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ABSTRACT 

Spider silk, also known as gossamer, is a protein fiber spun by spiders. It is one of the most sought after 

biomaterial .Spider silk is one of nature’s most extraordinary substances. Due to its demand, and unavailability, it has even  

acquired the nickname, ‘Holy Grail’. This silk comes from the glands of the spider and is both flexible and light weight. It 

is exceptionally flexible, elastic, and lightweight, yet tough—three times as strong as Kevlar and five times as strong as 

steel!. And because it is natural, it is biodegradable and can be produced pollution-free. Furthermore, one of the most 

important qualities of spider silk is its endless versatility. Because of its less availability, spider silk is manufactured 

synthetically. Spider silk, synthetically made, could be used in countless applications with significant commercial impact 

and improvement to human life. 

X-ray diffraction studies have shown that the silk is composed of long amino acid chains that form protein 

crystals. Amino acids are composed of fibroin and sericin proteins which consists of 8- 10 Poly - alanine blocks and 24-35 

glycine blocks. Fibroin - 40% glycine ,29% alanine ,10% glutamine,4% tyrosine, 3% proline and serine, leucine, valine, 

and arginine in less amount. The elasticity of spider silk is due to glycine-rich regions .The resulting beta-sheet crystals 

crosslink the fibroins into a polymer network with great stiffness, strength and toughness. This crystalline component is 

embedded in a rubbery component that permits extensibility. Dragline silk has more energy-absorbing capability than 

Kevlar and can absorb up to ten times more energy. The possible uses for synthetic spider silk are endless. They include 

applications in the industrial (high tension cords etc), Medical (drug delivery, Nerve guides) and military fields as well as 

in everyday uses. Spider silks could be used to create strong and flexible artificial ligaments and tendons, bandages and 

surgical thread. Spider silk could also be used to construct protective clothing or body armor. 

Current research focuses around these problems and a possible solution would be to adapt the composition of silk 

proteins to alter its properties. Research is still in its early stages but unraveling the secrets of spider silk is underway. 

Nevertheless, the strength and resilience of spider silk has amazed people for thousands of years, reading around, on and 

off the web, we get a lot of facts about the strength of spider silk that sometimes seem contradictory, although they all 

agree that spider silk is way stronger than any other silk or natural material. 
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Spider silk also known as gossamer, is a filamentous natural protein fibre produced by spiders. Due to its demand, 

and unavailability, it has even acquired the nickname, 'Holy Grail ’. This silk comes from the glands of the spider and is 

both flexible and lightweight. Spider silk is a remarkably strong material. Its tensile strength is superior to that of high-

grade steel, and as strong as Aramid filaments, such as Kevlar or Twaron [1][2]. 

TYPES AND PRODUCTION OF SPIDER SILK 

Natural Spider Silk 

Many species of spider have different glands to produce silk for different jobs, such as housing and web 

construction, defense, capturing and detaining prey, or mobility. The silk that is produced by the spider naturally from their 

glands in the body is called as natural spider silk.[1][2][3] 

Thus, different specialized silks have evolved with material properties optimized for their intended use. For 

example, Argiopeargentata has five different types of silk, each for a different purpose[1][2][3]: 

 Dragline Silk: Used for the web's outer rim and spokes, as well as for the lifeline. As strong as steel, but much 

tougher.  

 Capture-Spiral Silk: Used for the capturing lines of the web. Sticky, extremely stretchy and tough. 

 Tubiliform Silk: Used for protective egg sacs. Stiffest silk.  

 Aciniform Silk: Used to wrap and secure freshly captured prey. Two to three times as tough as the other silks, 

including dragline.  

 Minor- Ampullate Silk: Used for temporary scaffolding during web construction 

The toughest silk is the dragline silk from the Golden Orb-Weaving spider (Nephilaclavipes), so-called because it 

uses silk of a golden hue to make orb webs. 

Artificial/ Bioengineered Silk 

 Extracting the spider silk gene and using other organisms to produce the required amount of spider silk by using 

genetic engineering is called as artificial /bioengineered spider silk. 

