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Abstract. Mass-spectroscopic and vibrational spectroscopic methods were applied for the analysis of human blood samples
from healthy subjects and patients in order to detect spectral peaks which might serve as biomarkers for monitoring and iden-
tification of specific diseases. In the present study samples of serum were obtained from healthy and patient persons suffer-
ing from diarrhea and analyzed by matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) and microscopic
Fourier transform infrared spectroscopy (FTIR). The results obtained by both spectroscopic techniques show similar and con-
sistent spectral peaks in all the examined sera obtained from healthy persons. In all tested patient samples two unique interesting
peaks appeared at m/z 11,553 and 11,710 in MALDI-TOF spectra and a peak at area 1600 cm−1 was significantly reduced in
all of the tested patient samples in FTIR spectra. These parameters might be used as a basis for developing a spectral method for
the detection and identification of specific human diseases and probably other disorders. It seems that a combination of these
two techniques may provide much more reliable results for the detection and identification of various abnormalities.
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1. Introduction

Blood is known to contain a large variety of proteins characterized by different structures and func-
tions [1,2]. Monitoring a large amount of different proteins which present in a complex mixture such
as serum presents a major analytical challenge. Fortunately, the development of matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF), makes it easy to detect a large
number of variable proteins [3,4]. MALDI-TOF is also indispensable to elucidate the modified protein
structures, which cannot be substituted by DNA technology [5]. MALDI-TOF analysis is also known to
be less affected by the presence of salts compared to other forms of mass spectrometry, which makes it
highly useful for direct analysis of biological samples without high levels of purifications [6,7]. There-
fore, any changes in the protein comparison of the serum, could be detected easily using this technique.
As it known, infection with bacteria, viruses or other pathogen or as a result of development of malignant
tumor, the immune system of animals produces an immune response. The ability to monitor the immune
system response of a host to an antigen is important in order to determine the type and probably the
severity of the infection and possibly the identification of the antigen. In the case of cancer development,
probably it will be possible to identify the kind and progress of this cancer.
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This technique could be used also for rapid analysis and identification of expressed protein profile in
cells and tissues such as infected cells or malignant cells.

The technique generally used to monitor cellular protein expression has been 2D polyacrylamide gel
electrophoresis (2D-PAGE) [8,9]. This 2D gel method, though, only provides a separation of the cell
components and approximate molecular weights while exact identification must still be provided by
protein sequencing or mass spectrometric methods [10–12]. In the present study we examined serum
samples obtained from normal and patient persons by both MALDI-TOF and FTIR-microscopy tech-
niques trying to detect specific biomarkers for discrimination between normal and patient persons.

FTIR spectroscopy is a noninvasive method that has been applied for identifying various biomolec-
ular components of the cell [13,14]. This technique has been proved to be sensitive for discrimination
between normal and cancer cells [15–18] and between normal cells and virally infected cells [19].

2. Materials and methods

2.1. Sample preparation of blood for MALDI-TOF

Blood samples were obtained from the fingers of the tested persons. Approximately 50 µl of blood
were obtained from each person. Blood samples were obtained from five healthy persons and five pa-
tient persons suffered from severe bacterial diarrhea. All tested persons were males at age between 30–45
years old. The blood samples were then centrifuged for 5 min at 14000 rpm in eppendorf centrifuge and
the serum was removed and separated from the cellular material. 2 µl of serum was dialyzed for 30 min
by spotting on a 0.025 MF-Millipore membrane filter (Millipore, Bedford, MA, USA) floating on dis-
tilled water. After dialysis the sample was removed and mixed with an equal amount of saturated sinap-
inic acid solution. Sinapinic acid (Aldrich, Milwaukee, WI, USA) was dissolved in water–acetonitrile
(1 : 1) until saturation occurred. Samples were spotted on an autosampler plate and allowed to air dry.

2.2. MALDI-TOF analysis

Samples were analyzed on a PE Biosystems (Framingham, MA, USA) Voyager-Elite MALDI-TOF
using 337 nm radiation from a nitrogen laser as described [23]. An accelerating voltage of 20 kV was
used and a two-point external calibration was performed using cytochrome c and sinapinic acid as the
calibrants. The number of laser shots was set to 300 by steps of 30 shots. Each sample was analyzed by
MALDI-TOF. The spectra were recorded in linear mode within a mass range from 2 to 20 kDa and from
20 to 100 kDa.

