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How spacefaring is helping us to improve
human health on Earth
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Scientific Advisor & consultant | Biologist (Ph.D.) | Life science research
scientist | Specialized in Drug Development, Microbiology & Space
biology/gravitational biology | Innovator | Space enthusiast |
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You may call me a Rocket Biologist

Space biology research Drug development

Gravity and Light sensing mechanism in unicellular organisms Euglena gracilis

Tiangong-1 spacecraft and Chinese Space Station .
] : _ : Parkinsonism
Faro s Scameis e ——— ’ -~ & Related Disorders
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. Saving dopaminergic neurons from endoplasmic reticulum (ER) stress - A
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La science pour la santé
From science to health

Details of identified floating object

Name: Adeel NASIR (Ph.D.)
Profession: Biologist o

Passion: Space biology

Ruthenium(ll) Polypyridyl Complexes for Antimicrobial Photodynamic
Therapy: Prospects for Application in Cystic Fibrosis Lung Airways

by Raphaélle Youf 1, Adeel Nasir !, Mareike Miiller 2, Franck Thétiot 3, Tanguy Haute ' *”, Rosy Ghanem 19,
Ulrich Jonas 4 ©, Holger Schénherr2 9 Gilles Lemercier 5, Tristan Montier 1.6~ and Tony Le Gall 1." &
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You may call me a Rocket Biologist

Intercontinental engagements

SOAC=SO=N R \ Rocket Biologist

e
= % - \ Launching soon
intan TN Australia ReseARcHSAT ,

Satellites for Life-Sciences ik inision

Life science R&D Project consultant Life science R&D Advisor Podcast
(Remote) (Based in France)
(Remote)

Project Services https://www.youtube.com/@RocketBiologist
Development of mini lab for Assisted = Experimental design = Talking to experts

reproductive technology in space (ARTIS) = Payload development = Ona mission to promote space biology
. - Devise strategies for biofabrication in research across the world and especially

Wiy o e e e e [] microgravity for non-space faring countries.

EPA INNOVATION. QUALITY. GLOBAL REACH.



https://www.youtube.com/@RocketBiologist

Human exploration on Earth and in space: Its impact on medicine

Age of colonization on Earth for resources

1600: British East India company 1602: Red dragon at Achen Indonesia

Jrenes
Edward John Waring (14 December 1819 — 22
January 1891) was a Fellow of the Royal
Red dragon 1608 August: Hector at Surat India College of Physicians of London
- Hector ;
- Ascensionr

Source: https://www.youtube.com/@DekhoSunoJano
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Human exploration on Earth and in space: Its impact on medicine

Age of colonization of other planets for resources

Destination Mars Lunar Base

Use of Extraterrestrial
Resources for Human
Space Missions

to Moon or Mars  second Edition

Donald Rapp

Rapp 2018 =
Credit: ESA
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https://link.springer.com/book/10.1007/978-3-319-72694-6

Human exploration on Earth and in space: Its impact on medicine

Biology as a tool for sustainable existence off Earth

Space bioprocess engineering (SBE) challenges

Liu et al., 2021
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“An inspiring vision of the next 500 years of spaceflight
and human exploration.” -Astronaut Scott Kelly

A

Engineering Life to Reach
New Worlds

CHRISTOPHER E. MASON
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https://doi.org/10.1038/s44172-022-00012-9
https://www.sciencedirect.com/science/article/pii/S204604302100006X
https://www.nature.com/articles/s41526-024-00354-y

Human exploration on Earth and in space: Its impact on medicine

Learnings from space

Space stations Locations of space stations

Outer Belt
12,000 — 25,000 miles

GPS Satellites
12,500 miles

Geosynchronous Orbit (GSO)
’ NASA's Solar

Dynamics Observatory

/ SR

< Low-Earth Orbit (LEO)
International Space Station
230 miles o

Barthel and Sarigul-Klijn 2019
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https://doi.org/10.1016/j.paerosci.2019.100553

Human exploration on Earth and in space: Its impact on medicine

How Earth based life respond to space conditions

Microbes Human Consequences at the cellular level
@ Brain
disorientation

e
Head congestion “ "

and puffy face Temporary anemia

due to loss of blood
plasma

S \
Cardiovascular m; 3 Muscle
dysfunction ' deterioration

Milojevic and Weckworth., 2020 Bone loss ¢ -1,
N
Plants

Altered gut
microbiome

Kidney stones x —." Infection
due to bone loss
Genetic
disorder

Wani et al., 2024
Mohanta et al., 2021
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https://doi.org/10.3389/fmicb.2020.00923
https://doi.org/10.3389/fpls.2021.771985
https://spj.science.org/doi/10.34133/space.0123
https://www.sciencedirect.com/science/article/pii/S0734975020300690

Human exploration on Earth and in space: Its impact on medicine

Strategies to Counter the Effects of Space on Human Health

B
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Source NASA: Holoportation of Doctors on ISS. B Miller 2024 Wani et al., 2024
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https://kids.frontiersin.org/articles/10.3389/frym.2024.1225146
https://www.nasa.gov/humans-in-space/innovative-3d-telemedicine-to-help-keep-astronauts-healthy/
https://spj.science.org/doi/10.34133/space.0123

