Biomanufacturingin
Microgravity

Exploring the future of pharmaceutical production beyond Earth's

atmosphere




Course Overview

Grade Level Subject Areas Duration

Grades 9-12 Biotechnology, Engineering, 2 class periods (90 minutes)
Chemistry



Learning Objectives

Understand biomanufacturing processes

Learn how antibodies and drugs are produced using biological systems

Analyze microgravity challenges

Examine unique obstacles of production in space environments

Explore NASA research

Investigate current space-based manufacturing studies on the ISS

Design space solutions

Create innovative systems for pharmaceutical production beyond Earth

Evaluate space biomanufacturing

Assess advantages and disadvantages of producing medicines in orbit



Traditional
Biomanufacturing

ction systems




Cell Culture Systems

CHO Cells

Chinese Hamster
Ovary cells are the
workhorses of
antibody production,
used in over 70% of
therapeutic proteins.

E. coli

Bacterial systems
offer rapid growth
and simple
maintenance for
producing smaller
proteins and
enzymes.

Yeast

Eukaryotic
microorganisms
provide a middle
ground, capable of
post-translational
modifications.



Biomanufacturing Process

A

Fermentation

Cells grow in controlled bioreactors
with precise temperature, pH, and
nutrient conditions

Purification

Product is separated from cells and
contaminants through multiple
filtration steps
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Quality Control

Rigorous testing ensures safety,
potency, and consistency of final
product



Bioreactor Design

Traditional bioreactors rely on gravity for mixing, sedimentation, and gas
exchange. These fundamental processes must be completely reimagined

for space environments.




Microgravity Effects

How space changes everything we know about biomanufacturing



Advantages of Space Production

Enhanced Protein Crystal Growth

Microgravity eliminates convection currents, allowing
proteins to form larger, more perfect crystals for drug
development and structural analysis.

Improved 3D Cell Culture

Cells naturally form three-dimensional structures
without scaffolding, creating more realistic tissue
models for research.

Reduced Sedimentation

Cells remain suspended uniformly throughout culture
medium, improving nutrient distribution and waste
removal.

Novel Protein Structures

Unique folding patterns emerge in microgravity,
potentially creating new therapeutic compounds
impossible to produce on Earth.




Space Manufacturing Challenges

¢ Bubble Management

Gas bubbles don't rise in microgravity, complicating
oxygen delivery and CO, removal in bioreactors

¢ Heat Transfer Limitations

Without convection, heat dissipation becomes
challenging, requiring active cooling systems

¢ Sterility Maintenance

Contamination control is critical with limited resources
and no ability to replace equipment

¢ Resource Constraints

Water, power, and materials are precious commodities
requiring closed-loop recycling




Fluid Behavior in Microgravity

Surface tension dominates fluid behavior in space. Liquids form spheres
and cling to surfaces, fundamentally changing how we design pumps,

mixers, and separation systems for biomanufacturing.




NASA ISS Research

Current experiments shaping the future of space biomanufacturing



Active Research Programs

Protein Crystallization 3D Bioprinting

Growing high-quality protein crystals to understand disease Printing living tissues and organs without support structures.
mechanisms and develop targeted therapies. Results show 3x  Successfully created cardiac tissue and retinal cells with
larger crystals with better diffraction patterns. improved function.

. §

b) %
Cell Culture Development Pharmaceutical Stability
Testing new bioreactor designs and culture techniques. Studying how drugs degrade in space environments. Critical
Developing systems that require minimal crew time and for long-duration missions and space-based production.

resources.



Key Research Findings

Enhanced Organoids

Three-dimensional tissue structures form more naturally

and function more like real organs in microgravity.

Fluid Management Issues

Controlling liquids and gases remains the primary
engineering challenge for space bioreactors.




ISS Laboratory Module

The International Space Station serves as humanity's premier
microgravity research facility, hosting experiments that could
revolutionize medicine and biotechnology.




Breakthrough: Protein Crystals

Why Crystal Quality Matters

Higher quality protein crystals enable scientists to determine molecular
structures with unprecedented precision. This leads to:

e Better understanding of disease mechanisms
e More effective drug design

e Reduced development time and costs

e Novel therapeutic approaches

Space-grown crystals have already contributed to treatments for
muscular dystrophy and cancer.




