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Abstract: In this work, the effects of thalassemia, a blood disease quite
diffuse in the Mediterranean sea region, have been investigated at single
cell level using a Raman Tweezers system. By resonant excitation of
hemoglobin Raman bands, we have examined the oxygenation capability
of β -thalassemic erythrocytes. A reduction of this fundamental erythrocyte
function has been found. The measurements have been performed on a
significant number of red blood cells; the relative statistical analysis is
presented. Moreover, the response to photo-induced oxidative stress of
diseased cells with respect to the normal ones has been analyzed. Finally,
the deformability of thalassemic erythrocytes has been quantified by
measuring the membrane shear modulus by using a double-trap system:
the measurements have revealed an increase in membrane rigidity of more
than 40%, giving evidence that the genetic defect associated to thalassemia,
which manly relies on hemoglobin structure, also strongly affects the erythrocyte mechanical properties. Our results demonstrate that the developed
set-up may have potential for the monitoring of blood diseases and their
response to drug therapies.
© 2008 Optical Society of America
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1. Introduction
The composition and conformation of biomolecules within a living cell may change in response
to external agents, such as environmental stress or drug administration, or in presence of cellular
disorders. Rapid identification of these changes, at single cell level, is a challenging topic for
many biomedical applications, and for the understanding of fundamental cellular processes.
Optical Tweezers (OT) [1] have revealed to be a powerful tool to address this issue. Based on
the use of a strongly focused laser beam, they allow trapping and manipulation of micro-sized
objects in absence of mechanical contact [2]. Optical trapping allows cell immobilization without fixing it to a substrate, avoiding adsorption-induced effects. In addition, it becomes possible
to apply forces and torques in order to investigate, for instance, elasticity and viscoelasticity of
single cells or microrganelles [3].
An interesting trait of OT is that they can be combined with spectroscopic techniques, including absorption, fluorescence, and Raman spectroscopy, in order to extract structural information about single trapped objects [4-9]. Among these, Raman spectroscopy has been widely
used for the analysis of biological samples in aqueous solution, thanks to the weak Raman activity of water. Raman spectroscopy is based on the inelastic scattering of radiation; the spectral
#91619 - $15.00 USD

(C) 2008 OSA

Received 15 Jan 2008; revised 25 Feb 2008; accepted 2 Mar 2008; published 19 May 2008