 

Figure 1: [9] Transgenic Goats 

 In 2000, Nexia, a Canadian biotechnology company, was successful in producing spider silk protein in transgenic 

goats known as “Biosteel” which is now owned by “Amsilk”. These goats carried the gene for spider silk protein, 

and the milk produced by the goats contained significant quantities of the protein (1-2 grams of silk proteins / liter 

of milk). When the female goats lactate, the milk, containing the recombinant silk, is harvested and subjected to 

traditional chromatographic techniques in order to purify the corresponding recombinant silk proteins to 

homogeneity[4][5][6].  
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 The purified silk proteins are then dried, dissolved using appropriate solvents (DOPE formation) and transformed 

into microfibers using wet-spinning fiber production methodologies. Attempts to spin the protein into a fiber 

similar to natural spider silk resulted in fibers with tenacities of 2-3 grams/denier and elongation range of 25-

45%[3][4][5][6]. 

 Extrusion of protein fibers in an aqueous environment is known as 'wet-spinning'. This process has so far 

produced silk fibers of diameters ranging from 10-60 μm, compared to diameters of 2.5-4 μm seen in natural 

spider silk[3][6]. 

 This method has so far not been sufficient to replicate the exact properties of the native spider silk. 

Another method used in replication of silk is currently being achieved using other organism through genetic 

engineering, example bacteria [3]. 

 Randolph V. Lewis, Professor of Molecular Biology at the University of Wyoming in Laramie, has inserted silk 

genes into Escherichia coli bacteria to successfully produce the repeated segments of spidroin 1 and spidroin 2 

(composition of spider silk)[3]. 

 

Figure 2: [3] Soy Plants 

 It has been suggested that the whole gene sequence might not be needed to produce useful spider silk. Prospects 

include possible gene insertion into fungi and Soya plants. It may also be possible to alter the silk genes for 

specific purposes. For example altering the genes responsible for camouflaging spider silk in nature could lead to 

a range of silk colors [3]. 

 In the recent years, 100 % man made spider silk is being produced on industrial scale by “Amsilk” company. This 

company has owned “Biosteel” which was earlier owned by “Nexia Biotechnologies”. There are different grades 

of spider that are used for different applications such as coating, drug delivery, ballistic, cosmetics, medicine[7] 

   

Figure 3: [7] Amsilk’s Biosteel( 100% Man Made Spider Silk Fibres) 
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 A company named “Entogenetics” is developing genetically engineered spider silk from silk worms. The genes 

from the spider are been inserted into Bombyx mori, the silk worm and are being spun from silk worm. There are 

different grades of the genetically engineered silk which are used for different applications such as ballistic, 

performance ropes and cords and biomaterials[8]. 

 

Figure 4: [8] Biomimetic Spider Silk Cocoons Produced by EGi's(Entogenetics) 

Transgenic Silk Worm and Reeled into Innovative Yarns and Fabrics 
 

Production 

There are seven types of silk produced by seven silk glands. A single spider does not possess all seven glands but 

has at least three if it is male (dragline, attachment and swathing silk) or four if it is female. The additional one is for egg 

sac silk. The seven types of gland are [3]:  

 Achniform Gland: Swathing silk.  

 Cylindriform Gland: Egg sac silk.  

 Ampullate Glands (Major and Minor): Non-sticky dragline silk. Silk from the minor ampullate gland is only 

half as strong as that from the major gland.  

 Pyriform Gland: Attaching threads - attachment discs are made which anchor a thread to a surface or another 

thread.  

 Flagelliform Gland: Core fibres of sticky silk [3].  

 Aggregate Gland: Outer part of sticky silk - droplets of an adhesive substance are deposited along the threads 

[3]. 

Production of Spider Silk from its Glands 

The glands are located on the lower side of the abdomen (see diagram below) and contain a watery fluid known as 

'dope'. This fluid passes through to the spinneret via a multitude of microscopic tubes where water recovery and 

solidification begins [3].  

Fluid from different glands can lead to the same spinneret so silk with specific properties required for a particular 

function can be produced [3]. 

There are usually three pairs of spinnerets but this can vary between 1 and 4 pairs depending on the species. The 

substance exits through the spiggots which are mobile, finger-like protrusions, and the resulting silk emerges as a solid. 

There are many spigots so many fibres are bound together like a cable. The diameter of a single fibre is controlled by the 

muscular action of a valve. The faster and tighter the strand is drawn, the stronger the silk [3]. 
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Figure 5: [10] Illustration of the Various Spider Silk Glands Showing the 

Different Types of Silk They Produce 

 

Figure 6: [11] The Diameter of a Single Nanofiber is about 20 Nanometer, its Spinneret on the Posterior Portion of 

the Spider’s Abdomen Consists of Millions of Nano Scale Tubes, and a Bubble Can be Produced at Apex of Each 

Nano-Tube. The Surface Tension of Each Bubble is Extremely Small Such that it Can be Spun into Nanofibers with 

an Awfully Small Force, Either by the Spider’s Body Weight or Tension Created by the Rear Legs 
 

 
Figure 7: [12] A Diagram Showing Silk Production Silk Production 
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The unspun silk dope is pulled through silk glands, resulting in a transition from stored gel to final solid fiber. 

