PHOTON-M-2 EXPERIMENT MANAGEMENT PLAN

1. EXPERIMENT TITLE: "PLASMID"
Spaceflight Effects on Structural Stability and Genetic Information Transfer in Plasmid plJ702 of
Actinomycetes Streptomyces lividans 66

2. PRINCIPAL INVESTIGATORS:
From Russia: Dr. Tatiana A. VVoeikova, Genetics Research Center
From US: Dr. Barry H. Pyle, Montana State University, Bozeman, Montana

3. CO-INVESTIGATORS:
From Russia: Dr. Tabakov Viacheslav, Genetics Research Center
From US: Dr. Elinor deLancey Pulcini, Montana State University, Bozeman

4, OBJECTIVES:
1. To study spaceflight effects on genetic structures
2. To identify the pattern and mechanism of genetic changes
3. To determine relationships between the changes and specific spaceflight factors

5. BACKGROUND/HYPOTHESES:

The streptomycetes are actinobacteria which grow as a mycelium with branching filaments or hyphae and
form conidial fruiting bodies. Although they were originally classified as lower fungi, they are now considered
to be Gram-positive bacteria. They are responsible for the "earthy" odor of soil, and many produce antibiotics
like streptomycin. The plasmid plJ702 codes for thiostrepton resistance. Thiostrepton is a highly modified
multicyclic peptide antibiotic best known as an inhibitor of protein synthesis. Thiostrepton is also a potent
activator of gene expression in S. lividans. The primary significance of this research lies in the understanding
of the stability and expression of plasmid and chromosomal genes in spaceflight compared to that on earth.

Streptomyces bacteria are characterized by a high genome instability that causes the formation of a variety
of spontaneous and induced mutagens, which frequently have discernible phenotypic manifestations.
Therefore, the status of streptomycetes genome may serve as a sensitive indicator of spaceflight effects on the
genetic apparatus of exposed biospecimens.

Our proposal is to use as a test-object a multi-copy plasmid plJ702, which is a simple and thoroughly
examined component of streptomycetes genome. The distribution of plasmid DNA across a spore is known to
be a random process that depends on plasmid replicon properties, microbial host characteristics and
environmental parameters that may affect them. Metabolic changes in the host organism together with direct
environmental effects on plasmid DNA may increase structural instability and cause gene mutations in the

plasmid itself. The mutation frequency can be identified by studying the expression of marker genes
localized in plasmid DNA. Plasmid plJ 702 carries a marker gene responsible for a dark pigment formed by
host cells. A damage of this gene should result in discoloration of colonies carrying plasmid DNA.

The US collaborators propose the following analyses to enhance the scientific data produced by the
experiment:

1) Using primers for the plasmid marker gene, polymerase chain reaction (PCR) would be performed to
confirm that the plasmid marker is present in the strain that bore the plasmid.

2) To determine the plasmid copy number per cell, which may be affected by microgravity/spaceflight
conditions, plasmid DNA would be separated from chromosomal DNA using standard molecular
cloning techniques. The amount of plasmid DNA would then be quantified, and presence of the plasmid
marker would be confirmed by PCR.

3) Denaturing Gradient Gel Electrophoresis (DGGE) could be performed in our laboratory to provide
detect point mutations on the plasmid. If chromosomal markers are available, these could also be
analyzed for point mutations using DGGE. DNA bands from the DGGE gels would be sequenced using
BigDye version 3.1 (ABI) and analyzed using the Sequencer Program. These assays would
complement the Restriction Fragment Length Polymorphism (RFLP) analysis (restriction analysis)
proposed by the Russian investigators.



4) If suitably preserved and stowed samples can be provided, proteomic analyses would be possible. In
addition, if RNA preservation is possible, the US collaborators could do Real Time PCR (RT-PCR) to
assess relative translation of the plasmid under flight vs ground conditions.

Since it has been found that antibiotic production in similar microbes is enhanced in space, this research
will contribute to the elucidation of how this occurs. Transgenic S. lividans and other species of streptomyces
have been used to express genes from a variety of other organisms including humans. There may be
commercial benefit in the production of antibiotics or other compounds in space or manipulation of cultures
on earth to produce larger amounts of valuable pharmaceuticals. The US research would focus on molecular
analysis of Streptomyces lividans 66 plasmid plJ 702 retention, stability and amplification in response to
spaceflight conditions, to supplement and complement the analyses to be completed by the Russian
investigators.

6. FLIGHT EXPERIMENT:
1. Overview:

The experiment will determine spaceflight effects on the stability of plasmid plJ702 in the bacterium
Streptomyces lividans. The organism produces conidial fruiting bodies (spores) which can be used to inoculate
agar growth medium. The plasmid has two markers: 1) resistance to the antibiotic thiostrepton, and 2)
production of melanin. Organisms that have the intact original plasmid will grow on a solid selective medium
containing thiostrepton and produce black colonies with darkening of the medium around the colonies. The
genetic sequence of the plasmid is prone to mutation, even in the absence of specific stresses that are likely to
cause mutation. Mutations may be indicated by the loss of the ability of the organism to grow on thiostrepton
selective medium, and/or loss of the dark melanin colony pigmentation. In addition, changes may be detected
by molecular biology techniques including RFLP, PCR, and DGGE. Relative translation of the plasmid
following growth under different conditions may be compared using Real Time PCR, and protein expression
determined by Proteomic analyses. Petri dishes with growing microbes on agar are placed in a metal container
(no temperature control).

2. Specimen Requirements:

Microbes grow on the surface of agar medium at 15-35 °C. At 20 °C the generation cycle is 14-16 days.

Flight Samples

Sixteen Petri dishes containing agar will be inoculated for the flight experiment. Half of the plates will be
prepared with non-selective medium that does not contain thiostrepton. The other half will be prepared with
selective thiostrepton agar. Thus, 8 plates containing selective medium and 8 plates containing non-selective
medium will be prepared. Sterile growth medium will be poured aseptically into sterile plastic Petri dishes
each with a diameter of 6 cm x 2cm. The plates will be sealed with parafilm to prevent release of volatile
metabolic products or contamination by volatile compounds in the ambient environment.

Of each set of 8 plates, 4 will be prepared with rich nutrient medium (ISP agar) and 4 with minimal medium
which contains only salts and agar. Half of the plates of each type of medium will be inoculated with a large
number of spores using a heavy suspension (heavy inoculum). Typically, growth on these plates should be
confluent, forming a lawn of colonies. The other half of the plates will be inoculated with a small number of
spores using a diluted suspension (light inoculum). Growth on these plates should be discrete colonies. Each
of the 8 medium-inoculum combinations will be prepared in duplicate. One of each duplicate plate will be
used by Dr. Voeikova (8 plates) and one of each duplicate plate will be shipped to Montana State University
for use by the Pyle Lab.

Selective Thiostrepton Medium Non-selective Medium
Rich ISP Agar Minimal Medium Rich ISP Agar Minimal Medium
Heavy Light Heavy Light Heavy Light Heavy Light
inoculum | inoculum | inoculum | Inoculum | Inoculum | Inoculum | Inoculum | Inoculum
2 plates 2 plates 2 plates 2 plates 2 plates 2 plates 2 plates 2 plates

Ground Samples
Multiples of the above numbers of plates may be used for time-delayed-synchronous ground controls, to
allow for changes according to temperature data to be provided during the flight. This will allow incubation
of sets of plates at various time-points during the experiment to determine the effects of each stage of the flight
preparation, orbital conditions, and return.
3. Data Requirements: — None



Data regarding in-flight and ground-control experimental operating conditions are requested by the US

collaborators to be provided post flight.

4. Equipment Requirements: — None

5. Pre-flight Procedures:

e Microorganisms grown on agar medium in Petri dishes

Petri dishes placed in a flight container
Flight container placed in a biotransporter at 4-10 °C
Biotransporter shipped to the launch site
Flight container placed onboard Foton-M-2
In-flight Procedures: - None
Post-flight Procedures:
Flight container removed from Foton-M-2
Flight container placed in a biotransporter at 4-10 °C
Biotransporter shipped to the Genetics Research Center
Petri Dishes prepared for shipment to US collaborators at 4 °C (see 10.0 Biosample Preparation/Test
Procedures)
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7.  CONTROL EXPERIMENT(S) :
To be performed simultaneously with the flight experiment as agreed upon with IMBP. Ground controls
will be maintained at nominal (ambient) temperatures.

8.  PRELAUNCH EXPERIMENTAL VERIFICATION TESTING:
1. Russian Tests
At a preparation stage:
e Streptomyces lividans 66 glycerol suspension thawed or harvested from agar media.
e Plasmid carrying monoclone with distinct expression of plasmid pigment forming gene (mel)
selected
o Stability of plasmid plJ702 DNA transfer measured in terms of thiostrepton resistance which
depends on marker gene tsr
e Structural stability of plasmid DNA in plasmid carrying clones determined with respect to
expression of marker gene responsible for pigment formation (mel)
2. Pre-flight testing:
e Comprehensive study of plasmid plJ702 structural and genetic stability when S. lividans 66 grows
in the absence of antibiotic (non-selective growth)
e Comprehensive study of plasmid plJ702 structural and genetic stability when S. lividans 66 grows
in the presence of antibiotic (selective growth)
e Growth of microbial spores in selective and non-selective Petri dishes
Tests with similar samples need to be performed in US to determine sample requirements.

9. SPECIMEN COLLECTION AND LABELING PROCEDURES: None
Labeling key will be provided to Pyle Lab with Petri dishes.

10. BIOSAMPLE PREPARATION/TEST PROCEDURES:

Biosamples are prepared at the Genetics Research Center Genetic and molecular-biological methods are
used

Candidate protein preservatives Include concentrated RNA Later (Ambion), a cocktail containing EDTA,
TRIS, Phenylmethylsulfonylfluoride (PMSF) and dithlothreltol (DTT), or Protease Inhibitor Cocktail (Sigma
P8465). In addition, if RNA preservation prior to shipping samples to the US is possible, Real Time PCR (RT-
PCR) could be used to assess relative translation of the plasmid under flight vs ground conditions. In this case,
samples fixed, as soon as possible post recovery, with a solution such as concentrated RNA Later (Ambion)
or RNA Protect (Qlagen) would be required.

The US collaborators would use additional genetic and molecular-biological methods to significantly
enhance the scientific results of the experiment. Provided that genetic sequence data is available, materials
required for the US collaborators is available within their laboratory or can be readily purchased from a variety



of sources. All the equipment required to perform these experiments is available within the Department of
Microbiology at Montana State University, Bozeman.

Results will be analyzed and submitted to international peer-reviewed scientific journals with joint
authorship by the Russian investigators and US collaborators.

11. DATA SHEET AND/FLOW SHEET:
Electronic data, printed matter, photos

12. DATA TRANSFER AND ANALYSIS REQUIREMENTS/PROCEDURES:
1. Data Recording:
To be agreed upon with IMBP and other participants in the experiment
Data regarding in-flight and ground-control experimental operating conditions are
requested by the US collaborators.
2. On-site Data Analysis: — None



Attachment 1

FOTON-M-2 EXPERIMENT MANAGEMENT PLAN

1. EXPERIMENT TITLE: "PLASMID-F2"
Spaceflight Effects on Structural Stability and Genetic Information Transfer in Plasmid plJ702 of
actinomycetes Streptomyces lividans 66

2. PRINCIPAL INVESTIGATORS:
From Russia: Dr. Tatiana A. VVoeikova, Genetics Research Center
From US: Dr. Barry H. Pyle, Montana State University, Bozeman, Montana

3. CO-INVESTIGATORS:
From Russia: Dr. Viacheslav Y. Tabakov, Genetics Research Center
From US: Postdoctoral Research Associate (To be determined), Montana State University, Bozeman

4. OBJECTIVES:
1. To study spaceflight effects on genetic structures of the microorganism
2. To identify the pattern and mechanism of genetic changes
3. To determine relationships between the changes and specific spaceflight factors

5. BACKGROUND/HYPOTHESES:

The streptomycetes are actinobacteria that grow as a mycelium and later form spore chains. Although they
were originally classified as lower fungi, they are now considered to be Gram-positive bacteria. They are
responsible for the "earthy" odor of soil, and many produce antibiotics like streptomycin. The plasmid plJ702
was constructed from plasmid plJ101 isolated from Streptomyces coelicolor. The gene for thiostrepton
resistance and the gene for melanin production were cloned into the plasmid from chromosomes of different
streptomycetes strains. Thiostrepton is a highly modified multicyclic peptide antibiotic best known as an
inhibitor of protein synthesis. Thiostrepton is also a potent activator of gene expression in S. lividans. The
primary goal of this research is to compare the stability and expression of plasmid and chromosomal genes in
spaceflight and ground samples.

Since it has been found that antibiotic production in similar microbes may change in space, this research
will contribute to the elucidation of how this occurs. Recombinant S. lividans and other species of streptomyces
have been used to express genes from a variety of other organisms including humans. There may be
commercial benefit in the production of antibiotics or other compounds in space or manipulation of cultures
on earth to produce larger amounts of valuable pharmaceuticals.

Streptomyces spp. are characterized by a high genome instability that causes the formation of a variety of
spontaneous and induced mutagens, which frequently have discernible phenotypic manifestations. Therefore,
the status of the streptomycete genome may serve as a sensitive indicator of spaceflight effects on the genetic
apparatus of exposed biospecimens.

Our proposal is to use as a test-object a multi-copy plasmid p1J702, which is a simple and thoroughly
examined component of streptomycetes genome. The distribution of plasmid DNA across a spore is known to
be a random process that depends on plasmid replicon properties, microbial host characteristics and
environmental parameters that may affect them. Metabolic changes in the host organism together with direct
environmental effects on plasmid DNA may increase structural instability and cause gene mutations in the
plasmid itself. The mutation frequency can be identified by studying the expression of marker genes localized
in plasmid DNA. Plasmid plJ702 carries a marker gene responsible for a dark pigment, melanin, formed by
host cells. A change in this gene should result in decolorization of colonies carrying plasmid DNA.

The US collaborators propose the following analyses to enhance the scientific data produced by the
experiment:



1) Using primers for the plasmid marker gene, polymerase chain reaction (PCR) will be performed to
confirm that the plasmid marker is present in the strain that bore the plasmid.

2) To determine the plasmid copy number per cell, which may be affected by microgravity/spaceflight
conditions, plasmid DNA will be separated from chromosomal DNA using standard molecular cloning
techniques. The amount of plasmid DNA will then be quantified, and presence of the plasmid marker will be
confirmed by PCR.

3) Denaturing Gradient Gel Electrophoresis (DGGE) will be performed to detect point mutations on the
plasmid. If chromosomal markers are available, these can also be analyzed for point mutations using DGGE.
DNA bands from the DGGE gels will be sequenced using BigDye version 3.1 (ABI) and analyzed using the
Sequencer Program. These assays will complement the Restriction Fragment Length Polymorphism (RFLP)
analysis (restriction analysis) proposed by the Russian investigators.

4) Proteomic analyses using 2-D gel electrophoresis followed by MALDI-TOF analysis will be performed
to determine differences in protein expression. In addition, if RNA is shown by the US investigator to be stable
during the period from return to Earth to receipt in the US lab, the US personnel can prepare postflight samples
in Dr. Voeikova's lab prior to shipment to the US and could do Real Time PCR (RT-PCR) to assess relative
translation of the plasmid under flight vs ground conditions in Dr. Pyle's lab.

The US research will focus on molecular analysis of S. lividans 66 plasmid plJ702 retention, stability and
amplification in response to spaceflight conditions, to supplement and complement the analyses to be
completed by the Russian investigators. While the study organism is not pathogenic, this experiment will
provide information on genetic stability in bacteria. If spaceflight enhances growth of the bacteria and/or
stimulates plasmid amplification causing increased thiostrepton resistance, it is likely that bacterial pathogens
may be similarly affected. The results of this experiment will thus lead to insights into potential effects of
spaceflight on the genetics of virulence in pathogenic bacteria. Possible changes in such pathogens may impact
human health risks which will be a significant factor in future long-duration spaceflight missions, including
those carrying crews to the moon and on to Mars.

6. FLIGHT EXPERIMENT:
1. Overview:

The experiment will determine spaceflight effects on the stability of plasmid plJ702 in S. lividans 66. The
organism produces spores, which can be used to inoculate agar growth medium. The plasmid has two markers:
1) resistance to the antibiotic thiostrepton, and 2) production of melanin. Organisms that have the intact
original plasmid will grow on a solid selective medium containing thiostrepton and produce black colonies
with darkening of the medium around the colonies. The genetic sequence of the plasmid is prone to mutation,
even in the absence of specific stresses that are likely to cause mutation. Mutations may be indicated by the
loss of the ability of the organism to grow on thiostrepton selective medium, and/or loss of the dark melanin
colony pigmentation. In addition, changes may be detected by molecular biology techniques including RFLP,
PCR, and DGGE. Relative translation of the plasmid following growth under different conditions may be
compared using Real Time PCR, and protein expression determined by Proteomic analyses.

2. Specimen Requirements:
Microbes grow on the surface of agar medium at 15-35 °C. At 20 °C the generation cycle is 14-16 days.
During flight Petri dishes with growing microbes on agar will be stowed in a metal container (no temperature
control).

Flight Samples

Sixteen Petri dishes containing agar will be inoculated for the flight experiment. Half of these plates will
be prepared with non-selective medium that does not contain thiostrepton. The other half will be prepared with
selective thiostrepton agar. Thus, 8 plates containing selective medium and 8 plates containing non-selective
medium will be prepared. Sterile growth medium will be poured aseptically into sterile plastic Petri dishes
each with a diameter of 6 cm and 2 cm deep.

Half of the plates of each type of medium (4 each) will be inoculated with a large number of spores using
a heavy suspension (heavy inoculum). Typically, growth on these plates should be confluent, forming a lawn
of colonies. The other half of the plates (4 each) will be inoculated with a small number of spores using a
diluted suspension (light inoculum). Growth on these plates should be discrete colonies. The plates will be
sealed with parafilm to prevent release of volatile metabolic products or contamination by volatile compounds
in the ambient environment. Two plates of each medium / inoculum combination will be used by Dr. Voeikova



(8 plates) and two plates of each medium/inoculum combination will be provided for use by the Pyle Lab (8
plates).

