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Astrobiology & Space Biology @

Astrobiology: origin, evolution, distribution, & future of life in the universe
« Why: fundamental understanding of life

* Prebiotic chemistry — chemical building blocks of life — details, distribution

» Potential for life to adapt/survive in non-terrestrial environments

» Search for indicators of extant or extinct non-terrestrial life

» Find habitable environments in our solar system & beyond

Fundamental Space Biology: space environment effects on terrestrial life

» Reduced gravity effects

— Mammals: fluid distribution, musculoskeletal loading = immune stress,
decreased bone density, muscle atrophy, slowed wound healing

— Cells, microbes in culture: nutrient and waste transport
» Radiation effects: damage from (high-energy) ionizing radiation
— Greater outside Earth’s magnetosphere, ~70,000 km
— DNA damage: strand breaks, mutations
— Cell membrane, protein, oxidative damage; cell death

* Bio/chemical effects of extraterrestrial environments: dust etc.
« Synergies of combined effects possible

Why: human space travel, moon/planetary habitation;
insights & therapies for human disease, aging, radiation effects




model organism: §
0.5x2um §
bacteria

E. coli

GeneSat-1: 1st biological nanosatellite in LEO, @
1st real-time, gene expression measurement in space

fluorescence

ot

* nutrient deprivation in dormant state (6 weeks)
* launch: December 2006 to low Earth orbit (440 km)
* nutrient solution feed upon orbit stabilization, grow E. coli in pgravity

16 December » monitor green fluorescent protein (GFP): gene expression
2006 | » monitor optical density: cell population
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Summary of NASA Ames’ Nanosatellite | &
(Astro)Biological Space Missions DR

E. Coli GeneSat-1(2006/3u): gene expression S
EcAMSat (2017/6u): antibiotic resistance

S. Cerevisiae PharmaSat (2009/3u): drug dose resp
BioSentinel (2022/6u): DNA break/repair

B. Subtilis O/OREOS* (2010/3u): survival, metabolism
ADRolT-M** (eu): mutations / lithopanspermia

C. Elegans FLAIR (3u):
dual-wavelength
fluorescence imager\

O/OREOS

*Organism/Organic Exposure to Orbital Stresses
**Active DNA Repair on Interplanetary Transport of Microbes
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"Biomapping” our solar system: going beyond the known o
low-altitude / short-duration mission parameter space... oy e
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*9 time points; 32 microwells/timepoint



BioSentinel Subsystem Overview

Biosensor payload Low-gain
Solar antennae
arrays \
Batteries Command & dat_a
Solar array handling / Electrical
) power subsystems
gimbal mount
= Transponder
Medium-gain - Cold-gas
antenna ’ micropropulsion
= subsystem
LET radiation
spectrometer | Star Attitude-control subsystem 8
tracker




Quantify DNA damage from space radiation environment

— Deep space environment cannot be reproduced on Earth: omnidirectional,
continuous, low flux, variety of particle types

— Health risk for humans beyond LEO, esp. particle events (SPEs)

Yeast assay: microfluidic arrays monitor DNA damage
— Two strains of S. cerevisae: 1 control (wild-type), 1 mutant (rad57A)

« mutant sensitive to DNA damage: double-strand breaks not repaired well
— Wet and activate multiple banks of yeast in ywells over mission duration

Correlate biological response with physical radiation measurements
— Linear Energy Transfer (LET) spectrometer bins & counts particle events by LET
— Total lonizing Dose (TID): LET systems calculates integrated deposited energy

BioSentinel now operating in interplanetary space

— Launched with Artemis-1, 16 November 2022

— Companion BioSentinel payload experiment on ISS in LEO complete
— Lunar BioSentinel experiment (LEIA) in development
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Life-Search Exploration Targets

'R BN

Follow the water!

O

NASA

> 10 years

Enceladus

S

Metallic Core

Rocky Interior
H,O Layer
Europa

Ice Covering

Liquid Oéean Under Iceio


Presenter Notes
Presentation Notes
Europa ice ~ 20 km thick
Europa ocean ~ 100 km “thick”; 2-3x Earth’s oceans’ volume


Life Detection Strategy: »fﬁﬂ%
some aspects of life are
likely to be universal

Building
blocks

Versatile chemical building blocks

Complex multimeric biomolecules

Containment structures

Function-specific molecules "Information"
polymers

Together, these indicators could provide conclusive evidence of life...
but such an exceptional claim will require exceptional proof -
Use a suite of complementary instruments