The gland's visible, or external, part is termed the spinneret. Depending on the species, spiders will have anything 

from two to eight spinnerets, usually in pairs. The beginning of the gland is rich in thiol and tyrosine groups. After this 

beginning process, the ampulla acts as a storage sac for the newly created fibers. From there, the spinning duct effectively 

removes water from the fiber and through fine channels also assists in its formation. Lipid secretions take place just at the 

end of the distal limb of the duct, and proceeds to the valve. The valve is believed to assist in rejoining broken fibers, 

acting much in the way of a helical pump. 

STRUCTURE AND COMPOSITION 

   

                      Figure 8: [14] Structure of Spider Silk        Figure 9: Arrangement of Beta Sheets in the Structure [13] 

 

 The filaments are cylindrical and circular in cross section.   

 Wax like Esters are present on the surface of the spider silk.                    

 X-ray diffraction studies have shown that the silk is composed of long amino acid chains that form protein 

crystals. 

 Amino acids are composed of fibroin and sericin proteins which consists of 8- 10 Poly - alanine blocks and 24-35 

glycine block 

 Fibroin - 40% glycine ,29% alanine ,10% glutamine,4% tyrosine, 3% proline and serine, leucine, valine, and 

arginine in less amount.  

Each Protein has Three Regions 

o Amorphous region (Glutamine & Glycine contribute to the hydrophilic nature) 

o Semi-solid crystalline region 

o Solid crystalline region (contains beta sheets) 
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 Glycine and alanine are the smallest amino acids. 

 Smaller structure allows for tighter packing of the amino acids. 

 Alanine has highly aligned crystals and less aligned crystals. 

 Alanine forms chains.  

 Crystalline chains of Alanine connect rigid crystalline and amorphous remainder of protein forming a strong and 

elastic structure. 

 The elasticity of spider silk is due to glycine-rich regions . 

 The resulting beta-sheet crystals crosslink the fibroins into a polymer network with great stiffness, strength and 

toughness. 

 This crystalline component is embedded in a rubbery component that permits extensibility[1][2][14][15]. 

PROPERTIES OF SPIDER SILK 

Physical Properties 

 Spider silk is both light and strong.  

 It is five times strongerthan Steel. 

 A strand of silk is long enough to circle the Earth would weigh less than 16 ounces(450 g).  

 Diameter is 0.003 mm 

 Spider silk is ductile, and can stretch up to 140% it’s length (elongation ). 

 Tensile strength - 1.3-2.9Gpa, elastic modulus - 10-50Gpa . 

 Tenacity of Dragline Silk – 8- 12 gpd ,average tenacity of 45.9 cN/tex 

 Density - 1.25-1.35 g/cc  

 Thermally stable at 230°C and below -40°C.  

 Glass Transition temperature lies in the range of -50°C to -60°C 

 Moisture Regain goes up to 39.3 % when the RH is 97%[1][2][16][17][18][19]. 

Chemical Properties 

 The spider silk can be blended with few metals like zinc (Zn), titanium (Ti), or aluminum (Al) to make it even 

more resilient and the metal makes each strand 10 times strong. 

 It is resistant to most of the common solvents and enzymes except chymotrypsin 

 It is partially soluble in Mineral acids and Alkaline Hydroxide. 

 It is completely soluble in concentrated solutions of LiBr, Lithium thiocyanate or CaCl2,C2H5OH,mercapto 

ethanol and mixture of boiling HCl and C3H7COOH. 

 It is flexible and waterproof. 
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 The water treated filaments have very large breaking extension of 56% [1][2][16][17][18][19]. 

The current spider silk protein has been manufactured as fibres, films, coatings, beads, filaments the filaments can 

be woven or knitted. The fibres are used in making non wovens. These are available in different grades such as ballistic 

applications, cords, ropes, biomaterials applications, medical applications, drug delivery and music instruments [7][8]. The 

only limitation with the spider silk is it’s cost and availability. There are very limited companies that produce spider silk in 

industrial scale. Due it’s properties there is lot of scope for development. 
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