Selective Thiostrepton Medium Non-selective Medium
Rich ISP agar Rich ISP agar
Heavy Inoculum Light Inoculum Heavy Inoculum Light Inoculum
4 plates 4 plates 4 plates 4 plates

3. Data Requirements:

The US collaborators request information on the formulation and preparation of media, as well as the
growth and preparation of the microorganism for the two types of inoculation. This information will be used
for preflight trials and the postflight simulation experiment. They also request data regarding in-flight and
ground-control experimental operating conditions to be provided postflight.

4. Equipment Requirements: None.

5. Pre-flight Procedures:

e Microorganisms grown on agar medium in Petri dishes
Petri dishes placed in a flight container
Flight container placed in a biotransporter at 4+2°C
Biotransporter shipped to the launch site
Flight container placed onboard Foton-M-2

6. In-flight Procedures: — None

7. Post-flight Procedures:
o Flight container removed from Foton-M-2
Flight container placed in a biotransporter at 4+2°C
Biotransporter shipped to the Dr. Voeikova's lab
U.S. personnel will sample, fix and freeze bacterial growth from the set of Petri dishes provided.
Samples will be shipped to the US by US personnel.

7. CONTROL EXPERIMENTS:

There are two control experiments, one time-delayed synchronous and one laboratory control. The
synchronous control experiment will be performed with a one day delay from the flight experiment, using
actual down-linked temperature data as agreed upon with IMBP and at IMBP facilities. The laboratory control
experiment will be performed at Dr. Voeikova's laboratory, using nominal transport/incubation temperatures
and actual flight experiment timelines (to be provided from the time of turnover). This will allow examination
of plates at various time-points during the experiment to determine the status of the cultures at different stages.

8.  PRELAUNCH EXPERIMENTAL VERIFICATION TESTING:
1. Russian Tests:
At the preparation stage:
e Growth of S. lividans 66 plasmid plJ702 on agar media
e Plasmid carrying monoclone with distinct expression of the plasmid pigment forming gene mel
selected
e Stability of plasmid plJ702 DNA transfer measured in terms of thiostrepton resistance which
depends on the marker gene tsr
e Structural stability of plasmid DNA in plasmid carrying clones determined with respect to
expression of the marker gene responsible for pigment formation mel.
Preflight testing:
e Comprehensive study of plasmid plJ702 structural and genetic stability when S. lividans 66 grows
in the absence of antibiotic (non-selective growth)
e Comprehensive study of plasmid plJ702 structural and genetic stability when S. lividans 66 grows
in the presence of antibiotic (selective growth)



e Growth of microbial spores in selective and non-selective Petri dishes

The US will provide pipettes, a digital camera, and a digital recording thermometer.

2. U.S. Tests:

Tests using S. lividans 66 strain with plasmid plJ702 obtained from the Genetics Research Center collection
and media components similar to those used in Dr. Voeikova's lab will be performed for preflight testing and
a postflight simulation study.

3. Integrated Russian and U.S. Tests: None

9. SPECIMEN COLLECTION AND LABELING PROCEDURES:
Labeling key will be provided to Pyle Lab with Petri dishes containing cultures.

10. SPECIMEN PREPARATION/TEST PROCEDURES:

Petri dishes will be prepared by Dr. Voeikova's lab personnel and analyzed using genetic and molecular
biology methods.

The US collaborators will use additional genetic and molecular biology methods to significantly enhance
the scientific results of the experiment. Materials required for the US collaborators are available within their
laboratory or can be readily purchased from a variety of sources. All the equipment required to perform these
experiments is available within the Department of Microbiology at Montana State University, Bozeman.

11. DATA SHEET AND/OR FLOW SHEET:
Electronic data, printed matter, photos

12. DATA TRANSFER AND ANALYSIS REQUIREMENTS/PROCEDURES:

1. Data Recording:

Data regarding in-flight and ground-control experimental operating conditions are requested by the US
collaborators.

2. On-site Data Analysis: — None

13. PHOTO/DIAGRAMS:
To be attached to final science report.
This document was signed on March 11, 2005 by:
For the US side: For the Russian side:

et Al hocirdl

Dr. Barry H. P€ Dr. Tatiana A. Voeikova




PROPOSAL FOR COLLABORATION ON FOTON M-2 MISSION

We will require no new equipment for this study. The study will require -1 year to complete. Resources
for a dedicated postdoctoral fellow or graduate student and partial salary support for the Pl would be
requested. Additionally, modest M&O would be required for charges In the proteomlc center and for the lab.

Specify linkage to Exploration Initiative / Critical oath Roadmap:

Protection of the crew from infectious agents Is a concern expressed in the NASA Critical Path Roadmap.
It remains unknown as to how bacteria will respond and adapt to long term spaceflight. Streptomyces
species are common environmental contaminants and likely to be present on space craft. These experiments
to describe on a molecular level the adaptation of the bacteria to the space environment will provide Important
information to begin to formulate a rational risk assessment for Infectious disease microbes in long term
space flight. It will also validate the LSMMG model as to It's reliability as a ground based model.

List/describe current NA8A qgrant or other funding for ongoing related activities:
Streptococcus pneumoniae gene expression and virulence potential In the Space environment.

Cooperative agreement - NCC - 2-1160

The experimentation is organized into three specific objectives. Experiments will be performed to identify
and characterize S. pneumoniae genes which are differentially expressed in response to the space
environment or in response to LSMMG using high aspect rotating vessels. The second objective will be to
investigate the expression of known S. pneumoniae virulence genes or properties in LSMMG. Finally, we
will determine if S. pneumoniae genes differentially expressed in LSMMG or during space flight are also
expressed during animal infection.

Proposal for collaboration on Foton M-2 Mission

Please prepare a short (1 or 2 page) description of collaborative activities for the Foton M-2 mission (see
basis for activity, background Information, and experimental descriptions on following pages). This should
Include the following:

Your Name: Richard Boyle, Ph.D., NASA Ames Research Center

Potential additional collaborators:

Experiment Title: "RECEPTOR" Neural Readaptation of Crayfish Statolith Receptors to Earth's Gravity
Following Return from Space.

Description of collaborative research activity. (Include materials, supplies, equipment or other support
needed — see constraints in background section below.)

The Ames team is prepared to help In all phases. In-flight recordings would be highly desired, but the
post-flight study of readaptation is of particular merit, and would be complementary to our past Shuttle
missions. Once the crayfish are retrieved, we will Identified the presumed changes that occurred in the
statocyst organ as a result of the exposure to microgravity, and following the readaptation of the neural
system to the normal 1 g environment.

Introduction: Only recently did we learn that adaptation of physiological response in the gravitolnertial
sensing organs can occur rapidly in an organism in direct response to a change In gravitational force (Boyle
R, Mensinger AF, Yoshlda K, Usui S, Intravala A, Tricas T, and Highsteln SM. Neural readaptation to 1G
following return from space. J, NeurophysloL, 86: 2118-2122, 2001). Within the first day after STS-90
and STS-95 shuttle landing, a hypersensitivity was observed. The magnitude of response of toadfish utricular
afférents to applied translations was enhanced on average three-times greater than for controls. The reduced
gravity In orbit apparently resulted In an upregulation of afferent sensitivity. The time course of return to
normal afferent sensitivity parallels the reported decrease in vestibular disorientation In astronauts after
return from space. While our data do not pinpoint a mechanism, the observed changes are assumed limited
to a few possibilities: a) an increase in the sensitivity of the transducer, b) a temporary structural alteration
affecting the mechanoreception of the otolith, or otollth-stereoclllary coupling that causes an enhanced
bundle deflection for a given movement, or c) a pre- or post-synaptic alteration in the strength of synaptic




transmission. Since the number of synaptic ribbons in certain type Il hair cells In rodent is labile, Increasing
following exposure to microgravity (Ross 2000), an increase In number of synaptic ribbons in toadfish otolith
hair cells following exposure to microgravity could potentially explain the present results.

Our Contribution: Our team has the expertise from the STS-90 and -95 missions, we published our
results In the Journal of Neurophysiology (see above), and we have all the necessary hardware and software
In place, operational, and available for the project. We recently constructed an acceleration platform to study
the neural responses of fish lagenar afférents to

Proposal for collaboration on Foton M-2 Mission

control vertical accelerations and vibrations. The device is ideal for the study of readaptation of crayfish
statocyst afférents to 1g following the exposure to a space mission. The acceleration system consists of a 40
pounds peak sine force permanent magnet shaker with a 2.5 cm stroke (displacement), with a frequency
range of DC to 6.5Khz, attached to baseplate; the baseplate is supported by four linear bearings and
pneumatic lifts. The shaker is driven by an air-cooled, direct-coupled audio amplifier. Multi-axis
micromanipulators are attached by posts to the baseplate to allow glass (preferably) or metal electrodes to
penetrate the nerve for responding the electrical activity of Individual nerve afferent fibers. All
neurophyslologlcal equipment is available, Including amplifiers, buffer amplifiers, oscilloscopes,
micropipette pullers, etc. Afferent activity and signals from accelerometers attached to the baseplate are
digitized using an external computer Interface (CED 1401 Plus) and recorded using Splke2 acquisition
software on a Pentium PC. The data are analyzed using routines already written in Wavemetrics Igor.

Experimental Protocol: Upon landing the crayfish will be prepared for electrophysiological
experiments. The electrical activity of Individual afferent fibers supplying the statocyst on one or both sides
will be recorded using routine techniques. The afferent response modulation to controlled inertial
acceleration along the z-axis parallel to the earth's vertical will be examined in both the amplitude and
frequency domains at progressive time Intervals following landing. A sufficient sample of afferent fibers will
be examined In each crayfish (e.g. 20-30 fibers) over a roughly 3 hour period for each recording session. A
separate experiment will begin, followed progressively by each crayfish. The recording sessions will then be
repeated in each crayfish to provide another sample of afférents at a new time. Tissue will be extracted at the
end of the experiment where possible for evaluation of the mechanoreceptor to afferent synaptic Junction at
both the scanning and transmission electron microscopic levels.

Needs: General supplies associated with crayfish, Including crayfish. Currently, there are 2 aquaria in
use for the toadfish projects. One could be converted for freshwater crayfish use; however, it is best to obtain
a simple, self-contained freshwater system. We will need to do preliminary experiments to Identify the
recording requirements In this invertebrate to ensure all is appropriate for the recording sessions after M-2
landing. The Russian team should be skilled in the dissection to visualize the statolith nerve in the crayfish.
It might be useful to spend a week with them early on to finalize the dissection procedures and data collection
procedures. At Ames we can perform the necessary control experiments before and after the launch to
establish the required benchmarks upon which to correlate the results obtained from the space crayfish.

Equipment Issues: The electrophysiological equipment and data acquisition system run under 120V
(60Hz). The most sensitive Instrument is the Intracellular amplifier and it can operate on 220 V (50 Hz). It
is recommended to have a 220-110 V transformer and preferably a 50-60 Hz converted. All equipment is
commercially available worldwide, the lab-defined software Is written in C-like language and has no
commercial or proprietary value.



FOTON -M2 EXPERIMENT PLAZMIDA
Experiment Design and Proposed Collaboration

Note: The following is a discussion document and proposal which does not represent a commitment
by either laboratories or agencies.

Introduction

The experiment will determine spaceflight effects on the stability of plasmid plJ702 in the bacterium
Streptomyces lividans. The organism produces conidial fruiting bodies (spores) which can be used to inoculate
agar growth medium. The plasmid has two markers: 1) resistance to the antibiotic thiostrepton, and 2)
production of melanin. Organisms that have the intact original plasmid will grow on a solid selective medium
containing thiostrepton and produce black colonies with darkening of the medium around the colonies. The
genetic sequence of the plasmid is prone to mutation, even in the absence of specific stresses that are likely to
cause mutation. Mutations may be indicated by the loss of the ability of the organism to grow on thiostrepton
selective medium, and/or loss of the dark melanin colony pigmentation. In addition, changes may be detected
by molecular biology techniques including RFLP, PCR, and DGGE. Relative translation of the plasmid
following growth under different conditions may be compared using Real Time PCR, and protein expression
determined by Proteomic analyses.

Flight Samples

Sixteen Petri dishes containing agar will be inoculated for the flight experiment. Half of the plates will be
prepared with non-selective medium that does not contain thiostrepton. The other half will be prepared with
selective thiostrepton agar. Thus, 8 plates containing selective medium and 8 plates containing non-selective
medium will be prepared. Sterile growth medium will be poured aseptically into sterile plastic Petri dishes
each with a diameter of 6 cm x 2cm. The plates will be sealed with parafilm to prevent release of volatile
metabolic products or contamination by volatile compounds in the ambient environment.

Of each set of 8 plates, 4 will be prepared with rich nutrient medium (ISP agar) and 4 with minimal medium
which contains only salts and agar. Half of the plates of each type of medium will be inoculated with a large
number of spores using a heavy suspension (heavy inoculum). Typically, growth on these plates should be
confluent, forming a lawn of colonies. The other half of the plates will be inoculated with a small number of
spores using a diluted suspension (light inoculum). Growth on these plates should be discrete colonies. Each
of the 8 medium-inoculum combinations will be prepared in duplicate. One of each duplicate plate will be
used by Dr. Voeikova (8 plates) and one of each duplicate plate will be shipped to Montana State University
for use by the Pyle Lab.

Selective Thiostrepton Medium Non-selective Medium
Rich ISP Agar Minimal Medium Rich ISP Agar Minimal Medium
Heavy Light Heavy Light Heavy Light Heavy Light
inoculum | inoculum | inoculum | Inoculum | Inoculum | Inoculum | Inoculum | Inoculum
2 plates| 2plates| 2plates| 2plates| 2plates| 2plates| 2plates| 2 plates

Ground Samples

Multiples of the above numbers of plates may be used for time-delayed-synchronous ground controls, to
allow for changes according to temperature data to be provided during the flight. This will allow incubation
of sets of plates at various time-points during the experiment to determine the effects of each stage of the flight
preparation, orbital conditions, and return. For example, the following points may be used:

1) Immediately after inoculation, loading and shipping of the flight samples at 4 °C (Launch -4 days, L-
4).
At time of loading samples into FOTON module (L-3 days)
At time of launch (L-0 hours), which is F light Day zero (FDO).
At time of commencing descent (FD16).
At time of recovery from the module, or Return (R+0).
At time of return of samples to the VVoeikova Laboratory at the Genetics Institute in Moscow, about
return plus 12 hours (R+~12h)

In practice, some of these sampling time points may be eliminated, based on the results of prior ground
experiments. For plates incubated at L-4, L-3 and FDO, incubation will be done at the nominal temperature of

2)
3)
4)
5)
6)



20 °C for 16 days. For plates incubated at R+0 and R+~12h, incubation will be done according to actual time
and temperature data obtained from the flight records. Additional sets of plates may be prepared for incubation
at R+0 and R+~12h using the nominal 20 °C for 16 days.

Following incubation of the Ground Sample plates, they will be examined for colony growth and
pigmentation. Plates for selected sampling points will be analyzed for comparison with Flight Sample plates.

Examination of Plates and Sample Preparation Following Growth Incubation Voeikova Lab

1)

2)
3)
4)

Each plate will be examined for colony growth and pigmentation. Where possible, the number of
colonies of different types will be counted and recorded. Plates with colonies too humerous to count
or confluent growth will be recorded.

Photos will be taken

Samples of growth will be prepared for use by the Voeikova Laboratory.

Flight and Control Petri dishes will be shipped to Pyle Laboratory at 4°C.

Pyle Lab

1)
2)
3)

Each plate will be examined for colony growth, pigmentation, and differentiation.

Photos will be taken

The requirements for sample preparation for each laboratory will be determined by the Principal
Investigators. Samples to be shipped to Montana State University will be sub-sampled into separate
containers, preserved as appropriate to the analyses to be performed, and frozen.

Analyses to be Performed

e The Voeikova laboratory will determine the numbers of spores and colony types on plates from
each growth condition, and will also perform Restriction Fragment Length Polymorphism
(RFLP) analyses.

e The Pyle laboratory will use a standard assay, e.g. total protein, to quantify the total number of
cells or spores and material in each sample. Depending on sample volumes and demonstration
of appropriate preservation methods, and if plasmid DNA can be separated from chromosomal
DNA, they will perform polymerase chain reaction (PCR) experiments to determine the
presence or absence of the original plasmid sequence. If there is sufficient sample, denaturing
gradient gel electrophoresis (DGGE) will be performed to detect point mutations on the plasmid,
complementing the results of RFLP analyses. Selected protein samples will be subjected to
proteomic analyses to detect differences in protein expression. If samples of preserved RNA can
be obtained in sufficient quantities, Real Time PCR (RT-PCR) will also be possible.

The analyses to be performed will be established prior to the flight experiment.

Ground Studies and Preparations Prior to Flight

1)

2)

3)

4)

5)

The Pyle Laboratory will obtain a culture of the organism from a commercial vendor, e.g. the American
Type Culture Collection. The specific strain will be recommended by the Voeikova Laboratory.
Standard formulations for media and other reagents, and procedures, will be provided by the Voeikova
Laboratory. The Pyle Laboratory will grow up the stock culture according to procedures and directions
from the Voeikova Laboratory. Growth from these cultures will be used for the development of
molecular procedures to be used by the Pyle Laboratory. This will commence immediately upon
approval of the collaboration.

Sequence data for the preparation of genetic primers will be determined by discussion between the
laboratories and from the literature.

The Voeikova Laboratory, with support of IMBP personnel, will arrange for export of culture(s) of the
specific strain being used in their laboratory. The Pyle laboratory, with support of NASA personnel,
will arrange for import of these cultures to the United States. These cultures will be used to further
define the procedures to be used by the Pyle Laboratory. This transfer will be arranged by the Fall of
2004 (November).

