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Fixing ‘broken’ Hearts

One classic application is the surgical superglue 
mimicking slug slime. Patching a hole in the heart or 
lung is an onerous task as they are wet organs and are 
constantly in mild motion. Conventional surgical 
adhesives are not sticky or flexible enough to work 
on such wet tissues. For a long time, researchers like 
Jianyu Li have been looking for a solution.

Inspiration struck when they analysed the mucus 
produced by slugs. This mucus is produced as a 
defensive response and allows the slug to glue itself to 
wet surfaces. While usually there is a trade-off 
between flexibility and strength, this defensive 
mucous is not only sticky but also is highly stretchable 
and strong. A research group from Harvard 
University took inspiration and made a surgical 
superglue and the formulation contained two lay-
ers where one layer is made of polymers bonded by 
strong bonds and the other layer is a hydrogel. 

Combination of these two layers conferred strong and 
satisfactory adherence to tissues without triggering 
any immune reactions. Further research focus is on 
creating substances that would eventually disintegrate 
in the body once the organ has healed. 

Water, water, Anywhere

Another great example is the dew collector that has been created 
keeping in mind the bromeliad plant and spider webs. Brome-
liads belong to the same family as the pineapples. They have 
small hydrophobic cellular structures called trichomes on 
the epidermal cells of their leaves that allow them to absorb 
water and minerals from the leaf surface.  As one goes closer 
to the epidermis, these cellular structures converge to form 
a collection tank which helps to trap water effectively until it 

is absorbed. Spider silk has also long fascinated scientists with 
its high tensile strength and adhesive 

properties to be mimicked in bulletproof vests and synthetic 
adhesives. 



Spider webs typically consist of two different types of threads namely, the radial threads that radiate out 
from the centre of the web and the 
spiral threads which connect the radial 
threads. Previous research has shown 
that the radial threads are significantly 
stronger than spiral threads as they are 
thicker and have a different chemical 
composition. Physicists, Yuko 
Aoyananagi and Ko Okumura, who 
investigated the structural properties of 
spider webs discovered that, for a 
typical web, spiders could change the 
number of radial or spiral threads 
without reducing the overall strength 
of the web. Most elastic materials when 
damaged, experience a redistribution of 
forces, and a lot of stress is 
concentrated in the damaged area. 
However, they found that the overall 
strength of the web and the distribution 
of forces in it remained unchanged even 
in case of damage. 
Inspired by the above stated 
phenomena, a team of scientists from 
Mexico adopted this approach to handle 
the problem of water shortage in their 
hot and humid hometown of Yucatan. 
They created a model for a dew and 
rainwater collector which consisted of 3 
parts: a bamboo frame, a water collector 
and a water tank. The contraption, called 
Chaac-ha, is able to collect at least 
2.5 litres of water per night and up 
to 50 litres of water during rains. The 
water tank was designed similar to the 
trichomes in bromeliad plants. The water collector was made out of Teflon which is hydrophobic, 
bacteria-resistant and flexible. The supporting structure for the collector was designed based on the radial 
distribution of forces on the spider web. During the night, dew forms on the Teflon fabric and its inclination 
allows the water to fall into the tank. The same applies for rainwater.

Super-dry Surfaces

The concept of “super-hydrophobicity” -  the tendency of a surface to 
repel water drops - has inspired the scientific community in many 
ways. A real-life example of super-hydrophobicity is the property 
exhibited by lotus leaves towards water. Surface studies reveal that 
the lotus leaf contains tiny spike structures along with a waxy coat 
complementing a super-hydrophobic nature which rolls off water 

and dirt. Scientists have tried to mimic such surfaces for various 
applications like super-dry surfaces, antifogging mirrors and displays, 

self-cleaning windows and panels etc. 