11



~ Fluidics Processor

Fluorescence microscopy

Instrument
Suite

o Deliver extraction solution

Microchip capillary electrophoresis
with laser-induced fluorescence

* Retrieve sample with particles

I|LII

e Separate particles e Add dyes
Sample .
o - a ¢ Degas / de-bubble
= * Input , Mass spectrometry w/ electrospray,
» : ~ | e Adjust ionic strength GC, or (MA)LDI “front end”
O (=} (=} j
s g

@ = " -— — Electrochemical

I M e Adjust pH or solvent polarity biosensors

This powerful lon-selective electrodes

appr oach is e Concentrate samples
not limited to E—
searching for
life

e Store & reconstitute reagents

lon chromatography b
 [Habitability] :3@, |

o Provide calibration standards

* Provide controls / blanks ‘ Vibrational spectroscopy

i . ¢ Deliver particle-free aliquots
- e

NC\




2 Astro/Biological Space Missions: Enabling Technologies from N%ﬁ
ARC Cubesat Payloads =

O/OREOS — multiyear mission

Relevant payload technologies

* Handling biological specimens in space m
* Perfect sterility (flight-proven) | | B [Ehif F—«* Bk
* Ultra-low organic contamination } *3-way 1* b, ‘,(,., . 1

* Biocompatible materials SHLSImERE  valve  desiccant cpeck

valve

* Manipulate pL volumes
e Fly dry; wet-out fluidics in reduced gravity
* Functional in high-radiation environment


Presenter Notes
Presentation Notes
Add Images: Europa, Phoenix Ice, Mars RSL
Add H2O structural Image
- Search for habitable environments on Mars focused on search for water 2008


SPLIce: Sample Processor for Life on Icy Worlds A

Microfluidic technology development for Enceladus & Europa life search
Multifunctional sample processing hub for science payload integration

Functional highlights: > 95% sample recovery; long-term on-board reagent storage / radiation stability /
reconstitution; bubble trapping and bubble generation; 128x sample concentration;
autonomous sequenced processing; integrated sensors; metered delivery; particle trapping; dye addition

GC/LDI/ICE

Mass Spec

Concen
Sensors:

- -
\“ate/ Electro-
lyte
conductivity,

pH, £, Microfluidic multilayer
“circuit board” 14



Presenter Notes
Presentation Notes
Add Images: Europa, Phoenix Ice, Mars RSL
Add H2O structural Image
- Search for habitable environments on Mars focused on search for water 2008


Luminescence Imager for Exobiology (LIfE)

Integrated Fluidic-Sample Processor and Microscope

Monolithic Multilevel Manifold

* pH, conductivity, pressure sensors

* Fluorescent stains: porous polymer
stabilization, storage and controlled delivery

Rotary Imaging Stage w/ Fluidic Actuator

* Integrates multiple key fluidic functions and image
location with a single rotary valve

Bright Field & Epifluorescence Microscope

« 3-stage inline filtering: * Lateral resolution: < 0.5 pm
» Silicon nitride particle- * Depth of field: 2 pm
capture filters w/ etched- * Z motion: 400 um + 1 nm

on calibration targets

. * LED excitation: 275, 375, 470, 525 nm
* FOV-optimized geometry

* Emission filters: 334, 470, 529, 579 nm Filter Wheel

15



MICA: Microfluidic Icy-world Chemical Analyzer | s
Fluidically Integrated Electrochemical Habitability Assessment for Icy Worlds s feseamy enke
Heritage: Phoenix Wet Chemistry Lab (WCL) + COLDTech + ICEE-2
Lead: ARC  Partners: JPL, Tufts, MIT, U. of Alberta, Honeybee Robotics

Fluidic Functions: Measurements pH, ionic conductivity, E,

* receive (and melt) icy / regolith samples Gases 0,, SO,

 prepare/deliver conditioning/calibrant solutions Cations Li*, Na*, K*, Mg2*, Ca?*, NH,*

« control temperature & pressure Anions CI, I, NOy~, PO,*, CO5%, CIO,, ClO57, SO,%, SO5%, §*
* execute & store measurements ROS 0,7, H,0,

Liguid | Soli o
sa[ﬁgje sar Digital Processor/PS
.

transfer L
OR Control/measure %_

|



Presenter Notes
Presentation Notes
Add Images: Europa, Phoenix Ice, Mars RSL
Add H2O structural Image
- Search for habitable environments on Mars focused on search for water 2008


. /

= EIectrochemlcaI Detection of Catalysts and Electron Transfer /| s
g as Signatures of Life |

e Example targets: phosphatases, proteases, kinases; bio. electron-transfer molecules
* Habitability, energetics, e~ transfer w/ 1 instrument

umes neseareh benler

Bio
electron-
transfer

Thomson, Quinn,
Ricco, Koehne,
ChemElectroChem
2020, 7, 1-11.

molecules

0 02 04 06

E (V vs Ag|AgCl)