Human exploration on Earth and in space: Its impact on medicine

Roadmap for the use of space environment for the improvement of human health

Drug development
1g

Bottom

Salt particles

Proteins

Protein crystals
./:J Convection
High mosaicity
——= Diffusion

Creativity Ruyters & Betzel ., 2017

Metformin
Tablets

Metformin hydrochloride

Siteni et al,, 2024 Metformin: From Curing Diabetes to Radioprotection

Biofabrication

organ blue pri,,

A
“mal_Free
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Microbiome and antimicrobial research

%ﬁﬁf

Wicrobinl m.:klnq ‘

Madrigal et al., 2022
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https://www.frontiersin.org/journals/medical-technology/articles/10.3389/fmedt.2020.607648/full
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0307598
https://link.springer.com/chapter/10.1007/978-3-319-64054-9_2
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-022-01332-w

Human exploration on Earth and in space: Its impact on medicine

Commercial players
Success story Space Insider 17 June 2024

€9 MERCK
Space Biotech Market Map by Space Insider, Cx Bio and SpaceRadar
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https://spaceinsider.tech/2024/06/17/charting-the-space-biotech-landscape-a-look-at-the-industrys-key-players-and-emerging-trends/

Human exploration on Earth and in space: Its impact on medicine

How and where one can perform experiments in microgravity both on Earth and beyound?

Platforms
Aircraft-based parabolic flights Sounding Rockets ZARM Drop Tower

= 110 m drop height
= 4.5 s drop time

= 10 p-gravity level
= 10! mbar vacuum

microgravity

2s

RPM-random
positioning machine

Typical sounding
rocket payload

Ferranti et al., 2021

Prasad et al.,
2020 Short term real and simulated microgravity Prasad et al., 2020 Long term Real microgravity
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http://doi.org/10.1016/j.biotechadv.2020.107572
http://doi.org/10.3390/app11010068

Human exploration on Earth and in space: Its impact on medicine

Do you have the next big idea to transform human health through space?

Person of interest (POI)

m a
-

Jibin Jeffrey Dhanaraj - 1« University of Adelaide

Chief Technology Officer | Aerospace Engineer | ResearchSat | Deep

Tech

Adelaide, South Australia, Australia - Contact info

500+ conne

D 0D
) Y

\ Active Experimentation Passive Experimentation
()

e
ReseARCHS AT GV

Satellites for Life-Sciences Cell Bank Experiment In Space Manufacturing

A range of research experiment options, all-inclusive
of end-to-end services
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Human exploration on Earth and in space: Its impact on medicine

Conclusion and outlook

Let’s work together to keep Earth and space colerful fora Courtesy:WgfkShack

Courtesy:CNN . )
brighter future for humanity

We don't need to reinvent the wheel—just spin it differently

kardashev.fandom.com
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https://kardashev.fandom.com/wiki/Rotating_wheel_space_station
https://edition.cnn.com/interactive/2021/06/world/space-astronauts-of-color-nasa-jaxa-scn/
https://www.wowshack.com/indonesian-women-in-space-the-astronauts-you-need-to-know-about/

Thank You

Copyright @ 2020 Indian Pharmaceutical Alliance. All rights reserved.
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Beyond Earth, Beyond Limits

Antariksh Parichha
Co-Founder & CEO, Serendipity Space
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MISSION

Accelerate drug development on Earth by
processing pharmaceuticals in microgravity.

We are building small reusable satellites to
process pharmaceuticals in Low Earth Orbit,
and bring them back to Earth.
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THE STATUS QUO

Drug Development on Earth takes
painfully long and costs billions of
dollars.

* Time : 10-15 years to develop a
new drug.*

e Cost : S2 Billion - S3Billion USD
per drug.

e Failure rate : 90%

*Why 90% of clinical drug development fails and how to improve it?

02
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9293739/

THE PROBLEMS

e Unsuccessful crystallization.

* Non-uniform particle size and poor solubility.

7 * Low quality formulations, high viscosity for
\‘ high concentration doses.

§ * Repeated trial and error for years.

PA INNOVATION. QUALITY. GLOBAL REACH.




INDUSTRY SECRET: SPACE AS A PLATFORM FOR PHARMA

No Sedimentation No convection currents No buoyancy

oS00

OO0

Earth: 1g Space: free fall
Sedimentation Homogeneous
Distribution

. |
ON EARTH ; IN SPACE
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THE VALUE CHAIN

Structure Based
Drug Design

Microscale
‘ Crystal form

Microgravity | | selection
Pharmaceutical Production

High dosage
concentrations;
Enhanced formulations

Macroscale

gpA INNOVATION. QUALITY. GLOBAL REACH.



COMMERCIAL SUCCESSES : STRUCTURE BASED DRUG DESIGN

Carna Biosciences

MAP2K7 Protein

1.3 A obtained from space, solved
structure based design, identified
novel inhibitors.
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COMMERCIAL SUCCESSES : STRUCTURE BASED DRUG DESIGN

Taiho Pharma

Drug development enabled by co-
crystallization of H-PGDS with drug

molecule. Discovered novel inhibitor.

