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A MODULAR SUITE OF HARDWARE ENABLING
SPACE FLIGHT CELL CULTURE RESEARCH

Commercial Generic BioProcessing Apparatus (CGBA)

A. Hoehn, D.M. Klaus, L.S. Stodieck.

BioServe Space Technologies, a NASA Research Partnership Center
Aerospace Engineering Sciences, University of Colorado, Boulder, USA.
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CGBA Program Highlights

BioServe, a Research Partnership Center (RPC):

»
»
»
»

NASA Space Product Development (SPD — NASA Code US).

Office of Biological and Physical Research (NASA Code-U / OBPR).
Foster commercial (applied) space biotechnology projects.

Non-profit consortia between NASA (government), Industry, Academia.

Commercial Generic BioProcessing Apparatus (CGBA):

»
»

Generic Incubator with standard interfaces to STS/ISS/SH.

“‘easy” / fast integration schedule / reflight/series hardware

Suite of flight-qualified science insert hardware:

»
»
»
»
»
»
»
»

FPA: Fluid Processing Apparatus: “microgravity test tube”, sealed or vented.
GAP: Group Activation Pack: 1 liter generic science container, sealed or vented.
BPM: BioProcessing Module, 3- or 4-syringe mixing, sealed.

GEFA: Gas Exchange Fermentation Apparatus, vented.

ICV: llluminated Culture Vessel, sealed or vented.

BCA: BioServe Culture Apparatus, sealed or vented.

STARS: miniature habitats (terrarium, aquarium, biochemistry), vented.
MOBIAS: Modular Orbital Bioreactor with Automated Sampling, vented.

CGBA Cell Culture Hardware ASGSB 2004
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CGBA Design Highlights

CGBA incubator services to mission-specific science inserts:

®* Thermal control;

» Common temperature, 2 —zone, 8-zone, steady state, profiles / ramps.
» From -16° C to +37° C, depending on configuration.

¢ Data acquisition and control:
» Command and telemetry capabilities allow real-time downlink of data and video permitting
remote payload operation and ground control unit synchronization.
®* Experiment manipulation capabilities:

» Activation, feeding, termination, sampling, video.
» Networked science insert control for greatest flexibility.

® Accelerometer launch detection:

» automated activation and individual thermal profiling for culture incubation and sample
preservation.

» Launch profiling integration eliminates false starts.
»  Maximize on-orbit time, minimize processing delays after launch.

CGBA Cell Culture Hardware ASGSB 2004
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CGBA Evolution

® CGBA Incubator (37°C heat):
» Above ambient resistive heater only.
» Manual sample activation (GAP,FPA).
»  Optical density cell growth monitoring (FPA).

®* CGBA - Isothermal Containment Module (ICMv1):

» Thermoelectric heat / cool via 6 water-cooled walls.
» Centralized science experiment control (activation, termination, light).

®* CGBA-ICMv2:

»» Same as above, plus networked experiment control.
» Updated computer capability for ISS / EXPRESS.

®* CGBA - ICMv3: T
» Networked experiment control (science-insert dependent). - m A
» A) Multi-zone (up to 8) thermal control / profiling. _ ' -
» B) MOBIAS bioreactor, sampling, dual (2) culture/sample thermal control. |
» C) FREEZER: vacuum insulation, as low as -16°C.

CGBA Cell Culture Hardware ASGSB 2004 4
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CGBA - Isothermal Containment Module (ICM) Evolution

Version 1 - single temperature Version 2 - single temperature Version 3 -2-8 temperatures

Wall temperature controlled through temperature-controlled water circulation Individual thermal control

(shown with Auto-GAP / FPA) (shown with STARS-1 insert) (shown with 8 TEC-GAPs, 8 zones)

CGBA Cell Culture Hardware ASGSB 2004 5
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BioServe Hardware Design Philosophy

® Standard interfaces to STS/ISS — CGBA exterior unchanged:

»»  Same power, data, video interfaces — facilitates rapid mission integration.
»»  Common computer architecture, internal, flexible networked control.

» > each mission is ‘reflight’ or ‘series’ evolved hardware.

» > robust / well-verified interfaces.

® Easy to adapt / modify / replace science inserts:
»  Built on common / proven design features / flight heritage.
” Not necessarily same design implementation — but ‘series’ history.
» Quick “lessons-learned” implementation.
» New safety-assessment limited to insert, CGBA is reflight.

