ANDREW C. SCHUERGER, Ph.D.

Dept. of Plant Pathology, University of Florida, Space Life Science Lab, 505 Odyssey Way, Exploration
Park, Merritt Island, FL 32593; (tel) 321-261-3774; schuerg@ufl.edu.

EDUCATION

Doctor of Philosophy in Plant Pathology, August 1991; Univ. of Florida, Gainesville, FL, GPA: 3.75;
Dissertation: “Effects of Temperature and Hydrogen Ion Concentration on Disease Caused by
Fusarium solani f. sp. phaseoli in Vigna radiata Grown in Hydroponic Nutrient Solution.”

Master of Science in Plant Pathology, May 1981; University of Arizona, Tucson, AZ, GPA: 3.85; Thesis:
“Ultrastructural Changes Induced by Scutellonema brachyurum in Potato Roots.”

Bachelor of Science, double major in Plant Pathology and Entomology, May 1979; University of Arizona,
Tucson, AZ, GPA: 3.45.

PROFESSIONAL EXPERIENCE

Research Assistant Professor, Mars Astrobiology and Plant Pathology, Dept. of Plant Pathology,
University of Florida, Space Life Sciences Laboratory, Kennedy Space Center, FL. 2003 to present.

Responsibilities: Current research emphasis is on (a) the survival, growth, and adaptation of
terrestrial microorganisms under simulated Martian conditions, (b) production and degradation of
methane from the UV-degradation of carbonaceous meteorites under martian conditions, (c)
biological methanogenesis under simulated Martian conditions, (d) planetary protection issues
related to both forward and back contamination of planetary bodies within the Solar System, (e)
the remote sensing of plant stress using spectral reflectance imaging technologies, and (f) global
dispersal of pathogens in Asian and African dusts. Research has been funded by NASA’s
Planetary Protection Office, Mars Fundamental Research Office, Astrobiology/Exobiology
Office, Jet Propulsion Lab (JPL), Office of Biological and Physical Research for NASA, Florida
Space Institute, Florida Space Grant Consortium, and the US Dept. of Energy. The total grants
received since 1997 equal $5.31 million as PI and $471K as Co-I. Research into the survival
and growth of terrestrial microorganisms in Martian environments led to the development of a
planetary hypobaric chamber (see Appendix A). Astrobiology research has assisted NASA to
enhance sanitation protocols for pre-launch preparations of Mars-bound spacecraft, and has
demonstrated the growth of 29 bacteria under Martian conditions of 7 mbar, 0 °C, and CO,-
enriched anoxic atmospheres.

Project Manager, Mars Astrobiology and Plant Pathology, Dynamac Corporation, Kennedy Space
Center, FL. 1997 — 2003.

Responsibilities: A remote sensing research grant from the US Dept. of Energy (see Appendix
B) compared spectral reflectance and laser-induced fluorescence instruments for their utility in
discriminating among a diversity of abiotic and biotic plant diseases. Research plants and
stressing agents were determined by DOE requirements to track heavy metals leaching from
buried radioactive depositories at Savannah River, SC and Oak Ridge National Labs, TN. Two
NASA projects provided the support to study the survival of terrestrial microorganisms under
simulated martian conditions. Between 1999 and 2001, Schuerger participated in field work in
the Canadian Arctic (Devon Island) studying microbial dispersal from human habitats into the
local arctic terrains. Results from DOE remote sensing research helped develop groundwater
contamination monitoring programs at several DOE sites. Results from the NASA-funded
projects have identified UV irradiation thresholds for bacteria under Martian equatorial
conditions. And results from the Arctic microbiology studies have supported the conclusion that
microbial contamination in pristine environments does not occur immediately upon initial human
traffic over the terrain.
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Senior Scientist, Plant Pathology, Science & Technology Office, The Land, Epcot, Lake Buena Vista,
FL. February 1982 — August 1997.

Responsibilities: The primary objective at The Land was to engage and entertain visitors on
cutting-edge science topics related to sustainable agriculture. Schuerger was the chief scientist
for the plant pathology Integrated Pest Management (IPM) programs for agronomic and
horticultural crops grown in the 1.5 acre greenhouse exhibits. Research included projects on the
following pathogen/host systems:

tomato mosaic virus in peppers,

Erwinia carotovora on cucurbits,

Fusarium solani on beans,

Pythium myriotylum on peppers,

biological control of Meloidogyne arenaria using Pasteuria penetrans,

use of filtration to control root pathogens in hydroponic systems,

the effects of silicon on the suppression of powdery mildew on cucurbits,

the use of composts for the suppression of soilborne pathogens in landscape beds,
and non-chemical control methods for both soilborne and airborne pathogens.

Operational and management activities included running a disease diagnostics lab, developing
sanitation programs for soilborne and airborne plant pathogens, and assisting in the co-
management of the 1.5 acre greenhouse facility. Furthermore, Schuerger co-developed a science
communications program at The Land that included displays on state-of-the-art hydroponic
systems, co-supervision of a guided tour program including content development and staff
training, student internship programs, time-lapse cinematography of biological processes for
various displays, teacher and student workshops, and back-story information for journalists.
Schuerger has had extensive experience with on-camera press interviews, print and radio
interviews, and development of space exploration related displays (see Appendix C).

Field Research Scientist, DOW Chemical Company, Midland, MI. June 1979 — Dec. 1979.

Responsibilities: Field experiments were conducted in cotton to test the efficacy of several
pesticides, with emphasis on the insecticide Lorsban (clorpyrifos). Research plots were selected
in four Arizona counties based on soil profiles, cotton cultivars, and historically heavy insect-pest
infestations. Activities included farmer consultations, field experimental design, pest scouting,
application recommendations, collection of efficacy data, and data analysis.

Nematology and Electron Microscopy Technician, Plant Pathology Department, University of Arizona,
Tucson, AZ. May 1977 — June 1979.

