Immunological and cellular reactions influenced by
microgravity and space irradiation — development of a
biosensor with phagocytes (TRIPLE-LUX B)

P.-D. Hansen und E. Unruh

Technische Universitéat Berlin (Berlin Institute for Technology BIT),
Faculty VI- PLANEN, BAUEN, UMWELT
Institute for Ecological Research and Technology, Dept. of Ecotoxicology,
Franklinstrasse 29 (OE4), D-10587 Berlin

en\ Bf Ecofﬁh-

00/
L»]
3

»
s
2
i
%

‘l‘
(=]
“& T

Co . d{(.—
/ogical Res®

www.tu-berlin.de/~oekotox

AqualLife 2008, 1st — 3rd July 2008, Kiel
P.-D. Hansen u. E. Unruh, TU Berlin, Faculty VI, Dept. of Ecotoxicology, 10587 Berlin



http://www.tu-berlin.de/~oekotox

BMFT/DLR — esa/ESTEC:
TRIPLE-LUX-B project

Immunological and cellular reactions
influenced by microgravity and space
irradiation — development of a biosensor with
phagocytosis active cells (phagocytes)
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Overview

Objectives
Immunological Endpoint: Phagocytosis
Cryoconservation of the Immuncells

Experimental frame criteria and the
measurement concept

Results
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The TRIPLE-LUX-B Project contributes
to risk assessment concerning
immunotoxicity under space flight
conditions

The assay system of the TRIPLELUX-B
Experiment will be performed with a
well-defined quantification and
evaluation of the immune function
phagocytosis
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The results expected will allow us to
conclude whether the observed
responses are caused by
microgravity and/or radiation
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The definition of the immune
response by mussel hemocytes is
the selective reaction to particles
which are indentified as foreign by its
iImmune system shown by
phagocytosis

Adhesion
Ingestion
Phagosome formation

AqualLife 2008, 1st — 3rd July 2008, Kiel
P.-D. Hansen u. E. Unruh, TU Berlin, Faculty VI, Dept. of Ecotoxicology, 10587 Berlin




Assays for phagocytotic activities are based on

 Chemotaxis - Migration assays

« Uptake of labelled particles - Fluorescent assays

| Oxidative burst - Chemiluminescent assays

Iysoﬁom.
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Immuncells = Hemocytes
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A latex bead (b)
attaches to the
ectoplasma of a
spread haemocyte
of Mytilus edulis
and is transported
on the surface of
the cell to its
endoplasmatic

area.

Zeiss PhaCo, 530x —
Latexbeads: 7.6 um

Time range 1-2-3-4
= 3-6-3 min.

Renwrantz, L. 1990. Internal
defence system of Mytilus edulis
In: Neurobiology of Mytilus edulis,
Ed. G.B. Stefano, Manchester
University Press, 269
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Haemocytes in mussels kept under standardised
laboratory conditions

Hemocytes / 100 pl
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Phagocytosis

« Adhesion at the surface of the hemocytes

(carbon-specific surface receptor)

* incorporation and formation of the phagosome
* melting of phagosome and lysosome

e oxidative destruction — “Oxidative burst® (ROS)

 enzymatic degradation
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Luminescence Measurements
with native, fresh cells and
cryopreserved / reconstituted cells

e <O IS
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Phagocytosis a key-function in immunology

Adjustment and conditioning of the cells
(Hemocytes) to given experimental
conditions in the AEC (advanced
experimental containment):

* Hemocytes in suspension

 Cryokonservation of the Hemocytes
and Phagocytosis Activity
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Luminol luminescence in pools of freshly collected haemocytes
after addition of peroxydase and zymosan fresh cells:
Cell number and resulting bioluminescence signal

micro testplate (white); different cell concentrations per well; Dynatech ML3000
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Luminol luminescence in pools of freshly collected haemocytes

after addition of peroxydase and zymosan (AEC/breadboard
measurements for in-flight simulation)

Cuvette with Stirrer, Photon counter
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Cryokonservation of the
Immune Cells
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Media for Cryoconservation
our first trial: classical way

* In Serum with 10 % DMSO, 2% Glycerol, 1% R-Mercaptoetanol

* In Serum with 10 % DMSO, 2% Glycerol,

* |In Serum with 10 % DMSO, 1% R-Mercaptoethanol

@
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Media (new) for Cryoconservation