CGBA Cell Culture Hardware ASGSB 2004
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CGBA Experiment Carriers- Isothermal Containment Modules (ICMs)

Version 2 Version 3
(STS-95) (STS-93)
(STS-93) (STS-106)

(STS-107)

v AR e | FTy T
Version 1 = ¢ |
(STS-77), (S/MM-3), (S/MM-6) HH
Single temperature zone 8 temperature zones

Micro=processor-controlled, networked science insert control

< MOBIAS: 2 temperature zones
FREEZER: 1 temperature zone =

Version 3’
(ISS-6A, 8A, 9A)

CGBA Cell Culture Hardware ASGSB 2004 7
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CGBA — Generic Carrier — Multiple Experiment Inserts

Gas-exchange and

Habitats Thermal profiling

Internal Motor GAP,
Sealed or gas-exchange.

Dynamically Controlled
Crystallization System

Gas-Exchange Fermentation Apparatus Cell Culture Apparatus

Sealed or gas-exchange.

CGBA Cell Culture Hardware ASGSB 2004 8
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CGBA — Science Insert Integration

MOBIAS-Bioreactor — 6 cultures, 8 cooled samples each Space Technology and Research Students STARS) insert

Gas-exchange / vented to cabin

TEC-GAP — 8 independent temperature zones

CGBA Cell Culture Hardware ASGSB 2004
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Fluid Processing Apparatus — Limitations

CGBA Cell Culture Hardware

Sequential mixing / add up to 2 fluids:

»  Two levels of containment, sealed or vented (gas-exchange).
»  Slow mixing, no sampling (only fixation).

Fluid volumes and number of additions limited:

» <7 ml total fluid volume.

»>  Multi-step processing limited, no long-term culturing.

»  Good bio- and materials-compatibility (glass, Bromobutyl rubber or chlorobutyl rubber).
»  Up to hazard level 3 fluids (with GAP).

Some optical assays possible:

»>  Optical density / visual inspection.

Additives co-located with sample:

»  Single (common) temperature for all fluids.

»»  3-ribbed septa reduce risk of accidental contamination.

Gas exchange possibilities:

»>  Sealed: Microbial cultures become anaerobic, mammalian cultures difficult, seedlings
affected by ethylene. Add scrubbers as needed.

»  Can use gas-exchange inserts instead of rubber septa for enhanced gas exchange
(FPA volume only, or entire GAP volume, or open to cabin air).

ASGSB 2004 10
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Fluid Processing Apparatus — Microgravity Test tube

Sealed or with gas-exchange to FPA only, or to GAP: Sequential mixing of 3 fluids:
» Two levels of containment (liquid). * Fluid-dynamic mixing or ‘shake’ (astronaut, stir-beads).

CGBA Cell Culture Hardware ASGSB 2004 11
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Fluid Processing Apparatus — Variations

Protein Crystal Inserts — Mammalian Cell Growth

Seed germination on Agar.

Seed Germination:
Gas-Exchange FPA with Purafil™ Ethylene Scrubber

Not Shown:
Yeast FPA with Baralyme™ CO2 Scrubber

CGBA Cell Culture Hardware ASGSB 2004 12



o

j'rfEl oS ERWV

RersosNaonnoiooinn
h

Fluid Processing Apparatus — Gas Exchange

Gas Exchange FPA with dry Yeast (A), nutrient-limited

growth media (B), and fixative (C). E-membrane:

* Vent gas during activation
* Gas exchange to FPA, GAP, or cabin.
Pressure / gas exchange limited by:
GE-FPA + GE-GAP: aerobic, vented container — no pressure build-up.

GE-FPA + sealed GAP: aerobic/anaerobic; pressure limited by nutrients, dissolved gases or CO2 scrubber.
Sealed FPA + Sealed GAP: anaerobic, pressure limited by nutrients / dissolved gases.

CGBA Cell Culture Hardware ASGSB 2004 13
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Group Activation Pack

*Sealed Container, or gas-exchange / vented container.
*Up to hazard-level 3 liquids, HL-0 gases (Trizol).

Manual activation.
Sealed.

Auto-GAP:
Sealed Shell

Internal Motor GAP:
Manual GAP: Sealed or Gas-Exchange Shell

CGBA Cell Culture Hardware ASGSB 2004 14
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BioProcessing Modules (BPM)

No gas exchange,
dissolved gases
only.