Responsibilities: Standard SEM and TEM techniques were used to study nematode-plant
interactions. Research involved studies with ecto- and endoparsitic nematodes, but emphasized
Meloidogyne spp., Scutellonema brachyurum, Belonolaimus longicaudatus, and Xiphinema spp.
Electron microscopy techniques included fixation, dehydration, critical point drying, embedding,
ultra-thin sectioning, and operation of SEM and TEM equipment.

Nursery and Greenhouse Technician, Plant Pathology Dept., Univ. of Arizona, Aug. 1975 — May 1977.

Responsibilities:  Horticultural practices included preparation of potting media, beds, and
greenhouse trials; plus watering and general plant care activities. In addition, general IPM
practices included sterilization of potting soils, utilization of insect and plant disease control
measures, and coordination with the UA Dept. of Plant Pathology research staff and faculty to
optimize plant health of experimental crops.



SCIENCE COMMUNICATION AND TEACHING EXPERIENCE

Mars Astrobiology and Bioregenerative Life Support Systems for Human Exploration Missions
(1982-2017). At Epcot (1982-2000), Schuerger developed several space exhibits including a
display of bioregenerative life support systems for human missions to Mars, a robotic rover
display for Science Fair events held at Epcot in 1995 and 1996, and a video-based survey on
space exploration given at Epcot. He was also the Epcot-liaison to NASA for the management of
a NASA/Epcot Memorandum of Understanding to develop joint space exhibits and space-based
research programs at The Land. One exhibit was a system designed to demonstrate how plants
might be grown in a human bioregenerative life support system (see Appendix C). A second
exhibit included research into the use of remote sensing technologies to monitor plant health in
over 20 plant species afflicted with 7 biological or abiological stressing agents (see Appendix B).
After relocating to the Kennedy Space Center, FL in 2000, Schuerger continued hosting tours
through his Mars astrobiology laboratory including frequent stops by visitors to view his Mars
Simulation Chamber (see Appendix A) developed to explore the lower limits of life in hypobaric
environments. Schuerger has mentored numerous graduate students from the Universities of
Colorado, Central Florida (Orlando), Florida (Gainesville), and Penn State since 2000.

Press Interviews on Cutting-edge Science Topics (1982-2017). Beginning at The Land, Epcot in 1982,
and continuing through to his current research position on Mars astrobiology at NASA’s Kennedy
Space Center, FL, Schuerger has extensive experience with TV, print, and radio press interviews
on a wide range of topics in human space exploration, planetary science, astrobiology,
agriculture, IPM, and plant pathology. Schuerger also prepared time-lapse footage, still
photographs, and edited videos for various science communication activities at Epcot.

Children’s Book on Science (2006; 2015). Schuerger co-authored a children’s book (Messages from
Mars; 3" grade level; Holiday House Publishing) with the internationally known author and
illustrator, Loreen Leedy. The story takes place on Mars in 2106 and tells of the adventure of five
children who have won an international contest to go to Mars in order to visit historic robotic
landing sites on the surface and harvest hydroponically grown plants in the human habitat. The
book presents science results from a number of Mars missions via email messages between the
traveling students and their friends and families back on Earth. Furthermore, Schuerger and
Leedy published their 2™ book together in 2015 called Amazing Plant Powers (Holiday House
Publishing) that presents the wide range of capabilities that plants exhibit, and offers insights into
the ecological adaptation to plants to diverse habitats.

Epcot Integrated Pest Management Practices for Sustainable Agriculture (1982-2000). The Land,
Epcot maintained a regular schedule of guided tours for day-guests and dignitaries in which
sustainable IPM practices in plant pathology and entomology were seamlessly interwoven into
the greenhouse exhibits. The IPM exhibits were composed of live-biological specimens and
static displays, and required the preparation of display narratives with other staff scientists.
Schuerger was the lead on plant pathology IPM exhibits. Schuerger was involved in developing
exhibits on the guided tours, particularly those demonstrating Integrated Pest Management
practices. In addition, Schuerger co-managed the students and staff at The Land during special
events, tours, and daily operations.

Concepts in Advanced Life Support (ALS) Systems Microbiology and Plant Pathology (1995-2007).
Guest lecturer on microbial and plant pathology issues in ALS systems for an undergraduate
space biology course taught by Dr. Christopher Brown, NC State University, Raleigh, NC.

Teaching Assistant, Department of Plant Pathology, University of Arizona, Tucson (1980-1981).
Prepared and maintained lab and research equipment used in three graduate plant pathology
classes; and assisted in the demonstration and instruction of research hardware (e.g.,
electrophoresis, SEM, TEM, scientific photography).



GRANTS WON AS THE PRIMARY INVESTIGATOR (PI)

2017 NASA Planetary Protection Research Grant (#80NSSC17K0263); “Use of Stable Isotopes to

Characterize Bacterial Metabolism and Growth under Simulated Martian Conditions.” Grant value

= $628K for 2017-2021.
Research: Recent studies by Schuerger et al. (2013; 2016) have identified 29 species of bacteria
capable of metabolism and growth under simulated Martian conditions of 7 mbar, 0 °C, and CO»-
enriched anoxic atmospheres. So far, all such identified hypobarophiles have been culturable
mesophilic or psychrophilic heterotrophs. The new research will investigate the presence of
nonculturable hypobarophilic bacteria and archaea in arctic, permafrost, and alpine soils from
extreme environments. The research will seek to characterize the minimum pressures and
temperatures that active maintenance metabolism and/or growth of the hypobarophiles can occur
under simulated Martian conditions. Results will establish the low pressure, low temperature,
and high salt concentrations for the metabolism and growth of culturable and nonculturable
hypobarophiles under simulated Martian conditions.