« Serum + Polyvinylpyrrholidone (PVP) +

« Serum + PVP und DMSO

* Culturemedium + PVP + Serum (cellfree Hamolymph)
« Culturemedium + PVP + Serum + DMSO
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Native and reconstituted Hemocytes
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Luminol luminescence in reconstituted hemocytes
after addition of Peroxydase and Zymosan with
cryoconservated cells and delayed signal
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TRIPLELUX

Measurement Bag (MB)

Cuvette Body
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Stirrer
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Phagozytosis Monitor with cryoconservated Mussel-Hemocytes
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AEC

Handling mechanism (robot system)
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Front-plate and fixed bags &



TRIPLELUX Pumping Zymosan,
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TRIPLELUX
Electrical connector
for Liquid Pumps
Measurement Unit
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Frame fixation
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Front-
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the PMT
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for data
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Measurement bags and hardcover for protection of the teflon bags



Testbed on ground for the in-flight hardware and final
set up for in-flight position at the centrifuge surface
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Influence of space irradiation
dosimeter and download
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Why “Download” of the exposed Hemocytes?

 Accumulation of DNA-damages

Detection

DNA-unwinding and Apoptossis-Marker

2. Phagozytosis-events without ROS- Induction in
case of a weak Luminescence-Signal

Glutaraldehyde preserved material to measure
Phagocytosis events on ground
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Cruises of RV Walther Herwig Ill and sampling stations
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Limanda limanda: ontogenetic stages Ib-IV; in total 9 day of incubation
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SONSI 1 and SONSI 2 exposure: DNA Fragmentation

of exposed embryos (L. limanda) and repairment
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SONSI 1 and SONSI 2 exposure: Thymine dimeres of exposed
embryos (L. limanda), early ontogenetic stages Ib-ll, 2 times 6h in
total 12h exposure and 18h repairment
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Development of the biosensor /
bioanalytical system with phagocytosis
active cells for -real time Monitoring
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1 month at the Island of
Sylt (AWI) per student
after training in blooding
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Meilensteinplan fur das Jahr 2008

Flugvorbereitung

Optimierung der Protokolle: Optimierung der Protokolle zu Kryokonservierung und Rekonstitution der
Zellen

Stresstests: Stresstests mit rekonstituierten Zellen und mit Zellen in Primarkultur (Og pyper-g und
Bestrahlung)

Hardwareadapation: Hardwareadapation und Testung in Zusammenarbeit mit DLR, ESA und Astrium
Vitalitatstest: Praktische Erprobung des Vitalitatstest mit dem Mikroskop mit DurchfluBkammer der DLR

Klinostat (2009): uG Simulation auf dem Klinostaten (BSSC), diese Arbeiten werden separat bei der ESA
beantragt.
Parabelflug (Okt./Nov. 2008): yG Simulation im Parabelflug (BSSC)

Balkenplan TRIPLE-LUX B 20 2
1RRldBEBTE D 101112131415161?1819202122232425262?2829303132333435363?38394041424344‘45464?48495051521
Flugvorhereitung
Optimierung der Protokolle l |
Stresstests l |
Hardwareadapation
Vitalitatstest | |
Klinostat | |
Parabelflug
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Summary

Blue mussels kept in artificial seawater are keeping their haemocyte quality
and concentrations fairly stabil and are used as the source for the
cryoconservation experiments. A SOP for the quality control of the
standardisation of cryoconservated haemocytes is in progress.

Haemocyte-pools can be stored frozen in either -80°C or LN, for at least half a
year. Best results so far can be achieved when the enriched cell-suspension
are frozen with PVP in their own plasma.

After reconstitution the cells can be stimulated to perform phagocytosis and
produce ROS.

The components of the phagocytosis test system for the BIOLAB are now
established under ground conditions. The adaptation of the biological
component (phagocytosis) to the technical set up for the micro gravity
experiments in space is in progress.

The results expected will contribute to risk assessment and management of
immunotoxic effects under space flight conditions.

The AEC = Advanced Experimental Containment will be applied for in-flight
and on ground exposure- and effects- monitoring.

The AEC will be complementary to advanced real time bioassys for in situ
effects monitoring.
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Thymin-Dimerisierung durch UV fiihrt zu Verzerrung der
DNA-Doppelhelix und Storung der Basenpaare.
DNA-Polymerasen bleiben an Thymindimeren hangen.
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