* 3 Fluids: Culture, Nutrients, Fixative

Iy TEFLON * Sequential mixing.

TUEING

2 independent
Teflon bags for
e 27 and 3" level
Y o R Y o of containment

s

s

roaM SUPPDRT

ALUMINGM TRAY

* 3 levels of containment.
* 15t level pressure tested.
o 2nd /31d tagted to vacuum.

* 4 Fluids: Culture, Nutrients, Dye/Additive, Fixative
* Sequential mixing.

CGBA Cell Culture Hardware ASGSB 2004 15
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Gas Exchange Fermentation Apparatus

Silicone gas exchange culture bags,
* 1t level of containment.
* No mixing, initiation, sampling — passive flight.

2" Jevel of containment: PTFE membranes on aluminum: Gas exchange through PTFE membranes / vented container.
Maintains high humidity / reduces gas bubble formation. Aluminum shell reduces thermal gradients.

CGBA Cell Culture Hardware ASGSB 2004 16
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U BioServe Culture Apparatus (BCA)

Cell Culture Apparatus:
» 2x PTFE gas exchange culture bag
* 4x vacu-tainer sampling

* 2x fixative-sampling (1 ea)

Cell culture apparatus integrated into
ICMv3:

* individual thermal control,
» networked process control (activation, sampling).
* individual thermal control / profiling.

Shown with sealed shell (2" level of containment),
Also available with gas exchange shell (PTFE).

CGBA Cell Culture Hardware ASGSB 2004 17
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llluminated Culture Vessel

® LED lllumination
¢ 2 levels of containment
® (Gas-exchange or sealed

Shown with microbial / plant balanced eco-system.
Used within ICMv2.

Aluminum block reduces thermal gradients
during illumination (clear lid — 2" level of
containment not shown).

CGBA Cell Culture Hardware ASGSB 2004 18
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Available habitats:

Ants Spiders

Bees Aquatic Ecosystem
Silkworm Plants

Butterfly Crystal growth

Wheat — Aphid — Ladybug.

: Plant root formation
Butterfly / silkworm. In agar / gas exchange.

CGBA Cell Culture Hardware ASGSB 2004 19
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U Modular Orbital Bioreactor with Automated Sampling (MOBIAS)

Single Tray Plumbing Diagram
: N

+ +

Culture Media Waste

/é\(]—

Filter S
%
— ' R
=1
Manifold ¥
'@- Samples

Silicone culture bags, continuous or batch feed.
High humidity environment for culture, temperature controlled.
8 samples per culture (cooled).

2 levels of containment, vented to cabin air. Integrated S et Of SiX Trays

Microprocessor-based feeding / sampling / data acquisition (4x ea.)

CGBA Cell Culture Hardware ASGSB 2004 20
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BioServe Cell Culture Summary

c
—_ o o
) o =
-~ c > c ©
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9 < 'R o 2 S ] Notes
s Sic = = x £
2 © £ S 2 L 2
SE | 82 g 5 2 %
< £ S T 0] o £
FPA Yes Yes (No) No Opt. No Sealed or Gas Exchange
Sealed or Gas Exchange,
GAP Yes Yes (No) No Opt. No Manual or Automated
BCA Yes Yes (Opt.) Yes Yes No Sealed or Gas Exchange
GEFA No No (No) No Yes No Passive, Gas Exchange
MOBIAS| Yes Yes Yes Yes Yes Yes
ICV No No No No Opt. No Passive
Habs Opt. No (Opt.) (Opt.) Yes Yes
CGBA Cell Culture Hardware ASGSB 2004 21
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Microbial / BioProcessing: Antibiotic Production

ToaM SUPPORT

ALUMINUM TRAY

- A A

STS-80: Actinomycin D STS-95: Actinomycin D Production ISS 8A: Actinomycin D Ground Control
Production in Space 115% in Space 75% > Matched Ground Production Equivalent to Shaker Flask
> Matched Ground Controls Controls Levels in Lab
Ground Production in GEFA 10x > BPM Ground Production in MOBIAS 20x > GEFA (200x > BPM)
Lam et al. (1998) Applied Microbiology and Biotechnology 49 (5): 579-583 supported by:
Klaus et al. (1998) STAIF CP 420, The American Institute of Physics,
DOE CONF 980103,633-637 Bristol-Myers Squibb SPA
Klaus et al. (2001) AI44-2001-4921 NASA (MAR NCC8-242)
Lam et al. (2002) J. Industrial Microbiol.Biotech.
CGBA Cell Culture Hardware ASGSB 2004
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BioServe Hardware Accessibility/Availability

® Hardware available to user-community at cost.