2017 NASA Exobiology Research Program (#NNX17AK87G); “Transcriptomics and Proteomics of

Methanogens under Simulated Subsurface Conditions that Mimic Recurring Slope Lineae on

Mars.” Grant value = $543K for 2017-2020.
Research: Schuerger has characterized the generation of methane (CH4) by UV irradiation under
Martian conditions (Schuerger et al., 2011; 2012) and is currently working on a UV-mediated
CHy4 destruction process in which UV photons interact with metal oxides in aerosols on Mars to
degrade CH4 (see below). The new research will study biological methanogenesis under Martian
conditions in order to model the abiological (UV processes) and biological (methanogenic
archaea) processes that might be adding CH4 to the bulk Martian atmosphere. Results will
demonstrate whether biological CHs production is possible in the shallow subsurface of the
Martian terrain, and will establish the lower limits of CH4 production relevant to low temperature,
low pressure, and high salt concentrations.

2016 NASA Biodiversity Scoping Study (#NNX16AQ38G); “A Transoceanic Aerobiology

Biodiversity Study (TABS) to Characterize Microorganisms in Asian and African Dust Plumes

Reaching North America.” Grant value = $180K for 2017.
Research: Asian and African dust plumes reach the continental USA each year depositing,
respectively, up to 65 and 50 million metric tons of dust annually on the Pacific NW and the
Atlantic SE. The TABS 1-year scoping study was funded by the NASA Biodiversity Office in
order to constrain the range of possible research objectives required for a comprehensive 5-year
field campaign into the microbial diversity of the transoceanic dust plumes. The Phase-1 study
has allowed the TABS team to develop the protocols for such a field campaign. Results will be
applied to creating future proposals for NASA, NSF, and/or USDA.

2014 NASA Mars Fundamental Research Grant (#NNX14AG45G); “A Fast Degradation

Mechanism for Atmospheric Methane on Mars.” Grant value = $498K for 2014-2017.
Research: Methane was detected in the martian atmosphere in 2001. Previously, Schuerger and
colleagues reported on a UV/CH4 linked model in which the UV irradiation on Mars degrades
organics in accreted interplanetary dust particles (IDPs) forming CHs. Mass balance modeling
suggests that 2-4 ppbv should persist in the martian atmosphere. The MSL rover Curiosity has
confirmed the presence of Mars CHy4 at concentrations consistent with the Schuerger model for
the UV destruction of IDP organics (2-4 ppbv). The current study is characterizing an ultra-fast
degradation model in which UV photons interact with divalent metal oxide ions in the regolith
and atmospheric aerosols that act to degrade CHa4 on scales of several 100’s of sols, and not 300+
years. Results will help constrain the CHs mass balance in the Martian atmosphere.



2014 Emerging Pathogens Institute (UF/EPI); “Search for Plant, Human, and Animal Pathogens in

African Dust Plumes over Florida.” Grant value = $88K for 2014.
Research: The Dust Atmospheric Recovery Technology (DART) system (see below and
Appendix D) was redesigned for increased flight safety and sampling capability. The DART unit
was also adapted to fly on the T6 Texan aircraft, a WW II army/navy propeller driven trainer.
The research focused on comparing the microbial diversity in air samples at the ground (airport
hangar for the T6) and sampled at 1500° above mean sea level (MSL). Results of DART flights
on a T-6 Texan aircraft demonstrated that airborne fungal and bacterial recovery were similar
between ground samples and air samples from 450 m (1500 ft).

2013 Florida Space Institute (FSI) Grant (SRI# 66014402); “The DART-2 Dust Sampler: Moving

from a Prototype to an Operational System in 2013.” Grant value = $75K for 2013.
Research: The grant permitted the advancement of the DART-1 prototype design into an
operational DART-2 system with up to 6 individually controlled dust sampling lines and filters.
Science flights in 2013 targeted the collection of aerosols over Florida to search for plant
pathogens. Results demonstrated that the DART system was easily adapted to a propeller-driven
aircraft (called the T-6 Texan), airborne fungi and bacteria were recovered up to 3.7 km (12,000
ft), and microbial diversity had an inverse relationship with altitude.

2012 Florida Space Grant Consortium (FSGC#66016015-Y3); “DART: Dust Atmospheric Recovery

Technology---High Altitude Dust Sampling for the Detection of Microorganisms in Earth’s

Atmosphere.” Grant value = $25K for 2012.
Research: Over 100 million metric tons of African and Asian dusts arrive in the continental USA
each year. There are few methods to collect the microbial communities in these dust plumes.
The DART system will be a wing-mounted dust sampling device capable of collecting aerosols
and microorganisms up to 25 km (80,000 ft). Results of the DART flight tests on a F104
Starfighter jet demonstrated normal operations up to 10 km (35,000 ft) and 3.5 +G’s. Airborne
bacteria were recovered up to 10 km.

2012 NASA Planetary Protection Research Grant (NNX12AJ84G); “Metabolism, Growth, and

Genomic Responses of Serratia liquefaciens under Simulated Martian Conditions.” Grant value =

$718K for 2012-2017.
Research: The project was designed to characterize metabolic and genomic mechanisms that
contribute to the tolerance of Serratia liquefaciens to hypobaric conditions similar to the surface
of Mars. Results have identified 29 species in 10 genera of heterotrophic bacteria capable of
growth under simulated Martian conditions, and have helped characterize the genomic, metabolic,
and morphological alterations in S. liquefaciens that confer fitness under low-pressure and low-
temperature conditions similar to Mars.

2008 NASA Planetary Protection Research Grant (NNX08AQS81A); “Biotoxicity of Mars Soils:
Compatibility of Terrestrial Microorganisms to Simulated Conditions of Special Regions on Mars.”
Grant value: $395K for 2008-2011.
Research: Robust simulants of potentially biotoxic Mars soils were doped with consortia of
microbial species and placed within simulated Martian conditions to determine the compatibility
of spacecraft microorganisms with high levels of acidity, sulfates, chlorides, bromides,
perchlorates, and salts on Mars. Results demonstrated that most soils on Mars are not likely to be
overtly biotoxic to Earth microorganisms.