Drug now in Phase Ill CT.
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COMMERCIAL SUCCESSES : MACROSCALE PRODUCTION

Merck’s Keytruda

Crystalline suspension for SC administration,
recreated a version on Earth, in Phase Il CT.

Schering Plough’s Interferon alpha

Crystalline suspension for SC administration, tested in

Cyn. Monkeys. Stable formulation for over 2 years.
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SpAce

) THE ALCHEMY BOX : STRUCTURE BASED DESIGN

( )
PROTEIN AND SMALL MOLECULE
CRYSTALLIZATION
( )
AUTONOMOUS PRODUCTION IN
SPACE & RETURN TO EARTH
( )
SCALABLE TO MULTIPLE
SAMPLES
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) THE ALCHEMY BOX : FORMULATIONS

SpAce

r
BATCH CRYSTALLIZATION AND PARTICL
SIZE CONTROL
( )

AUTONOMOUS PRODUCTION IN
SPACE & RETURN TO EARTH

SCALABLE TO KG SCALES
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MISSION PLAN

SPACQ

THE MISSION PLAN

In-orbit pharma processing for
weeks/month

Our satellites launched aboard
ISRO/SpaceX/Roscosmos
Rockets to LEO

Re-entry into Earth’s
atmosphere

Splashdown in the Indian
Ocean, retrieval of drugs and
supply to pharma companies

11
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MEET THE TEAM

Jivitesh Debata

CTO, CO-FOUNDER
M.Sc. Robotics & Al @ Rochester Inst. Technology, USA

Automation & manufacturing @ Serendipity Space

Dr. Monica Ekal

Chief of Space Systems, CO-FOUNDER
Ex-NASA & Scientist @ German Aerospace Center, Ph.D. Univ. of Lisbon
Mission planning, re-entry, and in-space operation @ Serendipity Space

Chief of Space Systems

Antariksh Parichha

CEO, CO-FOUNDER
M.Sc. Applied Physics @ TUM, Germany; Ex-Hyperloop, Winner SPRIN-D &
U.S. D.o.D Grants

Business development & tech roadmap @ Serendipity Space
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ADVISORS

Dr. Subhabrata Sen, FRSC

Scientific Advisor, Pharmaceuticals
Fellow of Royal Society of Chemistry, London
* Ex-Senior & Scientific Manager at Syngene & Pfizer India

* Ex-Associate Director at GVK Bio

Dr. Parthapratim Munshi, FRSC

Scientific Advisor, Crystallization
Fellow of Royal Society of Chemistry, London
e Scientist at Oak Ridge National Lab for Protein Crystallography

* Ex-Associate Director at GVK Bio
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Thank You

Copyright @ 2020 Indian Pharmaceutical Alliance. All rights reserved.
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Impact of off-world
studies on clinical
practices on Earth

Suresh Poosala
DVM MS PhD
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Key Insights on Keytruda Research
Microgravity

IN

1. Understanding Antibody Functionality:

Microgravity environments alter the way antibodies
like Keytruda behave.

For instance, growing larger and more stable protein
crystals in space provides clearer insights into the
binding sites of antibodigs|&rivderaatiCosfidithtiabncer

cells.

2. Enhanced Drug Efficacy Studies:

Microgravity research provides unique insights into
cell behavior.

Researchers can understand how these cells respond
to therapies.
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Key Insights on Keytruda Research in Microgravity

mAD  Cys-linked

1. Development of Combination Therapies: V ADC
Imker-drug

Microgravity affects the interaction
between Keytruda + other NCEs.

Combination

CaL No. MSQC8: Non-toxic ADC-memic, with Cy
conjugation to dansyl-cadaverine-SMCC,

Therapy

Development of combination therapies e w B sl Mokdieirs aod P
) \j _ \) i

that enhance the effectiveness of
cancer treatments. C .
& (s

d Monotherapy  Personalized Monotherapy Personalized
gAonly) (Drug B only) Combination Therapy
(OrugA+8)

| R e, Cancer

Lnd iy

Gary K Schwartz, W
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Key Insights on Keytruda Research in Microgravity

onitoring Cellular Changes:

udies have shown that microgravity can lead to accelerated aging in cellular processes (reversible!). By using Keytruda as part of
psearch into these processes, scientists investigated how microgravity impacts the immune response and the effectiveness of
munotherapy in aging. wslidiinions

SCIENTIFIC REP?RTS

Causes of aging OFEN Erythrocyte's aging in microgravity

Colliltr sonoscanees h|9h||g_hts how envnror}mental
stimuli shape metabolism and

: ' RO : Stem cell exhaustion i morphology
chrogrnv:!y ‘ ) . |u\\-u».u.»w.:'\-|..‘».l».w| 5. Dinorll 6. LonaoB G et A Fancioso”, L. Mosca. G, Puatat G, Bouni!
Mitochondrial SO s A oo’ ot o,
: dysfunction Altered <

intercellular

communication
Deregulated ﬂfi R | cenepors .
. L ditinctive morphelogical patteens of aging

Nutrients

nutrient-

1 trol : ’ ;
g contro . sensing % Genomic

_ N instability
Loss of . ®
Side view of growth vessel prOteOStaSIS Telomere attl‘ition