® Mission integration, safety, verification, operation as needed as
cooperative agreements.

® SPD commercial research has priority in resource allocation.

® Some hardware (FPA, GAP, BPM) usable without CGBA
incubator (ISS via Progress).

® BioServe can provide cost-effective mission integration and
operation services.

CGBA Cell Culture Hardware ASGSB 2004 23
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BioServe RPC - Vision and Mission

Vision:
® To be recognized worldwide as a major leader in expanding the
space frontier by developing valuable life science applications

using the unique environment of space to create breakthroughs
that benefit humanity.

Mission:
® In partnership with industry, academia and government, develop
new products and processes through space life sciences

research.
‘

CGBA Cell Culture Hardware ASGSB 2004 24
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BioServe Space Flight History
Human Operated | Sy Past Mission Launch Duration Payloads Flown (MLE)
Assist - 1. STS-37 Apr 91 6 1(1) (ITA)
2. STS-43 Aug 91 9 1(1) BIMDA(TA)
3. STS-50 Jun ‘92 14 1(2.5) CGBA-01
4. STS-54 Jan “ 93 6 1(4) CGBA-02
5. STS-57 Jun ‘93 10 2(5) CGBA-03,BPL-1
6. STS-60 Feb 94 8 3 (8.5) CGBA, Immune, BPL-2
7. STS-62 Mar ‘94 14 1(2) CGBA-05
8. STS-63 Feb 95 8 4 (12.5) CGBA, Immune2, FGBA1
Remote 9. STS-69 Sep ‘95 11 1(2) CGBA
Commanded 10. STS-73 Oct 95 16 2(3) CGBA
11. STS-77 May’96 10 4 (11.5) CGBA, PGBA, Immune
12. STS-79 / Mir / NASA3 Sep ‘96 128 1(1) CGBA
13. STS-83 Apr 97 4 1(2) PGBA2
14. STS-94 Jul 97 16 1(2) PGBA3
15. STS-86 / Mir / NASA6 Sep ‘97 128 1(1) CGBA
16. STS-95 Oct ‘98 9 1(2) CGBA
17. STS-93 Jul 99 5 1(3) CGBA, STARS, NIHB
18. STS-106 Sep ‘00 12 1(1) CGBA-NIHB
. 19. STS-100/ ISS 6A Apr ‘01 101 1(1) CGBAl 1
Data Downlink 20. STS-108 Dec ‘01 12 1(4) CBTMI
Ground Control 21. STS-110 /1SS 8A Apr ‘02 72 1(1) cGBAal U
22. STS-112 Oct ‘02 11 1(1) PGBA4/CGBA2 1
23. STS-112/ISS 9A Oct. ’02 61 13) PGBA4/CGBA2
24. STS-107 Jan. ’03 16 1(1)  STARS-Bootes
24 missions 686 days 34 (76)
Future Missions Launch Duration Payloads Flown (MLE)
7?7. ISS CGBA Freezer/Incubator Usage Y-GAP,...
7?7. STS-114 (ULF-1) TBD TBD CGBA2
7?2.STS-116 (12A.1) TBD TBD X-Link FPA/GAP
BioServe Payload ?79.STS-118 (13A.1) TBD TBD CBTM2
Operations Control ?79.STS-118 (13A.1) TBD STS-119 (ISA) PGBAS5/CGBA3
Center (POCC)

CGBA Cell Culture Hardware

ASGSB 2004
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NASA SPD - RPC

® Research Partnership Centers (RPCs)

» Created by NASA in 1985 to encourage the commercial development of Space.

» Non-profit consortia of industry, academia, and government lead by a university
team headed by the Director.

» Operate through cooperative agreements with NASA to explore the use of Space
for the development of commercial products and services.
»  Promote the value of Space research:
— Competitive advantages
— Economic growth
» Provide expertise to industry and academia in conducting Space research:
— building and operating Space research hardware,
— meeting user criteria, and
— safety requirements.