Design Challenge

Engineering the future of space biomanufacturing



Your Mission

Design a Space Bioreactor

Create a bioreactor system for producing antibodies on the ISS or
during Mars missions. Your design must overcome the unique
challenges of microgravity while meeting strict safety and efficiency

requirements.




Design Constraints
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Power Limitation Volume Restriction Microgravity Operation
Maximum 500W available - must 0.5 cubic meters total - compact All systems must function without
prioritize essential systems and design is critical in space relying on gravity for mixing,
optimize energy efficiency environments separation, or fluid flow

Minimal Crew Time Closed-Loop Preferred

Astronauts have limited time - automation and reliability Recycle water and nutrients to minimize resupply

are essential requirements from Earth



Critical Requirements

01 02 03

Maintain Sterile Conditions Monitor Cell Growth Handle Gas Exchange

Prevent contamination throughout the  Track cell density, viability, and Deliver oxygen and remove CO, without
production cycle with no ability to productivity in real-time to optimize creating problematic bubbles in the
sterilize or replace equipment easily production culture
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Purify to Medical Grade Ensure Crew Safety

Achieve pharmaceutical-quality product that meets all safety = Contain all biological materials and chemicals with multiple

and efficacy standards redundant safety systems



Design Considerations

Key Questions to Address

How will you mix the culture without gravity-driven
convection?

What method will you use for gas exchange?
How will you separate cells from product?
What sensors will monitor system health?
How will you maintain temperature control?

What backup systems ensure reliability?




Innovative Solutions to Explore

Membrane Systems Rotating Wall Vessels Microfluidic Devices

Gentle rotation creates artificial gravity Tiny channels use surface tension to

Gas-permeable membranes allow
and mixing without damaging cells control fluids precisely in microgravity

oxygen in and CO, out without bubbles



Project Deliverables

Written Explanation

Describe how each system works and how they integrate

to produce antibodies in space

Design Justification

Explain your choices and why they're optimal for the
constraints and requirements




Assessment Rubric

Design Project

Class Presentation

Written Analysis

Participation

Total: 100 points. Excellence requires innovative thinking, thorough analysis, and clear communication of complex engineering

concepts.



Real-World Applications

Your designs aren't just academic exercises. NASA and private companies
are actively developing space biomanufacturing for long-duration

missions, lunar bases, and Mars colonies. The solutions you create today
could become tomorrow's reality.




Beyond Antibodies

Tissue Engineering Gene Therapies
Growing replacement organs and é) § Producing viral vectors for treating
tissues for transplantation genetic diseases
Research Tools Novel Drugs
Developing better models for Ci? [] Creating medications impossible to

studying human biology manufacture on Earth



The Economics of Space Manufacturing

Is It Worth It?

Launching materials to space costs approximately $10,000 per kilogram.
However, some products justify this expense:

e Rare proteins worth millions per gram

e Perfect crystals for drug development

e Unigue materials impossible to create on Earth
e Life-saving medicines for space missions

As launch costs decrease and technology improves, space
biomanufacturing becomes increasingly viable.




Learning Resources

NASA ISS Research Database

@ Comprehensive archive of experiments conducted aboard the International Space Station with detailed results and

publications

Biomanufacturing Process Videos

Visual demonstrations of cell culture, fermentation, and purification techniques used in pharmaceutical production

Pharmaceutical Engineering Papers

Peer-reviewed research on bioreactor design, process optimization, and quality control in drug manufacturing

3D Printing & Space Manufacturing

Articles exploring additive manufacturing, bioprinting, and in-situ resource utilization for space applications



The Future Awaits

"The first pharmaceutical factory in space may seem like science
fiction today, but it represents a logical step in humanity's expansion
beyond Earth. Your generation will make it reality."




Key Takeaways

Microgravity offers unique advantages

Enhanced protein crystals and 3D cell cultures enable
breakthrough research and therapies

NASA research is paving the way

Current ISS experiments demonstrate feasibility and

identify critical design requirements

Engineering challenges are significant

Fluid management, resource constraints, and sterility
require innovative solutions

Your designs matter

Creative problem-solving today shapes the future of

space biomanufacturing and human exploration

Now it's your turn to engineer the future. Good luck with your space bioreactor designs!



