Antibody Structure and
Function in Space

Exploring how these remarkable Y-shaped molecules protect us from
disease—both on Earth and beyond.




The Challenge Above

How does this
Y-shaped
molecule
protect us from



Antibody Architecture
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Four Polypeptide Chains Functional Regions Variable vs. Constant
2 heavy chains (50 kDa each) and 2 Fab regions bind antigens, Fc region V domains recognize antigens
light chains (25 kDa each), linked by triggers immune responses, hinge through CDRs, C domains handle

disulfide bonds provides flexibility effector functions



The Y-Shaped Guardian

Molecular Design

Antibodies are precisely engineered proteins
with distinct functional zones:

e Fab fragments capture antigens
e Fcregion activates immune cells

e Hinge region enables binding flexibility

e Disulfide bonds maintain stability




Five Classes of Antibodies

IgA IgE
Most abundant, crosses First responder, pentameric Mucosal immunity, protects Allergic responses, parasite
placenta, long-lasting structure, early infection respiratory and digestive defense
protection defense tracts

B cell receptor, immune

system activation



How Antibodies Defend Us
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Neutralization Opsonization
Blocking pathogen entry and preventing toxin binding to Marking pathogens for destruction by immune cells
cells through Fc receptor binding
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Complement Activation ADCC

Initiating classical pathway, forming membrane attack Activating NK cells for antibody-dependent cell cytotoxicity

complexes



Neutralization in Action

Blocking Pathogen Entry

Antibodies bind to viral surface
proteins, preventing attachment
to host cells and stopping
infection before it starts.

Preventing Toxin Binding

By covering toxin binding sites,
antibodies neutralize dangerous
bacterial toxins before they

damage tissues.



The Space Challenge

Microgravity Changes
Everything

NASA research reveals that spaceflight fundamentally alters how our
immune system produces and uses antibodies.




B Cell Changes in Microgravity

Altered Maturation

B cell development and differentiation processes change
in Microgravity conditions

Reduced Diversity

Antibody repertoire becomes less diverse, limiting

immune response range

Class Switching Issues

Changes in immunoglobulin class switching affect
antibody type production

Vaccine Concerns

Implications for vaccine effectiveness during long-
duration space missions



Molecular-Level Effects

Protein Folding Glycosylation Patterns
Microgravity affects chaperone Altered post-translational
proteins and ER quality control, modifications impact antibody
potentially causing misfolding half-life and Fc receptor

issues binding

Gene Expression

Changes in immunoglobulin gene rearrangement and enzyme
expression affect antibody production




NASA Research Findings

Key Discoveries

Studies from the International Space
Station reveal significant immune

system changes:
e Immunoglobulin levels fluctuate
e B cell function is compromised

e Antibody quality decreases

e Recovery takes time after return




Antibody Levels During Spaceflight

120 -
40 -
O | | | | |
Pre-flight Early Flight Mid Flight Late Flight Post-flight
| Jlele B oM B oA

Data shows significant decreases in all antibody classes during spaceflight, with gradual recovery after return to Earth.



Hands-0n Learning

Modeling Antibody-Antigen Binding

01 02 03

Build Physical Model Identify CDR Loops Model Binding Site

Construct antibody Fab region using Locate complementarity determining Create antigen binding site and test
molecular model Kits regions responsible for antigen molecular fit

recognition

04 05

Visualize Complexes Analyze Interactions

Use PyMOL to explore real antibody-antigen structures from Study hydrogen bonds and hydrophobic interactions
PDB stabilizing binding



The Binding Interface

The complementarity determining regions (CDRs) create a unique
binding pocket that recognizes specific antigens with remarkable
precision—Ilike a lock and key at the molecular level.




Antibody Therapeutics in Space
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Passive immunization

strategies for managing

infections during long-duration
missions when immune

systems are compromised

Managing Allergies

Antibody-based treatments for
allergic reactions in confined
spacecraft environments
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Cancer Immunotherapy

Therapeutic antibodies for
treating cancer in astronauts
during extended space
exploration



Challenges for Space Medicine

Stability Concerns

Maintaining antibody stability under space radiation and
temperature fluctuations

Production & Delivery

Challenges in manufacturing and administering
l antibody therapeutics in microgravity

Storage Requirements

Limited refrigeration capacity on spacecraft for
temperature-sensitive biologics

Individual Responses

Variability in how astronauts respond to antibody

treatments in space conditions



Activity: Structure Exploration

Learning Objectives
Duration: 45 minutes

Students will identify and label antibody structural features
and predict functional consequences of structural changes.

