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Traditional and Modern Biomaterials Science Uses of
Spider Webs (Arachnida: Araneae)1
Brynne M. Godfrey2
Abstract: Spiders and their webs are generally despised, yet many cultures, including
traditional ones, have held these arachnids and their silky products in high-esteem. Spider
webs have been used to stop bleeding; uses in painting, textile-making, and fishing are
also known. Limited scientific evidence seems to support the usefulness of spider webs to
stop bleeding from small cuts. In modern biomaterials science, spider webs are
considered model systems due to their strength and flexibility. Consequently, intense
efforts are underway to understand the functional molecular structure of the
proteinaceous silk threads, to synthesize the proteins in the laboratory without the spiders,
and to understand what uses spider webs have, particularly in medicine. Promising results
using in vitro models suggest that bioengineered spider web fibers could have a place in
future reconstructive surgery.
Key Words: Spider webs, folk medicine, medicine, painting, textiles, fishing,
biomaterials, biotechnology, protein engineering, recombinant spider silk, materiomics,
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Spiders and their webs have negative connotations in many modern
societies. Yet, this has not always been the case both in traditional and modern
societies as well as among biomaterial scientists, those who create art with
paints and textiles, as well as fishermen/women. Below, I summarize some uses
of spider webs in medicine and in other human endeavors. Within each major
activity category, I have structured the narrative in approximated chronological
and then geographical order. Emphasis is placed on the literature post Newmann
and Newmann (1995) seminal paper on medicinal uses of spider silk. Thereafter,
I summarize the uses of spider webs in modern biomaterials research.
Traditional uses of spider webs in medicine3
Antiquity. Spider webs have been used fairly commonly in medical settings
for millenia. According to Ballal and Varghese (2015), the Greeks applied
cobwebs directly to wounds. The Roman, Gaius Plinius Secundus (25 - 79CE),
also known as Pliny The Elder, said that a web placed on an open wound would
promote its healing (Newman and Newman 1995). A medical writer and fellow
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Roman from Burdigala (modern day Bordeux, France), Marcellus Empiricus
(4th – 5th century BC), believed that using spider webs was good for impetigo, a
highly contagious skin rash primarily caused by Staphylococcus aureus
Rosenbach, 1884 and sometimes by Streptococcus pyogenes Rosenbach, 1884.
He also thought that the ashes of spider webs mixed with boiled cornmeal,
known as polenta, were useful for joint wounds. Spider webs were used by the
Romans to heal a variety of medical cases such as joint wounds, warts,
ringworms, and leprosy. According to Newman and Newman (1995), the most
famous and prolific physician of Roman times, the Greek, Galen of Pergamon
(129 - circa 215 CE)4, proposed placing a spider cocoon inside a painful,
decayed tooth. It was also not uncommon for Roman surgeons to remove a wart
by placing a spider web around it and setting it on fire before removing it. This
practice is still used in western China (Zhao, personal communication to Jorge
Santiago-Blay, December 2015). Also, there were neuropsychiatric uses for
spider webs, according to Newman and Newman (1995). In ancient China, it
was common knowledge that a cobweb placed secretly beneath the collar on the
7th day of the 7th month would dull mental conditions and cure forgetfulness.
Nevertheless, the most common traditional use of spider webs was, and has
remained, as a styptic, to stop bleeding of external wounds.
Medieval Age. On Episode 8 of the South Korean historical drama, Shine or
Go Crazy, Wang So, who would become King Gwangjong (925 - 975CE), is
wounded in a battle. As he is treated inside a cave, his bleeding arm is wrapped
with spider webs from the walls of the cave. Similarly, French troops carried
packets of webs to be used to stop hemorrhage in the Battle of Crécy (part of the
so-called Hundred Years’ War between the kingdoms of England and France) in
1346 (Newman and Newman 1995).
In England, John of Mirfield (1407) echoed a similar point of view: “Or if a
simple wound in the flesh be fresh… a spider’s web cleansed of dust may be put
on, it cures the wound because it cleanses and consolidates, but take care that
neither the foot nor any part of the spider stays in it which could easily infect the
whole body. Or for a simple wound in the flesh or in the head or elsewhere in
the body, apply spider’s web soaked in common oil and vinegar. And it should
not be removed until it is cured.”
Spiders and their webs are still viewed as a source of life in the creation
narratives of Hopi and other native southwestern USA peoples (Figure 1) as well
as objects to (allegedly) trap evil (Figure 2).