Epigenetic alterations

Lopez-Otin, Blasco, Partridge, Serrano & Kremer, Cell, 2013
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PembrOIizumab microgra\/ity CrYStallization experimentation Paul Reichert1*, Winifred Prosisel, Thierry O. Fischmann1, Giovanna Scapinl,

Chakravarthy Narasimhan2, April Spinale3, Ray Polniak4, Xiaoyu Yang5, Erika Walsh2, Daya Patel5, Wendy Benjamin2, Johnathan Welch5, Denarra Simmons6 and Corey Strickland1
1234567890()

The research laboratories of Merck (MSD) in collaboration with the International Space Station (ISS) National Laboratory
performed crystallization experiments with pembrolizumab (Keytruda®) on the SpaceX-Commercial Resupply Services-10

mission to the ISS. By leveraging microgravity effects such as reduced sedimentation and minimal convection currents,
conditions producing crystalline suspensions of homogeneous monomodal particle size distribution (39 um) in high yield
were identified. In contrast, the control ground experiments produced crystalline suspensions with a heterogeneous
bimodal distribution of 13 and 102um particles. In addition, the flight crystalline suspensions were less viscous and
sedimented more uniformly than the comparable ground-based crystalline suspensions.

These results have been applied to the production of crystalline suspensions on earth, using rotational mixers to reduce sedimentation
and temperature gradients to induce and control crystallization. Using these techniques, we have been able to produce uniform crystalline
suspensions (1-5 um) with acceptable viscosity.

p INNOVATION. QUALITY. GLOBAL REACH.



Microgravity: A Tool for Protein Drug
Development

JohnPaul O. Enemali et
al.,

Protein crystals developed in microgravity can produce substantively superior structural information than can be
acquired from crystals yielded on Earth.

Absence of sedimentation which prevents protein crystals from plummeting to the bottom of the containers on
which they are grown as they do on their counterpart ground condition.

Also, convective flows are also greatly reduced in microgravity and so crystals grown in a much more inert
environment yield better quality.

Therefore, space is an excellent environment to study complex, three-dimensional proteins.

Through this effort, more concentrated and high-quality mixtures that can be administered to patients more
efficiently are developed as drugs

APA. NNOVATION. QUALITY. GLOBAL REACH. 38 | Private and Confidential

Microgravity

Direct
v No surface attachment

+ Cells tend toward spherical shape unless previously
atiached to a surface

+ Disorganization of MTOC's (microtubule organizing
centers|

 Membrang lpid raft changed

+ Transmembrane signalling for some receptor mediated
activities

* Induction of difierentiation

+ Delay inonset or inhibition of apoptosis

+ Inibittion of locomotory activiy

+ Potential exaggeration of cell-cell rather than cell
substrafum interacion
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» 3D Cell Culture in Microgravity

In microgravity, cells can grow in three-dimensional
structures, more closely resembling their natural
environment.

This 3D cell diseaseculture system provides more accurate
models for studying mechanisms and testing drug responses.

» Key Insights:

Microgravity-induced 3D cell cultures mimic human tissue
architecture, enhancing the relevance of experimental
results.

These models are particularly useful for studying complex
diseases and evaluating the efficacy of biologic drugs.

. ‘e . . 3D Ready T Ki All-inclusive 30 Collagen -Based 30 3D Cell Cul
The ISS hosts experiments that utilize microgravity to develop R e RS R i
and test 3D cell culture systems for biomedical research.
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Cancer Research | OUR
DIFFERENTIATION : : FUTURISTIC
(CELL TYPE-SPECIFIC) SPHEROIDS "', VE RTICAL
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Creating cells and tissue for transplant and therapies
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New Initiatives in our Lab that we are open for Space
Microgravity Exploration Research

Oral drugs added

End points Measured _
1. Cellmorphology Liver Cells
2, CellTnxiFiry . ncreatic Cells
3. Insulin stimulation Bioink

4. Glucose uptake Muscle cells
Bioink

pA INNOVATION. QUALITY. GLOBAL REACH.




Future Possibilities

» Space-grown personalized medicines

* Al + microgravity-based target discovery
pipelines

e Biomanufacturing in orbit for ultra-pure biologics

Small Molecule ¥
M.W. 180 Da Peptide

M.W. ~2,000 Da
Antibody
M.W. 150,000 Da

M.W.= molecular weight, the total weight of all atoms in a molecule

pA INNOVATION. QUALITY. GLOBAL REACH.
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Conducting biomedical research in space presents several
challenges

1. Technical Limitations DEVELOPMENT COST

*  Equipment and Instrumentation: Cost of Transportation

* Limited Access to Resources: Hinders experimental flexibility and replication efforts.

2. Environmental Control

*  Microgravity Conditions: Fluctuations can occur due to spacecraft movements or operational activities.

$48BILLION $316ILLUON

*  Radiation Exposure: Can affect biological samples and limit the duration of certain experiments.

3. Biological Variability

*  Unpredictable Cellular Responses: Cells can behave differently in microgravity

*  Replication Challenges: Due to the unique conditions, replicating experiments consistently is challenging.
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44 | Private and Confidential

* Logistical Constraints

* Crew Time Limitations: Astronauts have limited time available for scientific experiment.

e Communication Delays: Latency in communication with Earth.

