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Abstract

Alveolar type Il cells respond to mechanical stiatign with a fusion of
surfactant containing lamellar bodies (LBs) witte thell membrane. Single
fusion events of LBs can be detected with the fluoeas dye FM1-43 in vitro
and we determined this parameter to investigateeffeet of cyclic stretch on
primary rat type Il cells. After cultivating theltseon an elastic growth support
we used a micro-robotic arm (kleindiek nanotechtiiigt allowed us to locally
stretch the underlying growth substrate and hea@ply unidirectional stretch
to individual clusters of cells. Stretch of diffetérequencies (1, 2 and 4hz) and
varying amplitude showed that the average stretelquency of cells that
responded with LB fusion was only slightly lower §8Hz) compared to cells
with no LB fusion (2.0Hz) and also the stretch atope did barely correlate
with the number of LB fusions. Cells that respondétth fusions were generally
attached to more cells than the ones without respdndicating cell-cell
interaction of some kind to account for the procéssases were the position of
the adjacent cells with respect to the stretch eaidd precisely be defined we
found that an unsymmetric deformation rather thampg& elongation of a cell
cluster lead to an increased number of fusions.tetashows that the
mechanosensitive machinery of the ATII cell is abdedistinguish between
force patterns and we suggest cytoskeletal elementse a key player in
mediating this process. To investigate whether famdthesion - the classic
intracellular sensors for mechanotransduction - astcdor the effect, we
labelled several focal adhesion proteins in vivo aothpared their response to
stretch in different sectors of the inhomogeneoretct field.

Results

In Fig. 1 the mean values of frequency and stretch augdiof all cells that
responded to the mechanical stimulation with fusioeshown in red whereas
cells that did not respond are shown in blue. Neitsteztch amplitude nor
stretch frequency differed between
Aproximately 40% of the experiments were perforemdhwihe gripper
whereas a single glas canula was used in 60% of the expeiSmThe results
are shown seperately for each method and with daten footh methods
combined.

Fig. 2 shows the analysis of three geometric paraseterd compares
responders with cells that dis not show any fusioenevResponders tend to
have longerell-cell contactsand also show a steepengleto adjacent cells as
detemined by the angle between the nuclei of the ddlisvever, the biggest
difference could be observed in thateral diplacement (translation) of the
cell from the stretch axis as defined by the twms tof the gripper. When
measureing distance of the cell nucleus we foundaéli with fusion showed
a 2.5-fold higher translation compared to the non redpg cells.
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responders and non-responders.

Method

A sheet of elastic silicone membrane was placed in the wkla glass bottom dish. After

sterilization with UV the surface was coated with fibeatin and primary ATII cells were seeded
on the membrane. After cultivation of the cells for 2 slalye cell culture medium was replaced|
with an inert bath solution and the dish was mounted omegrted microscope (Zeiss Axiovert

200M). Then a robotic arm (kleindiek nanotechnik, Rewgftin, Germany) was positioned on the
stage of the microscope and equipped with microscgppper (also kleindiek nanotechnik) or
with a glas canula. The robotic arm was lowered cangfurtill the two tips of the gripper or the

that opens the gripper or the laterally displadesrobot arm (and the canula) we were able t
stretch individuall cells in the culture dish. Freqagrand amplitude of the cyclic stretch could
be defined by the experimentator
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glas canula pierced into the membran. By applying assshaped voltage on the piezo-element

Method

To determine differences in the
microgripper stretch field we covered the
membrane with fluorescence microspheres
(Molecular probes) and applied cyclic
stretch. By recording a fast time course
and finally creating an overlay of all
timepoints we produced traces of single
microspheres in different position in the
stretch field. According to the deformation
pattern we divided the stretch field in a
zone of predominantliinear stretch (red

in Fig 3) and a zone with distorted
stretch field (green in Fig 3) .
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Antibodies for the focal adhesion molecules VINCULIN
(see Fig. 4) , PAXILLIN and Phos-PAXILLIN were
directly labeled with a fluorophor and microinjected fret

cells. .
The cells were then subjected

to cyclic or persistant stretch

control for 15 minutes and a

permanent fluorescence_ image _of the

’ stretch focal adhesion proteins was

cyclic aquired every minute. The
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Results

Preliminary experiments in which VINCULIN antibodies
were microinjected, show that permanent as well ag
cyclic stretch lead to a stronger decrease of the
fluorescence intensity. No obvious difference witttie
heterogenous stretch field could observed. Previou:
studies have shown that activation of vinculin in thed
adhesion results in a profound change of the protei
structure and we interpret our data as an activatio
% pral induced dissociation of the anibody from its bindsit.
Additional experiments where we combine the vinculin
labeling with other focal adhesion proteins areegacry
to verify this hypothesis.
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