water mites species Hydrodroma despiciens (1), Eylais infundibulifera (2), Hydryphantes flexiosus (3), Geor-
gella helvatica (4), Hygrobates nigromacutlatus (5), Hydryphantes thoni (6) and Torrenticola bevirostris (7).
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The first functional group is the OH and NH range. It is
observed that the similarity rate among the six species
studied for this region is very high. This result is also
expected. Because it is the carbohydrates and proteins
that make up the structure in living things. OH, group
is the basis of carbohydrates and NH group is the basis
of proteins. When the % T values are examined; bands
in the range of 3600-3200 cm™ it is seen that Eylais in-
fundibulifera and Hydrodroma despcidiens are more si-
milar to each other. On the other hand, it is understood
that Georgella helvatica, Hygrobates nigromacutlatus,
Hydryphantes thoni, and Torrenticola bevirostris are
more similar to each other in these functional groups
in the same region. This situation does not support the
taxonomic order based on structural features at the ge-
nus and family level [21-22].

The second functional group is the stretching vibration
region of aliphatic and aromatic C-H bonds. This band
in the range of 2900-2850 cm™ is observed in almost all
organic compounds. In the studied species, the grap-
hical analysis values of this region were observed very
close to each other.

The second functional group region is the double bond
at C-C, C-O or C-Nin the range of 1780-1650 cm™. These
functional groups are found in the amino acids that form
the basis of proteins. Therefore, it can be said that the
third functional group belongs to proteins. When the
studied species are considered in terms of these groups,
it is seen that at least one of these functional groups is
found in all. Although the similarity between species is
very high in this region, Eylais infundibulifera is different
from others in this range. It is known that this species
has a different morphological structure in the family of
Eylaidae than all other species of Eylais. Because this
species of chitinization is different from the others [21,
24, 25]. Though there is more chitinization in the spe-
cies of Torrenticola brevirostris, the same difference is
not seen in the graph. The fourth functional group is in
the region of 1200-400 cm™. This region is also known
as the fingerprint region. The frequencies of C-O, C-N
functional groups are in this range. These bonds form
the basis of both carbohydrates and proteins. Within
this functional group, the frequency of Hydryphantes
flexus differs. But it seems that the others are more si-
milar to each other in terms of their general qualities.

DISCUSSION

When all these data are examined in whole, it seems
that it is not possible to use the results in a systematic
comparison in different species of water mites. But it
can be considered that this method may be useful for
future studies in terms of determining the chemical
structures of the species and determining the compo-
sitions of the basic organic compounds (carbohydrate,
protein, lipid, etc.).

When comparing this study with previous studies, the
difference is that previous studies have been directed
toward the identification of individual alkaloids. In these
previous studies, the structures of alkaloid derivatives
have been elucidated and separated into their isomers
by different reactions. Furthermore, new compounds
were obtained from these and trivial names were given
and the results were compared with synthetic market
products. The purpose of this study is; Analyzing the
whole as a living thing and making a comparison bet-
ween species of the same group in terms of chemical
structures. Another difference is; Previous studies were
done with CS-FTIR technique, solid phase FT IR techni-
gue was used in this study. When these two techniques
are compared, the samples to be analyzed are taken as
gas in the CS-FTIR method, while the samples are taken
as potassium bromide discs in the solid FTIR method.
However, there is no difference in terms of the obtai-
ned spectrum values.

CONCLUSION

In this study water mites (Acari, Hydrachnidia) spe-
cies (Hydrodroma despiciens, Eylais infundibulifera,
Hydryphantes flexiosus, Georgella helvatica, Hygrobates
nigromacutlatus, Hydryphantes thoni, and Torrenticola
bevirostris) were used. The chemical analyses of these
species were carried out by the Fourier transform infra-
red spectrophotometer (FTIR). The results of the analy-
sis for all species were evaluated graphically and four
spectral regions belonging to these species have been
identified. The vibrational frequencies of each species
studied were determined. When evaluating the results
of FTIR analysis, the range of the spectrum of these spe-
cies was shown to be similar to each other (Figure 2).
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