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x = b 1 + a 1

b 2 + a 2

b 3 + a 3

b 4 + a 4

and so on
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Cristae

Matrix

Outer
membrane

Inner
membrane

Inner
membrane Stroma

Lumen

Granum

Outer
membrane

Thylakoids
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Turning silkworms into spider-silk factories

Silkworm with
cocoons

Single thread 
of spider silkGolden-orb

spider

500
grams

Spider silk
thread long

enough to circle
the earth would

weigh just 

The tensile
strength of spider

silk is greater
than high-grade

steels but its has
one-fifth of its

density.

STRUCTURE OF SPIDER SILK
The silk threads of spiders are

made from a liquid protein
that quickly hardens when
pulled away from the body.
The basic structure of silk

protein is a highly repetitive
sequence of amino acids. 
The secondary structure
incorporates crystalline

proteins arranged in flat “beta
sheets”. The interplay

between these hard crystalline
structures and the strained
elastic regions gives silk its

extraordinary properties.

The silk glands in a
Golden-orb spider

I micrometre 
(one-thousandth 
of a millimetre)

100 nanometres
(one nanometre is
one-billionth of a

metre)

10 nanometres
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