4

Additional information on the life of Galen of Pergamon can be found in this link,
http://www.bbc.co.uk/programmes/b03c4dys (British Broadcasting Corporation 2013). Although
the word, “galen”, is not commonly used to refer to doctors in the USA, the Spanish word,
“galeno”, is fairly commonly used in Latin America. Western medicine relied on “the Great
Galen”, as sometimes he was referred to many centuries after his death (e.g. by Sir William
Harvey, Wright 2013) and in some cases up to the 19th century.
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Figures 1-2. Kokyanwhti, or Spider Woman, of the Hopi native people of southwestern
United States creation story. Her creative powers are expressed through her web.
(Reproduced from http://www.jacksbromeliads.com/myanhopiprophecy.htm ,
with permission.) 2. Dreamcatcher, the best known artifact representing spider webs in
Native North American cultures. Invented many generations ago by the Ojibwe of what is
known today as Ontario (southcentral Canada) and the northcentral USA states of
Michigan, Wisconsin, North Dakota and Minnesota, the one herein shown was crafted by
artists of the Piscataway Indian Nation (Maryland, USA).

1
1
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Rennaissance and beyond. This subsection is organized geographically,
beginning with Europe and Africa, then Asia, and ending in the western
hemisphere.
Europe. The use of spider webs to stop bleeding is mentioned in
Shakespeare’s Midsummer Night’s Dream (circa 1590 - 1597), “I shall desire
you of more acquaintance, good master cobweb … If I cut my finger, I shall
make bold of you.”. Edward Topsell’s The History of Four-Footed beasts,
Serpents, and Insects, a collection of stories published in 1658, advocates using
spider webs to stop bleeding and to provide therapy for skin lesions.
According to Hulden (2011), the first Finnish malariologist, Johan
Haartman (1725 - 1788) discussed
2 many remedies Europeans tried to cure the
disease with, including eating spider webs with peppers, embedded figs, or
2 of mixing spider web with mustard or garlic
plums. An older method consisted
and putting it on the arteries.
2
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Africa. A prescription from the Siwa Oasis (Egypt) people, mostly Berbers,
calls for healing wounds by grinding a dry mixture of spider’s web and palm
dates Phoenix dactylifera L., 1753 (Arecaceae) and then applying the powder
onto the wound with “kohl” [a cosmetic commonly used in northern Africa
made out of a sulfide mineral (Sb2S3), called stibnite, or antimonite], and sugar
or salt (El-Hennawy 2012).
Asia. As recently as 1999 - 2000, one out of 49 patients studied was treated
with spider web as a complementary/alternative medicine along with
conventional treatments for cancer in Ankara, Turkey (Karadeniz 2007).
In some regions of China, the old tradition of setting warts on fire is still
used. Spider webs are collected and tightened into a ball larger than the wart,
then on fire as needed. (H. Zhao, personal communication to Jorge SantiagoBlay, November 2015). In India, Kumari et al. (2013) report that spider webs
are used in and around to city of Bokaro (State of Jharkhand) to stop bleeding on
small cuts, similar to the use of adhesive bandages. Rubbed directly onto the
skin, the ointment was used at 2.5% and 5% w/w concentrations and was used
on excision and incision wounds in rats to test its wound healing activity.
Compared to normal healing and ointments, it was found that spider web
significantly reduced the area of excision wound. This particular spider web
ointment showed a 30.65% increase in the tensile strength compared to normal
healing in the incision wound. It was also revealed that spider web ointment
lowers scores of scabs, ulci or local defects caused by necrosis or inflammation,
and polymorphonuclear white blood cells and had high scores of reepithelialization and neovascularization compared to normal treatments. Spider
cocoons are still being used in remote Indian villages to stop bleeding in wounds
(Ballal and Varghese 2015). In the states of Arunachal Pradesh and Sikkim
(northern India), an indigenous traditional practice to stop bleeding from a leech
bite site consists of applying spider webs directly onto the wound. Spider webs,
locally called Borongbu, are typically used on children when the bleeding
continues for a long time (Bam et al. 2015).
Although the practice is not as common today, in Sri Lanka, a broken cattle
horn was fixed by using two parts spider web mixed with a lime to make a paste
that was applied to the wound (Ediriweera et al. 2011). This paste was applied
after the ashes of Shorea oblongifolia Thwaites, 1858 (Dipterocarpaceae) resin
(Lambert et al. 2013) were mixed with coconut oil and tied around the horn with
broken hair.
Western Hemisphere. Catherine Morrah, a former general medical
practitioner in the island of Trinidad (West Indies) from 1936-1959, treated
infantile tetanus by placing a spider web on the umbilical cord stump (Hayward
2000).