The Silver Bullet

Another instance of biomimicry is the design of Japan’s 
Shinkansen bullet train that many might know is based on the 
kingfisher. The Shinkansen was the fastest train in the world 
and could reach a speed of up to 200 miles an hour. 
However, it produced a lot of noise and would abruptly 
change air pressure when emerging out of tunnels,
 producing thunder-like sounds. The train’s chief engineer, 
who was a birdwatcher, came up with an innovative 
design wherein the engine resembled the narrow profile of 
the kingfisher’s beak. The resulting design made the train 
quieter. It also consumed 15% less electricity and moved 10% 
faster than before.

One of the leading applications is in the biomedical arena, where they can be exploited as substrates to 
control protein adsorption, cellular interaction and bacterial growth, as well as platforms for drug 
delivery devices and for diagnostic tools. Modifying the surface using nano textures has opened up 
avenues in creating desirable surfaces for tissue engineering. Protein adsorption onto a biomaterial 
surface can be tuned by fabricating the material with the appropriate surface roughness and curvature. 
Increasing the air between proteins – surface interface by incorporating a hierarchical structure has 
shown promising effects. Since there is prevention of protein binding, cells also do not adhere and 
proliferate on the surface. This property can be used to suppress bacterial adsorption and growth on 
medical implants thus preventing the formation of biofilms.  Preferentially patterning the surfaces on a 
biochip can now allow select regions to remain superhydrophobic, hydrophobic and hydrophilic 
defining regions with different wettability to favour adhesion of molecules and movement of fluids. 
Superhydrophobic surfaces also provide useful platforms for supporting and handling microliter-scale 
droplets commonly used in many diagnostics, especially miniaturized point-of-care devices.

 The Human Lizard?

Climbing over walls isn’t just Spiderman’s forte anymore. Inspired 
by the gecko, Stanford engineers came up with this ingenious 
design that essentially allows a human to climb up a glass wall.
Studying the biomechanics of a gecko’s toes, they created a 
device that spreads large loads evenly across every patch of the 
synthetic adhesive they designed, allowing it to support a 
person’s weight.
Each of the handheld ‘gecko pad’ is covered with 24 adhesive 

tiles that have sawtooth-shaped polymer structures, each being 
about 100 micrometers long, which is approximately equal to the 

width of a human hair. Special springs on the pads apply an 
identical force to each adhesive tile when they’re pulled on that causes 

these structures to flatten. So when there isn’t any load only the tips touch the 
surface and so they aren’t sticky but when weight is applied, the wedges turn 
over increasing the surface in contact creating an adhesion force. With this 
repeating cycle of load and no load, climbing is actually possible. Further, this 
invention could be used for creating robots that could lift heavy glass objects.
The possibilities are endless.



Crawling to safety

When it comes to places that are risky or tough for humans to 
get to, spider robots may provide a convenient solution. Spiders 
have a peculiar way of moving in which they keep four of their 
feet planted on the ground at all times and the other four turn 
and ready themselves to take the next step. This allows efficient 
movement even in places with a lot of obstacles. Based on this 
property, researchers at Germany’s Frauenhofer Institute created 
the prototype for a spider-like robot that does the same and uses 
hydraulic bellows to move its legs. They have planned to use it as 
an exploratory tool after natural disasters or reactor accidents to 
assess the situation by tracking down hazards or leaking gases and 
broadcasting live images.
3D printers can be used for producing these robots which will have a modular design, 
thus allowing for quick assembly. They could even be specialized based on the purpose 
they will be used for by fitting them with appropriate sensors and cameras.

Unclogging our Images

Inkjet printers are able to print images on paper using 
dropper-like mechanisms by depositing microdroplets of 
ink, through a nozzle. A processing unit is responsible for 
the control of this deposition and that along with the 
superposition of the various color droplets gives us the 
desired image. Now, ink might dry up on this nozzle 
leading to clogging causing a malfunction. 

Initially, this problem was solved by releasing a burst of ink 
so that the pressure would displace the dried-up ink but 
this was a wasteful and time-consuming approach. 
Later on, it was noticed that the eyes also face this problem 
as they, like the nozzle, cannot be left to dry out but have to 
stay open at the same time. 

