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A prerequisite for an understanding of the mechanisms of nerve regeneration and neuronal
development is the understanding of the principles of force generation in growth cones — the
mechanical and chemical sensor of a neuron. In our working group we try to approach this
issue from a variety of different aspects, combining experimental and theoretical studies of
actin networks, membrane fluctuations and focal adhesion sites. Two other aspects which will
be presented here are the direct measurement of forces exerted by the cells, and the neuron’s
response to mechanical and chemical stimuli.After we succeeded in measuring stall forces and
forces of the retrograde actin flow and the cell body with an SFM in fast-moving fish
keratocyte cells we want to transpose this method to growth cones. The SFM cantilever is kept
at constant height and force while the growth cone is growing against the bead which is glued
at the tip, and the lateral deflection is recorded. Because forces and velocities of neurons are
very small and the resulting experiment times are long, the SFM setup requires additional
stabilization. We want to use a dual-beam optical trap setup to monitor potential drift of
sample and cantilever to ensure a stable position of the cantilever, with respect to the sample,
over very long times.

Another facet is chemo- and durotaxis of neurons. We use soft materials with locally modifies
Young’s modulus, measured with SFM, and local protein coatings to induce highly polarized
cell growth. The aim is to learn how such a stimulus is reflected on the molecular level and
how this knowledge can be transferred to whole-cell behavior, e.g. cell differentiation,
preconceiving that cells are highly adaptable systems. First results of experiments with such
materials modified by a new treatment technique are presented here, along with the
description of the stabilized SFM setup.
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Figure 1 NG 108-15 cell extending on the soft stripes of a polyacryl Figure 2 Schematics of force
amide gel (left) although there is no surface protein coating (right, measurement with dual-beam
fluorescent stain of laminin) optical trap stabilizing sample

(left bead) and cantilever (right

bead)
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Neuronal cells ore sensitive to a exhausting variety of

chemical guidance cues and o mechanical stimuli
Recent findings suggest thot force ganeration and
mechanical strongly differs in neurons comparnd 1o ather cells, &.g there
are indications for an inverse durolaxis — an octive movement of nevrons toword
regions of low stiffness 1], comparable to those of glia cells which provide their
hysick | environment [2]. Considering cell's inherent complexity modern
Yends in invitro cell studies favor multi-stimuli ossays where the cells activity under

multiple guidance cues is investigated

We use o completely new method

ta create materials which provide
mechanical and o chemical stimulus sim
taneously [3]. Polyacrylamide (FAA) hydro:
ore exposed by an Arf-excimer laser (i =
nm] creo- ting sophisticated patiers (left, sco
bar 50 pm). This results in alterned binding
properties of PAA and a local decrease of
rigidity, which can be measured with SFM,
wsing modified contilevers with apherical
beads attached 1o the tip and a taylored
Hartz-model [4]
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To meosure the pushing forces o cell con produce ot
itsleading edge forwrd we ploce o modified

SFM-cantilever in front of it, such thot the cell moves

perpendicular to the long axis of the contilever. When the cell reaches the
cantilever it will push against it causing a twist of the cantilever, which in furn
couses o lotercl deflection of the SFMJaser. To use this mathod with weak and slow

moving cells like neurons it is impartont that the contilever does not move with

respect to the substrate of the sample
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w The pasition of o beod tropped in on optical rap can

be detected with nanomater resclution. But the com-
monly used salups using forword sconered light con't be combined with o SFM.
Using the bockscattered light sclves this problem as it leaves the space above the
sampla frea for for the scanning head of the SFM. The drowbock of this method i
that the incident loserbeam ond the backsconed light rovel along the same path
The use of linearly polarized light in comb with a A/ plate can yield
bach i light that is perpendicularly polarized with respect to the incident
light. A polarizing baam splitter then allows 1o saperate the two beams
The use of two indepandant datection lasers will allow to detect the movemant of

the cantilever tip and the sample substrobe simubtanecusly
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