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A spider’s web, glistening in the early morning sun and 
decorated with dewdrops, sits alone in an out-of-the-
way place. These relatively small, practical yet beautiful 

structures enable a spider to catch its prey.
Spider silk has an intricate and complex chemical structure, 

making it one of the strongest materials per unit of mass 
available — about five times stronger than steel. It even outstrips 
bulletproof Kevlar (see Chemistry review, Vol. 22, No.  4, 
pp. 16–17). So what makes spider silk so strong that it has the 
potential to stop an aeroplane in its tracks? How can this natural 
material be virtually indestructible? Could spider silk form the 
foundations of a new wonder material?

The following terms link this ‘Wonders of chemistry’ to topics in your 
exam specification:
•	 polymers
•	 materials chemistry

•	 hydrogen bonding

Exam links 
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Figure 1 Glycine and alanine are the two most abundant 
amino acids in spider silk

Go online (see back cover) for a printable PDF of this 
centre spread, plus links to useful sites and past articles.
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From solution to fibre
Spider silk is a combination of different proteins contained 
within the spider. It starts out as a polymer solution with a 
recurrent peptide motif that can be spun into a fibre with 
an ordered structure. Proteins are made up of different 
combinations of amino acids — glycine and alanine being 
the two most abundant in spider silk (Figure 1). They are also 
two of the smallest amino acids, allowing them to pack closely 
together.

The spinning process causes the proteins to fold up into 
different three-dimensional arrangements, the main ones being: 

 ■ tightly packed, ordered crystalline-like sheets (beta-sheets), 
held together by hydrogen bonds (similar to the structure of 
Kevlar). Alanine is usually dominant in these sections
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 ■ The relative weakness in the hydrogen bonds themselves 
provides the elasticity.

This combination allows the silk to be both strong and 
stretchable.

Medical and military
Current research into the spider silk polymer has revealed that 
this unique biomaterial may have far-reaching applications. 
Spider silk could be used in regenerative processes by providing 
a biodegradable framework for ligaments and muscle tissues. 
It could even help to regrow heart muscle tissues and repair 
nerve damage. The silk’s lightweight, high-performance nature 
has interested the military as a replacement for Kevlar that can 
both outperform its predecessor and be manufactured in a more 
environmentally friendly way.

However, spider silk must first be synthesised before it can be 
used on a commercial and industrial scale. This is difficult, as 
getting the correct combination of proteins is tricky. Researching 
and understanding the underlying chemistry of spider silk could 
give rise to the next synthetic wonder material.

 ■ less ordered, interwoven structures stabilised by internal 
hydrogen bonds. Glycine is usually dominant here

The crystalline structure gives the silk its strength and 
stiffness, while the less ordered structure can be stretched out 
when a force is applied, giving the silk its elastic properties.

The unique combination of the tightly packed and loose 
sections of the folded protein molecules gives spider silk its 
characteristics:

 ■ The folding creates a complex of proteins that contain many 
hydrogen bonds.

 ■ The large number of intermolecular interactions and the 
small amino acids (reducing the distance over which the 
hydrogen bonds act) provide increased strength. 

Sam Black is studying chemistry at the University of York.

Hydrogen bond  A dipole–dipole interaction between a hydrogen 
atom bonded to an electronegative atom (e.g. oxygen, nitrogen or 
fluorine) and an electronegative atom that has a lone pair of electrons.

Peptide  An unbranched chain of amino acid residues. An amino 
acid residue is the part of an amino acid that remains on formation 
of a covalent peptide bond through a condensation reaction (one in 
which water is eliminated). A polypeptide folds to form a protein.

Glossary 

Won’t you step into my  parlour…
Spider silk

Va
le

nt
yn

 V
ol

ko
v/

A
la

m
y/

St
ep

he
n 

D
al

to
n/

N
at

ur
e 

PL
/S

ch
an

kz
/L

on
el

y/
Ca

th
y 

Ke
if

er
/F

ot
ol

ia


