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INTERACTIONS BETWEEN NANOTUBES AND CANCER CELLS
WITH AN OPTICAL TWEEZER AND A HAPTIC COUPLING

We develop a new optical tweezer with force feedback features. This will be done thanks to the development of an
accurate system based on laser interferometric techniques. An optical tweezer also ensures an accurate positioning as far
as objects with nanometric size are concerned. Force feedback will be performed using a haptic device, a mechanical
device with several active degrees of freedom. We plan to provide the user with forces involved during the manipulation.
These forces are at the piconewton level and must be amplified with a bilateral coupling before rendering.

Nanotechnology, laser interferometry, optical tweezer, haptic.

1. Introduction

3D manipulation at nanoscales still remains a challenge due to contact forces that occur. These forces are quite
difficult to model depending on the geometry of the objects and it is thus a problem to control/anticipate them. Using an
optical tweezer seems to be a promising solution since no physical contact is established with the object while
manipulating it. Basically, the laser beam is focused with an objective so that, in the focal plane, it creates an attractive
force to the center of the trap allowing the manipulation of the object. However, the magnitude of the forces is very low
(a few piconewton) and force measurement is a major issue. Two main issues will be addressed through this project,
named NanoCan:

- The first one consists in providing efficient tools to the user so that he or she can easily manipulate the objects
in 3D. An interesting solution could be the use of haptic interfaces since they allow real-time interactions with the
manipulated objects. However, one must also ensure that the manipulation can be performed in an accurate and easy
way, without being an expert. To overcome these difficulties, force feedback may be added to provide local information
about the interactions between the objects.

- The second issue of this project consists in modeling cell-cell interactions and cell-laser interactions. One can
expect to better understand the phenomena that occur at this scale and to evaluate the accuracy thanks to the
experimental setup.

The first application will exhibit the mechanisms of interactions between cancer cells and carbon nanotubes.
Basically, the nanotubes are functionalized with a ligand and can - '
thus interact with a receptor which is specific to cancer cells. Since
the complex ligand-receptor is created, the temperature of the
nanotubes is locally increased using a light with adequate
wavelengths. As a result, cancer cells are destroyed without killing
other cells. This very promising application may lead to a new
therapy for cancers.

2. Principle. 2.1 Description of the project

Optical tweezer has been first developed in the middle of the
"70's by Ashkin et al. [1]. However, it has been deeply studied and
developed only a few years ago while nanotechnologies emerged.
Biology, physics and medicine constitute most of the known
applications [2]. Optical tweezers allow the measurement of
mechanical forces [3] exerted on molecules but also DNA
manipulation.

A bilateral coupling (a control scheme dedicated to haptic
devices) is thus necessary to provide forces to the user. However,
deriving a control law with high performances is still a challenge
especially for applications at nanoscales. Two huge scale factors are
used to link the macro-world (user frame) to the nano-world (object
frame). The stability of the system depends on the ratio of the factors

[4], [5]. A few solutions have been considered to overcome this I
problem [6]. However, the same solutions may lead to a lack of Figure 1 — Principle of an optical
transparency and, consequently, the forces transmitted to the user are tweezer — Haptic device

deteriorated.
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2.2 Optical tweezer dedicated to the oncology

Thanks to their mechanical, electronic, physical and chemical properties, the nanotubes have a high potential not
only for material structures but also in medicine. Monolayer nanotubes could be used for anticancer therapies. The main
advantage is that they are able to strongly absorb a selective range of wavelengths (between 700 and 1100 nm). This
inherent property seems to be useful in order to destroy cancer cells. The temperature of the nanotubes is increased
while inserting them into the cells.

Recalling that the biological systems are not sensitive to the same wavelengths, only the potential cancer cells
will be affected by this operation. The last step is to select only the cancer cells in this subarea. In order to do that, the
nanotubes must be inserted into the organism in a selective way. This is done by functionalizing the nanotubes with a
ligand which is the complement of a native receptor on the cancer cell.

Since | arrived in LISV, our team acquired skills in near field microscopy and nanodisplacements. We decided to
use these competences to build a new setup dedicated to optical tweezers using dipole trapping and emission field
microscopy. One of the milestones of this project is to study the interactions between the nano-objects and biological
cells. It will be thus possible to better understand the process about the selective insertion of nanotubes into the
organism (described above). Moreover, NanoCan allows a better knowledge concerning the toxicity of the nanotubes.

A partnership will be formed with a hospital and a laboratory working on biology. First contacts are already
made and a PhD student (Hoda Sheity) is working on this aspect in collaboration with the University of Beirut.