These challenges require innovative solutions and careful planning but also highlight the
exciting potential of conducting research in microgravity environments, such as the ISS.
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TEAM IN ACTION
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EXPLORE Diagram Key ot M. smith, Ph.D. & Team,
- Outer Ring: Study & R hi S
i Middle Ring: What they found gIOCHEMICAL

Inside Ring: Why it's important

Scott'S body maSS

TIWINS STUDY RESULTS AT A GLANCE: p H» gecreased in space,

nis folate statys
What They Found and Why it's Important increased.

Nutrition and
exercise play
an important
rolein all
aspects
of health,

5
INTEGRATIVE ggj}f
ASA’s Twins Study revealed interesting and assuring data on how a human adapted to space.@ ke Snyder, PhD-
-
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Dr. Suresh Poosala
DVM MS PhD
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\\ ReSEARCHOAT

Satellites for Life-Sciences

Microgravity Research

A Strategic Frontier for Pharma & Biotech Innovation
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Major Undertaking by Global Industries

The pharma/biotech industry is entering a transformative era where space-based research is
unlocking solutions that were once thought impossible. Pharmaceutical companies mostly
from US & Europe, have ventured to utilise the uniqueness of microgravity environment and

discovered significant boost to their scientific and commercial activities for new therapeutic

development.

Major Areas of Commercial Research Focus in Space

Biomedical & Biopharmaceutical Human Health Space-Based
Life Sciences Development & Space Biomanufacturing
Research & Drug Discovery Medicine & Production
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Major Areas of Commercial Research Focus in Space

Specific areas of focus

PROTEIN CRYSTALLIZATION & DRUG DISCOVERY [ | 4 REGENERATIVE MEDICINE & STEM CELLS x
TISSUE ENGINEERING & ORGANOIDS [, 4 MICROBIOME & ANTIBIOTIC RESISTANCE ,
.-'/

AGING & NEURODEGENERATIVE DISEASES £, 4 FLUID DYNAMICS & DRUG FORMULATION
GENE EXPRESSION & EPIGENETICS [ d BIOMANUFACTURING & 3D BIOPRINTING

SPACE-BASED PHARMACEUTICAL MANUFACTURING

Over the last 27 years, nearly 3700 experiments have been conducted aboard the ISS with roughly 45% focused on Life Sciences Industry
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Major Undertaking by Global Industries

6 MERCK U AMGEN AstraZeneca
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Microgravity
Research
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Scientifically Validated Effects of Microgravity
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Cell Shape & Cell Adhesion &
Morphology Extracellular
Matrix

Gene Fluid Dynamics

Expression

.

& Transport

Cell Division &
Proliferation

Cytoskeletal
Rearrangements

&

Protein
Production

Microgravity
Induced Stress
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About us A ReseARCHOAT

Satellites for Lite-Sciences

We are an aerospace engineering & manufacturing company specializing in design &
development of cutting-edge payloads & satellites for scientific research. Our mission is to

enable life-saving therapeutics and advance scientific knowledge through high-cadence and

accessible microgravity research.

Turnkey Solutions: Designing and deploying scientific payloads tailored to specific experimental needs for

spaceflights
Launch Support: Seamless integration with ISS & LEO launch partners globally

Mission Operations: Autonomous experiment management and real-time data streaming from launch to return

of payloads back to Earth

Post-Mission Deliverables: Sample retrieval and comprehensive data analysis
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Introducing ADI-Lab, the cutting-edge space bioreactor
transforming drug development and manufacturing in space

SPACE
MICRO-HABITAT FLUIDIC Platform FLUID REACTOR

\:\ Protein Crystallisation 3D Drug Delivery Research | Centrifuge

Cell Research Drug Discovery Mixer, Vortexer
ADI-LAB
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ADI-Lab

ADI-Lab is a satellite platform with experimental chambers known as Space Micro Incubator
(SMI) and Space Fluidic Platform (SFP).

Within SMI & SFP, a wide range of experiments can be performed including:
« protein crystallisation
« 3D cell research including organoids & organ-on-a-chip
« drug discovery, drug stability & drug delivery research

« plant growth studies

To complement satellite operations, we have an in-house developed flight computer,

advanced sensor suite and data acquisition systems all with successful space heritage.

07

5PA INNOVATION. QUALITY. GLOBAL REACH.



Our Product Specifications

Advanced Microfluidic Chip for:
» Fungi, Bacteria, Tissue Cell culture assays
» Organs & complex systems on a chip
*  Macro Double emulsion generator

» Protein Crystallization Chambers

suborbital rocket modules & host satellites

Imagery & Data Transmission enabled for the
duration of the experiment
* Modular & Scalable in Size & Weight

Advanced Protection Systems:

» Advanced Insulation material coatings

Multiplatform Integration:
+ Integrated within orbital platforms like the ISS,

 Fail-Safe & Safe-Fail systems (In-built into design)
« Controlled Space Environment experiments (Fully

insulated & partially insulated Research)

Standard Size & Weight
« Designed on a 1U CubeSat form factor
(10x10x10 cm) and weight of 1kg
Multiple experiments can be autonomously

run on the same flight

Al Controlled Sensor Suite:
+ Thermal Management
+ Power management
+ Radiation, pressure monitor

Reliable communication

Space Micro Incubator (SMI)

Space Fluidic Platform (SFP)

EPA INNOVATION. QUALITY. GLOBAL REACH.