2.3. Sample preparation of blood for FTIR micoscopy

Since ordinary glass slides exhibit strong absorption in the wavelength range of interest to us, we used
zinc sellenide crystals, which are highly transparent to IR radiation. A drop of 1 µl of the serum sample
(of each of the 5 tested healthy persons and patients) was placed on a certain area on the zinc sellenide
crystal, air dried for 30 min at room temperature (or for 10 min by air drying in a laminar flow) and
examined by FTIR microscopy.
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2.4. FTIR spectra measurement

FTIR measurements were performed in transmission mode with a liquid-nitrogen-cooled MCT detec-
tor of the FTIR microscope (Bruker IRScope II) coupled to an FTIR spectrometer (BRUKER EQUINOX
model 55/S, OPUS software). The spectra were obtained in the wavenumber range of 600–4000 cm−1

in the mid-IR region. Spectral resolution was set at 4 cm−1 with Backman Harris 4-Term apodization.
To increase the signal to noise ratio, a spectrum was taken as an average of 128 scans. Since the samples
to be analyzed were often heterogeneous, appropriate regions were chosen by FTIR microscopy so as to
eliminate different impurities (salts, medium residuals, etc.). The aperture used in this study was 100 µm,
since this aperture gave the best signal/noise ratio. At lower apertures, the quality of the spectra was bad
due to the high noise level. In addition, at apertures lower than 20 µm, there was diffraction of the IR
beam. Baseline correction and normalization were obtained for all the spectra by OPUS software. Base-
line correction was performed by the rubber band method as follows: each spectrum was divided up into
ranges of equal size. In each range, the minimum y value was determined. The baseline was then created
by connecting the minima with straight lines. Starting from “below”, a rubber band stretched over this
curve constituted the baseline. The baseline points that did not lie on the rubber band were discarded.
Normalization was performed by a vector method, as follows. The average y-value of the spectrum was
first calculated. This average value was then subtracted from the spectrum so that the middle of the
spectrum was pulled down to y = 0. The sum of the squares of all the y-values was then calculated,
and the spectrum was divided by the square root of this sum. The vector norm of the resulting spectrum
was 1. Peak positions were determined by means of a second derivation method by OPUS software. For
each cell type, the spectrum was taken as the average of five different measurements at various sites of
the sample. Each experiment with each cell type was repeated five times. It is important to mention that
there were no significant differences in the spectra from various sites (SD did not exceed 0.005).

3. Results

3.1. MALDI-TOF of normal serum samples

Serum samples obtained from healthy persons were examined by MALDI-TOF. Due to the inherent
complexity of MALDI-TOF spectra generated from prefractionated clinical samples, we investigated
the possibility of detecting potential biomarkers by mining the spectra using computer-based algorithms.
The results presented in Fig. 1a and Fig. 2a show average spectra of the tested healthy persons. These
results show consistent representative peaks all over the examined spectrum including low and high
molecular weight proteins. The obtained spectra of the healthy persons can be used as a good basis for
the detection of any significant change in protein composition of the serum which might be resulted
from different diseases including bacterial and viral infections, cancer development, etc. One of the
expected changes in the serum proteins is the production of specific proteins (antibodies) by the immune
system due to infection with pathogens or cancer development. As it known the immune system responds
differently to various antigens.

3.2. MALDI-TOF of patient serum samples

Blood samples were obtained from five different patients suffering from diarrhea. The serum of these
samples was examined by MALDI-TOF and the obtained results show that the majority of the ob-
tained spectral peaks remained unchanged both in mass value similar to the normal sera (Fig. 1b,c and
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Fig. 1. MALDI-TOF spectra in the region 2000 to m/z 20,000 of (a) average of 5 healthy control persons, (b) average of
patients 1, 2, 4 and 5 (c) patient 3.

Fig. 2b,c). However, two new peaks at m/z 11,553 and 11,710 appeared in the spectra of the patients
which are completely missing in the serum of the normal samples. Another significant peak appeared
only in one of the examined patients at m/z 41,794 (Fig. 2c). This peak could be related to additional
abnormality rather than diarrhea. Although, other differences in peak intensities can be seen in patient
samples compared to normal samples, these differences cannot be considered as useful biomarkers at
the meantime due to the small number of tested patients. For deep understanding of the significance of
these differences in peak intensities, further samples from similar patients should be analyzed.

3.3. FTIR spectra of human sera from healthy and patient persons

The serum samples obtained from healthy and patient persons were also examined by FTIR mi-
croscopy to try to find specific spectroscopic biomarkers for the detection and identification of such
diseases.