26 May 2008 / Vol. 16, No. 11 / OPTICS EXPRESS 7945

features are straightly connected to the fundamental vibrational modes of the bonds of the analyzed chemical species [10-14]. Nowadays, its range of application is very wide, ranging from
the study of protein or nucleic acid [15] to the comparison between normal and neoplastic cells
[16].
The combination of an Optical Tweezers with a Raman System (Raman Tweezers, RT) allows getting spectra coming from a single particle instead from an ensemble average [17]. In
this way, heterogeneity can be exalted, and information about composition and distribution of
specific chemical species can be obtained [18-26].
Several Raman based techniques have been developed to enhance the intensity and improve
the spatial resolution with respect to the basic method. In particular, Resonance Raman Spectroscopy (RRS) occurs when the excitation wavelength matches to an electronic transition of
the molecule so that vibrational modes associated with the excited electronic state are greatly
enhanced. This kind of analysis is particularly useful for investigation of biologically relevant
metalloporphyrin complexes, which, due to the presence of large aromatic rings, present absorption bands in the visible region [27]. RRS has been, in fact, widely used to investigate
human erythrocytes, also at single cell level.
Erythrocytes, also referred as red blood cells (RBCs), perform the most important blood duty
and play an essential role in human respiratory function. They consist mainly of hemoglobin
(Hb), a globular protein with an embedded porphyrin (heme group), which constitutes the Hb
prosthetic component. Each group contains an iron atom, which temporarily links to oxygen
molecules in the lungs and release them throughout the body. The high symmetry and the chromophoric structure of the heme result in strong enhancement of the Raman Scattering using
laser wavelengths close to the heme electronic absorption bands [28-31]. The occurrence of
resonance Raman scattering from the Hb prostheic group allows the investigation of Hb within
erythrocytes without interference by other RBC component scattering [32-34]. This is a quite
interesting issue for the characterization of Hb-related blood diseases, such as thalassemias.
Thalassemia is a disease of RBC inherited as a semidominant trait, quite diffuse in the populations of the Mediterranean sea. In thalassemia, the genetic defect results in reduced rate
of synthesis of one of the globin chains; they are classified according to which chain of the
globin molecule is affected: in α -thalassemia, the production of α globin is deficient, while
in β -thalassemia the production of β globin is defective. As a consequence, α /β chain ratio
is imbalanced, leading to an excess of the normal chain, which may be more injurious to the
cell than the defect of the affected chain. Indeed, free globin chains bind to the cell membrane,
damaging it and rendering the cell more vulnerable to mechanical injuries. β -thalassemia is the
most common of this disease; its incidence can be as high as 1 in 10 in some Mediterranean
areas.
In this work we present the results of the characterization of RBC from β -thalassemic patients obtained by using an OT system integrated with a Raman probe. In particular, we compare the Raman spectra of single thalassemic RBCs (t-RBCs) with those obtained from healthy
subjects, relating the observed differences to the analyzed disease. We also investigate photoinduced effects caused by the laser radiations used for both trapping and Raman excitation.
Finally, we study the mechanical response of normal and thalassemic cells by monitoring the
deformation induced by a double-trap system. We think that this work can have significant
applications for the characterization of RBC with functional alterations and for a better understanding of the biology of thalassemic RBCs.
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Fig. 1. Experimental set-up of the combined Optical Tweezers and Raman Spectrometer:
L, lens; M, mirror; DM, dichroic mirror; GM, galvomirror; NF, notch filter.

2. Materials and methods
2.1. Experimental set-up
Figure 1 illustrates the main components of our experimental set-up which essentially consists of an Optical Tweezers system combined with a Raman spectrometer. The trapping laser
was given by a Nd:YAG laser (1064 nm; Laser Quantum, Ventus 1064), emitting a maximum
power of 3 W. It was tightly focused into the sample by an Olympus oil-immersion infinity
corrected objective lens (100X, 1.4 N.A.). A telescopic system (lenses L 1 and L2 in Fig. 1),
placed at a proper distance from the objective entrance pupil, guaranteed a constant coupling
of the trapping beam into the microscope. Resonance Raman spectra of RBCs were excited by
a frequency-doubled Nd-YVO laser (532 nm; Spectra Physics Millennia Xs). It was mixed to
the trapping beam through a dichroic mirror, reflecting near-IR radiation and being transparent
to visible radiation. Back scattered light from the sample, collected and collimated by the same
focusing objective, followed back the same path as the incident Raman probe, reaching finally
an holographic notch filter. This last reflected the Rayleigh scattered radiation while provided
a good transmission of the inelastic scattered Raman light. The so filtered radiation was focused onto the entrance slit (set at an aperture of 50 μ m) of the spectrometer (TRIAX 180,
Jobin-Yvon), equipped with a 1800 lines/mm holographic grating. Finally, the Raman radiation was detected by using a front-illuminated charge-coupled device (Pixis 1024, Princeton
Instruments, 1024 × 1024 pixels), thermoelectrically cooled at -70 oC and placed at the spectrometer exit. The detector was interfaced to a personal computer, where spectra were stored
and analyzed. To precisely assign a wave number to each individual detector pixel, we used a
trapped polystyrene latex beads (SERVA Electrophoresis), whose Raman peaks positions are
accurately known [35]. Calibration points distributed over the whole spectral region of interest
were fitted by a straight line. The final spectral resolution was 2 cm −1 , as estimated from the
polystyrene spectrum by measuring the FWHM of the 1001.4 cm −1 peak.
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Fig. 2. A: Sketch of the stretching procedure used for the present investigation. B: Same
frames of a video recorded during the stretching of a normal RBC.