2007 NASA Mars Fundamental Research Grant (NNX07AR65G); “Degradation of Organic
Compounds by UV Irradiation under Martian Conditions: A Possible Source of Methane on
Mars.” Grant value: $340K for 2007-2011.
Research: The primary objective was to investigate whether the methane found in the
atmosphere on Mars (~10 ppb) can be accounted for by the UV degradation of accreted organics
in interplanetary dust particles (IDPs) and small carbonaceous meteoroids that fall on Mars.



Results were used to model the global methane budget on Mars and predict a global average
mixing ratio in the atmosphere of 2.2 to 4.8 ppbv.

2006 UCF/UF Space Research Initiative Grant (20040009; jointly funded by University of Central
Florida and University of Florida); “Degradation of Organic Compounds by UV Irradiation under
Martian Conditions.” Grant value: $186K for 2006-2007.
Research: This grant was a predecessor study to the 2007 MFR grant NNX07AR65G (see above)
that conducted studies into the non-biological formation of methane in the Martian atmosphere by
the UV irradiation of organics. Results suggest that all organics on Mars will evolve methane
when exposed to UV irradiation, and that kapton tape might be a significant source of terrestrial
methane contamination on the Mars Science Laboratory rover Curiosity.

2006 CACI MTL Systems (C06-060025); “Use of Spectral Reflectance Remote Sensing as an
Indicator of Unique Spectral Signatures of Plant Stress.” Grant value: $12K for 2006.
Research: Spectral reflectance signatures from 20 plant species were collected and analyzed for
unique spectral features that would discriminate diverse plant stresses (biological and abiological
stresses) from each other.  Results supported the conclusion that spectral reflectance
measurements of plant species under diverse stressing agents do not exhibit unique spectral
signatures.

2004 UCF/UF Space Research Initiative (SRI) Grant (20020023/21988; jointly funded by University
of Central Florida and University of Florida); “Survival, Ecology, and Detection of Endolithic
Microbial Communities under Simulated Martian Environmental Conditions.” Grant value: $210K
for 2004.
Research: The SRI grant developed protocols used to win three NASA grants [i.e.,
NNXO08AQS1A, NNX12AJ84G, and NNAO5SCS68G; see above] and studied the effects of
Martian conditions on (a) the survival of terrestrial bacteria within Mars analog rocks, and (b) the
internal atmospheric conditions within void spaces of rocks under Martian conditions. Results
indicated that internal void spaces within rocks are rapidly equilibrated to Martian surface
conditions, and thus, may not offer significant protection from desiccation, low pressure, and
extreme temperatures on Mars.

2002 JPL/NASA (JPL-GJT-569274); "Effects of Diffuse UV Irradiation on the Survival of

Terrestrial Bacteria on Spacecraft Components." Grant Value: $115K for FY2002 — FY2004.
Research: An inter-organizational team of investigators from NASA, U. of Arizona, and U. of
Florida studied the effects of diffuse and reflected UV irradiation on the survival of terrestrial
bacteria on spacecraft components. Results suggest that complete sterilization (> 6 orders-of-
magnitude reductions in viable bioloads) of microbial species by UV irradiation can be achieved
on the upper and lower surfaces of spacecraft on Mars within a few sols (i.e., martian days)
independent of latitude, solar zenith angle, or dust loading in the martian atmosphere.

2000 NASA Research Grant (ROSS-99 NRA 99-0SS-01); "Survival of Terrestrial Microorganisms

on Spacecraft Components and Analog Mars Soils under Simulated Martian Conditions." Grant

Value: § 414K for FY2000 — FY2004.
Research: The survival rates of Earth microorganisms on spacecraft materials under simulated
Martian conditions were investigated as part of a program to establish cleaning and sterilization
protocols for spacecraft targeted for Mars. Experimental conditions included Mars-normal
atmospheric pressure and gas composition, diurnal temperature fluctuations, and the UV, VIS,
and NIR fluence rates on an equatorial Martian surface (see Appendix A). Results indicate that
gas composition and temperature have no effect, and low pressure only a minor effect, on
bacterial survival under simulated Martian conditions. Greater than 99% of the biocidal activity
on the surface of Mars is due to UV irradiation.



2000 NASA Research Grant (AO-99-HEDS-01-032); "Use of Induced-Fluorescence Imaging and
Green Fluorescent Proteins to Monitor the Health of Terrestrial Plants under Simulated Martian
Environments." Grant Value: $368K for FY2000 — FY2003.

Research: The effects of low pressure on the growth and development of Arabidopsis thaliana
were studied to determine the range of low-pressures conducive to plant activity. Transgenic
lines of 4. thaliana were developed with green fluorescent protein (GFP) reporter genes attached
to plant stress promoters sensitive to specific soil stressing agents likely to be found in actual
Mars regolith. A remote sensing imaging system was developed to monitor the expression of
GFP reporter genes of A. thaliana plants exposed to phytotoxic soil factors in martian regolith.
Results indicate that plants can survive at pressures as low as 25 mbar (2.5% of Earth sea level
pressure), but nominal plant growth was achieved at pressures closer to 100 mbar.

1997 U. S. Dept. of Energy (DOE) Grant (DE-AC08-96NV11718); "Detection of Plant Stress using

Spectral Reflectance, Laser-Induced Fluorescence Imaging (LIFI), and Laser-Induced

Fluorescence Spectroscopy (LIFS) Technologies.”" Grant Value: $516K for FY1997 — FY2001.
Research: Laser-induced fluorescence imaging (LIFI), laser-induced fluorescence spectroscopy
(LIFS), and two hyperspectral imaging systems were tested for their effectiveness and
sensitivities to detecting plant diseases caused by biological and non-biological stressing agents.
Results indicate that spectral reflectance was more reliable than LIFI or LIFS for the detection of
multiple stresses on different species of plants. Science communication at The Land, Epcot
Center was a key goal of the work (see Appendix B).