In the USA, Ritter (1992) noted that colonial inhabitants of what would
become the United States believed that rolling a spider web into a ball and
swallowing it whole would cure asthma. Also, cobweb from a cypress tree
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(Cupressaceae) was said to be the best type of treatment for podagra (gout, or
arthritis of the foot). In the epic poem Evangeline (1847), written by Henry W.
Longfellow (USA, 1807-1882), Father Leblanc says that fever was cured by a
spider shut up (or encased) in a nutshell.
Köhler and Hellstrom (2011) report the use of spider webs as well as other
types of dressings to reduce bleeding in “uncomplicated” penile prosthesis (but
see Hellstrom 2011). Spider webs were reported as used to stop bleeding in an
unconfirmed case of an alligator bite in Florida, USA (Heatherly, no date).
In summary, throughout the world, spider webs have been, and are still,
used to stop bleeding. However, limited scientific evidence seems to support
their usefulness to stop bleeding from small cuts.
Other traditional uses of spider webs
As canvas for paintings
Amazingly, spider webs have been used as canvases for miniature
paintings. Webs of the funnel web spiders (Agelinidae), Agelena labyrinthica
(Clerck, 1757) and Tegenaria domestica (Clerck, 1757) were used as surfaces
for painting. However, the canvases of most of the fewer than 100 surviving
miniature paintings use silk from caterpillars. This style of miniature painting,
using water color or Chinese ink on silk, was begun by monks in mid 18th
century in the Pustertal (or Pusterhal) region in the Tyrolean Alps, currently
located in northwestern Italy, close to Austria. Not surprisingly, religious themes
abound in those earlier paintings; landscapes, folk costumes, and military feats
themes appear later on (Cassirer 1956, Maggen 2000, Toldt 1949, Vigoreux
2015). “These works were destined for tourists and art merchants and were
exported in great number to Germany, and especially to England and North
America.” (Vigoureux 2015). The Burritt on the Mountain open-air museum
complex, located in Huntsville, Alabama, USA, houses examples of Anne
Bradshaw Clopton’s paintings using this unique style (1878 – 1956, Burritt on
the Mountain 2015). In France, Jean-Jacques Vigoureux practices this technique
and his web site contains detailed explanations of the science, art, history, and
his techniques.
As textiles for garments or bed hangings
Spider webs have been used to produce garments of extraordinary beauty
(Morgan 2015). Although efforts to harvest spider webs had been considered for
a long time, Paul Camboué (1849 – 1929), a French Jesuit priest that worked in
Madagascar towards the end of the 19 th century, was the first to be successful
harvesting significant amounts of silk. Nephila spiders and their golden webs
were abundant in the field and “used by the natives for fastening flowers on
sunshades and for other purposes” (Morgan 2015). Camboué implemented the
more systematic extraction of silk from the spiders. Eventually a mechanical
device was manufactured by Camboué and later improved by other workers in
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Madagascar, including M. Jolly and M. Nogué. These improvements resulted in
two large golden bed hangings that were exhibited at the Paris (France)
Exposition Universelle in 1900 (Anonymous 1900, last name misspelled
Camboné; Anonymous 2012). Thereafter, others have followed with
magnificent works of art, including golden capes (Leggett 2009; Peers and
Godley, no date a and b).
According to Ha (2014), “[p]eople in Madagascar work to collect over one
million golden orb spiders and extract silk from them to make a textile with
golden tint. It was also used to make leather garment interwoven with spider silk
to protect the soldiers from enemy arrows. This protection could be due to the
high content of aluminium in the silk.”
Spider silk has also been used as part of the rituals in the Republic of
Vanuatu (formerly part of was used to be known as New Hebrides), located in
the southwestern Pacific. According to Taylor (2009), “[i]n the Melanesian New
Hebrides a special conical cap made of spiders’ webs was used for smothering
widows – the task being performed by the widow’s son.” More recently,
however, Morgan (2015) concluded that “[r]ather than being a ‘smothering
hood’, this object is a type of spider web headdress [“from webs spun by
Nephila plumipes” (Latreille, 1804) “spiders and the smaller Nephila pilipes”
(Fabricius, 1793)] predominantly used in specific initiation ceremonies, to be
bought and worn by the candidate as he enters a higher social grade.” Figure 6 in
Morgan (2015, also on the cover of the forthcoming book, Gossamer Days:
Spiders, Humans and Their Threads, Morgan 2016) shows a “Malakulan man in
spider web ‘tunic’; and on p. 12 ʿ… the man who reaches this level is said “to be
dead.” This means that even though he is still alive, he has in some sense
attained the condition of the ancestor.’
