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EDITOR’S NOTE

In a world brimming with complex challenges,
sometimes the most elegant solutions are
found not in futuristic laboratories, but in the
intricate designs perfected over millennia by
nature itself. This philosophy, known as
biomimicry, is at the very heart of this issue.

From the quiet rustle of leaves to the majestic
flight of birds, nature constantly presents us
with blueprints for innovation. This month,
we've delved deep into the fascinating realm
of biomimicry, exploring how scientists and
engineers are drawing inspiration from the
natural world to create

groundbreaking technologies. You'll find
several captivating articles within these pages
dedicated to topics like spider silk, butterfly
wings, and shark skin.

We hope this issue sparks your curiosity and
encourages you to look at the natural world
with a renewed sense of wonder and
appreciation for its boundless ingenuity.

Happy Reading!
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BIOMIMICRY AND ADAPTATIONS:
NATURE’S BLUEPRINT FOR INNOVATION

For millions of years, nature has solved complex problems [FLGTeINsERIS =) amary '
through evolution. Today, scientists and engineers are studying :

these natural solutions through biomimicry, using biological

designs to create sustainable, high-performance technologies.

Here’s how four natural wonders are inspiring innovation:

1. Self-Healing Materials
Starfish regrow limbs, and plants seal wounds naturally. This
has inspired self-healing materials like:
« Concrete with bacteria that produce limestone to fill cracks
o Polymers with resin capsules that seal themselves when
damaged

2. Butterfly Wings & Light Manipulation
Butterflies get their vibrant colors from light-bending wing
scales, not pigments. Scientists are mimicking these structures
to create:

« Color-shifting materials

« Anti-counterfeit tech

« Energy-efficient displays

3. Spider Silk: Nature’s Super Fiber
Stronger than steel and more flexible than Kevlar, spider silk is
ideal for creating:

« Medical sutures and ligaments

« Bulletproof gear

« Lightweight, shock-absorbing materials

4. Bat Echolocation & Sound Navigation

Bats use high-frequency sound to navigate in the dark. This principle is now used in:
« Sonar for submarines
« Medical ultrasounds
« Navigation for the visually impaired

Conclusion

Biomimicry bridges the gap between biology and technology. From healing materials to sound-
based navigation, nature continues to inspire breakthrough innovations that shape a smarter, more
sustainable future.

References
https://www.sciencedirect.com/ | https://www.nationalgeographic.com/ | https://www.nature.com/articles/silk-study | https://www.technologyreview.com/




RIDDLE TIME!

I'm a tiny stage for light's grand play,
Reflecting messages every day.
From finding a partner to fleeing a threat,
My secret is physics, you haven't seen yet.
What am I?




THE LEGACY OF BIOSTEEL

Although BioSteel didn’t succeed commercially, it played a crucial role in advancing
biomaterials research. Developed by Nexia Biotechnologies, BioSteel was a synthetic spider
silk protein produced from the milk of genetically modified goats. It aimed to replicate spider
silk’s exceptional strength, flexibility, and biocompatibility, qualities that held promise for
applications in medicine, defense, aerospace, and sustainability.

A Vision Ahead of Its Time
BioSteel showed potential across industries:
Medicine: Artificial ligaments, dissolvable sutures, and biocompatible wound-healing
materials.
Defense: Lighter, stronger bulletproof vests—30% lighter than Kevlar.
Aerospace: NASA explored its use in lightweight spacecraft components.
Sustainability: It was biodegradable and avoided fossil fuel-based materials like nylon
and polyester.
Even though BioSteel wasn’t perfected, it inspired companies like Bolt Threads and Spiber,
who are now producing lab-grown spider silk using genetically modified bacteria, yeast, and
algae, a more scalable and eco-friendly approach.

Why BioSteel Failed

Despite its promise, BioSteel faced critical hurdles:
High production costs: Only 1-2 gm of silk protein per litre of milk made it economically
unviable.
Difficult fiber processing: Artificial spinning weakened the fibers and added to costs.
Public skepticism: Concerns over genetically modified animals limited support.
Limited market demand: Interest existed, but not at a scale to sustain the venture.