Figure 3a presents the average FTIR spectra of the tested healthy subjects and patients. The spectra are
dominated by the absorption bands at 1643 cm−1 and 1544 cm−1, i.e., the amide I and II bands, respec-
tively. The amide I band arises from C=O hydrogen bonded stretching vibrations, and the amide II, from
C–N stretching and CNH bending vibrations [20]. It can be seen clearly that a significant peak at area po-
sition 1600 cm−1, between the peaks of amide I and II, almost completely disappeared in all of the tested
patient samples (Fig. 3b). This peak, for instance, may be used as biodetectors for specific abnormality.

Among the various mathematical methods applied for classification in biology and medicine cluster
analysis is one of the simplest and most rapid procedures [21,22]. In our study, this technique was used
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Fig. 2. MALDI-TOF spectra in the region 20,000 to m/z 100,000 of (a) average of 5 healthy control persons, (b) average of
patients 1, 2, 4 and 5 (c) patient 3.

(a) (b)

Fig. 3. (a) FTIR spectra in the region of 600–2,000 cm−1 of healthy and patient persons suffered from diarrhea. (b) FTIR
spectra in the region of 1450–1750 cm−1 of healthy and patient persons suffered from diarrhea. The presented spectra are an
average of 5 patient samples and 5 healthy person samples.
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Fig. 4. Cluster analysis of the IR spectra of the examined healthy and patient samples in the frequency range 600–2000 cm−1.
H-represents healthy samples and P-represents patient samples.

Fig. 5. Cluster analysis of the IR spectra of the examined healthy and patient samples in the frequency range 1574–1606 cm−1.
H-represents healthy samples and P-represents patient samples.

to classify certain regions of the FTIR spectra of the examined healthy and patient samples. Inspection
of the entire spectrum from 600–2000 cm−1 failed to distinguish between healthy and patient samples
(Fig. 4). However, excellent classification was obtained for limited regions, such as the 1574–1606 cm−1

range (Fig. 5).
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4. Discussion

In the present study we examined the potential of two different easy and rapid techniques for detecting
and identifying human abnormalities. Developing specific biomarkers for the detection and identification
of human abnormality both by MALDI-TOF and FTIR microscopy could be highly important for future
rapid and reliable detection and identification of these abnormalities. Quick and reliable identification of
the disease might be critical, in many cases, for effective treatment.

The results obtained by either of these techniques are extremely promising and interesting. In
MALDI-TOF two new peaks at m/z 11,553 and 11,710 appeared in the spectra of all the examined
patients which are completely missing in the serum of the normal samples (Fig. 1b,c). These peaks
could be related to the immune response.

It is interesting that such peaks appeared at m/z 11,553 and 11,710 were observed previously in sera
of mice which were infected with two different bacteria [23]. These peaks also were observed in immun-
odeficient nu/nu “nude” mice infected with the same bacteria [23]. Nude mice are well known for being
immunodeficient owing to the absence of a thymus which is necessary for normal T-cell function [24,25].
So, these peaks might be considered as a response of the immune system of the host, although the results
obtained with the “nude” mice are not exactly fit with this possibility.

Certainly examination of further samples of patients with different diseases caused by viral or bacterial
infections are necessary for deep understanding of the meaning and the significance of these peaks and
possibly other spectral peaks.

On the hand, these MALDI-TOF results are supported by our FTIR examinations which showed clear
and significant reduction of a peak at area 1600 cm−1 in patient samples compared to examined healthy
ones (Fig. 3b). A peak in the region 1560–1630 cm−1 from blood plasma has been reported previously
and assigned as (NH2) from amino acids [26]. It is interesting to mention that this peak was observed to
increase with exercise. The observed changes in this peak either in our or Deleris [26] studies might be
related to the metabolic changes accompanied with human physical condition.

Although the results obtained in this study could be considered only as preliminary results, but still
the interesting different consistent spectral behavior of the patients compared to the healthy samples
observed by both techniques maybe considered as a promising basis for a future study including large
number of samples from different patients with a variety of causes. In addition, it seems to be that a
combination between these two techniques may provide much more reliable results for the detection
and identification of various abnormalities. Furthermore, for each technique only a small amount of
serum (1–2 µl) is required, which can be easily obtained from any patient, and the final results could be
obtained during very short time (approximately 1 hr). It is, therefore, worthwhile to continue developing
each of these techniques as an efficient and reliable tool for the diagnosis and identification of human
diseases and may be other abnormalities.
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