The light from a LED, focused on the sample by a 10X objective, was used to illuminate
the sample; an image of the trapped cell was obtained by using a CCD camera, coupled to the
microscope.
The sample chamber was constituted by two 150 μ m glass coverslips (Knittel Glasser, thickness no.1), sealed with parafilm stripes which also act as ∼ 100 μ m spacer. The chamber was
placed on a translational stage, providing the sample movement (micrometer translator Newport, HR-13, step size: 2 μ m, travel: 13 mm). RBCs were trapped at a distance of about 4 μ m
from the lower coverslip. At this distance, the optical aberrations are reduced and the Raman
collection efficiency is maximized [36].
For the mechanical characterization of RBCs, a double-trap system was created by applying
a square voltage signal at a frequency of 1 kHz to a galvomirror (Cambridge Technology Incorporated, mod. 6220), placed on the optical path of the trapping beam. In such a way, the two
optical traps shared the beam power and their relative distance was controlled by the voltage
signal amplitude.
A sketch of our stretching mechanism is illustrated in Fig. 2(A), while in the part (B) of
the same figure some frames of a recorded video are shown. When the voltage applied to the
galvomirror is zero, we have a conventional single trap: the RBC reaches a trapped position
and floats slightly around it. As the distance between the two traps is increased, the RBC firstly
starts orientating along the axis passing through the center of the two traps. After the RBC is
fully aligned, it begins to be stretched. RBC elongation was extracted by hand, using an image
software (NHI ImageJ). In particular, we recorded 20 images for each erythrocyte elongation.
From each image we estimated the major axis of the RBC shape and computed the average
length over all the 20 frames.
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2.2. Sample preparation
Fresh blood was obtained by fingerprint needle prick. Control samples were drown from six
normal adults. All thalassemic consenting (n=6) subjects showed typical pathological features
such as reduced MCV (red cell mean corpuscular volume) and elevated HbA2 electrophoresis
fraction; serum ferritin was normal in all of them.
Samples were prepared according to the following procedure: blood (5 μ l) anticoagulated by
K-EDTA, was diluted in 10 ml of isotonic aqueous NaCl solution and 0.5 ml of human albumin
(used as membrane protection). Few microliters of this solution were transferred, within few
minutes, in a home-made chamber.
3. Results and discussion
3.1. Resonant Raman spectroscopy.

Fig. 3. Upper part: Typical Raman spectrum of an healthy RBC, obtained with an integration time of 10 s. The solid line corresponds to a fitting with 14 Lorentzian profiles, while
the dashed lines indicate the deconvoluted curves. Lower part: Residual obtained as the
difference between the experimental and the best-fit spectrum.

Figure 3 shows a typical Raman spectrum, between 1100 and 1750 cm −1 , of a single optically trapped functional erythrocyte from a healthy volunteer. It was obtained with an excitation
power of 0.2 mW and an integration time of 10 s. The contribution due to the buffer solution,
taken by removing the RBC from the trap, was subtracted. No averaging was performed, in
order to minimize the exposition time to the Raman probe and, hence, to reduce photo-induced
effects. The obtained Raman bands are due to the resonantly enhanced hemoglobin contribution; in particular, enhancement of the inelastic scattering comes from the coupling of Raman
excitation with the porphyrin macrocycle Q band. Although the relative intensity of the different Raman bands are strongly affected by the excitation wavelength [32], numerous spectral
features can be clearly identified, according to their spectral positions. Band assignment, reported in Table 1, follows the work by Abe et al. [37] and the successive work of Wood et al.
[32]. For a better estimation of both spectral position and intensity of the observed Raman features, the spectral region between 1100 and 1750 cm −1 was fitted with 14 Lorentzian profiles,
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Table 1. Assignment and spectral position (cm−1 ) of the Hb Raman bands observed in this
work. For comparison, we also report the bands observed by Wood et al. [32] for both oxyand deoxy-Hb with excitation at 514 nm.