IMBP and the Voeikova Laboratory will arrange for export of flight samples and ground controls from
the Voeikova Laboratory. NASA and the Pyle Laboratory will arrange for import of these samples to
the US.

It will be determined by negotiation among the laboratories and agencies if it is necessary to run a
verification test of the experiment, including shipping, prior to the flight experiment.



Questions and Discussion Points

a)

b)

c)
d)

e)

f)
9)

h)
i)

Does the Voeikova Lab have information on colony characteristics after growth on the proposed
media? Yes. Voeikova Lab will send photos of colonies (on all 4 media types) by mail.

Have any experiments been done using the nominal timeline and conditions for the flight experiment?
Nominal conditions such as: 2 days at 4°C has no visible growth, 16 days colonies begin to develop,
descent (1 hr) and 12 hr transport. Timeline study has been done for other bacteria but not this one.
Does the Voeikova Laboratory have plasmid sequence data they could provide? Yes. She will provide
publication.

What are the formulations of the media, including the concentration of thiostrepton? What is the source
of thiostrepton (manufacturer, brand, description and catalogue number)? Yes. She will provide by
email. Thiostrepton is a Sigma product.

Are there any specific medium components or growth requirements that work better than others, e.g.
sources of materials? Materials, even yeast extract, are from Sigma. She will provide by email. Yeast,
malt and peptone in particular. Agar is from Difco.

Are there any special safety hazards associated with this organism, and what is the Biosafety Level
number? Biosafety is probably 1. Asceptic handling will be required.

Does Dr. Voeikova have any publications or reports on this organism, particularly with respect to
spaceflight experiments? No. Reports but they are not published.

Petri dishes are Sigma cat #? Yes. She will provide.

Copy of lab Protocol? Yes. She will provide



[NPOEKT

IIVIAH HPOBEJIEHUSA DKCIIEPUMEHTA "IIVIASMUJIA" 11O IPOEKTY
"®OTOH"-M-2

1. HA3BAHHUE OKCIHHEPUMEHTA: "IIJIABMHAJA"

2. OTBETCTBEHHbIA UCIIOJITHUTEJIb:

Ot Poccum: -p T. A. BoeiikoBa, ['ocynapcTBeHHOE yHUTapHOe Mpeanpustue — I'eHeTuueckuit
UCCIIeI0BATEIbCKUI LIEHTP

Ot CHIA: [-p bappu Ilaiin, Yausepcurer mtata Monrana, boyaman, MonTana

3.  3AJAYU U T'NIIOTE3bI:

CrpenToMuLEThl IPEACTaBIAIOT cO00M akTHHOOAKTEpuH, 0Opasyroliue B Ipolecce pocTa MULETUN C
BETBSIIMMUCS HUTSIMU WK TU(aMHU 1 KOHUIHATbHBIE TI0I0BBIC Tella. PaHee WX OTHOCKIIM K HU3IIUM Ipubdam,
HO Telepb pacCMaTPUBAIOT KaK IPaMIIOJIOKUTENbHbIe OakTepun. IMEHHO OHHM MPUJAIOT CBEXKEBCKOIIAHHOMN
3eMJI€ XapaKTepHbIH 3amax. MHOTHe CTPEeNTOMHLETHl NPOAYIHUPYIOT AHTHOMOTHUKH, HAIpPHMEp
crpentomuiinH. Itammer Streptomyces lividans moryr umMerh mia3Muay, 3amporpaMMHPOBAHHYKO Ha
NPOAYKIMIO MeTHieHoMuIMHa A. M3 HekoTopbix mrTamMMoB B. S. lividans Beigenena mmasmuma plJ702,
y4yacTBYIOIIas B 00pa30BaHUM THOCTPENTOHA, KOTOPBIN MpeicTaBiiseT co00il BHICOKO MOAUDUIIMPOBAHHBIHI
MYJIbTHIHUKINYHBIA TETTHI, XOPOIIO M3BECTHBIM KaK MHTHOUTOpP OETKOBOIO CHHTE3a. THOCTPENTOH TakkKe
SIBJISICTCSL MOIIHBIM aKTHBAaTOPOM T'eHHOM dKcrpeccuu B S. lividans. OcHoBHasI 1esib JaHHOTO UCCIICI0BAHHS
— CPaBHUTH CTAOMJIIBHOCTh M AKCIPECCHIO TUIA3MHUIHBIX M XPOMOCOMHBIX T€HOB B TIOJIETHOM M HAa3¢MHOM
Matepuaie. Y CTaHOBJIEHO, YTO MPOJAYKLIMs aHTUOMOTUKOB y aHAJIOTMYHBIX MUKPOOPTaHU3MOB YBEJINUNBACTCS
B YCJIOBUSIX KOCMHUYECKOTO rosieta. J[aHHbIH SKCIIEPUMEHT MOXKET MOMOYb MOHSATh MEXaHW3MbI YKa3aHHOTO
sisiienus. Tpancrenusie S. lividans u aqpyrue BUabI CTPENITOMHIIETOB UCIIOIb30BATUCH /IS U3y4YCHHS TEHHOM
HKCHPECCHH Yy LEJIOTO Psijia IPYTUX OPraHU3MOB, BKIItOYas yenoBeka. [IpoayKiust aHTHOMOTHKOB HITH IPYTUX
[IPEernapaToB B KOCMOCE WIN MOAU(DUKALUA KyJIbTYp Ha 3eMJI€ C LIEJIbIO MOTy4YeHUs 00IbIINX 00bEMOB LIEHHBIX
(hapMakoIIOTHYECKUX TPEenapaToB MOXKET UMETh NMPAKTHUECKOe 3HaYCHHE. 3ajaueii Hamero MccieI0BaHus
Oyaer nmpoBeeHUe MOJIEKYIsipHOTro aHanu3a mia3Muasl plJ702 S. lividans 66, ee coxpaneHusi, CTaOUITBHOCTH
1 amMIuTMUKAIMKU 0] IeUCTBHEM (PaKTOPOB KOCMHUYECKOro moseTa. [lomydeHHble pe3ynbpTaThl MOCITYXKaT
JIOTIOJTHEHHUEM K MCCIIEIOBAHUSAM, IPOBOAUMBIM POCCUMCKUMU CIIELUAINCTAMHU.

1) Hcnonb3ys npaiiMepsl Uit MAPKEPHOTO MeHa ITa3MUIbl, IIPOBOIUTCS MOJTMMEPa3Hast ICMHAs PeaKIHs
(ITLIP) ¢ Tem, 4TOOBI MOATBEPAUTH NPUCYTCTBHE MapKepa B HECYILEM IJIa3MUAY LITAMME.

2) Jlnst ompeenieHus Yicia KO TUIa3MHIbl Ha KJIETKY, KOTOPOE MOXET M3MEHSTHCS MOJ| JCHCTBHEM
(akTOpOB KOCMHMYECKOTO IMOJIETa W, B IEPBYIO OuYepelb, HEBECOMOCTH, MPOBOIAT pa3jeeHue
wiasMugHoH u XxpomocomHoi JIHK ¢ mpuMeHeHMeM CTaHAApTHBIX METOIOB MOJIEKYJISPHOTO
KJIOHUPOBaHUS. 3aTeM MPOBOJAT KOJIMYECTBeHHOE ompenenenue miuasmuanon JJHK u mpoepsitor
Hajnuyue mapkepa ¢ nomousro IIIP.

3) B mHamieli s1abopaTOpuu MOKHO TPOBECTH TeIb-3JIeKTpodope3 B JIEHATYPHPYIOIIEM TIpaJUCHTE
(Denaturing Gradient Gel Electrophoresis -DGGE) c¢ mesbio BBISIBJICHUS TOYCUHBIX MYTaIlMi Ha
wiazmuae. llpu Haauuuy XPOMOCOMHBIX MapKepOB HMX TaKXKe MOXHO IPOAHAIM3UPOBATH Ha
MPUCYTCTBUE TOUEUHBIX MyTaiuii ¢ nomompbio DGGE. [locnenoBarensHocts nonocok IHK B rene
ompezesnsiercst ¢ mnomornpio BigDye Bepcust 3.1 (ABl) u anamusupyeTcs ¢ HCHOJIb30BaHHEM
IIporpammbl cekBeHupoBaHusi (Sequencer Program). YmomsiHyTble METOAbl aHaiu3a SBSITCA
JIOTIOJTHEHHEM K METO/y pecTpukimoHHoro aHammsa (Restriction Fragment Length Polymorphism —
RFLP), npennoxeHHOMY pOCCUHCKUMU MCCIIE0OBATEISMU.

4) B cnydae ajeKBaTHOW COXPaHHOCTH OHOMarepuayia, Mbl MOXEM IPOBECTH JCTaJbHBIH aHAIN3
6enxoBoro komriekca. Kpome Ttoro, ecim ymacres monyuuts PHK, To MBI cMoxeM CpaBHUTH
TPAHCISIIMIO TUTa3MHUIBI B TTOJIETHOM U Ha3eMHOM Onomarepuaie metoaoMm [P B peamsHOM BpeMeHH
(RT-PCR).

[IpemaraemMpie HAMH WCCIIEAOBAHUS W METOJUKH TO3BOJSAT 3HAYUTENFHO TIOMOJHHUTH PE3yIbTATHI
HKCIIEPUMEHTA.

4. TOJIETHBIA DKCIIEPUMEHT:

1. O0ulee onucanue



1. Ucnonw3yst mpaiimMepsl [isi MapKEpHOTO Te€Ha IUIa3MUIbl, MPOBOAUTCS MOJUMEpa3Has LemHast
peakiust (ITL[P) ¢ Tem, 4TOOBI MOATBEPAUTH MPUCYTCTBUE MapKepa B HECYIIIEM IUIA3MUTY IITAMME.
2. Jlns onpeesieHrs Ynciia KOnui Tia3MHIbl Ha KJIETKY, KOTOPO€ MOKET U3MEHATHCSA MO IEHCTBUEM

($aKkTOpOB KOCMHUYECKOTO TOJieTa W, B TMEPBYID OdYepellb, HEBECOMOCTHU, IMPOBOJIAT pa3ielicHUE
mnasMuaHon u xpomocoMHou JIHK ¢ mpuMeHeHHeM CTaHIapTHBIX METOJI0B MOJICKYJISIPHOTO
KJIOHMpPOBaHMs. 3aTeM MPOBOAAT KolMuecTBEHHOe omnpenenenue miazmuaHon JJHK u nposepsitor

Hallnure Mapkepa ¢ nomouisto TTIHP.

3.B Hameii nmaboparopuu MOXKHO TPOBECTH Telb-IEKTPO(ope3 B JIEHATYPUPYIOIIEM T'paIHEHTE
(Denaturing Gradient Gel Electrophoresis -DGGE) ¢ 11en1bi0 BBISIBICHHS TOYEYHBIX MyTallMii Ha
miazmuze. [Ipy HaaMuMM XPOMOCOMHBIX MapKEpOB MX TaKKE€ MOXHO IPOAaHaIU3UpPOBaTh Ha
MIPUCYTCTBHE TOUYEeUHBbIX MyTanuii ¢ momornisio DGGE. TTocnenoBarensHocTh otocok JIHK B reme
onpenensercss ¢ nomoinpio BigDye Bepcus 3.1 (ABl) u aHanusupyercs C HCIOJb30BaHHEM
[Iporpammbl cexBeHupoBaHus (Sequencer Program). YooMsHyTble METOABI aHaIM3a SBATCA
JIOMIOJTHEHHEM K METO/y pecTpuKIMoHHOro aHanu3sa (Restriction Fragment Length Polymorphism -
RFLP), npenokeHHOMY POCCHMCKUMH UCCIIECOBATEIISIMH.

4.B cmydae aJeKBaTHOW COXPAaHHOCTHM OMOMarepwana, Mbl MOKEM IPOBECTH IETANbHBIN aHAU3
OenkoBoro kommuiekca. Kpome toro, ecnu yaacrtes nonyuuts PHK, To MBI cMOXeMm cpaBHUTH
TPAHCIALMIO TUIa3MHIBI B TOJIETHOM M Ha3zeMHOM Ouomarepuaie meronom I[ILP B peampHOM

sBpemenu (RT-PCR).

2. TpeboBanusi kK 6M000BEKTAM:

Ham xoTenock 061 momyuuTh 3 00pasiia bmomaTtepuana, Kakaplii 00eMoM 1 MII, €CITH ero BBIPAIUBAIOT B
xKUIKoH cpene. Eciu 6nomaTepuan BoIpalMBaOT Ha TBEPJOM arape, To TpedyeMblil 00beM OylieT 3aBUCUT OT
KJIETOYHOM KOHULeHTpauuu. [Ipy BblpaniyBaHuM Ha TBEPAON MUTATEIbHOU cpelie coOpaHHBIA OHMoMaTepuan
PECYCIIEH3UPYIOT B COOTBETCTBYIOIIMK Oydep uiau pacTBOp M INoOMeUaloT B KpuoduiakoHsl. Ilepen
TPaHCIIOPTHUPOBKOI OMoMatepuan 3aMopakuBaroT. Ham moHanoourcs, kak MUHUMYM, oauH obpaszer (1 mi
KHUJIKON KyJIbTYpbl WM IMOAJEKAIIUN COIJIacCOBAaHUIO OOBEM KyJIbTYphl Ha arape Uil KaxJO0ro aHajluza);
0JIHAaKO, OJIHOTO oOpasua OyAeT HEeIOCTaTOYHO JUIsl MOBTOPHBIX OompenesneHuid. B ontumanbsHOM BapuaHTe
XOTeJIOCh Obl MOJTY4YUTh OOJNbIIMN 00BEM OHOMarepHaia, YTO MO3BOJUT YIYYIINTh KauyeCTBO U MOBBICUTH
HAJEKHOCTb PE3yJbTaTOB aHanu3a. /[isi cpaBHUTENBHOTO aHaIN3a HEOOXOAMMO UMETh aHAJIOIMYHOE YHCIIO
po6 MOJIETHOTO U Ha3€MHOT0 OMoMarepuana.

3. TpeGoBanus K MoJiy4aeMbIM JaHHbIM:

HeoOxonuMo nmonyyuTh JaHHBIE MO YCIOBHUSM IMpPOBEAEHUS dKcrepuMeHTa. [[nst BepaboTKkM mpaiimepa,
HeoOxoaumoro npu onpeneneHnu 1iazmMuaHoil JIHK ¢ momomro TIHP, mnorpebyrorcss naHHBIE
T€HETUYECKOTO CEKBEHMPOBAHHUS IIJIA3MHJIBI, KOTOPBIMM MOTYT pacIojaratb POCCHMCKHE HCCIIEI0BATEIN
(mooOHbIe aHHBIE MOKHO HAalTH U B ONYyOJMKOBaHHOU JuTeparype). Te ke JaHHble MOTpeOYIOTCs Ui
BBISIBJIEHMSI TOYEUHBIX MyTauuid B Mmiuasmuje. s mosiydeHus mpaiiMepoB C ILesbl0 OOHapyKEeHHUs
cnenn(pUIeckux ToYeuHbIX MyTanuii B xpomocomHoi /JIHK HeoOXoauMo nMeTh JaHHbIE IO XPOMOCOMHBIM
IIOCJIEI0BATEIBHOCTSIM.

4. TpedoBaHuA K HAYYHOM anmaparype:

K BO3MOXHBIM O€IKOBBIM KOHCEpBAaHTaM OTHOCSTCS: KoHLeHTpupoBaHHas PHK-Later (Ambion),
KoKTelnb, conepxkamuit O[ATA, Tpuc, DMCO (benunmerun cyabponm gropua) u autuorpeiton (ATT),
WJIA KOKTEWJIb ¢ MHruOuTOpOoM nipoteassl (Sigma P8465). Eciu okakeTcst Bo3MoxHbBIM mmosyunth PHK, To MbI
CMOXEM CPaBHUTH TPAHCISIHMIO TUIA3MHUABI B TIOJIETHOM M Ha3eMHOM Omomarepuaine meromom I[IIIP B
peansHoM BpeMenu (RT-PCR). B aTom ciryuae HeoOxoauMo ipoBecTH (PUKCAUI0 OMoMaTeprala Kak MOXKHO
cKopee mocJie nmocaaku konneHtpuposannoit PHK-Later (Ambion) i PHK-Protect (Qiagen). [pu Haminuuu
JAHHBIX 0 T€HETHMYECKOMY CEKBEHHUPOBAHMIO MBI CMOXKEM MPEJOCTaBUTh BCE HEOOXOIUMOE Ui TaKHX
Hccen0BaHui 000pyoBaHue, KOTopoe uMmeercst B Otene MUKpoOHoaorun Y HuBepcuTeTa mrara MoHTaHa,
r. boy3man.

5. lIpenmnoJieTHBIE MPOLEAYPHI:
[Tomnexxar cormacoBanuto ¢ poccuiickum Pl.

6. IMoaerHbie npouexypsui: [loanexar cormacoBanuto ¢ poccuiickum Pl.



7. IocaenoJieTHbIE MPOLEAYPHI:

Jlst mpoBeieHus OOJIBIIMHCTBA MpeiaraeMbix Hamu ucciienoBanuid (ITLP, MonexynsipHOe KIIOHUpOBaHWE
U renb-3eKkTpodope3) HEoOXOAMMO KaK MOXHO paHbIIe TI0CI€ OKOHYAHHUS IOJIETa BBIOJHUTD
crabuwmmsanuio JJHK. Mcxons u3 Hamiero ombita pabotsl ¢ PSeudomonas aeruginosa, Ham mpeacTaBiiseTcs
KeJaTeJIbHBIM UMETh O TPH HPOObI MOJETHOTO M KOHTPOJIBHOTO OMoMaTepuala, 3a()MKCHPOBAHHOTO B
MOAJIKAIEM  COIJlacoBaHHIO pacTBope. K  BO3MOXHBIM  OEJIKOBBIM  KOHCEpBAHTAM  OTHOCSTCS:
koHrenrpupoBannas PHK-Later (Ambion), kokreitis, conepxkamuii DJITA, Tpuc, ®DMCD (henunmeru
cynbdonumn propun) u gutraorpeiiton (JITT), uiu kokreitns ¢ uHruouTopomM mpoteassl (Sigma P8465). Eciu
OKa)keTcs BO3MOXKHBIM noiyunth PHK, TO MBI cMOXeM CpaBHHUTH TPAHCISIMIO TUIa3MUIBI B TIOJIETHOM H
HazeMHOM Omomarepuane merozom IIIIP B peanmsnom Bpemenu (RT-PCR). B stom cinydae HeoOXxoaummo
mpoBecTH (QUKcanuio Onomarepuaia Kak MOXKHO CKOpee Tocje Mmocaaku KoHIeHTpupoBanHoi PHK-Later
(Ambion) uau PHK-Protect (Qiagcn).