Here, the problem is solved by having a 
thin film of oil which prevents the layer 
of tears from getting evaporated. Jae Wan 
Kwon, associate professor at the 
University of Missouri, used silicone oil 
to cover the opening of the nozzle when 
not in use. In the eyes though, this oil is 
applied by the eyelids but at the scale of 
the nozzle, mechanical shutters wouldn’t 
open due to surface tension. So, he 
utilized an electric field to easily apply 
and remove the oil droplet thus creating 
the clog-free nozzle we use so often.



Octopuses- Too Tenta-cool!

The octopus, one of the most fascinating creatures to exist on this 
planet, is an invertebrate which has evolved a form of higher 
intelligence over time. This creature has one of the highest 
brain-to-body ratios for an invertebrate. Interestingly, two-thirds 
of its nervous system is in its body allowing its arms to perform 
independent actions from responding to pain to grabbing 
objects.
Perhaps, one of the most impressive feats of neural control is 
the octopus’s ability to camoufl age. They have sacs in their skin 
called chromatophores which are full of coloured pigments like 
black, brown, orange, red and yellow and their skin has 
projections called papillae whose size is neurally controlled by the 
octopus. Researchers compare the papillae to pixels on a screen as 
the superposition of many papillae of varying intensity generates texture, like 
pixels generate images. Their skin can thus form all types of textures ranging from small bumps to tall 
spikes allowing most octopuses to change the shape and colour of their skin to blend in with the external 
environment. 
Taking inspiration from this, James Pikul and Rob Shepherd developed a skin-like material that can 
infl ate and expand into different shapes. It was mainly developed for use in Soft Robotics, which, as it 
sounds like, involves the creation of useful robots that have high fl exibility and adaptability while 
performing tasks, coupled with minimal capacity to harm human beings and other living creatures. These 
materials have also been used for camoufl age suits and in many tech interfaces.

Looking Ahead

Biomimicry illustrates that the answers to many 
challenges lie around us and all that is required 
is keen observation, inspiration and vigour to put 
thoughts into action. As innovators, it is crucial that 
we take inspiration from our surroundings and come 
up with sustainable, functional and eco-friendly 
solutions. Thinking of nature as an inspiration to 
innovation is the key to how ‘Biomimicry’ has 
evolved as a fi eld today. 



























CROSSING

LINES
Civil: Photo-thermal energy optimization

Making effi cient models for collection and usage of 
solar energy has been very essential for building 
green cities. Scientists have developed fi bres and 
thermal collectors that are inspired from polar bear hairs. 
Evolution has gifted polar bears with an 
advanced mechanism to collect heat to survive in cold 
temperatures. They have been focused on because 
of the suitable structural and optical properties. On 
observation of a hair under the microscope, it is 
noted to be hollow inside with a rough inner core. 
These features double the collection effi ciency thus 
giving us inspiration to make technology from the sa
me. Study of designs from organisms and applying it to 
man-made apparatus is often done in civil sciences 
including effi cient building designs based on ant hills. 

Mechanics:
Normal prosthetic limbs are passive. The 
wearer needs to expend extra energy just to move these 
hard pieces of plastic. These limbs don’t provide any 
articulation at all. Nowadays, many prostheses 
are coming into the market that supplement the 
wearer’s actions like an actual limb does. iWalk, 
co-founded by Hugh Herr, an engineering professor 
at MIT, specialises in making bionic prosthetic legs 
that use motors how our body uses muscles. These 
legs can be controlled, just like how one would use 
their own legs by converting the electrical stimulus in 
our body as input for the artifi cial leg. iWalk has even 
developed an amputation method called AMI, 
which can help the amputees receive certain sensory
information from the leg.
As great and inspiring the bionic lambs are, one 
cannot ignore that these limbs cost a lot to 
make and attach to the wearer. This is where 
another type of prosthetic, hands made by Guillermo 
Martinez, don’t have motors that provide power to move; 
instead, they use high tension strings that help the 3-D 
printed hand contract when these 
strings are pulled while moving the arm. 