Band
Assignment [37]
ν10
ν19
ν37
ν11
-CH2 (scissor)
ν28
ν20
ν4d
ν41
ν21
ν13
ν13 or ν42
ν30
ν22

Local
coordinate [38]
ν (Cα Cm )asym
ν (Cα Cm )asym
ν (Cα Cm )asym
ν (Cβ Cβ )
-CH2 (scissor)
ν (Cα Cm )asym
ν (pyrquarter − ring)
ν (pyrhal f − ring)sym
ν (pyrhal f − ring)sym
δ (Cm H)

δ (Cm H)
ν (pyrhal f − ring)asym
ν (pyrhal f − ring)asym

Hb band position
532 nm
1640
1604
1588
1548
1467
1430
1397
1356
1336
1301
1248
1223
1170
1131

Oxy Hb [32]
514 nm
1638
1604
1585
1547
1471
1430
1397
1356
1336
1301
1245
1228
1171
1134

Deoxy Hb [32]
514 nm
Absent
1604
1580
1546
1471
1425
1394
1356
1336
1301
Absent
1220
1172
1124

each corresponding to an expected Raman feature [32]. All parameters (intensity, spectral position and width) were allowed to vary in the fitting procedure. The 14 deconvoluted profiles are
reported as dashed lines in Fig. 3, while the envelope of this curves is shown with a solid line.
As it is possible to see from the residual, calculated as the difference between the experimental
and fitted spectra and shown in the lower part of Fig. 3, the Lorentzian profiles approximate
quite well the experimental data.
The prominent Raman features occur in the spectral region between 1500 and 1650 cm −1 ,
which corresponds to the core size or spin state marker band region. As a matter of fact, these
strong bands provide information about the Hb oxidation state: when the Fe atom in the porphyrin heterocyclic ring is linked to oxygen, it is in the low spin state (S=1/2), while in the
deoxygenated heme, Iron is in the up spin state (S=2). In these two cases, the porphyrin ring
exhibits different symmetries, so that the strength and the spectral position of its vibrations are
sensitive to the oxygenation condition. This issue has been also pointed out by Wood et al.
[32] in its investigation on the wavelength dependence of human erythrocyte Raman bands. In
particular, the authors found that some Raman peaks were absent in deoxygenated RBC, while
others shown a valuable energy shift (see Table 1).
This evidence constitutes the starting point in the interpretation of the erythrocyte Raman
spectrum from thalassemic patients. Figure 4 compares the Raman spectrum of a healthy RBC
and that corresponding to heterozygous β -thalassemic cells. It is possible to highlight some
interesting differences. First of all, Raman bands characteristic of oxygenated Hb (oxyHb) are
strongly depressed for the β -thalassemic ones. For instance, the ν 10 band, clearly visible in
the spectrum of normal RBC, can be resolved in the spectrum of thalassemic RBCs only after
deconvolution from the stronger ν 19 band by the fitting procedure.
A quantitative analysis of this effect is shown in Fig. 5, where we compare the intensity
of selected Raman features (ν 37 , ν10 and ν13 bands), normalized to the ν 11 band intensity, for
healthy and thalassemic cells. Moreover, numerous Raman bands, affected by oxygenation condition, are energy-shifted (see Table 2). Both experimental outcomes clearly mirrors a lower
efficiency of t-RBC in carrying out their natural role, namely oxygen transportation from lungs
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to all the organism. To test the reproducibility of these results, we performed a statistical analysis on RBCs, collected from normal individuals and heterozygous thalassemic patients. For
each sample we performed the Raman analysis described above, estimating the ratio between
the intensity of the ν 37 and that of the ν 11 bands (R = Iν37 /Iν11 ).