[Tpo6b1 Onomarepuana cieqyeT MOMECTUTh B HeOoJbIHMe KpHO(MIaKOHBI, CHAOKEHHBIE NMPOOKaMU U
YIUIOTHUTENBHBIMH KOJIbIIAMH, UCKIIIOYAIOUIMMH YTEUKY, OBICTPO 3aMOPO3UTh, YIAKOBaTh B TPAHCIIOPTHBIN
KOHTEWHEp C CyXUM a30TOM U B TAKOM BHJIE OTIPABUTH B Jabopatopuio Pl.

5. KOHTPOJIbBHBIE OKCIIEPUMEHTbI:
Bce o6pasibl 6noMarepuana (IMojeTHbIe U KOHTPOJIbHBIE) TIOJIBEPratoTCs UIASHTUYHON 00paboTKe.

6. IPEAITIOJIETHBIE BEPU®OUKALIMOHHBIE UCIIBITAHUA:

1. AMepukaHCKHe UCTIBITAHNUSA:

Jyis ucnpiTaHul HEOOXOIMMO UMETh KYIBTYpY TECT-OpraHu3Ma, CoAepKaIlyo iasmuny. [Ipenmnonernsie

MEpPOIPUATHS BKIIIOYAIOT OTPA0OTKY MPOLESYP, OCHOBAHHBIX HA POCCUNMCKUX MPOTOKOJIAX BBIPAIIMBAHUS

KYJIbTYp, @ TAaK)Ke IEMOHCTPAIUIO COBMECTUMOCTH MOTy4YEHHOr0 OroMaTepuasa ¢ HallUMU METOIUKaMH

MOJIEKYJISIPHOTO aHanu3a. J{Jis mpoBeeH sl IPEANOIETHON NOArOTOBKM HAM HEOOXOIMMO UMETh:!

- Poccuiickue npoToOKO0IbI HKCIIEPUMEHTA

- HcxonHyro KyiabTypy, HCHOJB3YEMYIO POCCUMCKUMH UCCIEN0BATEIIMHU

- KynberypaneHyto cpeay u pexXxuMbl BbIpallluBaHUs

- JleranpbHOE OINHUCAaHUE NOJJIEKALIEH W3YYEHUIO IUIa3MHIbI, BKIOYas HWHGOpPMALHUIO O
nocnenoBarenbHoct JTHK.

2. Poccuiickue HCIBITAHUS:

Jlo noznera HEOOXOUMO, YTOOBI POCCUICKHUE UCCIEI0BATEIN BBHIPACTUIN KYJIbTYpY, CIEIys MPOTOKOINIY,
KOTOpBIM OHU OyIyT MCIOIb30BaTh NPUMEHUTENBHO K MOJETHOMY MaTepuaity, IpoBeiIr 3a00p HYKHbIX HaM
00pa31oB U OTHPABMIIN X HaM. DTO 1aCT HaM BO3MOXHOCTb IPOBEPUTH IPUMEHUMOCTb MTPEIaraeéMbIX HaMH
METO/IOB aHaJIn3a (CM. HIKE).

3. KomiiekcHble HCTIBITAHUS U PETHCTPAIIUS MCXOIHBIX TaHHBIX:

Ham HeoOxonnMo mpoAeMOHCTPUPOBaTh, YUTO Mbl MOXKEM BBIPACTUTh B CBOEH J1a0OPAaTOpUU KYJIbTYPHI,
MOJIB3YSICh  POCCUUCKMMM IPOTOKOJAMHU, U IOJIYyYHUTh aHAJIOTMYHOE KOJIMYECTBO KIETOK. Bce
AKCIIEPUMEHTAJIbHBIE TPOTOKOJIBI HEOOXOAMMO ONTHUMH3UPOBATH [UISI MCIONb30BaHUS C YyKa3aHHBIMU
IpaMIIOJIOKUTEIbHBIMA MUKpPOOpTraHu3MamMu. B nmureparype MokHO HaiiTH 60JIbIIOE YHCIIO TPUMEPOB.

3anadyeil Takoll oNTUMM3ALMM SBJISETCS MOJyYeHHE MAKCHUMajJbHO BO3MOXKHOTO oObeMa MPOJyKTa M3
HeOobIIMX 00pa31oB. 3aTeM B Hallel 1abopaTopuu Mbl OyJeM MPOBOJUTh MHOTOKPATHBIE aHAIU3BI C TEM,
YTOOBI MOJYUYUTh HA/IEKHBIE PE3YIbTATHI.

7. B3BATUE BUOMATEPHUAJIA U CIIOCOBbI MAPKUPOBKMU:

- ®uxcarop JIHK, HanpumMep 3TaHOI WM KOMMEPUYECKHH PEaKTHB, OJICKUT COTJIACOBAHUIO

- DBenkoBelii KOHCEepBaHT, Hampumep KoHIeHTpupoBanHas PHK-Later (Ambion), kokTeiisib,
cogepxaumii D/ITA, Tpuc, ®PMCD (denunmerun cynbHoHUI (TOPUI) U JAUTHOTPEUTOI
(ATT), unu KOKTEHIb ¢ MHTUOUTOPOM MpoTeasbl (Sigma P8465) - moaIe Ut coriiacoBaHUIo

- ®uxkcarop PHK, manpumep konuentpupoBannas PHK-Later (Ambion) wmu PHK-Protect
(Qiagen)

- Kpuodmnakonst o0bemMoM 2 M, cHaOXeHHble NMPOOKaMU M YIUIOTHUTEIBHBIMU KOJIBLIAMH,

nanpumep Fisher 05-669-64.



IkcnepuMent «Ilnazmuaa» (I'HL UMBII PAH coBmectHo ¢ BHUU «I'eHeTnka)
Hccaenoanue Bausuusa PKII Ha 3pPexkTHBHOCTL HAC/IEIOBAHUA M CTPYKTYPHYIO
cTadmiabHOCTh IIa3mMuabl PlJ702 y akrunomumnera Streptomyces lividans 66

O0ocHoBanmne: B Hacrosmiee BpeMs MOKa3aHO, 4YTO BO3JeicTBUE (PAKTOPOB KOCMHUYECKOTO MOJeTa
(®KII), rnaBHbIM 0Opa3oM MHUKpPOIpaBUTAllMM Ha KIETOYHOM YpPOBHE pealu3yeTcs IpH Y4acTUU
OMOMEXaHMUECKUX UX CTPOCHUS U HEHPOTYyMOpPaIbHBIX MEXaHU3MOB afanTaiui (1). Bmecre ¢ Tem, B cirydae
C MHUKpoopraHu3mamu (OakTepuu, HU3LIME TPUObI W JAp.) HpU OTCYTCTBUM Yy HHUX CIIOKHBIX
BHYTPHUKJIETOYHBIX KOMIUIEKCOB M HAJKJIETOYHBIX ypoBHEW opranuzanui, 3ddexrsr OKII oOycnoBiens
IPSIMBIM BO3/IeHCTBHEM 3TUX (PaKTOPOB HA META0OIN3M U T€HETUYECKHE MTPOLIECCHI.

OnHUM U3 TePCHEKTHBHBIX MOIXO0/I0B, K U3yYCHHUIO MOJICKYJISIPHBIX MEXaHU3MOB JIEHCTBHS (PU3HUECKIX
(akTOPOB KOCMMUYECKOI'O IOJIETa Ha JKUBBIE CHCTEMBbl SBJSIETCA WAECHTHU(QUKAIMA I'€HOB M HU3Y4YE€HUE MX
JKCIIPECCUH.

PacmmgpoBka cTpykTyphl reHOMa psijia pacTeHUI U )KMBOTHBIX, B TOM YMCJIE€ M Y€JI0BeKa, IpUOInKaeT
UCClieIoBaTeNe K MOHMMAaHUI0 MEXaHW3MOB SKCIPECCHH T€HOB. B cTpyKType OONBIIMHCTBA T€HOB YK€
UACHTU(GUIMPOBAHBl  PETYJIATOPHbIE 007AacTH, KOHTPOJUpPYIOIIME T€ WIM UHbIE AacleKTbl HuX
(YHKIMOHUPOBAHUS (IKCIPECCHIO WM PETIPECCUI0). DTH MPOLECCH KOHTPOJIUPYIOTCS KaK BHYTPEHHHMU,
TaK ¥ BHEIIHUMHU (aKTOPaMHU.

W3yuenne sKcrpeccMd T€HOB HAa WHTEHCHUBHO pa3padaThIBaeMbIX KIETOYHBIX MOJIENSAX, B YACTHOCTH
MHUKPOOPIaHU3MaX, MOXKET OKa3aTbCsl YAOOHBIM U BecbMa 3(PPEKTUBHBIM JJI IOHUMAHUS MOJIEKYJISPHBIX
mexanu3MoB jaeiicTBust OKII Ha xuBbIe cUCTEMBI. DTH pabOTHI YK€ HA4aThl B PAJE MCCIEIOBATEIBCKIX
LECHTPOB HanuoHanbHbIX KocMuueckux areHTCTB (NASA, ESA, NASDA u np.) IlepBbie pe3yabTaThl 3TUX
WCCIIC/IOBAaHU HAa PA3IMYHBIX OHMOJOTMYECKHX OOBEKTaX, B TOM YHWCIIE M MHUKPOOpPraHHW3Max, ObUIN
MpeACTaBICHBI B padote (2).

[IpennaraeMbie HaMU B Ka4eCTBE O0BEKTA MCCIICOBAHUS OaKTepuu poja Streptomices uMeroT BBICOKUIA
YPOBEHb HECTaOWJIBHOCTH TE€HOMA, 4YTO BbIpaXkaeTcsi 0Opa30oBaHUMEM BCEX BO3MOXKHBIX IPOJYKTOB
CIIOHTAHHOTO U MHAYLIMPOBAaHHOTO MyTareHe3a, KOTOPbIE YaCTO UMEIOT XOPOILO BbIPAKEHHBIE (BUAUMBIE)
BHEIIHUE (EHOTUIUYECKHE TIPOSIBICHUS.

Takum 00pa3zom, COCTOSIHME T'€HOMa CTPENTOMMIIETOB B 3KCIEPUMEHTAaX IO HM3YYEHHIO MEXaHH3MOB
BiausHusA OKII, B TOM uMcine ¥ MUKpOTrpaBUTAllMM, HA F€HETHUUECKUE XAPAKTEPUCTHKH, MOTYT CIIYKUThb
YYBCTBUTEJIbHBIM MHAMKATOPOM ISl OLIEHKH CTENEHH M MOTEHIUAIbHON BO3MOXHOCTU BO3ACHCTBUS Ha
HACJICICTBEHHBIN ammnapaT >KUBBIX OPraHW3MOB, HYKCIIOHUPOBAHHBIX B YCIOBUSAX KOCMHUYECKOIO IOJIETA
Pa3IMYHON TPOIOTKUTETLHOCTH.

3apgava: M3yueHune 4acTUYHOM nepenayn U MOOWIM3ALMU MJIa3MUJL TOCIIE JUTUTEIbHON PEeUHKYOauu
IITAMMOB — JOHOPOB, XOJITEPOB U PEIIUIHEHTOB B YCIOBHUIX KOCMUYECKOTO OJIETA.

O0BbeKT HcclIeI0BaHMsI: MUKPOOPraHu3Mbl (akTHHOMUIIET Streptomyces lividans 66)

XapakrepucTuka  Ouomartepuasa:  CTpenTOMHUIETHI ~ OTHOCATCS K MEUICHHOPACTYIIMM
MHUKpPOOpPraHu3MaM M 00Jalal0T YeTKO BBIPAKEHHBIMM CTaJUSMH >KU3HEHHOIO IMKJIA: CyOCTpaTHBIN
MUIIETTUN - BO3AYIIHBIN MULIENIUNA — criopbl. B mporecce nuddepennmanny y HuX MpOUCXOAUT Cerperamus
TeHEeTHYECKOro Matepuana (TeHOMHOM, riasMuaHoi U np. BuaoB cateuuTHbIX JIHK), obecneunBatomas
repeaady HacJIeICTBEHHOIO MaTeprala JIEMEHTaM BEre€TaTUBHOTO PA3MHOKEHUS — CIIOpaM.

Pacnpenenenue ninazmuanoii (uurorutazmarudeckoit) JIHK B cnopax - mpotiecc, 3aBucsIuil He TOJIbKO
OT MPUPOJHBIX CBOMCTB IMJIa3MHUIHOTO PEIUIMKOHA M CBOMCTB MHUKpPOOPTaHM3Ma — XO3SMHA, HO BHEUIHHX
(akTOpOB, OKa3bIBAIOLINX BIMSHUE Ha JIBa NepBbIX, B yacTHOCTH, oT PKII JleiicTBue 3THX (hakTOpOB Ha
JIHK Mo’keT npuBecTH K yBEIMYEHHUIO CTPYKTYPHOU HECTAaOUIbHOCTH M BO3HUKHOBEHHUIO MyTallMil B caMoil
mwiazmuae. OnpenennuTs 4acTOTy BO3HMKHOBEHHMS TaKMX MYyTallMii MOYKHO OTCIEXHBAas HKCIPECCHIO
(eHOTHITa MapKEPHBIX TEHOB, JOKaM30BaHHbIX B tuiasmuaHon JIHK ITnasmuma plJ702 umeer MmapkepHbIi
reH o0pa3oBaHUS TEMHOTO MUIMEHTa KJIETKaMH MUKpPOOpPraHM3Ma Xo3suHa. Ero moBpexjeHue aOIKHO
MIPUBOAUTH K 00€CIIBEUMBAHUIO KOJIOHUH, Hecyux miazmuaayo JJHK.

YcaoBusi npoBeeHus IKcNepuMeHTa U annaparypa: Yamku [letpu ¢ KynbTypamu 6e3maa3MuaHOTO
U TUIa3MHIHOTO MITAMMOB akTHHOMHUIeTa Streptomyces lividans 66 (10HOPOB, XOJITEPOB U PEI[UITUCHTOB)
Ha arapoBoil cpene OyAyT pa3MelIeHbl B CIICLUAIbHOM YyKIJIaJKe MOMEUICHHOW B KoHTeiHep bb-2 M.
OnBITHBIM M KOHTPOJIbHBIM BapuaHThl. OnTuManbsHas Temneparypa 20-25°C, BraxHocTs 60% . Ilepen
Ha4yaJioM MOJIETHOTO SKCIIEpUMEHTa U nocie npuszemiieHns KA o0a BapuaHTa (KOHTPOJIBHBIN U TTOJIETHBIN )
xpansarcs npu t—4°C. 119 KOHTPOIBHOIO BapHaHTa BOCIPOU3BOAUTCS BPEMEHHON M PEXXUM UACHTUYHBIN
nonetHoMy. IlocienoJieTHblii aHanu3 Ouomarepuana Oyner BeimoiaHeH B UMBIT PAH u Bo BHUU
«['enernka». bByayr wu3ydeHsl yacToTa MOOWIM3alMM M MEXaHU3M Iepelayd  IUIa3MUIHON



(murorutazmaruueckoit) JHK wmexny pasnuunbix mrammoB. HMccnemoBanuss OyayT TNPOBENEHBI C
WCIOJIb30BAHUEM COBPEMEHHBIX MHUKPOOHOIOTUYECKUX, MOMYIISIIIHOHHO-TEHETUYECKIX U MOJIEKYISIPHBIX
METO/OB.

IIpakTuyeckasi 3HAYUMOCTb M O)KHMJAaeMble pe3yJbTarbl: [lonyyeHHbIE NaHHBIE MO3BOJAT BBISIBUTH
0COOCHHOCTH U JUHAMHKY nepeaauu mazMuaHoi JJHK B mporeccax Mexpo10Boil KOHBIOTAIIMH B YCIIOBUSAX
MUKporpaBuTamnuu. Kpome Toro, 3Tv JaHHBIE AaTyT BO3MOXHOCTh OIICHUTh BEPOSTHOCTh U OCOOECHHOCTH
MpOTeKaHUs WH(PEKIMOHHBIX 3a001eBaHU Y KOCMOHABTOB.



IkcnepumMeHT « Ilmazmuna»
HpOMe)KyTO‘{HLIﬁ oTYeT 1o l'[epBOMy 3Ta11y HO}IFOTOBI/IT@J’ILHOi/i paGOTLI

Conep:xanue padoT MepBOIro Tamna:

1. AxkrtuBanus IuiasmMpgHoro mramma  Streptomyces lividans 66 (plJ702) (BeiBeaeHue w3
IO HITHLHOBBICYIIIEHHOTO COCTOSHIS).

2. Orbop MIa3MHUICOJACPKANIETO MOHOKJIOHA C BBIPAKEHHOW OJKCIpPECCHEH IUIa3MUAHOTO T'eHa
MUrMEHTO00pa3oBanus — mel.

3. Anamms crabunpHoCTH HacienoBanus mazmuHon JJHK pI1702 B momyssiiuu criop 0TOOpaHHOTO KJIIOHA
S. lividans 66 (plJ702) ¢ ucnonp3oBanneM (heHOTHIIA YCTOMYHUBOCTH K THOCTPENITOHY, OMPEAEIIEMbIM
MapKEepHBIM reHOM — LS.