2009, Nexia Biotechnologies shut down, and the BioSteel project was officially

abandoned. Yet, its legacy lives on, BioSteel sparked a global interest in spider silk
biomaterials, laying the groundwork for what may soon be the next big leap in sustainable,
high-performance textiles.




BUTTERFLY WINGS AND LIGHT
MANIPULATION

By Kshamya Hundia, 9B

Butterflies are admired for their colourful, vibrant wings, but their beauty goes far beyond
looks. These stunning patterns are not just for show; theyre nature’s way of mastering light.
Instead of relying on pigments, many butterflies use structural colour, tiny, overlapping
scales that reflect light, like a CD, creating shimmering, colour-changing effects.

Survival Through Light

Butterflies use their wings for multiple
survival strategies:

1. Attracting Mates — Their shimmering
wings act like living billboards.
Changing colors and even ultraviolet
patterns (invisible to humans but visible
to butterflies) help them attract the
right partner and communicate identity
and health.

2. Camouflage & Defense — While some species dazzle, others disappear. Some mimic
poisonous insects, some have clear or broken patterns to blend in, and others use “flash and
hide” techniques to confuse predators during flight.

3. Temperature Control — Wing colors also manage heat. Dark shades warm the body by
absorbing sunlight, while light-reflecting structures help cool down. Some butterflies can
even tilt their wings for the perfect amount of sun exposure.

Nature-Inspired Technology

Scientists and engineers are now taking inspiration from butterfly wings:
Energy-efficient screens (like e-readers) use similar light-bending principles.
Advanced camouflage and color-shifting materials mimic their survival tricks.
Better solar panels are being designed by studying how butterflies absorb and reflect
heat.
Anti-counterfeit tech and long-lasting, chemical-free colors in cosmetics and textiles are
also drawing from their complex structures.

In essence, butterfly wings are masterpieces of evolution, stunning, smart, and surprisingly
strategic. They not only help these delicate creatures survive and thrive, but they’re also
shaping the future of human technology, from sustainable energy to smart materials. Beauty,
it turns out, can be brilliantly functional.

Refrences: https://www.ceai.org.in | https://asknature.org | https://www.merriamwebster.com



https://ogdennaturecenter.orghttps/testbook.comhttps:/maxbotix.comhttps:/pmc.ncbi.nlm.nih.gov
https://ogdennaturecenter.orghttps/testbook.comhttps:/maxbotix.comhttps:/pmc.ncbi.nlm.nih.gov
https://ogdennaturecenter.orghttps/testbook.comhttps:/maxbotix.comhttps:/pmc.ncbi.nlm.nih.gov

BIOMETRIC ROBOTS AND BIOMIMICRY:
ENGINEERING INSPIRED BY NATURE

By Tanish Shukla, 9B

How Nature Inspires the World’s Most Advanced Technologies

Biomimicry is the science of learning from nature to solve human problems. From the strength
of spider silk to the invisibility of cuttlefish, nature has long been a source of innovation.
Scientists and engineers are now using these ideas to build biometric robots, machines that can
self-heal, navigate in darkness, adapt to their surroundings, and more.

Self-Healing Robots

Inspired by starfish regeneration and plant wound-sealing, researchers are developing materials
that allow robots to repair cracks, reconnect circuits, and restore function on their own. These
self-healing bots could be vital in space missions, disaster zones, or inside the human body,
where manual repair isn’t possible.

Light and Camouflage

Butterflies, chameleons, and cuttlefish manipulate light to survive. Their ability to reflect and
shift color inspires new robot skins that could blend into surroundings, ideal for military use or
stealth exploration.

Echolocation and Sound-Based Navigation
Bats and owls use sound to sense the world
in darkness. Robots now use ultrasonic
sensors and sonar to navigate caves,
collapsed buildings, and underwater terrain,
helping in rescue missions and exploration
where human access is limited.

Strength from Spider Silk

Stronger than steel by weight and incredibly
flexible, spider silk has inspired synthetic
materials for lightweight, durable robot
parts, used in robotic arms, rescue tools, and
medical instruments.

Conclusion

Nature’s designs are shaping the future of robotics. From self-repairing systems to sound-
guided navigation and color-changing surfaces, biomimicry is turning nature’s wisdom into
life-saving, high-performance technology. The answers to some of our biggest challenges may
have been with us all along, woven into the natural world.

