IMPETUX

The Force of Light

Optical manipulation systems for quantitative cell and tissue mechanics
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e ) IMPETUX

The Force of Light

The optical manipulation platform developed by IMPETUX consists of an
optical trapping unit (Cygnium G-422) combined with a force sensor unit
(Lunam T-40i).

Direct measurement of forces
inside cells and tissues.

ﬁ' /—Forcesensor
= o Calibration-free force
measurements.

Active micro-rheological
information.

Opti | it— “ . ”
prcal um Compact “on-microscope” opto-

mechanical design.

Compatible with different
microscopies (epi-FL, DIC,
TIRFF,...)

User-friendly software.

.‘ gy Multiple trapping capabilities
= for complex manipulation

™~ Force sensor power supply experiments (>1 0 traps).

The optical trapping system Cygnium G-422 has been specifically
designed to work with living cells and tissues. It is based on a patented
technology that overcomes the main limitations of current systems, bringing
key advantages for the measurement of forces in complex media.

The optical tweezers Cygnium G-422 is conceived to work as a satellite
component of an inverted microscope. The system offers the possibility to
work with multiple traps (>100) simultaneously synchronized (time
sharing) by means of acousto-optic deflection technology, automatically
measuring the force exerted by each trap and allowing the acquisition of
fluorescence images at the same time.

Cygnium G-422 allows the possibility to determine the rheological properties
of the working medium. By mean of active/passive techniques, IMPETUX
technology offers the possibility of measuring micro-rheological
magnitudes inside complex mediums like cells cytoplasm with great
viscosity and abundant of elastic properties.
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The main performances and technical specifications of the optical trapping

unit are:

. Ultra-fast beam steering through acousto-optic deflectors for the
generation of multiple traps (>100 independent traps).

. 2D fast trap steering (100 kHz). Force measurements at 100 kHz can
be simultaneously performed for up to 10 independent traps.

. Accurate positioning of the individual traps.

. Ultra-stable low noise Infrared laser for biological compatibility.

. Optimized laser power homogeneity (<1 %) of all traps generated in
the working field (typically 80 um x 80 um for a 60X objective
magnification).

. Laser power at sample as high as >0.5 W.

. Maximum typical trapping forces of 100-500 pN.

. Simultaneous Fluorescence imaging.

. Compatible with different microscopies (DIC, TIRFF...)

. User-friendly control and acquisition software included.

. Robust high-quality aluminum enclosure of the optical unit specially
designed for the maximum mechanical stability of the system.

. Dimensions of the Optical unit (L x H x W): 360 x 250 x 90 mm.

The laser unit (included in the system) and Cygnium G-422 electronic drivers
are mounted into a high quality enclosure (either rack or table top enclosure).
The force sensor module Lunam T-40i is
specially conceived to simultaneously
measure the forces exerted by several
, optical traps generated by the optical
trapping module. Our patented and
distinctive technology measures the
force as a derived magnitude of the
direction of propagation of the laser beam,
instead of the sample position, which
provides a direct route to the force. After an accurate calibration at factory,
the deflection of the beam produced by the sample directly corresponds to
the optical force exerted on the trapped particle.

This gives our technology a key advantage over the competence systems,
usually based on back focal plane interferometry, as no restrictions on the
sample are imposed and no previous calibration form the user side is
required. This is especially advantageous when working with living
cells.
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Among the most relevant advantages of the Lunam T-40i force sensor
compared to other competitors, we highlight:

. Ability to perform direct force measurements and work in sample
position detection mode.

. Permanent calibration of the system made at factory: No need of any
previous calibration to start measuring or when sample is changed.

. Reliable force measurements inside thick samples (up to 0.5 mm).

. Exact force measurement independently of sample size and shape
(including non-spherical samples).

. Precise determination of the laser power at sample.

. Possibility of measuring beyond the linear region of the trap: under
the same conditions, Lunam T-40i is capable of measuring higher
forces (a 2-3 fold factor) than its competitors. This significantly
reduces the laser power irradiation of the sample necessary to

measure a certain force.

The main performances and technical specifications of the Lunam T-40i force
sensor unit are:

. Force resolution <50 fN.

. Position resolution <1nm.

. Compatible with commercial micro-incubation chambers and
confocal imaging chambers (like for instance the RC-30WA model
from Warner Instruments).

. High Numerical-Aperture (NA=1.4) immersion optics.

. Integrated sensor noise over the whole bandwidth <0.1 pN (typ.).

. Temperature-compensated, duo-lateral position sensitive detector
(PSD) (max. sampling frequency 100 kHz).

. Up to 100 kHz, 18-bit, analog-to-digital conversion.

. Highly-regulated, low-noise linear power supply (models with
100/120/220/240 VAC- 50/60 Hz available).

. Symmetric and robust opto-mechanical design.

. Sensor head unit dimensions: 22 cm x 18 cm x 11 cm.

. Direct PC communication through Hi-speed USB 2.0 port.

. User-friendly acquisition software and LabVIEW libraries included.

. Straightforward installation and tuning routines ensure correct

measurements and reproducibility.
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Additionally, the Lunam T-40i force sensor can also be complemented with
additional options like:

- Force clamping modulus to apply constant force levels on samples

- Z axis force measurement modulus for 3D force measures.

The control and acquisition software supplied by Impetux consists of a
Labview application with moduli for the control of several microscope
cameras (like for instance SCMOS Hamamatsu ORCA Flash 4.0 V3), the
generation of optical traps and the acquisition of synchronized force
measurements. The generation of the traps as well as their positioning and
displacement over the working field can be controlled by simply clicking
and dragging the mouse over the camera screen interface. The traps can
also be generated though predefined files in order to execute finely
controlled trap displacements. The direct force measurements of each tarp
generate useful data (up to 100 kHz sampling frequency) in real time which
can be stored in several format files for their ulterior analysis. Automated
routines are also implemented in the software in order to perform active
micro-rheological studies of the samples.

LabVIEW is the preferred software development tool used in scientific
instrumentation environments and has the advantage that it allows
implementing simple modifications by the user, Impetux technicians or third-
party developers in case of need. For this purpose, IMPETUX distributes .vi
modules with open source code.
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An additional advantage of LabVIEW is the ease of implementation into the
software of control routines for any new equipment that is added later to the
system (such as new cameras or motorized platforms) since most of the
instrumentation manufacturers facilitate the control drivers of their equipment
in this environment.
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