OcHoBHas YacTh:

Bo BckpeITyl0 ammyny, colepKailyro JTHO(QUIbHOBBICYIICHHBI MaTepuall KOJUIEKIIMOHHOTO ITamMma
BKIIM S. lividans 66 (plJ702) 6buto moGasieno 0.5 mur (GU3HOJOTHYECKOro pacTBOpa. buomartepuai
pecycreHANPOBAIN BCTPSIXUBAHUEM U Yepe3 5 MUH MHKYOAIlluy IPU KOMHATHOW TeMIepaType MOTyYeHHYIO
cycnensuto BbiceBamu mo 0.1 M Ha wamkum arapu3oBaHHOW cpensl ISP, comepxkamyro 50 Mkr/mi
IUIa3MUJICENICKTUBHOIO areHTa — aHTUOMOTHKA THOCTPENTOHA. 3acessHHbIE YalllKi UHKYOUPOBaIN B TEUEHHE
7 nueit npu 28°C 110 3aBepieHUs CIOPOOOpPa30BaHuUs T'a30Ha MUKPOOPraHU3Ma.

C mosryd4eHHOTro razoHa MPOU3BOIMIM COOp CIIOPOBOTO MaTepHalia ¢ UCIOIb30BAHUEM METO/Ia CIIOPOBOI
dunsTparuy. TlomyderHyio cycreHsmio crop pacceBann B pasenenusax 10 10°; 10°; 107 ma wamxn
arapu3oBaHHoOI cpenbl ISP, cogepxartyto 50 MKI/MJI THOCTPENTOHA JIJIsl TOTYYCHHS €IMHUYHBIX KIOHOB S.
lividans 66 (plJ702). Takum obOpa3om, yepe3 7 nHel WHKyOanuu ObLIO OTOOpaHo 15 romMoMopgHBIX
TUOCTPENTOHYCTOMYHMBBIX KIOHOB, JEMOHCTPHUPYIOIIMX XOPOLIUH POCT M CHOpoOOpa3oBaHHE Ha
cenekTuBHOU cpene ISP w oGnamaronve BbIpaKeHHBIM (EHOTHIIOM NHUIMeHTOOOpazoBanus (Mel™).
OTtobOpaHHbIE KJIOHBI ObUTH pa3MHOXKEHBI MyTeM CEKTOpaJIbHOro naccaxka Ha cpezne ISP, conepxarryro 50
MKT/MJI THOCTPETITOHA.

beut npoBeaen ananu3 ctabunbHOCcTH HacienoBaHus minazmuaHou JJHK plJ702 B momymsimuu crop
OTOOPaHHBIX KJIOHOB C IEJIbIO OINPECIICHHs TTPOLIEHTHOT'O OTHOIIEHUS criop Hecymmx razmuanyro JTHK.
C »TOl 1enblo, CYCNEH3MM CHOp aHaJIM3MPYEeMBIX KJIOHOB MapajulelbHO pacceBanu Ha cpeny ISP,
COZICPIKAIYI0 M HECOJEpX AUyl THOCTpenToH. YUepe3 7 1IHEW NOACUUTHIBAIM KOJUYECTBO KOJIOHUU
BBIPOCHIMX B CEJIGKTUBHBIX M HECEJIIEKTUBHBIX YCJIOBUSAX M ONPEACISUIM UX IMPOLEHTHOE OTHOIIEHHE.
VYpoBeHb cTabunbHOCTH HacnenoBaHus Iiasmuabl pll702 mis Bcex 10 mpoaHanM3MpPOBAHHBIX KIIOHOB
BapbUPOBAJ B HE3HAUUTENBHBIX Mpeaenax: oT 96% no 99% (cm. Tabu.).

Tadnnua. @eHOTHNNYECKHE XaPAKTEPUCTHKH OTOOPAHHBIX IJIa3MUAHBIX KjiaoHoB S. lividans 66
(pI1702).

CTaObuIBbHOCTD Meton Mopdoormecka
Kion Ne  |HacnemoBanus plJ702 PeTUTUKAIINN Dkcnpeccus Mel*
sl I3BMEHYUBOCTH (%0)
(%) (%)

1 97.5 98 5 +
2 98.4 99 3 +
3 96.7 99 3 +
4 98 100 2 +
5 97.2 98 4 +
6 96.2 99 3 +
7 98.4 100 4 +
8 99 100 3 +
9 96.8 98 3 +
10 97.5 99 4 +

[To pe3ynbraTam mpoBeAeHHOTO aHanu3a u3 10 mepBoHadaIbHO OTOOPAHHBIX KJIOHOB JJIS JajbHEHIEH
paboThl OBUTO BHIOpAaHO 3, UMEIONIUX MaKCHMAJIbHBIA YPOBEHb CTAOWJIBHOCTU TUIa3MHUBI B TOMYJISIIUN



CTHIOPOBBIX KJIOHOB MIPH PETUIMKAIIMH, KOPPEIUPYIOIINM C BBICOKUM YPOBHEM CTaOMIHBHOCTH B pacceBax (He
Hke 98%).

CycrieH3uu crop, 0OTOOpaHHBIX 1O pe3yJIbTaTaM IEPBUYHON MPOBEPKH KJIOHOB N4; 7; 8, KOHCEpBUPOBAIIN
B (U3HUOJIOTHYECKOM PACTBOPE C UCIIONIb30BaHueM 15% pacTBopa IMIHIIEpUHA U ITOMEIIAN Ha XpaHSHHE TIPU
—20 °C st nanpHenmen paboThl.

Hcnoanurenab: CTapmiMid  HAaydyHbIH  COTPYIHHUK JIaOOpaTOpUM  TIEHETUKH  aKTMHOMMIIETOB
('ocH1H renetunka), kanauaat OMOJIOTHYECKUX HAYK

‘ Tadakos B.1O./



®OTOH-M-2

IIJIAH NPOBEJIEHUSA DKCIIEPUMEHTA

1. HABBAHHUE 3KCIIEPUMEHTA:
Kparkoe - «IIJIASMHUIA»

IMoanoe — M3yyenune BausiHusi aKTOPOB KOCMHYECKOI0 1M0J1eTa Ha 3(PPeKTHBHOCTH HAC/IE0BAHMS
H CTPYKTYPHYIO CTa0MJIbHOCTD masmMuabl Pl1J702 y akrunomunera Streptomyces lividans 66

2. OTBETCTBEHHBI UCITIOJTHUTEJIb:
Or Poccuu: BoeiikoBa TarbsiHa AJlekcaHAPOBHAa, K.0.H., 3aB., Ja0opaTopueil TreHeTHKH
akTuHoMuueToB, I'YII 'ocHUUreneTuka

3. COUCHOJIHUTEJIA: Ot Poccun: Her

4. OCHOBHBIE LHEJIX DOKCIIEPUMEHTA:
1. BeisiButh Bnusaue OKII Ha reHeTueckue CTpyKTypbl MUKPOOPTaHU3Ma;
2. OnpenenuTh XapakTep U NpearnoaraéMblii MEXaHU3M U3MEHEHUN T€HETUYECKUX CTPYKTYP;
3. IlombITaThCs CBSA3ATH BBISIBICHHBIC M3MEHEHUS C Bo3ielicTBueM onpeaeneHHbx OKII.

5. OBOCHOBAHME OKCHHEPUMEHTA/TUIIOTE3bI:

[Ipemyiaraemele B KauecTBe OOBEKTa MCCIENOBaHUSA OakTepuu poja Streptomyces MMeroT BBICOKHI
YPOBEHb HECTAOMJILHOCTH TE€HOMAa, YTO BBIPAXKAECTCS OOpPA30BAHMEM BCEX BO3MOXKHBIX MPOAYKTOB
CIIOHTAHHOTO W HMHJYyLHMPOBAHHOI'O MYTareHe3a, KOTOpBIE 4YacTO HMEIOT XOpPOIIO BHUAWMBIE BHELIHHE
(beHOTUITHYECKUE MTPOSBICHUSI.

Taxum 00pa3oM, cOCTOSIHHE T€HOMAa CTPENTOMHIIETOB B SKCIIEpUMeHTax 1o uzydeHuto BausHus OKII na
T€HETUYECKUE CBOMCTBA OpPraHU3MOB MOXET CIY’)KHTh YYBCTBUTEIBHBIM WHIAMKATOPOM Ul OLICHKH
MOTEHIMAJILHOIO BO3/IEHCTBUS HA T€HETUYECKHUH ammnapar OpraHu3MoB, Haxoasumxcst Ha 6opty KJIA.

B kauecTBe MPOCTOro ¥ XOPOIIO 0XapaKTEPU30BAHHOIO TECT-3JIEMEHTA FEHOMA CTPENTOMUIIETA BBIOpaHa
MHorokonuitHas miaasmuzaa plJ702. M3sectHo uTo pacnpenenenue miazMuaabix JJHK B ciopsl — ciryuaiinbrii
MPOLIECC, 3aBUCALIMN OT MPUPOJHBIX CBOMCTB IUIa3MHUJHOIO PEIUIMKOHA, OMOJIOIMYECKHUX CBOICTB
MHUKPOOpPIraHHW3Ma-X035MHa, a TakXe BHEIIHUX (DAKTOpOB, OKAa3bIBAIOIIMX BJIMSHHE Ha JBa IEPBBIX.
N3meHnenne MeTaboan3Ma MUKpOOPraHU3Ma-X03sMHa HapsiLy ¢ IPsIMbIM JielicTBUEM 3THX pakTopos Ha JIHK
MOJKET MPUBECTHU K YBEIMUYEHHIO CTPYKTYPHON HECTAOMIIBHOCTH M BOBHUKHOBEHUEM MYTallUii F€HOB B CaMOi
mwiazmuae. OTCIeIuTh YacTOTy BO3HUMKHOBEHHUS TAaKUX MYTallMi, MOXKHO OTCJEXKHBAs SKCIPECCHUIO
(eHoTHIa MapKepHBIX FeHOB, JOKaIM30BaHHBIX Ha utasMuaHoi JIHK. [Tnazmuaa plJ702 umeer MapkepHbIi
reH o0pa3oBaHUs TEMHOTO NMHUIMEHTa KJIETKaMH MHUKPOOpraHum3Ma-xo3suHa. Ero moBpexieHue JO0IKHO
MPUBOJUTH K 00ECI[BEUMBAHMIO KOJIOHUM, Hecylux miazmuanyto JJTHK.

6. TMMOJETHBIA DKCIIEPUMEHT:
1. O6uree onucanue:

YameuHast 3akiagka OnoMaTepuaa (pacTymux MUKPOOPTaHU3MOB) Ha arapu30BaHHOM Cpefie B TIPOCTOM

METAJUINYECKUN KOHTeHHep 06e3 TepMOCTaTUPOBAHHUS.
2. TpeboBanus K OMOOOBEKTAM:

[TpukperuieHHBIH POCT MUKPOOPTaHU3MOB Ha MOBEPXHOCTH arapu30BaHHOM cpejbl pu Temreparype 15

— 35°C. Bpems reneparuu nmpu temreparype 20°C cocrapnser 14—16 cyrok.
3. TpeboBaHus K perucTpupyemMbIM 1aHHbIM: Het
4. TpeOoBaHus K HaydyHOU anmaparype: Her
5. [IpeanoneTHeie TpoIeypHl:

PacceB Omomarepmana Ha arapu3oBaHHYIO THTATEIBHYIO Cpedy B damkax [leTpw; 3akmajka damiexk B
MIOJIETHBIM KOHTEHHep; MoMelleHHe KOHTeiiHepa B CyMKy-XonoawibHUK 4 — 10°C; TpaHcmopTHpOBKa
KOHTEIfHepa K MeCTy cTapTa; ycTaHOBKa KoHTeitHepa Ha 6opTy KJIA.

6. [Tonetnsle mpoueaypsl: Het
7. IlocnemnoneTHble MPOLETyPHI:

Custne kouteiiHepa ¢ Oopra KIJIA; momemenue KoHTeiiHepa B CyMKy-xojoawinpHUK 4 - 10°C;

TPAHCIIOPTUPOBKA KOHTEHHEpPA K MecTy uccieaoBanust omomarepuana (I'ocHUUrenetuka).

7. KOHTPOJIBHBIE OKCIIEPUMEHTDI:



OCyIIeCTBIAIOTCST TIO JOTOBOPEHHOCTH W IO YCIOBUSM cooOmaeMbix «3akazunkom» (MMBIT),
MapajvieIbHO C OCYILECTBICHUEM MOJETHOTO HKCIIEPUMEHTA.

8. NMMPEAITOJIETHBIE BEPUOUKALIMOHHBIE UCIIBITAHUSA:

Poccus:

l. IToaroroBuUTEIBLHBIN dTAIl

1.

2.

3.

4.

OskuBieHue miasMuaHoro mramma Streptomyces lividans 66 (plJ702) u3 nuoduasHOro
COCTOSTHUS;

OTOop MIa3MUACONEPIKAIIETO MOHOKJIOHA INTaMMa C BBIPAKEHHOW JKCIpeccuei
IUIa3MUTHOTO TeHa MUTrMeHTooOpa3oBanus (mel);

Amnanu3z ctabmibHOCTH HacheaoBanus miasmuaHon JJHK plJ702 mo penoruny ycroitunBoctr
K THOCTPENTOHY, OTMPECIIIEMbIM MapKEPHBIM F'eHOM {Sr;

AHanmu3 cTpyKTypHO# crabmibHOCTH TiazMuaHoi JIHK B mmasmuaconepxkammx KjIoHaX 1Mo
9KCIPECCHH MapKEePHOIo reHa murMenTooopasosanus (Mel).

1. IIpeamosieTHbIE HCIBITAHUS

1.

[TpoBeneHNe KOMIUIEKCHBIX HCCIEIOBAHUNA MO M3YUEHHIO CTAaOMILHOCTH HACIIEIOBAHUS H
CTpYKTypHOU cTabumpHOocTH masmuiabl  PIJ702 mnpu  BbIpalmuBaHuM — [ITamMma B
HECEJIEKTUBHBIX YCIIOBUSAX (B OTCYTCTBUU aHTHOMOTHKA);

[IpoBeneHNe KOMILIEKCHBIX HCCIEIOBAaHUI MO WM3YYEHHUIO CTaOWJIBHOCTH HACIEAOBAaHUSA U
CTPYKTYpPHOU cTabmibHOCTH Tua3Muab! PlJ702 npu BeIpammMBaHuy mTaMMa B CEIEKTUBHBIX
YCIOBUSX (B MIPUCYTCTBUU aHTHONOTHKA);

TecToBble pacceBbl CHOP MHKPOOPTaHM3Ma HA CEJICKTUBHBIC W HECENCKTHUBHBIC YAIKH H
aHaJIU3 Pe3yJIbTaTOB SKCIIEPUMEHTA.

9. B3JTHUE BUOMATEPHAJIA U CIIOCOBbBI MAPKHUPOBKMU:
He tpebyercs

10. MOAIOTOBKA BUOOBBEKTOB/METO/1bl TECTUPOBAHUSI:
Bes moaroroBka 61oo0bekToB ocymiectBisiercs Ha 6a3ze ['ocHUUrenernka; MeToasl TeCTUpOBaHMS:
TEHETHYECKUE; MOJIEKYJIIPHO-OMOJIOTHYECKHE.

11. ®OPMA PEI'HCTPAIIMU JAHHBIX:
Ha 51eKTpOoHHBIX HOCUTENSX MHPOPMALIMY; TTeYaTHas TOKyMeHTauus; ¢pororpaduu.

12. TPEBOBAHUSA 11O OBMEHY JAHHBIMHA U UX AHAJIN3Y/METO/IbI:
1. Perucrtpanus 1aHHBIX:
ITo noroBopeHHOCTH ¢ «3aKa34yMKOM» U APYTMMH YYaCTHUKAMH 3KCIIEPUMEHTA.
2. AHanm3 JJaHHBIX Ha MecTe 3arycka/mocaaku: He TpeOyercs



IxcnepumMeHT «IlaazMuaa»

HTorosslii 0T4eT 110 BTOPOMY 3TANy NOATOTOBUTEIbHOI PadoThI

Conep:xanue padoT BTOPOro dTamna:

1. Ananus crpykrypHo#i cradmibHOCTH Tw1asmuaHoi JIHK B nmomyssiiuu ciop, oToOpaHHbBIX Ha IEPBOM
JTare MoArOTOBUTEIbHOM paboThl KiaoHOB N4; 7; 8 mmasmuanoro mramma Streptomyces lividans 66
(plJ702), mo sxcnpeccu MapKepHOTO T'eHa MUrMeHTo00pazoBanus - Mel.

2. AHanmu3 CTPYKTYpHO# cTabminbHOCTH HacienoBanus rmiaasmuanor JTHK plJ702, uzonupoBanHoit u3
KJIOHOB N4; 7; 8, METO10M Treb-3JeKTpodopesa IIa3MHUIHBIX PECTPUKTOB B arapo3HOM Tejie.

3. OkoHYATeIbHBIN BBHIOOP OJHOrO ILIA3MHICOJACPIKAIICTO MOHOKJIOHA Streptomyces lividans 66
(plJ702), obnamaromiero MaKCUMalIbHBIM YPOBHEM CTPYKTYpHOU ctabmibHOCTH TiazmuaHoi JTHK, mo
JAaHHBIM T€HETUYECKUX U PECTPUKIIMOHHBIX UCCIIETOBAHHM.

OcHoOBHAsI YaCTh:

[Tnasmupa plJ702 pazmepoM 5.8 T.IL.H., CONEPKUT 3 OCHOBHBIE T€HETHUYECKUE 00IacTu:

1. Ob6nacTb, OTBETCTBEHHYIO 3a PEIUIMKALMIO, MOJJIEP>)KaHUE UM paclpesesieHue KONMUN IUIa3MHJIbl B
MHULIEJIUU U CHOpax CTPENTOMHULETA-X035IMHa, ¢ 00UMM pa3MepoM Hecymiero ¢parmenta JJHK 3.2
T.ILH.;

2. ®parmeHT, HecylIuii T'eH YCTOHYMBOCTH K @aHTUOMOTUKY THOCTpENTOHY — tSr, pazmepom 1.09 T.1.H.;

3. ®parment JJHK, comepkaruuii red murMeHTo00pa3zoBanus - Mel, o0mieil mpoTsHKeHHOCTHIO (BKIIFOYast
3HAYUTENIbHBII IPOMOTOPHBIN pernoH) 1.56 1.m.H.