Refrences: https://ogdennaturecenter.org | https://testbook.com/full-form/sonar-full- | https://maxbotix.com | https:/pmc.ncbi.nlm.nih.gov
https://www.ceai.org.in | https://asknature.org | https://www.merriamwebster.com | https://ogdennaturecenter.org
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SPECIAL SECTION: SPIDER EDITION

THE SCIENCE OF SPIDER SILK: THE
QUEST FOR BIOSTEEL

By Aarav Roy, 10A

How can nature inspire some of the most advanced technology on Earth?
Nature has long inspired some of humanity’s greatest
innovations, and spider silk might just be one of its most |
astonishing creations. Stronger than steel by weight, yet
incredibly elastic, spider silk has the potential to revolutionize
material science. But there’s a catch: spiders produce only tiny
amounts of silk, are territorial, and even cannibalistic, making
farming them nearly impossible.

But mass-producing spider silk is nearly impossible. Spiders are @ity
solitary, territorial, and produce only tiny amounts of silk, just ;

34 milligrams a day. Farming them at scale would require
millions of spiders to make just a kilogram of silk. So, how
could humans tap into this extraordinary material?

Enter BioSteel

In 2012, Nexia Biotechnologies in Canada created a remarkable j§ -

solution: goats genetically modified to produce spider silk

proteins in their milk. By inserting a single spider silk gene into g

these goats, scientists were able to "farm" silk in a completely

new way. The goats reproduced easily, produced more protein, ;

and extraction from milk was far more feasible than from

spiders.

A single BioSteel goat could yield up to 7 grams of silk protein per liter of milk. With a herd
of 150 goats, scientists could gather enough to spin durable, high-performance fibers. These
fibers were five times stronger than steel, lighter than cotton, and more flexible than nylon,
ideal for making medical sutures, lightweight body armor, artificial tendons, parachutes, and
even aerospace components.

The potential was so vast that the U.S. Army and top research institutions invested over $42
million into the development of BioSteel. The dream was to merge farming with cutting-edge
biotechnology, transforming goat herders into producers of high-tech materials.

However, despite the innovation, BioSteel never fully took off commercially. Challenges in
scaling production, refining the spinning process, and maintaining protein purity held it
back. But the idea still stands as one of the most fascinating examples of biomimicry, where
nature's brilliant designs inspire human innovation.

References: https://bioaccent.org | https://cfda.com | https://www.earth.com | https://anuprerna.com
https:/knifesteelnerds.com | https:/investorshub.advfn.com
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THE INTRIGUING
SCIENCE BEHIND
SPIDER SILK

By Kalp Saraiya, 9E

Spider silk has drawn much attention from
engineers in the past 20 years for its
toughness and elasticity, properties which
may be utilized in applications such as
suspension bridge wires, bulletproof vests,
and medical adhesives.

Intrigued scientists have this structure near
to perfection by dissolving it back into
water and using it as a sponge. More uses
include flexible electrode transplants used
to wrap muscles and tissues and is even
used to make them artificially along with
ligaments and tendons and is also used in
improving drug delivery rates.

The solution called ‘dope’, is composed of
globular protein molecules dissolved in
water that are later found aligned in the
silk fiber of the surrounding sheath. These
protein components determine the core
and the outer structures of the emerging
fibre.

The liquid crystalline zones allow this
viscous silk protein solution to flow
through the storage sac and duct slowly
enough and at a constant rate so that
proteins do not coagulate.

The spun silkworm silk must be modified and is
done so by reconstitution, whereby harsh
solvents are used to redissolve the silk in water
until it is a liquid solution again. This process
called Kaplan’s process of reconstituting silks
resulted in a sheet of crystalline silk proteins

that can be stretched up to 300% into a water-

insoluble film to be used like a éponge The

future of spider silk will largely be determined
by how it will be used in different practical
applications. For example, if we would like to
make a bulletproof vest out of spider silk, the
tendency for spider silk to stretch when hit with
a flying object would not be a good fit; for this
application, we would need a material that
mimics the strength of spider silk to stop the
bullet but has properties to improve its strength.