SPACE Micro-Incubator (SMI)

Protein Crystallisation |Stem Cell | 3D Cell Research

DEMONSTRATED

CAPABILITIES

Cell Viability including

incubation, growth & storage

3D Cell structure growth

| Biofilm formation

Physiological &
Morphological Changes

CELL HEALTH & GROWTH MONITORING

« Camera with 400-800x magnification
« x/y axis motion to capture images

» Spectrophotometer in UV, IR and VIS spectrum

ENVIRONMENTAL CONTROL & MONITORING

* Temperature and humidity regulation
+ CO2 & 02 concentration regulation

* pH control unit, Glucose & Lactate Sensor

AUTOMATED MEDIA EXCHANGE & WASTE REMOVAL

» Advanced Microfluidic chip hosting living cells
* Micropumps integrated with reservoirs for media

removal

09
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SPACE Fluidic Platform (SFP)

Drug Delivery | Drug Discovery | Chemistry

EXPERIMENT GROWTH MONITORING

+ 8000K PIXELS DRIVER-FREE CAMERA
Mu Itl F I ul d Co ntrOI « x/y axis motion to capture images

* Miniature spectrometer & electrochemical sensor

» Advanced Microfluidic chip hosting protein seed compounds

ENVIRONMENTAL CONTROL & MONITORING

+ Temperature and humidity regulation

Complex Fluidic Dynamics

+ (CO2 & 02 concentration regulation

Dm
LuLLJ
L
< —
D:_I
|_CD
N <
ZD_
O «
s o
L
()

Fluidic Control & Monitoring

Mu Iti p I e Emu I SiO ns * Micro reservoirs - 50ml capacity,

« Micro-pumps - flow rates from 8ul/min to 10ml/min

* Flow rate & viscosity sensors

Automated Liquid Handling System
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End to End Service

p 3 4 5 6

Mission Experiment

e Regulatory Satellite Scheduling Rocket G Post Mission Project
approval payload Rocket Launch of data Analysis Outcomes
(Research . :
) design & Launch satellite
Proposal) (Space Agencies)

. stream &
build payload sample

retrieval

ResearchSat
We plan, develop and execute scientific experiments in space

Our clients only need to work with us during the research experiment proposal phase. Following that, we:

handle all the regulatory approvals, e mission management during spaceflight,
in-house hardware & software engineering development of payloads, e run experiments, collect data,
manufacturing, assembly & testing of the payloads, * hand over samples and data back to clients

integrate the payload with the right rocket launch provider, 11
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SUBORBITAL MISSION -1

November 2022 | Esrange Space Center, Sweden

MISSION S1X-3/M15

« ResearchSat payload: ADI-Alpha

« Launch provider: Swedish Space Corporation (SSC)
* Launch site: Esrange Space Center, Sweden

« Conducted in November 2022

LAUNCH DETAILS

« Flight Duration: Approx. 6 minutes of microgravity

« Flight Altitude: Estimated max altitude is 257 km

« Microgravity level: < 10A(-6)g during microgravity
phase

PAYLOAD RECOVERY

Total rocket payload: 285 kg of scientific
instruments including ADI-Alpha

Recovery Operations: Carried out on same day as
flight,

Payload retrieval by helicopter.
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SUBORBITAL MISSION -1

November 2022 | Esrange Space Center, Sweden

SPACE
FLUIDIC PLATFORM

« Commissioned by a drug delivery company based in Adelaide

« Generated space double emulsions
« Automated Emulsion Generation

o A foundation for Space Bioreactor

a—
PUMPS | RESERVIORS

87

SPACE
MICRO-HABITAT

In-house Research | Academic Collaboration

Evaluate yeast to develop new antibiotics

Autonomous Monitoring System

o A foundation for Space Bioreactor

;.
i.

~
e

EARTH SAMPLES SPACE SAMPLES 13
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SUBORBITAL MISSION - 2

February 2024 | Esrange Space Center, Sweden

MISSION DLR/MASER14 . .

* ResearchSat payload: ADI-ELECTRONIC

« Launch provider: Swedish Space Corporation (SSC)
* Launch site: Esrange Space Center, Sweden

« Conducted in February 2024

LAUNCH DETAILS

« Flight Duration: Approx 7 minutes of microgravity §

« Flight Altitude: Estimated max altitude is 262 km

« Microgravity level: < 10A(-6)g during microgravity
phase

PAYLOAD RECOVERY

Total rocket payload: 400 kg of scientific
instruments including ADI-E

Recovery Operations: Carried out on same day as
flight,

Payload retrieval by helicopter.
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SUBORBITAL MISSION - 2

February 2024 | Esrange Space Center, Sweden

CAMBRIAN
WE MADE IT
Opportunity EXECUTIVE

Electronics
Jibbin Jefferey Dhanaraj AidenTaba ‘
Stefan Kramer Advice and suppport )

Mission management Andrew Barton
Mary Pillay Andrew Dempster
Product Bruce Tulloch
Mikhail Asavkin Eamonn Glennon
Software Jason Held ' 8
Domenic Simone Julie Autuly

