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BASIC QUESTIONS

- ARE BIOLOGICAL SYSTEMS {(CELLS) SENSING GRAVITY?

- IF YES, HOW?
* G-RECEPTORS?
0BJECTIVES
- BASIC RESEARCH
- BIOMEDICINE
- BIOTECHNOLOGY

IMPORTANT ENVIRONMENTAL PARAMETERS

- MICROGRAVITY
- COSMIC RADIATION

SYTEMS FOR BIOLOGECAL EXPERIMENTS IN MICROGRAVITY

ORBITAL SYSTEMS:

~ AUTOMATIC SATELLITES:
* BIOSATELLITE (U.S.A.)
* BIOCOSMOS {U.S.5.R.)

- MANNED STATIONS AND LABORATORIES:
* KYLAB (U.S.A.)
* SPACELAB (ELROPE)
* SALYUT (U.R.R.S.)
* MIR *

SUB-ORBITAL SYSTEMS:
* SOUNDING ROCKETS

STRATOSPHERIC BALLOONS:
* FREE-FALL PAYLOADS

PARABOLIC FLIGHTS:

FALL TOWER:

EUROTUB:

LABORATORY SIMULATORS:
* FAST ROTATING CLINOSTAT
* FREE-FALL MACHINE

2-3D
1-28 D

30-90 D
7-10 D
< 180 D

>1A

7-10 HIN

3 MIN
15-35 S
45
308 .

UNLIMITED



BIOLOGICAL AND PHYSICAL ASPECTS
OF SINGLE CELL CULTURES IN MICROGRAVITY

WITHIN THE CELL
* SEDIMENTATION / DISTRIBUTION OF CELL ORGANELLES
* CYTOPLASMIC * STREAMING / DISTRIBUTION OF NUTRIENTS
AND WASTE PRODUCTS
* CELL SHAPE / MEMBRANE FUNCTION
* CELL MOVEMENTS / CELL-CELL INTERACTIONS

DISTINGUISH BETWEEN

* ADHERING / NON-ADHERING CELLS

* DIFFERENTIATING / NON-DIFFERENTIATING CELLS
AMEBOIDAL MOVEMENTS / ACTIVE SWIMMING
* RECEPTION / SENSITIVITY

»

PHYSICAL EFFECTS
* THERMAL CONVECTION / THERMOSOLUTAL. CONVECTION
* DIFFUSION
* OGAS- / LIQUID- PHASE [NTERFACE
* 'MICROGRAYITY / COSMIC IRRADIATION

ALTERATION OF

CELLULAR FUNCTIONS 1IN MICROGRAVITY

CELL TYPE

FUNCTION ALTERED

HUMAN EMBRYONIC
LUNG CELLS

HUMAN LYMPHOCYTES

PARAMECIUM AURELIA

ESCHERICHIA COLI

CLAMYDOMONAS

BACILLUS SUBTILIS

ANISE CELLS

PHYSARUM POLYCEPHAL UM

20% REDUCTION OF GLUCOSE CONSUMPTION

500% INCREASE OF INTERFERON BIOSYNTHESIS
90% INHIBITION OF MITOGENIC ACTIVATION

100% INCREASE OF GROWTH RATE

40% INCREASE OF CONJUGATION
300% RESISTANCE TO ANTIBIOTICS

MANYFOLD INCREASE OF BIOMASS YIELD

INCREASE OF FREQUENCY AND VELOCITY
OF CYTOPLASMIC MOVEMENTS
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Fig. 1. Summary of gravitation and cosmic radiation effects
on lymphocytes. The results are expressed as percent
of the corresponding 1xg controls. The numbers of
experiments performed are given in parenthesis.
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Fig. 2 mTHWAYE OF ACTIVATION OF LYMPHOCYTES IN VITRQ

Ar T-lymphocytes are activated by Con A dissolved in the medium,

B: B-lymphocytes are activated by Con A bound to & substrate,

C: T-lymghocytes are activated after oxidation of Bugar residues
with sodium periodate (30 =min at 0 °C),

EQUIPMENT

REQUIRED FOR CELL CULTIVATION IN SPACE

INCUBATORS
REFERENCE. CENTRIFUGES

"AUTOMATED TRANSFER OF FLUIDS

MICROSCOPES

YIDEORECORDING DEVICES

STORAGE: FREEZERS / REFRIGERATORS
BIOREACTORS

REFERENCE CENTRIFUGES

BIOCOMPATIBLE CELL CULTIVATION CONTAINERS
TELESCIENCE



EXAMPLES:
- FERMENTATION
- GENETIC ENGINEERING

BIOTECHNOLOGY (OR BIOPROCESSING) COMPREMENDS PROCESSES - HYBRIDOMA TECHNOLOGY
- CELL CULTIVATION

FOR THE PRODUCTION OF:

BY WHICH LIVING CELLS OR CELLIRAR EXTRACTS

ARE USED FOR THE PRODUCTION OF - PENICILLIN
USEFUL AND COMMERCIALLY RELEVANT SUBSTANCES - VACCINES
- MONOCLONAL ANTIBODIES
- GRONTH HORMONES
m Tochnische f?".;.d...:. n&e?@m M o 2urigo oo Zurich- m Tachnische Hochschule FEuTr.mm fodecele di Zurigo %o Zurich-
il Swizs Fedars! institute of Technology Zurich, Zdrich Swizs Fedare! institvte of Yechnology Zurich

A. Cogoli ' A. Cogoli
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A BIOTECHNOLOGICAL PROCESS BASED ON
CELLULAR FRUNCTIONS OR STRUCTURES
WHICH ARE ALTERED IN MICROGRAVITY

IS LIKELY TO BE ALTERED AS WELL

Eldgendzsische Ecole polytechnique fédérale de Zurich -
Tochnbche Hochschule Politecnico federsie di Zurigo
Ziarich Swiss Fedaral Institute of Technology Zurich:

A. Togoli