@parMenTsl 1 ¥ 2 CyIIECTBEHHbI JUIs BBDKMBAaHUS IUIA3MHU/bl B SKCIEPUMEHTAIbHBIX YCIOBUSX,
IIOCKOJIBKY MX TIOBPEXJIEHUE BBI3bIBACT €€ yTpaTy WM T'HOeib HECYIIEro OpraHu3Ma COOTBETCTBEHHO.
[TosToMy, naHHBIE 00JACTH SBISIFOTCA MAJONPHUTOJHBIMU JUISI M3YyYEHHs HPUPOJIbl MHIYLIUPOBAHHBIX
MYyTalMOHHBIX M3MeHeHul miasmMuaHoi JJHK B xone skcriepuMeHTansHOro Bo3aencTBrs. B Toxke Bpems,
JHK ¢parmeHTra ¢ MapKepHbIM I'€HOM TI'€HOM THPO3WHa3bl — Mel, siBiseTcs marepuanoM MOJ00HBIX
HCCIIE0BAHMM.

JU1s OLIEHKH CTPYKTYPHOM cTabMiIbHOCTH M1a3Mu bl PlJ702 reHeTHUeCKUM METOA0M, IPOBOIWIIN AHAIIN3
HOJUIEPKAHUS TIPU3HAKA MUrMeHTo00pasoBanus Mel ™" B momyssiiuu criop kioHoB N4; 7; 8, 0ToOpaHHbIX Ha
MIEPBOM JTare MOATroTOBUTENbHON paboThl. C 3TOM 1eNblo CYCHeH3UH CIOpP AAHHBIX KJIOHOB BBICEBAIM Ha
CEJIEKTHBHYIO (C THOCTPENTOHOM) U HecelleKTUHYIO (0e3 TrnocTpenTona) cpexy ISP mist momydenns 20 — 30
KOJIOHMM KaXIoro KjoHa Ha yvamkax [lerpu. OuneHMBaIM KOJMYECTBO YCTOMYMBBIX K THOCTPENTOHY
KOJIOHUHM, OKCIPECCUPYIOIIMX MpPHU3HAK MUITMEHTOOOpa3oBaHUS, Ha CeJIEKTUBHOM cpene. Bcero
npoaHanu3upoBaHo 174 xononuun kinoHa N4, 187 kononuit kioHa N7 u 208 komoHuil kinoHa N&.
VYCcTaHOBIEHO, YTO BCE YCTOHYMBBIE K THOCTPENTOHY KOJIOHMHM, BKJIIOYas KOJOHMHM C aTUIUYHON
Mop]oJsIorHeil COXpaHAIOT MPU3HAK MUrMEHTOOOpasoBanus Mel®, T.e. HECYT CTPYKTYPHO HEMIOBPEKIEHHYIO
mrasmuaHyo /IHK. Bonee Toro, Bce KOJMOHMU BBIpOCIINE Ha HeceleKTUBHOU cpene ISP m cnocoOHbIe K
MocJenylomeMy IepeceBy Ha  CEJIeKTUBHYIO  Cpely, Takke  JKCIPECCHpPOBaIM  (PeHOTHIT
nurMeHTooOpa3oBanus. VIckiroueHne COCTaBHIIM TOJIBKO KOJIOHMM HECIIOCOOHBIE K MEPECeBY Ha CPeny C
TUOCTPENTOHOM, a NoToMy, yrpatuBmMe uiasmuaHyro [IHK. IlonydeHHsle naHHBIE 1O pe3yiabTaTam
TeHETUYECKOT0 Hccie1oBaHus (PeHOTUIIa MUTMEHTO00Pa30BaHNs CYMMHPOBAHBI B TabIuUIIE:

Ta6auma. XapakTepucTHKA OTOOPaHHBIX IUIA3MHAHBIX KjoHoB S. lividans 66 (plJ702) mo
(¢enoTuny nurmenroodpasosanusi Mel*

CrabunbsHocTh HacnenoBanus plJ702 Yucno Mel™ or Bcex yCTONYHMBBIX K
Kion N =
(%) THOCTPENTOHY KOJIOHUH (%)
4 98.4 100
7 98.7 100
8 98.6 100

W3 Bcex wmccienyeMbIX KJIOHOB METOJOM INENIOYHOTO Ju3uca Obiia m3onmpoBaHa ruiazmuaHas JIHK.
[MonydeHubie 00pasiibl OBUTH MOJBEPrHYTHI PECTPUKIIMOHHOMY PACHICIUICHUIO U MPOAHATH3HPOBAHbBI
METOOM TeJb-3J1eKTpodopesa. YCTaHOBIIEHO, YTO BCE HCCIEAyeMble KJIOHBI HecyT Iumasmuanyto JJHK
HaTHBHOTO pasmepa (5.8 T.m.H.-Pstl dpparment). Pectpukraza Bell pacmeriser kospleByro MmiasMuay B
CTPOrOM COOTBETCTBHH C KOJMYECTBOM M PACIIOJIOKEHUEM COOTBETCTBYIOIIMX CAWTOB HA PECTPUKIIMOHHON



KapTe, 00pazysi XOpoILIO BU3YyaTU3UPyeMbIil Ha a5eKkTpodoperpamMmme Habop Gpparmentos (1.77; 1.56; 1.43 u
1.08 T.11.H.). ®parmenT 1.56 T.1.H. COOTBETCTBYET 00JACTH IJIA3MUIbI, HECYIIIEH I'eH MUTMEHTO00pa30BaHUS
—mel.

Takum oOpa3oM, U3 Tpex OTOOpaHHBIX paHee KIOHOB N4; 7; 8, mo pesyinpTaraMm JIBYX STaloB
MOJIrOTOBUTEJILHOW PAa0OThI, B KAUE€CTBE SKCIEPUMEHTAIBHOIO OOBEKTa AJIS MPOBEICHMS HKCIEPUMEHTA
«[Inasmuna», BbIOpaH KiIOH N4, JAEMOHCTPHUPYIOUIMA MHHUMAIBHBIA YpOBEHb MOpP(}OoIOTHYecKoit
M3MEHYMBOCTH KOJIOHUH B COYETaHUM C BBICOKMM YPOBHEM CTaOMIIBHOCTH HacjeoBaHus miaasmuaHon JJTHK.

Hcnoanurenab: CTapmMid  HAaydyHbIH  COTPYIHHUK JIaDOpaTOpUM  TIEHETUKH  aAKTMHOMMIIETOB
('ocH1H renetunka), kanauaat OMOJIOTHYECKUX HAYK

/Tabakos B.1O./



[Ipunoxenue 1

IIVIAH NTPOBEJAEHU A DKCIIEPUMEHTOB 11O TIPOEKTY "®OTOH"-M-2

1. HA3BAHHUE SKCHHEPUMEHTA: "IIVIASMUJA-O2 "
N3yuenue BuusHus PaKTOPOB KOCMHYECKOTO MMoJieTa Ha 3 PEKTHBHOCTh HACICIOBAHUS H CTPYKTYPHYIO
crabuwibHOCTH a3mubl PlJ7 02 y akrunomuniera Streptomyces lividans 66

2.  OTBETCTBEHHBIE UCITIOJIHUTEJIU:
Ot Poccun: [I-p Tarbsina AnekcannpoBHa BoelikoBa, 'ocHUrenetuka
Ot CIHIA: [I-p bappu Ilaiin, Yausepcurer mrata Monrana, boysman, Monrana

3.  COHUCHOJIHUTEJINA:
Ot Poccuu: J1-p Bsaecnas FOpreBuy Tabakos, 'ocHUWrenetuka,
Ot CHIA: AcniupanT u3 YHuBepcurera mrata Monrtasa, boysman, MoHTaHa (IIOAJIEXKUT YTBEPKICHUIO)

4. OCHOBHBIE LHEJIA OKCIIEPUMEHTA:
1. BbuButrh BiMsHUE (AKTOPOB KOCMMYECKOIO TIOJI€Ta HA TIEHETUYECKHE CTPYKTYphI
MHUKPOOpPraHu3ma
2. OmpenenuTh XapakTep U MPEANoaraéMblii MEXaHH3M U3MEHEHUI TeHETUYECKUX CTPYKTYP
3. [IlombITaTbesi cBA3aTh BBIABICHHBIE M3MEHEHHUS C BO3JCHCTBHEM OINpeNeNeHHBIX (DaKTOpOB
KOCMHUYECKOTO ITOJIETA.

5. OBOCHOBAHHE 3KCIIEPUMEHTA/TUITIOTE3bI:

CTpenToMHUIIETHI MIPEICTABISIOT CO00M aKTHHOOAKTEPHH, 00pa3yIoIIe B MPOIECCEe POCTa MULICIINH, U3
KOTOPOTO BIIOCIIEACTBUHU (hOpMUpYyeETCs 1erouka crop. PaHee nx OTHOCHIIM K HU3IINM TprdaM, HO Tereph
paccMaTpUBAIOT KaK TPaM-MOJIOKUTEIbHbIC OakTepuu. VIMEHHO OHU TPUIAIOT CBEKEBCKOIAHHON 3eMIe
XapaKTepHBIA 3amax. MHOTHE CTPENTOMHMIICTHI MPOAYIHUPYIOT aHTHOMOTHKH, HAIPUMEP CTPEIITOMHMIIHH.
[Tnasmuma plJ702, Obuta ckoHCTpynpoBaHa Ha ocHoBe miasmuzabl PIJIOI, BeimeneHHo# W3 mTamma
Streptomyces coelicolor. T'ern ycTOHYMBOCTH K THOCTPENTOHY W T€H MPOAYKIIMHA MeJaHWHA OBLTH
KIIOHHUPOBAHBl B ATy IJIa3MHUIY M3 XPOMOCOM pAa3IMYHBIX IITAMMOB CTPENTOMHIIETOB. AHTHOUOTHK
THOCTPENTOH TPEICTaBIsIET CO00M BBICOKO MOJH(DHUIIMPOBAHHBIA MYIBTHIIUKIMYHBIA TENTHI, XOPOIIO
W3BECTHBIN KaK MHTUOUTOP OENKOBOTO CHUHTE3a. THOCTPENTOH TakXe SBISETCS MOIIHBIM aKTHMBATOPOM
renHoi skcnpeccud B S. lividans. OcHoBHasI 11e/Tb TAHHOTO HMCCIIEOBAHUS — CPABHUTH CTAOMIBHOCTH M
HKCIIPECCUIO TIA3MUTHBIX M XPOMOCOMHBIX T€HOB B TIOJIETHOM U HA3€MHOM MaTepuare.

[Tockonmbky OOHApYKEHO, YTO MPOAYKIIUS AHTUOMOTHUKOB y AHAJOTUYHBIX MHKPOOPTAHHU3MOB MOMKET
U3MEHSATHCS B YCIOBUSAX KOCMHUYECKOTO TIOJIeTa, TO JAHHBIM JKCHEPUMEHT MOKET IMOMOYb IOHATH
MEXaHHM3MBI 3TOTO siBJicHUs. PekomOuHanTHbie S. lividans u qpyrie BHIbI CTPENTOMHIIETOB UCTIOJIB30BATHChH
JUTS U3y4EHUS IKCIIPECCUU T€HOB KJIOHUPOBAHUS U3 Opy2uX OPraHW3MOB, BKIIIOYas yenoBeka. [Ipoaykius
AHTHOMOTHKOB WJIM JIPYTHX TpenapaToB B KOCMOCE WM MOIU(UKAIUS KyJbTyp Ha 3eMile C IENbI0
MOJIy4eHHUs: OONBIINX O0BEMOB IIEHHBIX (PApMaKOIOTHUECKUX MPEmapaToB MOXKET UMETh MPAKTHUECKOE
3HaYCHUE.

[IpennaraeMbie B KadecTBe OOBEKTa HCCIENOBaHHS OakTepuu pojaa Streptomyces MMErOT BBICOKUI
YPOBEHb HECTAOMILHOCTH T€HOMA, YTO MPUBOAUT K 0OPA30BAHMIO PA3IMYHBIX MPOTYKTOB CIIOHTAHHOTO U
WHIYIIUPOBAHHOTO MYTareHes3a, KOTOpPbIE YacTO UMEIOT XOpPOIIO BUIMMBIE BHEIIHHUE (HEHOTUIINYECKUE
nposiBieHUsl. TakuM 00pa3oM, COCTOSTHHE T€HOMa CTPENTOMHIIETOB MOKET CIY)KUTh UyBCTBUTEIHHBIM
WHIUKATOPOM 7Sl OICHKH BO3JEHCTBHS (DaKTOPOB KOCMHUYECKOTO TMOJIeTa HAa TEHETWYECKUU ammapar
01000BEKTOB.

B kauecTBe MpocToro u XOpoIIio 0XapakTePU30BaHHOTO TECT-3JIEMEHTa TeHOMa CTPENTOMUIIETa BhIOpaHa
MHOTOKomwmitHas tasmuaa PIlJ702. UMszeectHo, uto pacmpenenenue mnasmuanbix JIHK B cmopax —
CIIy4aliHBIN TPOIECC, 3aBUCAIIUN OT MPHUPOJHBIX CBOWCTB TIA3MHHOTO DPEITUKOHA, OMOJIOTHYECKHUX
CBOWCTB MHKPOOPTaHM3Ma-X035MHA, a TAK)KE BHEITHUX (haKTOPOB, OKA3BIBAIOIINX BIIMSHUE HA JBA MEPBBIX.
W3menenne Metabosim3Ma MUKpOOPraHU3Ma-X03MHa HapsAy ¢ IPSIMbIM JeicTBHeM 3TuX (pakropoB Ha JJTHK
MOJKET IPUBECTH K YBEITHUCHHUIO CTPYKTYPHOH HECTAOMILHOCTH U BOSHUKHOBEHHUIO MyTaIlUi T€HOB B CAMOM
wiazmuae. OTclexuBas — KCIpeccHio (EHOTHUIA MAPKEPHBIX T'€HOB, JOKAIM30BAHHBIX Ha IJIa3MUIHOU
JIHK, MOXHO ompefenuTh 4acTOTY BO3SHUKHOBEHHS Takux mytanui. [Tnazmuma plJ702 nmeer mapkepHbIid



reH oOpa3oBaHHUS TEMHOTO MUTMEHTAa MeEllaHWHA KJIETKaMH MHUKpPOOpTaHW3Ma-xo3simHa. Ero m3MeHeHue
JOJKHO TIPUBOJUTH K 0OSCIIBEUMBAHUIO KOJIOHMIA, HEeCyIuX miazMuanyio JTHK.

AMepHKaHCKHE CIIENUANTNCThI IPEIaraloT CI0JIb30BaTh CIEAYIONUE aHATUTUYECKHUE METO b, KOTOPhIE
MO3BOJISIT YBEIMYUTH PE3YIbTATUBHOCTH TAHHOTO SKCIIEPUMEHTA:

1) Hcnone3yst npaiiMepsl 111 MApKEPHOTO T'eHa IIa3MU/Ibl, IIPOBOIUTCS MMOJMMEpa3Hasi eHast peaKiius

(ITLIP) ¢ Tem, 94TOOBI MOATBEPAUTH MPUCYTCTBHE MapKepa B HECYIIEM IUIa3MUIY IITaMME.

2) s ompeseneHus Yuciia KON TIa3MHUJIbl Ha KIETKY, KOTOPOE€ MOXKET H3MEHATHCS MO ICHCTBUEM
(akTOPOB KOCMHUYECKOTO IIOJeTa M, B IEPBYIO OYepelb HEBECOMOCTH, MHPOBOIAT pa3JelieHUe
miasMuHon u xpomocomMHor JIHK ¢ npumeHeHHeM CTaHAApTHBIX METOJIOB MOJIEKYJISPHOIO
KJIOHUPOBaHUS. 3aTeM MPOBOJAT KOJIMYECTBEHHOE orpexaenenue ruiazmuanoit JJHK u mpoepstoT
Haluue Mapkepa ¢ nomonisto TTLP.

3) IIpemnmaraercst mpoBecTH reb-3aeKTpodopes B AeHaTypupyromiem rpagueate (Denaturing Gradient
Gel Electrophoresis — DGGE) c, 1espio BBISBIEHHS TOYEYHBIX MyTallMii B miasmuae. [Ipu Haauauu
XPOMOCOMHBIX MAPKEPOB UX TAK)KE MOXKHO IIPOAHATU3UPOBATH HAa IPUCYTCTBHE TOUSHYHBIX MYyTaIIUH C
nomoinsio DGGE. TlocnenoBarensHocTh mosocok JJHK B reme ompenensercs ¢ momornipio BigDye
Bepcus 3.1 (ABI) u anammsupyercs ¢ ucnonb3oBanuem [Iporpammbel cekBeHupoBanus (Sequencer
Program). YnoMsiHyTbIe METO/IbI aHAJIM3A ABATCS JAOTOJIHEHUEM K METOIYy PECTPHUKIIMOHHOTO aHAIH3a
(Restriction Fragment Length Polymorphism — RFLP), mnpemioxxeHHOMY pOCCHHCKUMHU
HCCIIEIOBATEISIMHU.