The future of natures sturdy wires looks even
more exiting than even now as it has almost
been developed to the point that we could use it
to even make bulletproof vests. The European
science foundation (ESF) has through its
workshops has revived the idea of failed genetic
engineering of bacteria to produce spider silk
through using a micro-fluidic approach that
utilizes the micro scale behavior of fluids, a
process similar to inkjet printing. By looking at
the speedy utilization of spider silk biochemists
have opened our eyes to using gifts of nature to
solve complicated human made issues.

References: https://en.wikipedia.org | https://www.bristol.ac.uk | https://doi.org | https://www.theengineer.co.uk
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SPIDER SILK AND STRONG LIGHTWEIGHT
MATERIALS: NATURE’S BLUEPRINT FOR

INNOVATION

1. Bulletproof Clothing

Spider silk’s extraordinary tensile strength
has led to its consideration for next-gen
armor. While Kevlar remains a staple in
bulletproof vests, researchers are working
on spider silk-based alternatives that are
lighter, more breathable, and capable of
withstanding high-impact forces, potentially
offering soldiers and police more mobility
without sacrificing safety.

2. Medical Sutures and Ligaments

Being biocompatible and less likely to cause
immune reactions, spider silk is ideal for
surgical especially in delicate
procedures like eye or nerve surgery. It’s also

candidate for artificial

sutures,

a promising
ligaments and tendons. Recent studies show
nerve cells grow efficiently along spider silk
fibres, making it a promising material for
injury repair and nerve

spinal cord

regeneration.

By Tanish Satpal, 9E

3. Aerospace and Automotive Materials

Spider silk composites could revolutionise
aerospace and automotive design by reducing
weight while maintaining strength. This means
lighter airplanes and vehicles, improved fuel
emissions.  Its
a greener
alternative to current materials like carbon
fibre.

efficiency, and lower

biodegradability also presents

4. Ropes, Cables, and Climbing Gear

Thanks to its high elasticity and strength,
spider silk can be used to make extremely
durable and lightweight ropes and cables. This
holds promise for high-performance climbing
equipment,  rescue and  even
infrastructure like suspension bridges, where
flexibility and strength are both vital.

In essence, spider silk is far more than a

gear,

natural wonder,it's a model for the future of
engineering and medicine. By mimicking its
properties, scientists are unlocking innovations
that could reshape multiple industries.




Challenges in replicating Spider Silk

Despite its advantages, mass-producing spider silk is
challenging because:
« Spiders cannot are be territorial farmed and like

silkworms.
Synthesizing silk proteins in large quantities is complex
and expensive.
Achieving the same structural properties in lab-made
fibers is difficult.

However, recent breakthroughs in genetic engineering have
enabled scientists to produce spider silk proteins using
bacteria, yeast, and even plants, making large-scale
production more feasible.

Companies such as Bolt Threads and AMSilk have
developed methods to create synthetic spider silk, bringing us
closer to commercial applications.

Future Prospects of Spider Silk Biomimicry
With continuous advancements in biomaterials, scientists are optimistic about integrating
synthetic spider silk into everyday applications.
Researchers are exploring how combining spider silk with other materials, such as carbon
nanotubes, can enhance its properties. Potential developments include:

« Smart textiles that properties based change on environmental conditions.

. Biodegradable packaging materials that replace plastics and reduce waste.

« Advanced robotics applications, where spider silk-inspired materials can be used for

flexible yet strong components.

Additionally, military and defense sectors are looking into spider silk-based body

armor that offers superior protection while being much lighter than conventional alternatives.
Spider silk's natural elasticity could also play a role in creating next-generation parachutes
and impact-resistant helmets.

Conclusion

Spider silk is a prime example of how nature's designs can
inspire cutting-edge materials. From improving protective
gear to revolutionizing the medical field, biomimetic
spider silk has the potential to reshape industries.

References: https://www.sciencedirect.com/ | https://www.nationalgeographic.com/
https://www.nature.com/articles/silk-study | https://www.technologyreview.com/




RIDDLE TIME!

What has eight legs and spins a web,
but cannot move without a push?