Fig. 4. Comparison between the Raman spectra of normal and β -thalassemic RBC. The
arrows indicate the spectral features affected by intensity changes, while the dashed lines
highlight the observed energy shift.

Fig. 5. Trends of the relative intensity for selected Raman peaks (ν37 , ν10 and ν13 ) corresponding to the two types of cells (see text for details).
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Table 2. Observed wavenumber (cm−1 ) relative to 4 Raman peaks for normal and β thalassemic RBCs.

Band Assignment
ν37
ν28
ν13 or ν42
ν22

Normal
1588
1430
1223
1131

β -thalassemic
1581
1426
1215
1125

In Fig. 6(A), we report the statistical distributions of the ratio R corresponding to a normal
and a thalassemic donor. Each distribution is relative to 300 spectra. Overlapped to them, we
also show the fits with a Gaussian curve. This analysis was repeated for 6 volunteers for each
kind of cells (see Fig. 6(B)). From this investigation, two interesting features emerge. First of
all, the distributions are well separated; more precisely, they are not overlapping within three
standard deviations, as evidenced by the horizontal bars, which show the weighted-mean and
the standard deviation for the normal and the thalassemic cells.
In addition, all t-RBCs distributions present a much wider spread around their mean values
with respect to that of healthy RBCs. The wider distribution found for diseased RBCs clearly
mirror the higher heterogeneity of t-RBCs, which can be also observed in the dimension and
shape of these erythrocytes. We think that these experimental outcomes provide an interesting
starting point to explore the application of a Raman Tweezers system in the clinical diagnosis
of Hb-related blood disorders.
3.2. Photo-induced effects.
During our experiments a particular care was put in order to reduce photo damages induced
by the trap and Raman lasers. Indeed, more generally, when biological samples are exposed
to laser radiation it is important to be aware of possible photo-induced effects. These last have
been investigated for normal RBC exposed to visible and IR radiation [32]. In general, it has
been established [32] that exposition to high-power radiation in the green region leads to protein
denaturation and Hb transfer into the metHb state, in which the oxygen is irreversibly bound to
the heme. In our study we extended this investigation to β -thalassemic erythrocytes. We first
analyzed the effects of exposition of both normal and thalassemic RBC to radiation at 1064 nm,
which corresponds to the wavelength of our trapping laser. At this purpose, a single erythrocyte
was placed in the optical trap for different time intervals, ranging between 20 and 300 s; at the
end of each interval, we monitored RBC vitality by recording its Raman spectrum for 3 s. To
avoid the superposition of effects induced by the Raman probe, the RBC was changed after
each measurement. The power of the IR beam was taken fixed at 15 mW, while the Raman
probe power was 0.2 mW.
In Fig. 7 we report the intensity of the ν 11 peak at 1548 cm −1 , normalized at the maximum
value (IMAX
Raman ), for healthy and β -thalassemic RBCs. The latter Raman feature is the stronger
one for the two kinds of cells and its relative intensity is not affected by Hb met transition.
For each trapping time we repeated ten measurements using distinct cells. The points plotted
in Fig. 7 represent the average values while the error bars are the standard deviations. As it can
be seen, the normalized Raman intensity changes by 12 % for normal cells and 17 % for the
thalassemic ones on a period of 300 s. In addition, we observed that the relative intensities of
the different peaks in the Raman spectra were not affected. This indicates that, at power level
used in our experiment, the photo-damage by IR laser trapping is quite low.
The photo-induced effects at 532 nm are, instead, much stronger. Figure 8 shows the intensity of the same Raman feature (ν 11 ) as a function of exposure time to the Raman probe, at
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Fig. 6. A: Statistical distributions of the ratio R = Iν37 /Iν11 obtained by analyzing 300 RBCs
from a single normal (pink histogram) and thalassemic (blue histogram) donor. The fitting
of these distributions with Gaussian profile is also shown. B: Gaussian profiles obtained
by fitting the experimental distributions relative to 6 normal (Hi) and 6 thalassemic (Ti)
volunteers. The weighted-mean and the standard deviation for the two kinds of cells are
evidenced by horizontal bars.