SECONDARY GRANTS AS A CO-INVESTIGATOR (Funds indicate dollars for Schuerger)

2011 Florida Space Grant Consortium Grant (66018006-Y1); “Continuing Studies of Materials
Degradation under Simulated Mars Surface Conditions.” Grant value = $7K; Dr. Melanie Correll
(PI/UF); Schuerger (Co-1/UF).

2009 Florida Space Grant Consortium Grant (16296041-Y4); “Investigation into the Heat Transfer
Characteristics of Mars Transparent Greenhouse Materials.” Grant value = $5K for 1 yr. Dr.
Melanie Correll (PI/UF); Schuerger (Co-I/UF).

2008 NASA Astrobiology, Exobiology, and Evolutionary Biology Grant (NNX08AO15G); “Survival,
Growth, and Evolution of Terrestrial Bacteria in Martian Environments.” Grant value = $153K
for 2009-2011. Drs. Wayne Nicholson (PI/UF) and Andrew Schuerger (Co-I/UF).

2008 NASA Kennedy Space Center Grant (NNX07AI26G-S01); “Glow Discharge versus Solar UV
Irradiation on Mars: A Comparison of the Degradation Rates of Each under Martian Conditions.”
Grant value = $20K. Research team: Drs. Carlos Calle (PI/NASA), Paul Hintze (NASA), and
Andrew Schuerger (Co-I/UF).

2007 NASA grant through the Kenan Institute at North Carolina State University, Rayleigh, NC;
“Expression of Drought Genes in Tomato under Hypobaric Conditions.” Grant value = $13K for
1 yr. Research team: Drs. Chris Brown (PI/NCSU), Heike Sederoff (Co-I/NCSU), Mariya
Khodakovskaya (Co-I/NCSU), and Andrew Schuerger (Co-I/UF).

2006 NASA Glenn Research Center CDDF Grant; “Application of Glow Discharge Plasma to Alter the
Surface Properties of Materials.” Grant value = $30K for 1 yr. Research team: Dr. Carlos Calle,
(PI/NASA), Dr. Steve Trigwell, (Co-I/NASA), and Dr. Andrew Schuerger (Co-I/UF).

2006 NASA Stennis Research Center CDDF Grant; “Hyperspectral Fluorescence and Reflective Based
Imaging for Plant Stress Monitoring.” Grant value = $20K total for 1 yr. Research team: Drs.
George May (PI/NASA Stennis), Dr. Andrew Schuerger (Co-I/UF), and Dr. Robert Ryan (Co-
I/NASA Stennis).



2006 Princeton University Student Support Grant; “Survival of Psychrobacter cryohalolentis K5 under
Extreme Conditions of Low Pressure, Low Temperature, and Low Oxygen Concentrations.”
Grant value = $5K for 1 yr. Research team: Mr. David Smith (PI/Princeton), Dr. T.C. Onstott
(Co-I/Princeton), and Dr. Andrew Schuerger (Co-1/UF).

2005 NASA Planetary Protection Grant (NNAOSCS68G); “Degradation of Biological Signature
Molecules in Analogue Martian Environments.” Grant value = $85K for 3 yrs. Research team:
Drs. Wayne Nicholson, (PI/UF) and Andrew Schuerger (Co-1/UF).

2005 NASA Mars Fundamental Research Grant (NNX07AI26G); “Glow Discharge on Mars: Potential
Factors in the Degradation of Organics in the Martian Regolith.” Grant value = $53K over 3 yrs.
Research team: Drs. Carlos Calle, (PI/KSC), Charles Buhler, (Co-I/KSC), and Andrew Schuerger
(Co-I/UF).

2005 NASA Stennis Research Center Grant; “An Expert System for Monitoring Plant Health in
Bioregenerative Life Support Modules.” Grant value = $55K for 1 yr. Research team: Drs.
George May, (PI/Photon Industries, LA), Andrew Schuerger (Co-I/UF), and Mark Lewis (Co-
I/Photon Industries, LA).

2005 UCF/UF Space Research Initiative Grant; “Advanced, Space-Qualified, Radiometric Calibration
Targets for Mars and Planetary Exploration.” Grant value = $25K for 1 yr. Research team: Drs.
Dan Britt (PI/UCF), Randy Duran, (Co-I/UF), and Andrew Schuerger (Co-I/UF).

PROFESSIONAL AFFILIATIONS

American Association for the Advancement of Science
American Phytopathological Society
NASA Astrobiology Institute

PERSONAL INFORMATION

Born: July 1, 1956, Cleveland, Ohio, USA.

Marital status: Married to Ms. Loreen J. Leedy, children’s book author and illustrator.

Hobbies: Astronomy, paleontology, photography, woodworking, flying (private certificate),
racquetball, hiking, camping, music, art, reading, scuba diving, and travel.

AWARDS

NASA 2008 Innovative Technology Award: “A Mars Simulation Chamber for the 21%
Century;” July 2008.

NASA 2007 Innovative Technology Award; “UV Sterilization of Spacecraft Surfaces: New
Procedures for Assuring the Sterility of Spacecraft;” August 2007.

NASA REVIEW PANELS: Multiple NASA review panels from 2007-2017.

NASA EXTERNAL REVIEWER, NASA’s Mars Fundamental Research and Planetary Protection
programs between 2007 to 2010; ESA’s Astrobiology program in 2009; NASA Habitable Worlds
program, 2016.

MANUSCRIPT REVIEWS (1985 —2017) for the following journals: Acta Astronautica, Astrobiology,
Applied Environmental Microbiology, Gravitation and Space Research, Icarus, International
Journal of Astrobiology, Journal of Botany, Journal of Geophysical Research, Phytopathology,
Plant Disease, and Remote Sensing of Environment.