e Examine antibody structure diagrams
e |abel heavy and light chains

e |dentify antigen binding sites

e Compare antibody classes

e Predict functional impacts




Activity: Analyzing Space Effects

1 2
Review Data Create Comparisons
Examine NASA antibody concentration measurements Graph before/during/after spaceflight antibody levels
from space missions
3 £y
Analyze Trends Propose Explanations
Study IgG, IgM, and IgA patterns and identify changes Develop hypotheses for observed immunological changes

Duration: 40 minutes | Objective: Analyze real NASA research data on astronaut antibody levels



Assessment Overview

20 30

Structure Labeling Lab Report
Worksheet on antibody Documentation of modeling
components and regions activity findings

Total: 100 points across formative and summative assessments

25

Quiz
Antibody structure and
function concepts

25

Research Analysis

Scientific paper review
assignment



Advanced Topics

Monoclonal Antibody Development

Techniques for producing specific antibodies for
research and therapy

Therapeutic Production

Large-scale manufacturing of antibody-based
medicines

Antibody Engineering

Designing modified antibodies with enhanced
properties and functions

Space Biomanufacturing

Research on producing biologics in microgravity
environments



Career Pathways

Antibody Engineer

Design and optimize therapeutic antibodies

Protein Biochemist

Study protein structure and function

Pharmaceutical Researcher

Develop antibody-based drugs

Space Medicine Specialist

Research health challenges in space




Essential Resources

NASA Resources Molecular Databases Visualization Software
e Immunoglobulin spaceflight e Protein Data Bank (PDB) e PYyMOL

studies e IMGT database e Jmol
¢ OSDRantibody production data e Antibody structure repositories e RasWin

e |SS biomedical research results



Research Project Assignment
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Q\ Present Findings
Write Summary

Find Sci ific P Deliver 5-minute presentation to
in cientific Paper Include research question, methods,

key findings, and implications for
space medicine

class on your research
Locate research on antibody

function in space or stress
conditions

[J)' Homework: This assignment helps students engage with primary scientific literature and understand real-world
applications of antibody research.



Teacher Preparation Checklist

Technology Setup Physical Materials

Install PyMOL, Jmol, or RasWin on all lab computers Prepare 3D printed antibody models if available, or
and test functionality order molecular model Kits

Content Review Research Papers

Review protein structure basics and practice using Gather and organize NASA research papers on space

visualization software immunology for student access



Common Misconceptions

Antibodies Don't Kill Directly

Students often think antibodies
destroy pathogens themselves.
Clarify that antibodies tag
pathogens for destruction by other
immune cells.

Not All Antibodies Are
Identical

Emphasize the five different
isotypes (IgG, IgM, IgA, IgE, IgD) and
their distinct functions in immune
defense.

Structure Determines Function

Reinforce this fundamental
principle: the Y-shape and variable
regions enable specific antigen
recognition and binding.



Advanced Extensions

Humanized Antibodies Antibody Drug Conjugates
Explore how mouse antibodies Study how antibodies can be
are engineered to reduce human linked to toxic drugs to deliver
immune rejection, creating safer targeted cancer treatments with
therapeutics. fewer side effects.

CAR-T Cell Therapy

Investigate how engineered T
cells use antibody-like receptors
to target cancer cells.



The Protein Data Bank

Exploring Real Structures

The Protein Data Bank contains
thousands of antibody structures
determined by X-ray crystallography
and cryo-EM. Students can
download PDB files and explore
these structures using free

visualization software.

Visualizing Binding

Software like PyMOL allows students
to rotate structures, measure
distances, and identify specific
amino acids involved in antigen
binding—bringing molecular
biology to life.



Space Medicine Applications

Protecting Astronauts
on Mars Missions

Understanding antibody function in microgravity is critical for long-
duration missions. Future Mars expeditions lasting 2-3 years will require
effective immune support strategies, including antibody-based
therapeutics that remain stable and effective in space conditions.



Key Takeaways

Molecular Architecture Defense Mechanisms

Antibodies are Y-shaped proteins with variable regions for Antibodies protect through neutralization, opsonization,
antigen recognition and constant regions for immune complement activation, and ADCC

activation

Space Challenges Future Medicine

Microgravity alters B cell function, antibody production, Antibody therapeutics offer promise for treating

and protein folding, compromising immune defense astronauts, but stability and delivery challenges must be

solved
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Continue Your Journey

"Understanding how antibodies work in space isn't just about
protecting astronauts—it's about pushing the boundaries of
immunology and developing better therapeutics for everyone on
Earth."

Next Steps: Complete your research project, explore the Protein Data
Bank, and consider how molecular biology connects to space exploration
and human health.