GECKO FEET AND ADHESION: NATURE'’S
BLUEPRINT FOR REVOLUTIONARY
ADHESIVES

By Tanish Satpal, 9E

Gecko-Inspired Adhesives: Nature’s Climb Toward Innovation

Imagine walking up walls or hanging from ceilings, while it sounds like science fiction, geckos
have done it effortlessly for millions of years. Their secret? Tiny hair-like structures on their feet
that use van der Waals forces to cling to nearly any surface, without glue or suction. This
remarkable ability has fascinated scientists and inspired cutting-edge adhesivesnow being used in
medicine, robotics, and space exploration.

Gecko toes are covered with millions of microscopic structures called setae, which split into even
smaller spatulae. These structures create countless molecular contact points that together
produce strong adhesion through weak inter molecular forces. Even more impressive: geckos can
detach their feet instantly and keep them clean thanks to self-cleaning properties, something
synthetic versions are trying to replicate.

Researchers use nanotechnology and advanced polymers to recreate gecko-like materials that
stick firmly but leave no residue. Unlike glue, these “dry adhesives” can be reused, are gentle on
surfaces, and don’t rely on moisture or chemicals. However, they currently lack gecko-level
durability and regenerative capabilities.

Real-World Applications
1.Medical Use: Pain-free bandages and surgical tapes that stick securely without skin damage.
2.Robotics: Gecko-inspired grippers for delicate tasks, even in zero gravity.
3.Climbing Gear: Prototype suits that allow wall-climbing for rescue and military use.
4.Space Missions: NASA explores these adhesives for tool handling in space.
5.Consumer Products: Reusable phone mounts, sticky notes, and other gadgets.

Challenges Ahead
« Durability: Synthetic versions wear out; self-repairing materials are in development.
« Scalability: Mass production is expensive and complex.
« Environmental Limitations: Gecko adhesion weakens in moisture, scientists aim to improve
wet-surface performance.
« Surface Compatibility: Real geckos stick to most surfaces; synthetic versions still have limits.

Refrences: https://www.scientificamerican.com | https://www.sciencedirect.com | https://www.materialstoday.com




ACTIVITY TIME!

Instructions: Fill in the crossword based on the given clues.

ACROSS

2. A synthetic material inspired by
gecko adhesion. (9 letters)

3. A field of science that mimics

biological structures. (10 letters)
4. The finer structures at the tips of
setae. (8 letters)

DOWN

1. The scientific force responsible for gecko
adhesion. (3 words, 14 letters)

4. The microscopic hair-like structures on
gecko feet. (5 letters)
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THE FOREST AS A CLASSROOM

By Jeetmanyu Agrawal, IBDP II A

Long before “biodegradable” became a buzzword, nature

had already perfected the art of recycling. Forest floors

break down organic matter using fungi, bacteria, and

enzymes, an elegant, closed-loop system. Inspired by this,

scientists are creating biodegradable polymers that serve

human needs while aligning with natural decay cycles.

Rethinking Plastics

Traditional plastics are durable but persist for centuries. In

contrast, biodegradable polymers break down under

microbial action into harmless byproducts like CO, and

water. This shift toward designed perishability marks a major

advance in materials science.

Natural materials like cellulose degrade through enzymes that break specific bonds. Similarly,
synthetic biodegradable polymers use ester or amide linkages to enable microbial breakdown.
Blending natural and synthetic materials helps balance strength with degradability.

Key Bioplastics & Uses
« PLA (corn/sugarcane): Packaging, 3D printing, implants
« PHASs (bacteria-made): Compostable in soil/water
« PBAT & PBS (petro-based): Used in compostable bags and films
« Common Applications: Packaging, mulch films, medical sutures, drug delivery

Challenges
« Most need industrial composting
« Mislabeling causes confusion
« Durability vs. degradability trade-offs
« High production costs

The Way Forward

Focus is shifting to materials that degrade in natural conditions, backed by better
infrastructure and integration into circular economies, merging strength with sustainability.
By embedding decomposition logic into design, biodegradable polymers honor both human
functionality and environmental cycles, durable where needed, degradable when finished. The
forest’s lesson is clear: resilience and renewal can coexist.

References: https:/pmc.ncbi.nlm.nih.gov/articles/PMC11054705/ | https://www.nature.com/articles/s44286-024-00127-0
https://cen.acs.org/business/biobased-chemicals/biodegradable-polymer-PBAT-hitting-big/99/i34
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