PEER-REVIEWED PUBLICATIONS (also 100+ abstracts in astrobiology, plant pathology, plant
biology, and remote sensing)

2020

1. Moores, J. E. and Schuerger, A. C. 2020. A Cruise Microbial Survival Model for calculating viable
bioburdens on spacecraft on interplanetary trajectories. Astrobiology (submitted Dec., 2019).

2. Schuerger, A. C., et al. 2019. Fusarium oxysporum as an opportunistic pathogen on Zinnia elegans
grown onboard the International Space Station. Astrobiology (TBD).

3. Schuerger, A. C., Moores, J. E., Tanner, R., and Smith, P. 2020. UV reflectance of spacecraft
materials and analog soils: Implications for bioburden reductions on the undersides of rovers on
Mars. Planetary Space Sci. (TBD).

4. Schuerger, A. C., Mickol, R. L., and Schwendner, P. M. 2020. Growth of Serratia liquefaciens in
Mars analog soils under martian conditions of 7 mbar, 0°C, and CO2-enriched anoxic
atmosphere. Life. (TBD).

5. Schwendner, P. M., and Schuerger, A. C. 2020. Addition of redox couples to solid media did not
enhance growth of 125 spacecraft bacteria under simulated martian conditions. Astrobiology
(submitted, Nov. 2019).

2019

6. Cortesao, M., Fuchs, F. M., Commichau, F. M., Eichenberger, P., Schuerger, A. C., Nicholson, W.
L., Setlow, P., and Moeller, R. 2019. Bacillus subtilis spore resistance to simulated Mars surface
conditions. Frontiers in Microbiology 10:333, doi:10.3389/fmicr.2019.00333.

7. Moores, J. E., King, P. L., Smith, C. L., Martinez, G. M., Newman, C. E., Guzewich, S. D., Meslin,
P.-Y., Webster, C. R., Mahaffy, P.R., Atreya, S. K., and Schuerger, A. C. 2019. The methane
diurnal variation and micro-seepage flux at Gale Crater, Mars as constrained by the ExoMars
Trace Gas Orbiter and Curiosity observations. Geophysical Res. Letters 46, 9430-9438,
doi.org/10.1029/2019GL083800.

8. Schuerger, A. C., Smith, D. J., Moores, J. E., and Guenther, R. 2019. A Lunar Microbial Survival
(LMS) model for predicting the forward contamination of the Moon. Astrobiology 19(6), 730-
756, doi:10.1089/ast2018.1952.

9. Schwendner, P. M., and Schuerger, A. C. 2019. Exploring microbial activity in low-pressure
environments. Extreme Microbiology. (in press).

2018

10. Nicholson, W. L., Schuerger, A. C., and Douki, T. 2018. The photochemistry of unprotected DNA
and DNA inside Bacillus subtilis spores exposed to simulated Mars surface conditions of
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WORKING PROJECTS AND MANUSCRIPTS

109. Schuerger, A. C., and Britt, D. T. 2017. Degassing of porous rocks under simulated Mars
conditions constrains the search for endolithic microbial communities on Mars. Icarus.
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110.

111.

112.

113.

114.

115.

Schuerger, A. C., Tench, B. J., Valbuena, F. 2018. Recovery of plant pathogens in the free
atmosphere over Florida. Phytopathology.

Schuerger, A. C. and Ming, D. W. 2018. Biotoxicity of Mars: 3. Mars Sample Return bioassays
must differentiate between abiotic and biotic pathogens. Astrobiology.

Schuerger, A. C., Griffin, D., and Jaffe, D. 2018. Failed recovery of viable propagules of
Phytopthora, Pythium, or Rhizoctonia spp. from trans-Pacific Asian aerosols in Oregon.
Phytopathology.

Schuerger, A. C. and Kelley, K. 2018. Ultrastructure of Serratia liquefaciens grown at 0.7 kPa:
Implications for an active atmospheric microbiology on Earth and Mars. PNAS.

Schuerger, A. C., Valbuena, F., and Brown, L. 2018. Air-filtration and DNA-extraction
efficiencies for airborne sampling of atmospheric dust. Aerobiologia.

Schuerger, A. C., Ming, D., and Richards, J. T. 2019. Biotoxicity of Mars soils: 4. Effects of
phytotoxic edaphic factors in Mars regolith on the growth and development of Arabidopsis
thaliana. Astrobiology.

SEMINARS, PRESENTATIONS, AND WORKSHOPS (2007-2017)

1.

10.

2017. Fusarium oxysporum as an Opportunistic Pathogen on Zinnia hybrida Grown Onboard the
International Space Station. Invited seminar, NASA Advanced Life Support System Program,
Kennedy Space Center, FL, April 7, 2017.

2016. A Dust Atmospheric Recovery Technology (DART) for the Recovery of Airborne
Microorganisms over Florida. Invited seminar, Space Life Sciences Lab, Kennedy Space Center,
FL, April 7, 2016.

2015. Hypobarophilic Bacteria Capable of Growth under Martian Conditions of 7 mbar, 0 °C, and
CO»-enriched Anoxic Atmospheres. Invited seminar, Florida Space Institute, April 11, 2015.

2015. Dust Atmospheric Recovery Technology (DART): A Dust Sampling Device for Collecting
Pathogens in African and Asian Dust Plumes. Invited seminar, US Geological Survey, Sarasota,
FL, April 1, 2015.

2015. Ultraviolet Irradiation on the Surface of Mars: Implications for EVA Activities during Future
Human Missions. Invited seminar, Workshop on Planetary Protection Knowledge Gaps for
Human Missions to Mars, NASA Ames Research Center, March 19-21, 2015.