a power of 0.3 mW (the trapping laser power was kept at 15 mW). Again, the measurements
were done trapping one fresh cell and exposing it to 532 nm radiation for a time varying from
3 to 150 s. As for Fig. 7, the measurements were normalized to the intensity of the maximum
Raman signal, observed at t=3 s.
As it can be observed in Fig. 8, the photo-damage is different for the two kinds of cells. For
an exposure time of about 80 s, the reduction of the Raman signal is ∼50 % for normal cells
and ∼80 % for β -thalassemic cells. Therefore, our investigation shows that thalassemic RBCs
are more sensitive to photo-oxydation.
This result confirms a more general trend of thalassemic RBCs to be sensitive to oxidant
stress [39, 40]. From a medical point of view, this may be attributed to an excessive oxidation
of the unstable free globin chains and the subsequent release of oxygen radicals, that might
damage the cell membrane [41]. This information has to be taken into account in all optical
analysis of t-RBCs.
Another evidence of the photo-damage is represented by the modification of the whole Raman spectrum. In Fig. 9 are compared the spectra for normal RBC obtained at 10 and 150 s
exposure time, respectively. Both spectra were normalized to the highest Raman peak. As it can
be seen, for long exposure a background appears and the relative bands intensities are modified. In particular, cellular photo-damage leads to spectral changing in the spin-sensitive region,
where an increase of the Raman ν 37 band is observed, indicating irreversible Hb transition to
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Fig. 7. Intensity of the Raman ν11 band, as function of the exposure-time to the trapping
radiation for normal (•) and β -thalassemic (◦) RBCs. The intensity values are normalized
to the value at t=20 s.

Fig. 8. Intensity of the Raman ν11 band, as function of the exposure-time to the Raman
probe for normal (•) and β -thalassemic (◦) RBCs. The intensity values are normalized to
the value at t=3 s.

the met state. Similar effects have been already reported for healthy erythrocytes exposed to
radiation at 514 nm and they have been attributed to protein denaturation, resulting in heme
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Fig. 9. The Raman spectra of a normal RBC exposed to 532 nm radiation for 10 and 150 s.
Solid lines are the best fit lineshape convolutions.

aggregation within the cell [30].
3.3. Mechanical response to applied stress.
The deformation capability of RBC is mainly due to the elasticity of its membrane. This
last is made of a lipidic bilayer, covering a protein network essentially composed of spectrin
tetrameres linked by actin and protein 4.1 to form complex junctions. The mechanical properties of such structure has been largely investigated from both theoretical [41-43] and experimental [44-46] points of view. In the first case, the studies were devoted to develop, through
computational simulations, reliable models for the architecture of the spectrin network, able
to simulate the erythrocyte mechanical properties. In the second case, the investigations relied
on the measurement of cellular distortion in response to an applied mechanical stress. This
issue has been addressed by using many different experimental techniques, including mainly
micropipette aspiration [48]. This last is based on the creation of a protrusion from the cellular
membrane, which is drawn into the pipette. The relation between the protrusion extension and
the pressure gives the shear elastic modulus. Recently, Hénon et al. [46] have measured this
parameter for normal human erythrocytes by using an Optical Tweezers system: in this case,
calibrated forces were applied via small silica beads bound to the RBC membrane. The necessity to use such beads arises from the need to exert known forces, in order to obtain an absolute
measurement of the RBC shear modulus. Indeed, an absolute force calibration requires trapping
of objects of well known shape, size, and composition. Similar measurements have been also
performed by Lenormand et al. [45] on the free spectrin skeleton, extracted from the membrane
of a RBC .
In the present work we characterize the mechanical response of t-RBCs compared to healthy
ones. It is important to underline that, although thalassemic syndromes concern mainly a genetic
defect in hemoglobin synthesis, precipitation of free globin chains leads to various membrane
dysfunctions [49]. This is also proven by the presence of defects in morphology and shape of
RBC affected by this disease.
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Our investigation was performed by stretching single erythrocytes by using a double Optical
Tweezers system. Due to the comparative character of this investigation, it was not necessary
to exert the mechanical stretching by using microbeads as handles. Of course, this simplifies
the measurement procedure, avoiding the difficulty to obtain RBCs with microbeads adherent
to the membrane in a proper relative position [45].