Eben Steenekamp vy Patrick Oppel
Nicholas Simone. AUSTRS WD Tim Parsons

SPACE IS FOR EVERYBODY

CAMBRIAN
EXECUTIVE
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Available Microgravity Platforms

MICROGRAVITY SUB ORBITAL

MISSION
TYPES

Altitude range: 250-300 km
Microgravity time: 7-10 min
Microgravity level: (1 0)-59 -(1 0)-%
Payload size & weight: PO leyalol«; i EYE (e

Payload Recovery: Same day of launch

ISS MISSION

400 km
3-6 months
-6
(10) g
20x10x10 cm | 2-5 kg

On capsule return

LEO MISSION

500 km

6 - 12 weeks

(10) g

30x20x10 cm | 10 kg
On deorbit
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ISS Mission February 2026

ResearchSat is embarking on a mission to the International Space Station (ISS). This
mission will involve the development, launch, and operation of a scientific payload
designed in collaboration with the client, alongside full engineering and technical

support from ResearchSat.

State-of-the-Art Research Opportunity
» Access to Microgravity
» High Impact Results

Comprehensive Support Package
» End-to-End Mission Management
« Custom Payload Design
« Live Data and Continuous Monitoring

Return on Investment through Intellectual

Property
« IP Ownership
» Research Publications & Recognition

Branding and Outreach Benefits
« Public Engagement and Branding
» Recognition in world class scientific communities

17
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Research Experiment Definition

Project begins with concept exploration of the experiment to be conducted along with
necessary objectives, goals and outcomes. Following are some of the critical experiment
concept definition requirements

Microbial Strain Selection Criteria
« Non-pathogenic model organisms for
fundamental studies
« Space-televant microbes for biofilm
research
» Genetically engineered strains with
fluorescent markers for real-time tracking

Experiment Specific Systems A Cryopreservation for Return Missions
* Microfiuidic Chip System « Cryogenic Storage
« Imaging & Spectroscopy « Cryoprotectants
« Temperature Regulation
« Automated Control & Data Processing
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Payload Engineering to Run the Experiment

Based upon the proposed experiment, the SMI chamber within RSat AIDE-LAB platform will
be configured for the ISS space flight

01 Microbial Growth Chamber System

Independent growth chambers (~5-15 mL per chamber, equipped for
controlled feeding, sample containment and microbial containment.

02 Thermal Control & Environmental Regulation
Temperature regulation unit, humidity control,
thermal insulation & radiation shielding
03 Imaging & Monitoring Systems
High-resolution microscope, autofocus & automated image capture,
spectrophotometer (UV-Vis or IR), Al-based image processing unit
04 Fluidic & Sample Handling System

Microfluidic chip system, resenvoirs for precise nuirient delivery,
micro-pumps & valves, fluid exchange system

05 Power & Data Management

Power Supply Management Module for efficient rerouting
SMI Module Data Transmission:
Compressed image files (JPEG, PNG)
Low-bandwidth tolameatry for sansor data
Aldriven onboard processing with sensor fusion of compleie module
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Parallel development (payload & Experiment ground

studies

+ |dentify microbial strains, culture
media and define optimal growth
conditions.

+ Develop the experimental
protocol {growth cycles, imaging
frequency, etc.).

+ Begin ground-based microbial

growth tests in standard lab
conditions.

0-20%

+ Define payload architecture
(growth chambers, fluidic
layout, sensors).

« Design micro-pump systems

for precise nutrient exchange.

+ Design microbial containment
mechanisms with HEPA
filtration.

+ Conduct growth tests in simulated
microgravity (clinostat/rotating RPM tests).

» Test biofilm formation, antibiotic
resistance patterns, and colomy
morphology.

+ Develop genetic markers (e.g, GFP-tagged
bacteria for fluorescence tracking).

20-50%

+ Develop early hardware prototypes
{growth chambers, imaging sensors).

» Integrate fluidic systems with valve
control for nutrient flow.

« Conduct temperature stability tests for
growth chambers.

+ Finalize microbial handling protocols
for safe IS5 integration.

+ Test nutrient exchange cycles, waste
management, and microbial
containment protocols.

50-75%

Refinement of prototype integrating
optimized microfluidics

Stress testing under launch vibration

and vacuum conditions

Perform system-level endurance
testing (30+ day continuous
operation)

Final software imtegration for real-
time imaging and monitoring

Experiment Concept Blological Validation Ground Studies Pre-Launch Finalisation

+ Prepare and package sterile
samples for flight.

+ Run end-to-end dry runs of
experiment timing and procedures.

« Test procedures and contingencies
for in-orbit experiment handling.