2015. Low Dispersal of Human-Associated Microbes on to Pristine Snow during an Arctic Traverse
on Sea Ice by the Moon-1 Planetary Surface Rover. Invited seminar, Workshop on Planetary
Protection Knowledge Gaps for Human Missions to Mars, NASA Ames Research Center, March
19-21, 2015.

2014. Dust Atmospheric Recovery Technology (DART): Aerial Sampling for the Detection of
Airborne Plant Pathogens. Seminar to the Dept. of Plant Pathology, UF, March 2014.

2013. Atmospheric Dust Sampling for Astrobiology Research Relevant to Earth and Mars. Invited
seminar at NASA Headquarters, Washington DC, on Jan. 14, 2013.

2013. Survival, Growth, and Evolution of Terrestrial Bacterial under Simulated Martian Conditions.
Invited seminar at NASA Headquarters Washington DC, on Jan 15, 2013.

2013. Growth and Ultrastructure of Bacteria in 7 mbar, 0 °C, and CO,-enriched Anoxic Atmospheres:
Implications for the Forward Contamination of Mars. Polycom presentation at the UCLA Mars
Habitability Conference on Feb. 4, 2013.
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1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2013. Growth of Bacteria at 7 mbar: Implications for Robotic and Crewed Missions to Mars. Seminar
in the UF Dept. of Plant Pathology on Feb. 26, 2013.

2013. A Non-biological UV/CH4 Linked Model for the Production of Methane in the Martian
Atmosphere. Invited seminar in the Dept. of Physics at the Univ. of Hawaii on April 19, 2013.

2013. Growth of Bacteria at 7 mbar: Implications for Robotic and Crewed Missions to Mars. Invited
seminar in the Dept. of Microbiology at the Univ. of Hawaii on April 20, 2013.

2013. DART (Dust at Altitude Recovery Technology): A Dust Sampling Device for Collecting Plant
Pathogens in African and Asian Dust Plumes. Oral presentation at the statewide FL Plant
Pathology conference in Ft. Lauderdale on May 7, 2013.

2013. DART (Dust at Altitude Recovery Technology): A Dust Sampling Device for Collecting Plant
Pathogens in African and Asian Dust Plumes. Oral presentation at the 2013 Science Writers
Conference at UF on Nov. 4, 2013.

2013. Growth of Terrestrial Microorganisms under Martian Conditions. Oral presentation at the
ASGSR (Association of Space and Gravitational Science Research) Conference in

2012. Growth of the Bacterium, Serratia liquefaciens, under Martian Conditions: Implications for the
Robotic and Human Exploration of Mars. Florida Space Institute seminar on October 24, 2012.

2012. Ecology of Terrestrial Microorganisms under Simulated Lunar and Martian Conditions.
International Space University held at Florida Institute of Technology, July 6, 2012.

2009. Can Terrestrial Microorganisms Survive in the Subsurface of Mars? Workshop: Cave
Astrobiology Explorations, E1 Malpais National Monument, New Mexico, October, 2009.

2008. Search for Life in the Solar System, Dept. of Microbiology & Cell Science, University of
Florida, Astrobiology Class lecture, October 2008.

2008. The View from Hubbert’s Peak: Effects of Peak Oil on Society, Science, and Agriculture, 6
seminars given to a total of 140 people at the (i) Space Life Sciences Lab, Kennedy Space Center,
FL and to student classes at the (ii) University of Florida and (iii) University of Georgia.

2008. Panspermia: Is there a Biological Risk from Mars Sample Return Missions. 3™ Bi-annual
meeting of the Association of Mars Explorers, San Jose, CA, April 14, 2008.

2008. Panspermia: Implications for the Biosafety of Returned Samples from Mars, Dept. of Plant
Pathology, University of Georgia, Athens, GA, October 20-21, 2008.

2007. Survival of Terrestrial Microorganisms in Simulated Mars Environments: Implications for
Aerial Transport of Pathogens in Earth’s Atmosphere. 2007 Florida Phytopathology Society
Conference, Quincy, FL, May 6-8", 2007.

2007. Survival and Growth of Terrestrial Microorganisms in Simulated Mars Environments. Lecture
to the Plant Biology Dept., Portland State University, Portland, Oregon, October 9, 2007.

2007. Microbial Ecology, Survival, and Growth of Terrestrial Bacteria on Spacecraft Surfaces during
Robotic Missions to Mars. Seminar to UF Astrobiology class, March 26, 2007.

2007. Effects of Tropospheric Conditions on the Survival of Plant Pathogens. 1% Annual UF
Emerging Pathogens Institute Conference, Gainesville, FL, December 13, 2007.
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Appendix A. Mars Simulation Chamber (MSC)

A Mars  Simulation [
Chamber (MSC) was developed - . Xe lamp
to recreate surface conditions on i L =
Mars, but can be calibrated to :
simulate the surface of the Moon
and the upper troposphere and
lower stratosphere of Earth. The
MSC is a stainless steel low-
pressure cylindrical chamber with
internal dimensions measuring 70
cm long by 50 cm in diameter.
Atmospheric gases [pure CO,,
pure N,, Earth-normal O»/N», or a
Mars gas mix (see below)] are
delivered to the MSC from
commercially  obtained tank
mixes through a mass-flow
controller. A liquid-nitrogen e
(LN2) thermal control system | | ot e T N
(model TP1265, Sigma Systems Corp., San Diego, CA) serves as the primary temperature control system
for the MSC. The LN2 thermal control plate is fully programmable between —150 and +160 °C, including
ramping characteristics for controlling diurnal temperature changes. Mars-normal or Earth tropospheric
UV-VIS-NIR irradiation is supplied to the inside of the MSC through fused silica glass ports. Ultraviolet
(UV), Visible (VIS), and near-infrared (NIR) irradiation is produced with one, 1000 W xenon-arc lamp
(Xe) calibrated to deliver Mars UV fluence rates. A quadrupole mass-spectrometer Residual Gas
Analyzer (RGA) can be used to track volatile gases within the hypobaric chamber from 1 to 200 atomic
mass units (amu) with better than 5 x 10”7 mbar detection limits on most gases. The MSC system can
accurately simulate five key components of the surface environment of Mars including: (a) pressures
down to 0.1 mbar, (b) UVC, UVB, and UVA irradiation from 190 to 400 nm, (c) dust loading in the
atmosphere from optical depths of 0.1 (dust-free sky) to 3.5 (global dust storm) using a series of neutral
density filters, (d) temperatures from —150 to +30 °C (range based on Viking, Pathfinder, Spirit and
Opportunity data), and (e) a Mars gas is composed of the top five gases in the martian atmosphere [CO»
(95.3%), N> (2.7%), Ar (1.6%), O, (0.13%) and H>O (0.03%)]. Schuerger designed and built the MSC
system in 2004, and it has been the backbone of his astrobiology research program.
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Appendix B. US Dept. of Energy Remote Sensing Exhibit, The Land, Epcot Center