3. Experimental setup and discussion

The prototype will be designed with respect to a conventional architecture:

1 microscope with an objective x100 and a numerical aperture 1,3

1 laser Nd:YAG able to deliver a high power and a collimated beam

1 laser He-Ne (633nm, 6mW) to perform position measurement based on interferometry
1 camera with high definition and real-time capabilities

1 haptic device (Omega 3D by Force Dimension)
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Figure 2 — Haptic coupling and optical tweezer for nanomanipulation

The first challenge concerns the optical tweezer. Usually, position measurement is realized using techniques
based on interferometry or laser deflection. These techniques allow for precise measurement with high resolution
(typically 1ms for the time resolution and 1nm for the spatial resolution) [8-9]. However, the measure of the position is
often disturbed by the thermal noise. The particle, which is trapped, is frequently in collision with solvent molecules.
The thermal noise is thus a limit for the spatial resolution. It can be reduced if a more rigid optical tweezer. This can be
achieved using a laser with high power. However, as far as biological applications are concerned, increasing the power
may lead to the destruction of the cells due to the variation of the temperature.
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The second challenge concerns the haptic coupling that must ensure the transparency and the stability of the
system (these two criteria are widely used [7] to evaluate the performances of any haptic coupling). The transparency
consists in providing the user with phenomena encountered at nanoscales. However, assuming that we develop a system
with perfect transparency, the thermal noise will also be reflected to the user and this can be very disturbing. As a
consequence, it seems necessary to filter the force signal so that thermal noise can be canceled. Moreover, using high
scaling factors may lead to a lack of stability as stated above. These factors must be taken into account while
synthesizing the controller used in the bilateral coupling.

4. Conclusions

3D manipulation at nanoscales still remains a challenge due to contact forces that occur. These forces are quite
difficult to model depending on the geometry of the objects and it is thus a problem to control/anticipate them. With our
system, we expect to control the position of the nano-objects with sub-nanometric repeatability and accuracy without
increasing the power of the laser. Consequently, the manipulation of cells may be improved since they will not be
destroyed using a high power.
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LIACAHB JI., AJIAWJIA £ IIACAHb JI., AJIAMJII 4.
Bepcamsckuit  yHHBepcutTeT, Jtaboparopus LISV, Bepcamschkuit  yHiBepcuTeT, saboparopis LISV,
Opannus OpaHris
HuTepakuusi HAHO-TPYGOK € PAKOBBIMHM KJIETKaMHU C InTepakuiss HaHO-TPYOOK 3 PAaKOBHMH KJIITMHAMM 32
NMOMOIIbI0 ONTHYECKOr0 NHHIETAa M TaKTHJIBHOI JOTIOMOTI0I0 ONTHUYHOr0 WiHIETY Ta TAaKTHJILHOIO
cBsI3U. MBI pazpabaTeiBaeM HOBBIM ONTHYECKHH IHHIET, 3B’A3Ky. Mu po3po0iseMo HOBUH ONTHYHHMN IHIIET,
0COOEHHOCTBIO KOTOPOTO SIBISIETCSl 0OpaTHasi CBSA3b IO 0COOJIMBICTIO SIKOTO € 3BOPOTHHH 3B'S130K 3a CHIIOK. BiH
cune. OHa OyneT peann3oBaHa 6jarogapst HOBOM TOUHOM Oyne peasi3oBaHMi 3aBISIKM HOBIH TOYHIH cHCTEMI, IO
cHucTeMe, OCHOBaHHOM Ha Jla3epHbIX 0azyeTbct ~ Ha  Ja3epHUX  iHTEp(HEepOMETPUIHHX
nHTEp(HEPOMETPUUECKUX  TeXHOJIOTHAX.  Onrhueckuit TexHosorisix. OnTudHmit miHOeT 3abe3medye TOYHE
IUHIET O00Eecre4YrBaeT TOYHOE IO3MIMOHHPOBAHHE MO3UI[IOHYBaHHA  00’€KTIB  HAHOMETPHUYHHXPO3MIpIB.
00bEKTOB HAaHOMETPUUECKOTO pazmepa. OOparHast CBSI3b 3BOpOTHHI 3BSI30K 3a CHIOK Oynxe 3MiiicHIOBaTHUCH 3
mo cwie OylneT OCYHIECTBISITHCS C HCIIOIb30BAHHEM BUKOPHUCTAHHSIM TaKTHIBHOTO MEXaHIYHOTO MPUCTPOIO 3
TaKTHIBLHOTO MEXaHH4YECKOTO yCTpOWCTBa c JIeKUIbKOMa CTYHEHSMH CBOOOAM. MU IUlaHyeMO JaTu
HECKOJIbKUMH CTEIIeHSIMH CBOOOJBI. MbI IIaHUpyeM BiJIYyTH KOPHUCTYBAa4yeBl CHIIH, SIKI IPUUMAIOTh y4acTh B
J1aTh [I04YBCTBOBAaTh 10JIb30BATEIIO CUJIBI, MaHimymoBaHHi. Li cHIM MaroTh MKOHBIOTOHHHUH PiBEHb
y4acTBYIOIIME B  MaHUIMYJUPOBAHUU. OTH  CHIIBI 1 TOBMHHI OYyTH TIOCWJICHI JBOHAIPABICHUM 3B’ SI3KOM
HaXOJISITCSl HA MMKOHBIOTOHOBOM YPOBHE U JOJKHBI OBITh niepen ix 06poOKoro.
YCWJICHBl ~ JBYHANpaBIeHHOW  CBSA3BIO  MEpel  HX Hanomexnonocii, nazepua inmepgepomempis,
00paboTKOA. OnmMuYHUI RIHYem, MAKMUTbHUIL 36 A30K.

Hanomexnonozuu, naszepnas unmepghepomempus,
onmuuecKuil NUHYem, MaAKmMuiIbHAs C8A3b.
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