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1. Introduction

In view of recent flights of space probes to other planets of the solar
system, many space agencies have incorporated search for extra-
terrestrial life or its predecessors into their research programs.
However, deep space missions are fraught with high risks of dis-
seminating terrestrial life forms, which may have unexpected con-
sequences. Propagation of and contamination by Earth's life forms,
mainly microorganisms with their unprecedented resistance to extreme
environments, may exclude the possibility of exploring planets in their
pristine conditions. Of greater concern is potential Earth’s contamina-
tion by extraterrestrial organisms or by terrestrial pathogenic micro-
organisms that were transformed during their exposure to the space
environment and brought back to Earth.

Understanding the necessity of investigating planets in their un-
altered state led to the concept of planetary protection or planetary
quarantine, which was put forth by an international nongovernmental
organization, viz., the Committee on Space Research (COSPAR) estab-
lished in 1958. The concept was first formulated at the COSPAR
Assembly in 1964 [1], and the final version was adopted by the CO-
SPAR Resolution of 2002 [2].

This document forms the basis of procedures aimed at protecting
planets from contamination by terrestrial microorganisms as well as at
protecting Earth from back contamination by returning vehicles.
However, planetary protection cannot be achieved without a compre-
hensive study of microbial survival in open space. Relevant studies are
important not only for natural sciences theories but also for the prac-
tical implementation of efficient planetary protection measures.

It can be assumed that the outer surfaces of robotic and piloted
space vehicles are populated by millions of microbial cells, many of
which are in spore forms known for their high resistance to harsh en-
vironments. With the purpose of studying microbial survival during
long-term exposure to outer space, IBMP developed hard- and software

and ran a series of Biorisk experiments on the outer surface of the
Russian segment (RS) of the International Space Station (ISS).

The goal of the experiments was to accumulate data about potential
manifestations or limits of phenotypic adaptation and genotypic
changes in bacterial-fungal associations regularly found on the space-
craft construction materials. The primary purpose of the first experi-
ment in the series was to verify the viability of test cultures within
microbial-construction material systems after a long-term (comparable
to the duration of a Martian mission) exposure in open space. The
secondary objective was to evaluate spaceflight effects on biospecimens
under study.

As known, not only microbes but also some highly organized or-
ganisms have the ability to enter into a dormant phase under adverse
environmental conditions [3,4]. It is no exaggeration to say that many
living creatures may reach a state when their vital functions are tem-
porarily stopped to survive unfavorable environmental effects, e.g.,
diapause or cryptobiosis. These states differ in mechanisms allowing
various organisms to reach dormancy as well as in levels providing their
survival. In diapause and cryptobiosis organisms can survive a wide
range of extreme chemical and physical effects, [5,6], thus making
possible the transfer of living matter across space.

In view of this, the second Biorisk experiment was performed to
study survival limits of microorganisms as well as or more highly or-
ganized biospecimens, including dormant higher plants, insects and
lower crustaceans, after their exposure for the time similar to the flight
to Mars.

2. Equipment and methods

2.1. Equipment and methods in the first Biorisk experiment

The equipment of the Biorisk experiment (Fig. 1) consisted of three
containers, each loaded with 24 plastic petri dishes of 65 mm in
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