Fig. 10. Response to applied stretching for normal and abnormal RBCs.

In Fig. 10 we report the RBC elongation as function of the trapping beam power for healthy
and thalassemic RBCs. Each value results from an average of 25 measurements performed on
different cells. The error bars correspond to the standard deviation. The data plotted in Fig. 10
reveal a quite different mechanical response of normal cell with respect to t-RBCs. From a
linear fit of the experimental data, it was possible to estimate the ratio of the shear modulus k
for the two kinds of cells. This results to be: k n /kβ =0.68±0.05.
If we assume kn =2.5±0.4 pN/μ m, as found by Hénon et al. [46], we obtain k β =3.7±0.9
pN/μ m. Previous measurements on β -thalassemic cells, performed with standard micropipette
aspiration, brought out an elastic shear modulus in beta-thalassemia 33 % [50] higher than the
normal one, against the 48% found here.
Some consideration can be done to explain this difference. First of all, as already pointed out
in the ref. [46], since the two methods (double-trap and micropipette) do not operate in the same
deformation regime, they are not expected to lead to the same result. Moreover, in micropipette
aspiration measurements the friction force between the cellular membrane and the glass pipette
wall may have a significant role in force balance.
Finally, in more than 10 % of the total measurements in β thalassemic cells, we observed an
evident damage to RBCs by applying strong deformation. In such cases, the stretching caused
a membrane fragmentation and a consequent cell death. In all the other cases, the vitality of
normal cells was not affected, as also proved by Raman measurements performed before and
after application of the mechanical stress.
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4. Conclusions
This paper reports the characterization of heterozygous thalassemic red blood cells, at single
cell level, by using a Raman Tweezers system. The study has been performed by analyzing the
resonantly enhanced inelastic photons scattering from hemoglobin. Moreover, we have investigated the cellular response to mechanical stress, by using a double-trap system. Some significant difference in the functionality of these cells with respect to normal erythrocytes have
been highlighted. In particular, the oxygenation capability of Hb has revealed to be reduced in
β thalassemic RBCs. The two types of cells also present a different response to photo-induced
oxidative stress. We have also measured the membrane shear modulus for thalassemic erythrocytes, which have revealed to be higher than 40 % with respect to healthy cells; this result
indicates an even more pronounced rigidity with respect to that measured with conventional
technique based on micropipette aspiration. Our results confirm medical predictions regarding thalassemia, such as the reduced oxygenation capability of t-RBCs and their higher rigidity. Moreover they provide an interesting starting point to explore the application of a Raman
Tweezers system in the analysis of others blood disorders. Unlike the traditional diagnostic
tools, our approach is able to provide with the same apparatus both chemical and mechanical
properties, even at single RBC level. That allows to extol heterogeneity, which is instead hidden
by bulk-based techniques.
It is also worth to be noted that a combined Raman Spectroscopy and double trap system
opens new opportunities to study the protein rearrangement in cellular membrane under mechanical stress conditions. We think that this is a intriguing subject, which is, as far as we
know, still poorly investigated [51]. At this purpose, it is useful to observe that it is possible
to have at the very same time RBCs fluorescence microscopy imaging, to determine the cellular change in shape under mechanical stress application [52]. Such measurements on RBCs
could provide new insight on the interaction of membrane proteins, such as spectrin and actin.
Improvements in our experimental set-up are in progress to reach this goal.
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