Bio-Electronics:
There has been a lot of research going on in the 
interdisciplinary fi eld of bioelectronics of late. 
Late in 2013, the fi rst ever bio-FET or biologically 
sensitive Field effect Transistor was made. These are 
variations of normal Fets, specifi cally MOSFETs 
(Metal-oxide FET). They can be 
used in various fi elds such as 
immunobiology, DNA technology, cell/ protein 
monitoring, etc.
Recently,in October this year, nano bio-FETs were 
developed for biomolecule identifi cation, to 
make the process of identifi cation, extraction and 
purifi cation easier for scientists. The working is based 
on the fact that biomolecules are charged and can 
infl uence the transistor to behave in a particular 
manner and the transistors are highly specifi c, making 
them highly sensitive. They are now being developed 
to be used in live cells to monitor the effect of different 
proteins, and possibly even drugs, which would make the 
process of drug testing far more effi cient and 
economic than it is today.

Bio-medical:
Organic semiconductors provide compelling 
alternatives for bio-integration compared to 
inorganic semiconductors. They offer a wide range 
of highly useful features for bio related applications, 
including mechanical fl exibility, tailorable optoelectronic 
properties, low temperature solution processing, 
lightweight, and good biocompatibility. 
Importantly, the performance of organic 
electronic devices such as organic thin-fi lm transistors 
(OTFTs), organic LEDs (OLEDs), organic solar cells 
(OSCs), and organic photodetectors (OPDs) have been 
improved dramatically in recent years. For 
example, power conversion effi ciencies (PCEs) of 
OSCs have been increased from less than 5% in 
2005 to over 17% in 2018 while OLEDs have been 
commercialized by Samsung and 
LG for use in fl exible displays. 
Currently, there is a lack of mechanistic models to 
fully understand the organic device-biological 
interface. Synergistic efforts from chemists, engineers, 
device physicists, and biologists are crucial to making 
further progress in this highly interdisciplinary area. 

Bio-geo-sciences:
Bioaerosols are particles released by the 
biosphere such as pollen, spores or fragments of living 
tissue. Bioaerosols vplay a vital role in the exchange of 
genetic material across distances and helps to maintain 
the biodiversity and life cycles of organisms.  Samples 
collected from the atmosphere are often analyzed to 
understand the emission, transport and changes of these 
particles over the course of time. The effect of climate 
on bioaerosols and vice-versa is a growing fi eld in order 
to determine effects of climate change and vice-versa.
The study would require extensive and effi cient 
methods for sampling, identifi cation, testing for 
parameters such as metabolic activity, viability, 
understanding changes in those parameters 
owing to change in seasons and climate and developing 
models and simulations to understand the extent of the 
effects of climate on the bioaerosols. Bioaerosols might 
prove to be biomarkers to understand the extent of 
climate change and maybe lead to adaptive measures of 
technology to stabilize the changing biosphere. 
It would require an interdisciplinary approach 
from biologist, chemist, physicist, geoengineers 
etc. to come up with technology for the same.

Bioinformatics:
Loss of retinal ganglion cells in the retina is the 
leading cause of permanent blindness. These cells 
have limited capability to regenerate making 
transplants from deceased donors infeasible. 
However, stem cells differentiating into the 
retinal cells can be used to restore the vision, however, 
identifi cation of these cells was an error prone process. 
A neural network model- a computer algorithm 
that mimics the way neurons in the human brain 
work- to identify the differential stages of the stem 
cells as they grow into retinal cells was developed. 
The neural network was fed with some predetermined 
images and a number of experts identifi ed the 
differentiated cells in some 1200 images to train and test the 
predictions. With 87% accuracy this neural 
network model successfully identifi ed the fully 
differentiated retinal cells compared to humans 
who had only 64% accuracy. It is hypothesized that 
there will be other structures and morphological 
features that will give clues in more effi cient and 
faster predicting of early retinal cell development. 
Furthermore the advantage of being able to transplant 
these cells far outweighs the current disadvantages.