The US Dept. of Energy (DOE) funded a series of remote sensing activities at The Land, Epcot
Center between 1997 and 2000 to compare several remote sensing technologies for their effectiveness in
detecting canopy changes in plants afflicted by abiological or biological pathogens. The research plots
were setup in the exhibit greenhouses, and were highlighted on both the boat ride (top of photo) and
walking tours (left of the display; not shown). Schuerger was the chief scientist for the project designing
both the research and the science communication efforts. Shown above are several research teams from
academia (Univ. of Georgia), industry (Bechtel Corp.), and NASA; each team brought their own remote
sensing equipment, and all plants were measured with all four instruments. Schuerger’s role was then to
conduct a meta-analysis of the data to determine which instruments were more sensitive to subtle changes
in canopy reflectance or laser-induced fluorescence in healthy versus diseased plants. The research was
successfully conducted over 3 years with multiple changes of plants, pathogens, and remote sensing
instruments.
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Appendix C. Bioregenerative Advance Life Support (ALS) System

Bioregenerative Advanced Life Support (ALS)
systems are proposed for future human missions to the Moon
and Mars. The primary justification for an ALS system is the
requirement to recycle food, water, and oxygen with a
minimum of mass launched at the beginning of the mission.
Without a bioregenerative ALS system, missions to Mars will
require a prohibitively high amount of water, freeze-dried
foods, and breathable oxygen. At The Land, Epcot Center,
Schuerger was the chief scientist responsible for developing a
hydroponic system to demonstrate the idea of bioregenerative
life support systems for sustaining humans on long space
missions. The modules depicted here were modeled after a
hydroponic system developed at the Kennedy Space Center,
FL in the early 1980’s. This approach used a nutrient flow
technique (NFT) hydroponic system to recirculate a nutrient
solution across a thin layer of plant roots contained within the
grey trays on each level. Two ALS units were placed on
either side of a boat transport system (bottom photo) that
could move up to 25,000 visitors a day past the NASA-
supported display.

The exhibit also combined science communication
with active research. The ALS units were used to study the
allelopathic interactions among various crops grown in
integrated nutrient loops versus isolated nutrient loops.
Allelopathy is the process in which one
organism produces secondary metabolites
that influence the growth and reproduction
of other organisms. In this case, we tested
the biocompatibility of tomato and wheat
when grown in isolated or combined
nutrient loops, and found a slight
suppression of fruit weight in tomato
plants grown in the intercropped versus
isolated systems. Other research included
cultivar trials of dwarf plants, use of light
emitting diode (LED) arrays for optimum
plant growth, effects of diverse lighting
systems on plant and pathogen

nutrient solutlons on plant productivity.
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Appendix D. Dust at Altitude Recovery Technology (DART) System

Dust emanates year-round from Africa and Asia and impacts air quality in North America. Asian
dust plumes deliver up to 64 million tonnes of dust over the NW of the USA, and African dust storms
deliver over 50 million tonnes of dust over Florida each year. Several recent studies have demonstrated
that human and plant pathogens from Asian [1] African [2] aerosols can be transported to N. America in
naturally occurring dust storms. What is unknown is whether these ‘presumptive pathogens’ impact
human, plant, or animal health in the USA. In order to initiate a long-term monitoring program of
pathogens in Asian and African dust plumes, we have developed a dust collection system called DART
(Dust Atmospheric Recovery Technology) (red pod in figures). The DART dust sampler can be mounted
on a F104 Starfighter jet (top figure; Starfighter Aerospace, Kennedy Space Center, FL) and a T6 Texan
propeller driven airplane (middle figure; Warbird Adventures, Kissimmee, FL), and was test flown over
FL in Dec. 2013 on the F104 and in the summer of 2014
on the T6. The DART system utilizes a high-volume
pump to pass air through 6 separate filtration units where
both aerosols and microbial cells are captured (bottom
figure). The filtration systems exhibit flow rates from 25-
142 L/min depending on the pore size and brand of filters
used. Flow rates are directly correlated to increased air
speed, and are inversely correlated to increased altitude.
Filtration units can be turned on and off individually as
required for specific science flight objectives. The DART
dust sampler has performed nominally up to 10 km, 0.92
Mach, and 3.5 +G’s. During initial test flights in Dec.
2013, 5 of 8 genera of fungi recovered from the lower
atmosphere over FL contained plant pathogens including
species in the genera: Acremonium, Aspergillus,
Cladosporium, Curvularia, and Fusarium. Numbers of
recovered fungi, but not bacteria, increased significantly
when 5 or 10 pm were used in the DART system
compared to filter pore sizes < 1.2 um. References: [1]
Smith, D. J., et al., 2012. Microbial Ecology 64,973-985.
[2] Griffin, D. W. 2007, Clinical Microbiology Reviews
20, 459-477.
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