4) Tlpemnaraercss MPOBECTH aHAIN3 OCIKOBOTO KOMILUICKCA C HUCIOJIB30BAHUEM JBYXMEPHOIO Te€ib-
anektpodopeza 1 MALDI-TOF nns BeIsBICHUS pa3iuuuid dKCIpeccuu 0enkoB. Kpome Toro, ecnm
aMEPUKAHCKUMU CIeNraiucTaMu Oyaer mokasano, 4to PHK coxpassier cTaOMIBHOCTh OT BpeMEHHU
BO3BpAIICHHs HA 3€MJIIO JI0 JOCTaBKH B jaboparoputo a-pa [laiina, To aMepruKaHCKHUE CHEIIHMATUCTBI
CMOTyT 00paboTaTh MOJETHBIA OMOMaTepuall B abopaTopuu a-pa BoelikoBoii mepen OTIpaBKOW B
CIIIA u cMOryT CpaBHUThH TPAHCISLUIO MJIa3MU/IbI B MTOJIETHOM M Ha36MHOM OMOMaTepualne MeTOJ0M
[P B peansHOM Bpemenu (RT-PCR) B maboparopuu a-pa Iaiina.

AMepHKaHCKHEe CHEIUAINUCTHI XOTeN Obl CKOHIIEHTPUPOBATh YCHJIHMS HA MPOBEICHUU MOJIEKYIISIPHOTO
ananu3a masmuael PIJ702 S. lividans 66, ee coxpaneHnust, CTAOMIBHOCTH M aMILTA(GUKAIIMH [10]] ICHCTBHEM
(haKkTOpOB KOCMHYECKOTO IMOJeTa C TeM, YTOObI JOMOJIHUTH U PACIIMPUTH PE3yIbTaThl IKCIEPUMEHTA,
MIOJTyYCHHBIE POCCHICKIMU MCCIIEIOBATEIISIMH.

XOoTs uccneayeMblii MUKPOOPTaHU3M HE SIBIISIETCS MaTOT€HHBIM, MpeIaraéMblii SKCIIEpUMEHT MO3BOIUT
MOJTYYUTh WH(POPMAIINIO, KACAIONIYIOCS CTAOMIIBHOCTH €Tr0 TeHETHYEeCKOTO MaTepuana B OakTepusx. Ecim
OKa)XeTCs, YTO B YCIOBUSAX KOCMHUYECKOTO II0JIeTa MPOUCXOAMT YyCUJIICHHE pocTa OakTepuil u/umu
CTUMYJISIUS aMITTU(UKAINN TUIA3MHJIBI, YTO TIPUBOJNT K MOBBIMICHUIO PE3UCTEHTHOCTH K THOCTPEIITOHY,
TOTJ]a MOXKHO OyIeT MpeanoNOKUTh, YTO aHAJOTHMYHbIE M3MEHEHUS MPOUCXOIAT U ¢ OaKkTepHalbHBIMU
naToreHamMu. Pe3yiapTaThl JaHHOTO JKCIEPUMEHTA TO3BOJIAT TIy0)KE IMOHSATH MOTEHIIMAIBHOE BIIMSHUC
KOCMHUYECKOr0 TMOJeTa Ha TeHeTHMYeCKHe MEXaHH3MBI, JieXKallie B OCHOBE BUPYJIEHTHOCTH MATOT€HHBIX
OakTepuii. Bo3MOXXHbBIE H3MEHEHHSI TAKUX TTATOT'CHOB MOTYT MPEJCTABIATh PUCK JUTS 3JI0POBbS YEIIOBEKA,
YTO MOXET MMETh Ba)XHOE 3HAYCHHE B OYIYIIUX JUIUTEIbHBIX MOJETaX, B TOM YHCIE MUIOTUPYEMBIX
nosnetoB Ha JIlyny u Mapc.

6. MOJETHBIV SKCIIEPUMEHT:
1. O0mee onucanue:

[Ipennaraemplii AKCIEPUMEHT TMO3BOJUT BBIIBUTH JIEHCTBHE (DAKTOPOB KOCMHYECKOIO IOJeTa Ha
CTPYKTYPHYIO CTaOMIbHOCTD Tuazmuel PU702 y Gakrepun S. lividans 66. i MukpoopraHu3Mbl 00pa3yroT
CIOpBI, KOTOPHIMH MOKHO HHOKYJIHPOBaTh arapu3oBaHHylo cpeny. Ilmasmmupa Hecer nBa Mmapkepa,
onpezaessone: 1) ycTOWYMBOCT K THOCTPENTOHY M 2) MPOIYKIHWIO MelaHWHA. MHKpPOOPraHH3MBI C
WHTAaKTHOW MCXOJHOM IUIa3MHUJIOM BBIPAIIMBAIOT Ha TBEPJAOM CEIEKTUBHOW CpeAe, CoJeprKallen
THOCTPEIITOH; OHH NMPOAYLHPYIOT KOJIOHUU YEPHOTO IIBETA U 00YCIOBIMBAIOT TIOTEMHEHUE arapu30BaHHON
cpelbl BOKpYT KosIoHUH. ['eHeTndeckas MocieoBaTeIbHOCTh IJIa3MUbI MOJBEPKEHA MYTAalUsSIM JaKe B
OTCYTCTBHE CNEUU(UUYECKUX CTPECCOBBIX BO3JCHCTBUM, KOTOpble MOTYT BBI3bIBATH MyTallUU. YTpara
MHUKPOOPIaHU3MaMH CIIOCOOHOCTH POCTa Ha CENEKTUBHOM cpesie ¢ THOCTPENTOHOM W/WIM HCYE3HOBEHHE
MUTMEHTAlMK KOJIOHWH C TEMHBIM MEJIAaHMHOM MOXET YKa3blBaTh Ha HAJMYME MyTauud. YKa3zaHHbBIC
MU3MEHEHHsI MOXKHO TaKXe OOHapyX HTh C IOMOILIBIO YINOMSHYTBIX BBIIIE MOJEKYJISIPHO-ONOIOTHYECKUX
MeTon0oB, Bkitodas I[P, pecTpuKIMOHHBIA aHamU3 W renb-3naekTpodope3. CpaBHEHHE TpPaHCISAIUH
IUIa3MU/bI TIOCTIE BBIPAIMBAHUS B PA3IMUYHBIX YCIOBHUSIX MOXKHO IpoBecTH, ucnonb3ys 1P B peasbHOM
BpPEMEHH, a OETIKOBYIO SKCIPECCHIO ONPEAETUTD MTyTEM aHaIN3a BCEro OEIKOBOI0 KOMIUIEKCA.



2. TpedoBanus k 0M000bEKTAM:

Poct MHKpOOpPraHU3MOB MPOUCXOIUT HA MOBEPXHOCTH arapu30BaHHON cpeibl npHu Temneparype 15-35
°C. IIpu 20 °C Bpems reHepamuu coctaBiser 14—16 cyrok. B momere wamku Ilerpu ¢ pactymmmu Ha
arapu3oBaHHOW cCpele MHKPOOpPraHM3MaMH pa3MelIaloTcs B METaUNIMYecKoM KoHTeiHepe — (0e3
TEPMOCTATUPOBAHUS).

ITosieTHbIi OMOMaTepual

Jns moneTHoro skcrepuMenTa rotoBaT 16 yamek [lerpu ¢ arapuzoBanHoU cpenoi. [lonoBuHy yamek
3aI0JIHSAIOT HECEIEKTUBHOW CpPEloM, HE COAEpIKalled THOCTPENTOH, a IPYIyH0 IOJIOBUHY CEJIIEKTUBHOU
cpenoil ¢ THOCTpenToOHOM. TakuMm 00pa3oM, IOJIETHBIH SKCHEPUMEHT NPOBOAAT B & dHalIKax ¢
BBIPALIMBAaHUEM LITAMMa B HECEJIEKTHUBHBIX YCJIOBUSAX M B 8 4allkaXx — B CEJIEKTHBHBIX YCIOBUSIX B
IIPUCYTCTBUH THOCTpenTOHA. CTEpUIIBbHBIN arap pa3iauBaloT B ACENTUYECKUX YCIIOBUAX B CTEPUIIBHBIC YAIIKH
[lerpu nuameTpom 6 U BBICOTOM 2 CM.

[TonoBuHY yallek Ka)KA0ro BUAa cpeibl (Mo 4 4Yaliky) 3aceBaroT OOJBLIMM YUCIOM CIOpP, MCIIOIb3Ys
T'YCTYIO CYCIEH3HIO (TYCTO MHOKYIAT). OOBIYHO HA TAaKUX TUIACTUHKAX MUKPOOPTaHU3MbI PACTYT IUIOTHBIM
ciioeM, oOpa3ys ra3oH KoJIOHMH. OcTalbHble YallK{ 3acE€BalOT HEOOJBIIMM YHUCIOM CIOpP, HCHOJIb3Ys
pa3BEIEHHYIO CYCIIEH3UIO (pa3BedeHHbIH MHOKYJAT). Ha Takux MiaacTMHKaX MHKPOOPraHU3MBbI PacTyT,
00pa3ysl AMCKpPETHbIE KOJOHUHU. Yalllku repMeTH3UpYyIOT MapaguibMOM, YTO MPEJOTBpALIAET BbIACICHHUE
JeTy4nX MPOAYKTOB OOMEHa B OKpPYKAIOUIYI0 CpeAy WM KOHTAaMHHAIMIO OuoMarepuana JIeTy4YruMH
COECUHEHUSAMH U3 OKPYKAIOLIEH CPEbl.

[lo 2 yamku U3 Kaxqol KOMOMHAIMM Cpefa-UHOKYJIAT (Bcero § yaiek) OyIyT HCIOJIb30BAHBI B
nabopatopuu 1-pa T.A. BoelikoBoil, a aHanorn4yHbIil KOMILIEKT (U3 8 yaiek) OyieT nepeias B 1a00paTOpHI0
n-pa B. Ilaiina.

CejieKTHBHAasI cpeia ¢ THOCTPENTOHOM HecesexkTuBHas cpeaa 6e3 THOCTPENTOHA
OO6oraiieHHbIN arap OO6oraiieHHbIH arap
o . . PaszBeneHHrbIi
['ycToit HHOKYISAT Pa3BeeHHbII HHOKYIISAT I'ycToii nHOKYIAT
WHOKYJISIT
4 ganku 4 qamkn 4 gamku 4 qamkn

3. TpeGoBaHus K MoJIy4aeMbIM JaHHbIM:

AMEpHUKaHCKUM CIIeHUalINCTaM HEO0OXOAMMO TNOJNYyYUTh HH(GOPMALMI0O IO COCTaBy M CHOCOOY
IIPUTOTOBJIEHUS CPEIBL, a TAKIKE POCTY U IPUTOTOBICHUIO MUKPOOPraHU3Ma JUIsl IBYX THIIOB HHOKYJISLIMH,
Ora nHpopmanusa OyIeT UCIOJb30BaHa B MPENOJETHBIX OTPAOOTOYHBIX HKCIIEPUMEHTAX U MOCIEHOIETHBIX
MOJICJIHBIX HccaeoBaHuAX. MM Taxke HEOoO0XOAMMO IMOJNyYUTh JaHHbIE 110 YCJIOBHUSM IPOBEICHMS
ITOJIETHOTO ¥ Ha3€MHOT'O KOHTPOJIBHOTO SKCIIEPUMEHTOB ITOCJIE HX OKOHYAHMS.

4. TpeGoBanusi K Hay4HOIl annaparype: Het
5. IlpenmoJieTHbIE NPOLEAYPHI:
o PacceB MUKpOOpPraHn3MoB Ha arapu30BaHHOM NUTATEIbHOU cpelie B yawku [lerpu
3axnanka yaimek [lerpu B moneTHbIN KOHTEHHED
VYKI1ajika MoJeTHOr0 KOHTENHEPa B CYMKY-XOJIOAWIBHUK Ipu 4 + 2 °C
TpancnopTupoBKa KOHTEHHEpaA K MECTY CTapTa
YcranoBka koHrteliHepa Ha 60pT KK ®oton-M?2.
6 . IToneTrHbie mpoueaypsi: Het
7 . IlocsienoJieTHbIE MPOLEAYPbI:
. Cusarue xonTteitnepa ¢ 6opra KK ®oton-M2

. VYkiamka moJeTHOTO KOHTeWHEpa B CYMKY-XOJIOMIIBHUK TipH 4 + 2 °C

. TpancnoptupoBka KoHTeliHepa B 1abopaTopuio 1-pa BoelikoBoii

. AMEpUKaHCKHE CHEeIHUATUCTBl OTOUPAIOT MPOOBI, (PUKCUPYIOT M 3aMOPaXUBAIOT OMOMaTepuall
U3 IPEJOCTABICHHOI0 UM KOMIUIEKTa Yatek [letpu

. AMepHKaHCKHE CIEeIHaTUCThl OCYIIECTBISIOT OTIpaBKy ouomatepuana B CIIA.

7.  KOHTPOJIBHBIE OKCIIEPUMEHTBI:

[Inanupyercsa npoBecTH ABa KOHTPOJIBHBIX SKCIEPUMEHTA: OJAWH — OTCTaBICHHBIM CUHXPOHHBIN U OAUH
— nabopaTopHbIil. CHHXPOHHBINH KOHTPOJIBbHBIM SKCIIEPUMEHT MPOBOJUTCS C OTCTAaBaHUEM Ha OJIHU CYTKH OT
MOJIETHOTO C BOCTIPOHM3BEACHHEM OOpTOBOM Temmeparypsl o goroBoperHHoctu ¢ MMBII u Ha ero 6aze.
JlaGopaTOpHbIii KOHTPOJBHBIA SKCIEPUMEHT MPOBOIUTCS B Jlaboparopuu J-pa BoeiikoBoii mpu
TEeMIIEpaTypax, COOTBETCTBYIOLIUX MPEANOIaraeMoii TeMiiepaType npu TpaHCIOPTUPOBKe Onomarepuana u



B X0/I€ TI0JIETa B COOTBETCTBUHU C BPEMEHHOW IIMKJIOTPaMMOii IoJieTa (0T MOMEHTa Iepeiaun buomarepuaia
JUIs OTIPAaBKM Ha KOCMOJAPOM). DTO IO3BOJMT MPOBECTH aHauu3 4damek [lerpu Ha pasnuuHBIX ITamax
HKCIIEPUMEHTA U ONIPEAEIUTh COCTOSIHUE KYNbTYpPbI Ha Ka)KJIOM CTaUH €€ PA3BUTHS.

8. MNMPEAIIOJIETHBIE BEPUOUKAILIMOHHBIE UCIIBITAHUS:
1. Poccuiickue UCIBLITAHUS
Ha moaroroBuTeJLHOM 3Tamne:
o BeipamuBanue mia3muaHoro mramma S. lividans 66 (plJ702) na arapu3oBanHoii cpefie

° OT60p MmIa3MUACOISPIKAIIET0 MOHOKJIOHA IIITAMMa C BBIPQXKEHHOM IKCITPECCUEH TIIa3MHIHOTO
reHa MMrMeHTo00pazoBanus mel

J Amnanus crabunpHocTH Hacnenoanus wiazmugHoi JJHK plJ702 o ¢penotumy ycroitunBoctu k
TUOCTPENTOHY, OMPEAeNIIEMON MAPKEPHBIM TeHOM {Sr

° AHanmu3 CTpyKTypHOU ctabunbHOCTH TiasmuaHod JIHK B mmasmmuacopeprkanmmx KiIOHaX IO

IKCMPECCUH MAPKEPHOTO T'eHa MUrMeHTo00pa3oBanus Mel
Ha sTane npeanoJieTHHIX HCHbITAHUIA:
e IlpoBeneHne KOMIUIEKCHBIX MCCIEIOBAHUN MO HM3YyYEHUIO CTAOMIBHOCTH HACIEIOBaHUS U
CTPYKTYpHOM cTabunbHocTy Tuiazmuabl PIJ702 mpu BeIpanBaHUM MITaMMa B HECENEKTUBHBIX
YCIJIOBUSIX (B OTCYTCTBUE aHTUOMOTHKA)
e IlpoBeneHne KOMIUIEKCHBIX MCCIEIOBAHUN MO HM3YyYEHUIO CTAOMIBHOCTH HACIEIOBaHUS U
CTPYKTypHOU cTabmibHOCTH mina3Muasl PlJ702 mpu BelpammBaHuM IITaMMa B CENEKTHUBHBIX
YCIJIOBUSX (B IPUCYTCTBUU aHTHONOTHKA)
e  TecroBble pacceBbl CIIOP MUKPOOPTraHU3Ma Ha CENIEKTUBHbBIC H HECETIEKTUBHBIC YAIlIKH.
AMEpHKaHCKHE CHEIUAIMCTBI 00CCIIEYMBAIOT TOCTABKY IHIIETOK, IMQpoBoro doroanmnapara u
M(POBOro TEMIEPATYPHOTO PErucTpaTopa.
2. AMepuKaHCKHe UCTIBITAHUS
AMepHKaHCKHE CHEIUAIMCTHI MPOBOIAT MPEANONEeTHbIE OTPAOOTOUHBIE M MOCIENONETHBIE MOJIEIbHbBIE
OKCIIEPUMEHTHI, HCIOJB3ysA mramMm S. lividans 66 ¢ mmasmumoit pW702, momydenusii u3 BKIIM
l'ocHUUWrenetnka, m KOMIOHEHTHI CpeJ, aHAJOTUYHBIE MCIOJB3yeMbIM B jabopatopuu a-pa T.A.
BoeiikoBoii.
3. CoBMeCTHBIE POCCHIICKO-aMEPUKAHCKIE UCTILITAHUS
Her

9.  B3ATHE BUOMATEPHUAJIA U CITOCOBbI MAPKNUPOBKU:
PacumndpoBka 0003HaUCHHI, WCMONB3YEMBIX JUII MapKUPOBKM OWoOMarepuana, IepeaacTcss B
naboparoputo n-pa b. [aitna BmMecte ¢ yamkamu Iletpu, cogepxamuMu KylabTypBhI.

10. MMOAI'OTOBKA BUOOBBEKTOB/METO/IbI TECTUPOBAHUA:

Yamwku Ilerpu rorossT B naboparopun a-pa T.A. BoelkoBOH M aHaIM3UPYIOT C HCIOJb30BaHUEM
TEHETHYECKUX U MOJIEKYIISIPHO-OMOIOTHYECKUX METOJIOB.