Ylﬁ ll‘ l{u&]* Nanoelectrode array
li‘ " ]If sensing electrodes

[‘ l# provide higher signal
M A

- to noise
17
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Presentation Notes
Add Images: Europa, Phoenix Ice, Mars RSL
Add H2O structural Image
- Search for habitable environments on Mars focused on search for water 2008


o

Solid-State Nanopore Life-Detection Technology /)

/" Ames ﬂﬁ:em& cénfél
e Robust silicon nitride nanopore membranes for spaceflight missions

* Detection of multiple types of charged polymers (polyelectrolytes), particles
* Fluidic processor front-end to prepare samples (extract/isolate; de-salt, concentrate)

ChIPPS Manifold ARC; Goeppert Inc.; Elements SRL
i e “)

CCCCC

............

vacuum
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O/OREQS: Pascale Ehrenfreund, John Hines, Dave Squires, Chris Kits, Charlie Friedericks, Dave Landis, Elwood Agasid JMatihew
Piccini, Chris Beasley, Nathan Bramall, Gio Minelli, Greg Defouw, Laura Bica, Katie Bryson, Roland Burton, Julie Chittenden, Amanda
Cook, Millan Diaz-Aguado, Shak Ghassemieh, Mike Henschke, Ed Luzzi, Diana Ly, Nghia Mai, Rocco Mancinelli; Andy Mattioda, Mike
Mclintyre, Mike Neumann, Wayne Nicholson, Macarena Parra, Richard Quinn, Mike Rasay, Bob Ricks, Orlando Santos, Aaron Schooley,
Eric Stackpole, Linda Timucin, Bruce Yost, Anthony Young

NASA/Ames, Santa Clara U., George Washington U., Draper Lab, SETI, U. Florida/KSC

BioSentinel: Bob Hanel, Dawn Mclntosh, Brian Lewis, Charlie Friedericks, Sharmila Bhattacharya, Matt Dortenzio, James Chartres,
Ben Bradley, Zion Young, Tom Luzod, Chris Storment, Macarena Parra, Sergio Santa Maria, Diana Marina, Lauren Liddell, Sofia Tieze,
Abe Rademacher, Josh Benton, Terry Lusby, Mike Padgen, Travis Boone, Ming Tan, Lance Goddard, Aliyeh Mousavi, Diana Gentry, Aaron
Schooley, Matthew Sorgenfrei, Matthew Nehrenz, Vanessa Kuroda, Ben Klamm, Craig Pires, Shang Wu, Doug Forman, Hugo Sanchez,
Elwood Agasid, Tore Straume, Bobbie Gail Swan, Scott Wheeler, Susan Gavalas, Greg Nelson, Troy Harkness

NASA/Ames, NASA/JSC-Radworks, Loma Linda U. Med. Ctr., U. Saskatchewan

ARC Search-for-Life Technologies Team: Richard Quinn, Mary Beth Wilhelm, Justin Blaich, Travis Boone, Nathan Bramall,
Kathryn Bywaters, Matthew Chin, Tori Chinn, Chris Espinoza, Josh Forgione, Lauren Friend, Nelson Gaspard, Trinh Hoac, Erin Kelly,
Dayne Kemp, Greg Kintz, Anthony Lee, Tom McClure, Griffin McCutcheon, Connor Nelson, Abraham Rademacher, Leslie Radosevich,
Jared Shimada, Ming Tan, Linda Timugin, Jonathan Wang, and Pete Zell

NASA/Ames ¢ GeneSat: NASA Fundamental Space Biology, ESMD (now ~ SLPSRA/HEOMD)
$ O/OREOS: NASA Astrobiology Small Payloads Program, SMD
$ BioSentinel: NASA Advanced Exploration Systems, HEOMD
$ Search for Life Tech.: NASA COLDTech and ICEE2 Proarams. SMD
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Conclusions

EcAMSat above Earth

« Synergies & technology overlaps between space biology
and astrobiology should be identified and exploited
» Microfluidics development at ARC has ~ followed this strategy
« Paradigm: funding - science - technology (& mission)

B,

« HERITAGE of astro- & fundamental biology experiments in low-
Earth orbit is a major enabler for interplanetary biological missions
 Full autonomy, flying dry, filling fluidic systems in p-gravity, managing bubbles, ...
* Long-term materials biocompatibility, perfect sterility, contamination control

« Radiation-tolerant design: O/OREOS functional to 5 years (15x ISS radn. levels);
BioSentinel design for 2 yr in deep space, fluidics radn. sterilized at 3.5 Mrad

» High-heritage sensors, fluidic components & approach; high-efficiency / uniformity
thermal control, managing pressure and condensation ...

20
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