CGBA Cell Culture Hardware ASGSB 2004 26
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For NASA SPD Program Updates, see......

http://spd.nasa.gov http://commercial.nasa.gov

etscape: Space Product Development

S 2 M od 3 £ B

Reload  Home  Search Metscape Images  Print  Seeurity  Shep
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what is SPO?
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Research

Research
Partnership Center

News Archives
Events

Success Stories
Source Book

annual Reports

STS-107
Fact Sheets

Contact Us
Search

lGo

F .Y Get Acrobat
ke Reader

, ﬁéﬁmdud Deyelopment
> 0 w

The industrial development of the space frontier is one of
the greatest opportunities facing America. It is the growth SPD Highlights
of business into space that will bring the benefits of
space down to Earth and enrich the everyday lives of all
Americans

125 Comtnercial Research
Updates
T CAS Meeting
© EDC and General Matars
NASA is encouraging businesses to seize this
opportunity through the Space Product Development
Program and its Research Parnership Centers, to help
ensure the continued economic growth of the U.S. and to
bring the opportunities for new advances, technological
understanding, products and jobs to the public

Cool Fuel Cells

Upcoming SPD Bvents:
BIC 2003 Annual Convertion
June 22-25, 2003
Washington DC

Other NASA Web Sites:
MAZA
tarshall Space Flight Certer

Dffice of Biological and Physical

. Research
Fuel cells promise to be the

environmentally-friendly power
source of the future, but some

|1=5 Commercial Development
MASS Human Space Fligkt
Space Station Tracker
Science@iasa,

Microgravity Image Gallery:

Science
@NASA
types run foo hot to be practical.

NASA-funded research may have a solution.
[ore]

Space Commercislization

The loss of the courageous crew of
8TS-107 and ofthe Space Shuttle
Columbia has brought tragedy to the
MASA family, to the families of these
seven heroes and to our Nation.

Space for Business to Grow

ui%a SPACE

S

COMMERCIALIZATION

. VA
International Space Station
Commerdial Development

Space Product Development

Technology Transfer
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BioServe Space
Technologies
Boulder, CO

Center for
Commercial
Applications of
Combustion in Space
Golden, CO
Spacecraft
Technology Center

College Station, T
Center for Space
Power
College Station, TX
Texas Center for
Superconductivity
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Houston, TX
ProVision
Technologies
Stennis Space
Center, MS
Imaging Technology
Space Center
Boca Raton, FL

Office of Biological and Physical Research
Research Partnership Centers

Wisconsin Center for
Space
Automation & Robotics
Madison, WI
Center for Advanced
Microgravity Materials
Processing
Boston, MA
Center for Satellite &
Hybrid Communications
Networks
College Park, MD

Medical Informatics
& Technology
Applications Consortium
Richmond, VA
Consortium for Materials
Development in Space
Huntsville, AL
Solidification Design
Center
Auburn, AL
Center for Space Power
& Advanced Electronics
Auburn, AL
Center for Biophysical
Sciences &
Engineering
Birmingham, AL




o
IX'EIEIEE (=Avd

K =rrcs NaonnoLon a1
h

Paper Outline

BioServe introduction and background

® RPC / Vision and mission / Space flight history / Summary of all HW (Plant, Animal, Cell)
®  Design philosophy / evolution with research outcomes

CGBA suite of modular cell culture hardware

® CGBA: INC/ Amb / ICM / v.1 [/ v.2 | v.3 | variations

»  FPA

»  GAP

»  GEFA

» BCA

» ICV

»  MOBIAS

»  Other configurations (insects, crystals, invertebrates, fish, etc.)
Technological Issues
®  Gas exchange / gas bubble formation, metabolic over-pressurization,
® Long-duration exposure: water loss, contamination, bubble formation.
® Vented vs. sealed container, metabolic rate vs. gas supply, gas vs. liquid diffusion / solubility.
Mission operations
¢ Launch handover
e On orbit - Crew activities / R-POCC capabilities
® Landing recovery
Hardware accessibility
¢  SPD commercial research
¢ Other NASA organizations supported

CGBA Cell Culture Hardware ASGSB 2004 29
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Commercial Research Hardware Enabling NASA Research

The Hlart Generic Bioyroossang Appersne (PERA), mared o
necessary frethe pflat saopiles, The Commersial Geaneice
Bicprocessing Apparahe (CGBA), abows, will provide 4 <1690
freemar capalily to presave gampiles harvested on i O3BA
will revaporsies Phase Change Material oo help medrtzan

Commercial Generic BioProcessing Apparatus and the
Plant Growth BioProcessing Apparatus
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