AMEpUKaHCKHE CHEIUANINCTBl IUIAHUPYIOT HCIIOJIb30BAaTh  JIONOJIHUTENIBHBIE T'€HETUYECKHE W
MOJIEKYJISIPHO-OMOJIOTMYECKHE METO/IbI C TEM, YTOOBI OBBICUTD PE3yJIbTaTUBHOCTH JAHHOTO KCIIEPHUMEHTA.
OHM UMEIOT WM MOTYT MOJYYUTh U3 pa3HbIX HCTOYHMKOB BCE MaTepuajbl, HEOOXOAMMBbIE s
uccinenoBanuii. Bce HeoOxoaumoe [uis TakuxX HcCcieloBaHUNA oOopyaoBaHue umeerca B Otnene
MUKpoOuosnoruu YHuBepcurera mrata MonTana, r. boyzman.

11. ®OPMA PEIT'UCTPALIUU JAHHBbIX:
Ha 51eKTpOHHBIX HOCUTENSIX HHPOPMALIMK, Te4aTHas JoKyMeHTauus, potorpadpuu

12. TPEBOBAHMUSA 110 OBMEHY JAHHBIMU UX AHAJIN3Y/ METO/JbI:
1. Peructpanus naHHbIX:
AMEPHUKAHCKUM CIEIUAINCTAaM HEO0XOIUMO MOTYYHUTh JJaHHBIC MO YCIOBUSIM MPOBEACHUS MMOJIETHOTO U
HA3eMHOT'0 KCIIEPUMEHTOB
2.  Amnanm3 IaHHBIX Ha MecTe 3amycka/mocanku: He TpeOyercs

13. ®OTO/JUATPAMMBI:
[IpunararoTcst K OKOHYaTETLHOMY HAyYHOMY OTYETY.



Hacrosmuit nokymenT noanucanu 11 mapra 2005 r.:
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IkcnepuMent «Ilnazmuaa» (I'HL UMBII PAH coBmectHo ¢ BHUU «I'eHeTnka)
Hccaenosanue Baussuusa PKII Ha 3pPexTUBHOCTL HAC/JeI0BAHUSA M CTPYKTYPHYIO
cTadmiabHOCTh IIa3mMuabl PlJ702 y akrunomumnera Streptomyces lividans 66

O0ocHoBanmne: B Hacrosmiee BpeMs MOKa3aHO, 4YTO BO3JeicTBUE (PAKTOPOB KOCMHUYECKOTO MOJeTa
(®KII), rnaBHbIM 0Opa3oM MHUKpPOIpaBUTAllMM Ha KIETOYHOM YpPOBHE pealu3yercs IpH Y4acTUU
OMOMEXaHMUYECKUX UX CTPOCHUS U HEHPOTYMOpPaIbHBIX MeXaHU3MOB afanTaiui (1). Bmecre ¢ Tem, B ciydae
C MHUKpoopraHu3mamu (OakTepuu, HU3LIME TPUObI W JAp.) HpU OTCYTCTBUM Yy HHUX CIIOKHBIX
BHYTPHUKJIETOYHBIX KOMIUIEKCOB M HAJKJIETOYHBIX ypoBHeW opranuszaimu, 3¢dexrsr @KII oOycnoBieHs
IPSIMBIM BO3/IeHCTBHEM 3TUX (PaKTOPOB HA META0OIN3M U T€HETUYECKHE MTPOLIECCHI.

OnHUM U3 TePCHEKTHBHBIX MOIX0/I0B, K U3yYCHHUIO MOJICKYJIIPHBIX MEXaHU3MOB JIEHCTBHS (PU3HUECKIX
(akTOPOB KOCMMUYECKOI'O IOJIETa Ha JKUBBIE CHCTEMBbl SBJSIETCA WAECHTHU(QUKAIMA I'€HOB M HU3Y4YE€HUE MX
9KCIIPECCHUH.

PacmngpoBka cTpykTypbl reHOMA psiia paCTeHUI U KHUBOTHBIX, B TOM YHCJIE U YEJIOBEKa, PUOIKAET
UCClieIoBaTeNe K MOHMMAaHUI0 MEXaHW3MOB SKCIPECCHH T€HOB. B cTpyKType OONBIIMHCTBA T€HOB YK€
UACHTU(GULUPOBAHBl  PETYJISTOPHbIE 00NAacTH, KOHTPOJUPYIOIIME T€ WJIM MHbIE AaCHEeKThl HX
(GyHKIMOHUPOBaHUS (IKCIPECCHIO WM PETPECCHI0). DTH MPOLECCH KOHTPOIUPYIOTCS KaK BHYTPEHHUMH,
TaK ¥ BHEIIHUMHU (aKTOPaMHU.

N3ydyeHue skcrnpeccuy I'€HOB HAa MHTEHCHBHO pa3pabaThIBa€MbIX KJIETOYHBIX MOJENSIX, B YACTHOCTH
MHUKPOOPIraHU3MaxX, MOXKET OKa3aThCsl YA0OHBIM U BecbMa 3()()EKTUBHBIM JIJIsl TIOHUMAHUS MOJIEKYJISIPHBIX
mexanu3MoB jaercTBust OKII Ha xuBble cUcTeMbl. DTH pabOTHI yXKe HayaThl B Psijie UCCIIEA0BATEIBCKUX
LECHTPOB HanuoHanbHbIX KocMuueckux areHTCTB (NASA, ESA, NASDA u np.) IlepBbie pe3yabTaThl 3TUX
WCCIICIOBAaHUA HA PA3IMYHBIX OHMOJOTMYECKHX OOBEKTaX, B TOM YHCIE M MHUKPOOpPraHM3Max, ObUIH
MpeACTaBICHBI B padote (2).

[IpennaraeMbie HaMU B Ka4eCTBE O0BEKTA MCCIICIOBAHUS OaKTepuu poja Streptomices uMeroT BBICOKUIA
YPOBEHb HECTaOWJIBHOCTH TE€HOMA, 4YTO BbIpa)kaeTcsi oOpa3oBaHUWEM BCEX BO3MOXKHBIX IMPOIYKTOB
CIIOHTAHHOT'O Y MHAYLIMPOBAHHOTO MyTareHe3a, KOTOPhIE YaCTO UMEIOT XOPOILO BbIPAKEHHBIE (BUIUMBIC)
BHEIIHUE (EHOTUINYECKHUE IIPOSIBICHUS.

Takum 00pa3zom, COCTOSIHME T'€HOMa CTPENTOMMIIETOB B 3KCIEPUMEHTAaX IO HM3YYEHHIO MEXaHH3MOB
BiausHusA OKII, B TOM uMciae M MHUKpOTpaBUTAllMM, Ha TE€HETUYECKUE XAPAKTEPUCTUKH, MOTYT CIYKUTh
YYBCTBUTEJIbHBIM MHAMKATOPOM JJIsi OLIEHKH CTENEHU U MOTEHUUAJIbHONW BO3MOKHOCTH BO3JCHCTBHS Ha
HACJICICTBEHHBIN anmnapaT >KUBBIX OPraHW3MOB, SKCIIOHUPOBAHHBIX B YCIOBUSAX KOCMHUYECKOIO IOJIETA
Pa3IMYHON TPOIOTKUTETLHOCTH.

3apava: M3yueHune 4acTUYHOM nepeaayn U MOOWIM3ALMU MJIa3MUJL TIOCIIE JUTUTEIbHON NPEeUHKYOaluu
IITAMMOB — JOHOPOB, XOJITEPOB U PEIIUIHEHTOB B YCIOBHUIX KOCMUYECKOTO OJIETA.

Ixcnepument «Ilnazmuna» (coBmectHo ¢ BHUM «I'eHeTHKA»)

Henb: Hccaenoanme Bausinusgs PKII nHa >pdexkTHBHOCTE HACHeI0BaHUSI M CTPYKTYPHYIO
cradbuabHocTh Miasmuabl pPlJ 702 y akrunomuuera Streptomyces lividans 66

O0BeKT ucciieTOBaHUsI: MUKPOOPTraHU3MbI (akTHHOMHUIIET Streptomyces lividans 66)

3anava: VM3ydenne yacTUYHON mepeaadn 1 MOOMITU3AIMH TIA3MUJI TTOCIE UTUTEIHPHOW TPEHHKYOAIN
ITAMMOB — JIOHOPOB, XOJITEPOB U PELUIIUEHTOB B YCIOBHUIX KOCMUYECKOTO TOJIETA.

XapakrepucTuka Ouomarepuana: CTpenTOMHIETHI O0JaNalOT YETKO BBIPAKCHHBIMU CTAIUSIMHU
KU3HEHHOTO IIMKJIA: CyOCTpaTHBIH MUIENHA — BO3AYIIHBIA MHUIETUd — cHopel. B mporecce
muddepeHInatny Y HUX IPOUCXOAUT Cerperalus FreHeTUYeCKoro MaTepurania (reHOMHOM, IUTa3MUIHOM U 1p.
BungoB caresuTHeix JIHK), obecreunBaromias mepenady HaCIEACTBEHHOTO MaTepuaia JJIeMEHTaM
BEreTATUBHOI'O Pa3MHOKEHUS — CIIOPAM.

Pacnipenenenne mnasmunHoi (nuromnazmarudeckoit) JJHK B cmopax — mporiecce, 3aBUCAIINI HE TOTBKO
OT TIPUPOJHBIX CBOWCTB IIA3MHUJIHOTO PETUIMKOHA W CBOWCTB MHKPOOPTAHHM3Ma — XO35MHA, HO BHEIIHHUX
(hakTOpOB, OKa3bIBAIOIIMX BIMSIHHE Ha JBa MEPBBIX, B yacTHOCTH, 0T DKII. [leficTBue 3Tux (akTOpoB Ha
JIHK Mo’keT npuBeCTH K YBEIMYEHHUIO CTPYKTYPHOU HECTAOUILHOCTH U BOZHUKHOBEHHUIO MyTalluil B caMOi
mnasmuae. OnpenenuTh 4YacTOTy BO3HMKHOBEHHS TAaKMX MYTAallMM MOXHO OTCIEXKHUBAs HKCIPECCUIO
(heHoTHIIa MapKEPHBIX TEHOB, JIOKaM30BaHHBIX B TiazMuauoi JIHK ITnazmuna plJ702 umeer MmapkepHbIit
reH 00pa30BaHUS TEMHOTO MHUTMEHTa KJIETKaMH MHKPOOpPraHu3Ma Xo3simHa. Ero moBpexIeHHE TOJKHO
MIPUBOIUTH K 00€CIIBEUMBAHUIO KOJIOHUH, Hecyux miazmuaayo JJHK.

YcaoBusi npoBeieHUs IKcNepuMenTa U annaparypa: Yamku Ilerpu ¢ KynbTypamu 6e31m1a3MuIHOTO
1 [JIa3MHIHOTO IITaMMOB akTHHOMHIIeTa Streptomyces lividans 66 (10HOpOB, XOATEPOB U PEIUITUCHTOB) Ha



arapoBoii cpeie OyayT pa3MelICHbI B CIIEHUANIbHOM YKIIaiKe nomeneHHoi B KonTeliHep bb —2 M. OnbITHbIiH
1 KOHTpOJIbHBIM BapuaHThl. OntumanbHas Temmeparypa 20-25°C, Bnaxnocte 60% . Ilepen Hawanom
MOJIETHOTO 3KCIIEpUMEHTa U mocie npu3emiieHust KA o6a BapuaHTa (KOHTPOJIBHBIN U MOJIETHBIN) XpaHITCS
nipu t —4°C. JI51g KOHTPOJIBHOTO BapUAHTA BOCIIPOU3BOAUTCS BPEMEHHOM U PEKUM UJCHTUYHBINA TTOJIETHOMY.

Iocaenonernslii anaau3 ouomarepuana oyner BeimonHern B MBIl PAH u Bo BHUUN «I'enetukay.
Bynyt n3ydeHsl yacToTa MOOMIM3allMA U MEXaHU3M Tepeaadn mia3MuIHoi (nurorazmMarudeckon) JJHK
MEXIy Ppa3IUuHBIX MMTaMMOB. VccnemoBanus OyayT NHpOBEIEHBI C HCHOJIB30BAHUEM COBPEMEHHBIX
MHUKPOOHOIOTNYECKUX, OMYJIALUOHHO-TEHETUYECKUX U MOJIEKYJISIPHBIX METOJIOB.

IIpakTnyeckass 3HAYMMOCTh M OKHAaeMble pe3yabTaTbl: [lojlydeHHbIE TaHHBIE TIO3BOJIAT BHIIBUTH
0CcOOEHHOCTH ¥ AMHAMUKY nepenaun miaasmuaHoi JJHK B mpoueccax Mexpo10Boii KOHBIOT'ALMH B YCIIOBHSIX
MUKporpaBuTanuu. Kpome Toro, 3Tu gaHHbIe AaJyT BO3MOXXHOCTb OIICHUTh BEPOSITHOCTh M OCOOCHHOCTHU
POTEKaHUs UHPEKIMOHHBIX 3a00JI€BaHUN Y KOCMOHABTOB.

O0beKT ucciIeI0BaHUsI: MUKpOOpraHu3Mbl (akTuHOMUIIET Streptomyces lividans 66)

Xapakrepuctuka  Omomarepuaja:  CTpenTOMHLETBI ~ OTHOCATCS K MEIJIEHHOPACTYLLUM
MHUKPOOpPraHu3MaM M O0O0JaJaloT YETKO BBIPAKEHHBIMU CTATUSMH JKU3HEHHOTO ILHMKIA: CyOCTpaTHBIN
MHULETUH - BO3AYIIHBIA MULIeNUH - criopsl. B npouecce auddepeHunanuy y HuX IpOMCXOIUT Cerperanus
TEeHETUYECKOro MaTtepuana (FeHOMHOM, mia3sMuaHon u ap. BunoB careuinTHbIX JIHK), oGecneunBaromas
neperady HacJIeCTBEHHOIO MaTeprasa 3J€EMEHTaM BEr€TaTUBHOIO Pa3MHOXKEHHUs — CIIOPaM.

Pacnipenenenue miazmuaHoi (uuromnasmaruyeckoit) JJHK B ciopax — nporecc, 3aBucsmuii He TOJIbKO
OT NPUPOJHBIX CBOMCTB IJIA3MUIHOIO PEIUIMKOHA M CBOMCTB MHUKpPOOPTaHM3Ma — XO35MHA, HO BHELIHUX
(akTOpOB, OKa3BIBAIONINX BIMSHUE HA JIBa MEPBBIX, B yacTHOCTH, OT DKII. [leiicTBue 3TuX (PakTopoB Ha
JIHK Mo’xeT npuBecTH K YBEIHMUEHHUIO CTPYKTYPHON HECTAaOUIBHOCTH U BOSHUKHOBEHHIO MYTalUil B caMOit
wiasmuae. OnpenenuTs 4YacTOTy BO3HUKHOBEHHUS TaKMX MYyTallMil MOMKHO OTCIEXHBAas HKCIPECCUIO
(heHOTHIIa MapKEPHBIX T'€HOB, JoKanu30BaHHbIX B miazMuaHol JIHK Ilnazmuna plJ702 umeer mapkepHbIi
reH o0pa3oBaHUs TEMHOTO MUTMEHTa KJIETKaMH MUKPOOpPTaHM3Ma XO03sMHA. Ero moBpexaeHHe DO0IKHO
IIPUBOAUTH K 00ECLIBEUMBAHUIO KOJIOHUMH, Hecylux miasmMuaayto JJHK.

YcioBusi npoBeieHNs IKCepuMeHTa M annaparypa: Yamku [letpu ¢ kyapTypamu 6e311a3MUAHOTO
U IUIa3MUJHOIO IITaMMOB akTuHOMHIeTa Streptomyces lividans 66 (1oHOpoB, X0ATEPOB U PELUITHEHTOB)
Ha arapoBoil cpene OyAyT pa3MelieHbl B CIENUATBHOM YKIaJKe TMOMElleHHOW B KoHTeiHep bb-2 M.
OnBITHBIM M KOHTPOJIBHBIM BapuaHThl. OnTtumanbHas teMneparypa 20-25°C, BmaxHocTbs 60% . Ilepen
HA4aJioM MOJIETHOIO 3KCIepuMeHTa U nocie npusemienus KA o6a BapuanTa (KOHTPOJIBHBIN U MOJIETHBIN)
xpansarcs npu t—4°C. I KOHTPOIBHOIO BapHaHTa BOCIIPOU3BOANUTCS BPEMEHHON M PEXXUM UACHTUYHBIN
nosieTHoMy. IlocienoJsieTHblii anaau3 Oumomartepuana Oyner BoimoiaHeH B IMBII PAH u Bo BHUU
«['enetnka». bByayr wu3ydeHsl uyacToTa MOOWIM3alMM M MEXaHU3M Iepelaud  IUIa3MUTHON
(muromnasmaruueckoit) JIHK wexny pasnuusasix mTammoB. HcecnepgoBanust OynyT TpPOBEACHBI C
HCIOJIb30BAHUEM COBPEMEHHBIX MUKPOOHOJIOIMYECKHX, MOMYISIMOHHO-TEHETUYECKHX U MOJIEKYJISPHBIX
METO/OB.

IIpakTnyeckas 3HAYMMOCTD M OXKHAAeMble pe3yJbTarhl. [lomydyeHHbIE TaHHBIE MO3BOJAT BBIIBUTH
0COOEHHOCTH M JUHAMHKY nepenaun miaazMuaHon JJHK B mporeccax Mexpo10Boil KOHBIOTAIMK B YCIIOBUSAX
MUKporpaBuTanuu. Kpome Toro, 3Tu gaHHble AaJyT BO3MOXHOCTb OLIEHUTh BEPOSITHOCTh M OCOOEHHOCTH
MpOTeKaHUs WH(PEKIIMOHHBIX 3a00J1€BaHU Y KOCMOHABTOB.

3aB. naboparopueit [ HI[ PO UMBIT PAH

1.0. H. M. T". Taup6exos

Benymui nayunsiii corpynauk BHUU reneruka
k. 6.H. B. 0. Tabakos