75-100%

Payload Concept Prototype Development System Integration Flight Hardware Test

Assembly of final flight-ready
hardware

MNASA payload certification and
safety approvals

Packing, transportation, and launch
site integration

Pre-flight functional testing and final

system check before launch

17
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Payload Loading onto Rocket

Payload Testing- Marshall Space Flight Center SpaceX Launch Complex - Cape Canaveral, Florida

Test Engineer
Control Stetion

! 72-48 hours
Huntsville ; ; before launch

Operations ) | X ;
Support Center Payload put in deep
[HOSC} 5 ; ] freezers (-95C to 4C)

Renote Payload

Developer Location

30-24 hours

Prepped for launch
before launch

Extensive tesing is performed for qualification and acceptance SpaceX & NASA Integrating Payload in deep freezers as well as:
testing prior to on-orbit operations by providing access to « mechanical attachment

resources in an ISS-analogous environment
« electronic & communication interfacing
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ISS Mission February 2026

Mission profile
Dragon module continues
to dock with International

:| Dragon module
Space Station —

~

:| Second stage

:| Interstage

7
7
7

s Ssecond stage carries
Dragon module to orbit

First stage

First stage
separates

SpaceX launches the Dragon module consisting of payloads,

Engines fire to
. slow de§cent
e \f°r =l crew and other cargo enroute to the International Space
for re-entry o

Station (ISS).

/
Launch 4
\

~

I ATMOSPHERE

N

First stage makes N
controlled landing with «
grid fins, thrusters and \

I
|
A
[]
I steerable engines
> 5 _l_ On average, the Dragon module of SpaceX carries approximately 6000 kg
to the ISS on a single flight
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ISS Mission February 2026

Payload integrated with the ISS Express Rack units

as shown in the picture
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ISS Mission February 2026

Fight Stage: Loading Latest data: 12/06/2024, 42615 pm
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RSat Operations Center
Hyderabad, India
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Experiment Data Streaming {Images &
Sensor) Web Dashboard & Mobile App
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ISS SPACE MISSION WORKFLOW FROM START TO FINISH

—p

Experiment - Payload
Development

1

& W g ¢

Concept
Experiment

N

Ground Phase

(6-8 months)

Space
@
© *-1"-13(‘

<R ~

Payload Transportation
to US launch site

Ground Testing of
Experiment

Spaceflight Phase

(1 month)

inched via

, USA

S

RSat Operations Center

NASA Mission Control Center
Houston, USA

NA
RS AT

Experiment Data Streaming (Images &

Hyderabad, India Sensor) Web Dashboard & Mobile App

Payload Transportation

to India

l

Experiment - Payload
Samples & Data
Complete Handover

> Post Mission Phase

(1 month)

R

p=0|

2A

Mission Analytics - Scientific
& Commercial Outcomes

4
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Our Upcoming Mission in 2026

O
Z
=
O
U
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D

ISS MISSION

MISSIONS

ALTITUDE RANGE:

MICROGRAVITY

TIME: 10x10x10 cm
PAYLOAD SIZE: 1-2 kg
WEIGHT: FEB 2026
FLIGHT SCHEDULE:

()
>/

Active Experimentation

f[?‘N
UV

Passive
Experimentation

(o
B

Cell Bank Experiment

G

(2

In Space Manufacturing

A range of research experiment options, all-inclusive
of end-to-end services
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Unlocking Opportunities for Science & Business

Scientific Technical
Precision-driven Advanced
experiments and instrumentation
insights and Al-driven
unattainable on analytics
Earth

T -y
-
L
f !
I (]
I i
\ J
% -=ri-
b #
-
-

Pharmaceutical

Better drug
efficacy, new
formulations, and
faster R&D cycles

Commercial Marketing
Unique branding
and storytelling as
pioneers in space

Competitive
advantage and IP
generation in a
frontier market research
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What is emerging now

In-Space Manufacturing Marke-tO”pportunity

Biotech & others Space infrastructure

$150Bn

ISM Market Semiconductor
~$270Bn $50Bn

eMobility ma terials*

$20Bn
o Batteries™ l
BT — $30Bn a

SPACE y s ;"‘_—_— 5\1
Solar materials™ .!'.‘: 3 &

3 $7Bn L
Fiber Optics Ll ‘
- e i ;/"//‘

>

Microgravity R&D
$10Bn

Please cite G-SPACE, Inc,
Mercuria Market Estimates when
using this graph or any portion of it
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ResearchSat Team

EXECUTIVE TEAM

L
'fl ! ﬁgu '2

v I 4

RavitejaD Jibin Jeffrey D Saki Shrusthi
Multidisciplinary & visionary Seasoned Asrospace Has been in finance for two Holds a master's degree in
in Applied Space Sciences Engincer Microbiology

@raviteja-duggineni

ACTIVEADVISORS

OUR

‘ 3 | ’ " | ‘ ‘
bt Medtech Advisor Sclence Strategist Space Blologist

RESEARCHSAT i Sommuiation ; 24

Suresh Poosala
Developed Cancer Drug
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RSat Space Technologies

- alg

Jibin Jeffrey Dhanaraj Rahul Shetty Shrushti Patil  g;rnest Sundar Daniel
CEO CBDO coo

S5 CUSTOM C‘k Biotechnology &
e SATELLITES C‘iﬁ Pharmaceuticals

LIFE SCIENCE PAYLOADS

> TURNKEY 'ﬂ' ID
~ LOGISTICS ot Universities
POOL OF LAUNCHERS ﬁ{@}ﬁ

Incorporated in Hyderabad 5

(Active mid Sep'24) COLLABORATION
& NETWORKING
RESEARCH JOURMALS
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Thank You

Copyright @ 2020 Indian Pharmaceutical Alliance. All rights reserved.
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