Fishing
Spider webs are also valued by “fishermen in the Indo-Pacific Ocean [as
they] use the web of [species of] Nephila to catch small fish.” (Ha 2014).
Some Aspects of the Biology of Spider Webs
In modern biomaterials science, spider webs are considered model systems
due to their strength and flexibility (Brooks 2013, Kluge et al. 2008).
Consequently, intense efforts have been put into: 1) unraveling the molecular
biology of the silk threads, 2) investigating whether silk can be synthesized in
vitro, without the spiders, and 3) modern medicinal and biomaterials uses.
Unraveling the molecular biology of the spider web silk threads. One of the
most characteristic features of spiders is their use of thready, mostly
proteinaceous, fibers, called silk. The silk fibers are produced by several glands
(Vollrath and Knight 2001) located ventrally in the spider’s posterior body part,
the opisthosoma and extruded through the spigots, located on modified
appendages, called spineretts (Figure 3). Although the oldest true spiders are
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dated circa 315 Ma (Carboniferous of Russia and Ukraine), the oldest evidence
of spinnerets has been found in Arthrolycosa antiqua Harger, 1874
(Arthrolycosidae), another Carboniferous fossil spider, dated approximately 305
Ma (Mason Creek Lagerstätte located near the city of Norris, Grundy County,
northern Illinois, USA, Selden et al. 2014, see also Selden et al. 2008 for
possible silk from a Devonian arachnid). Ancient evidence of spider web was
also reported by Brassier et al. (2009) for the Early Cretaceous (circa 140 Ma) of
England.
Spiders can produce different types of fibers (Tokareva et al. 2014, Vollrath
and Knight 2001) and can spin more than one type of silk thread simultaneously.
Once exposed to air, the silk threads harden (May, no date; Melina 2010;
Vollrath and Knight 2001) although, at least in the laboratory, recombinant
spider silk protein can be resolubilized (Jones 2015). These fibers have different
mechanical properties (Rising et al. 2005). The fibers form a web used for prey
capture - and modifiable depending on the size of the prey item (Boutry 2011) and as a mating site (Foelix 2011). Other arthropods often inhabit spider webs
contributing to forming a complex web of biological interactions on the spider
web (Mercado and Santiago-Blay 2015). Recent videos (British Boadcasting
Corporation 2015, National Public Radio 2014) and pedagogical activities
(Palmquist 2015) describe additional details of spider webs and spider
locomotion, respectively.

Figure 3. Spider anatomy. Spinnerets and silk glands are located posteroventrally.
Source:
https://upload.wikimedia.org/wikipedia/commons/thumb/2/22/Spider_internal_anatomyen.svg/1280px-Spider_internal_anatomy-en.svg.png . http: //creativecommons.org/licenses/by/3.0/

Investigating whether silk can be synthesized in vitro, without the spiders.
Protein Components. Spider silk contains proteins made mostly from nonessential amino acids (Rising et al. 2005). The spiders Nephila clavipes
(Linnaeus, 1767) (Nephilidae, Figure 4), an orb weaver, and Latrodectus
hesperus Chamberlin and Ivie, 1935 (Theridiidae, Figure 5), a cob weaver black
widow, are considered model spiders to garner genetic data about the silk
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(Vierra et al. 2011). Dragline silk is mostly composed of two proteins, each
called spidroin. The partial DNA-sequence for these dragline silk proteins,
called Major Ampullate Spidroin 1 (MaSp1) and Major Ampullate Spidroin 2
(MaSp2), contain repetitive sequences with polyalanine regions, varying
between four to ten alanine residues in between glycine-rich sequences. The
ratio of these two proteins has been found to differ between species, some
differences being linked to diet and the environment. The major ampulla stores
the liquid mixture of major ampullate spidroins. During extrusion, this liquid
mixture is converted to insoluble fibers through chemical and mechanical
events, such as a decrease in pH to 6.3 (Vierra et al. 2011), change in salt
concentration, and elongational flow. The result of these events is a
semicrystalline material with beta-sheet nanocrystals formed from short
polyalanine segments.
Transmission electron and atomic force micrographs of cross-sectioned
dragline silk fibers from the spider N. clavipes revealed that the fibers consist of
several concentric regions. The largest unit is the multilayered proteinaceous
core (circa 1300-2000 nm) made out of spidroins. An intermediate relatively
thin ring (circa 50-100 nm) is composed of glycoproteins. The outermost ring is
composed of a thin layer of lipids (only 10-20 nm). As the layers moved
outward, they are increasingly resistant to chemicals and presumed protective
(Sponner et al. 2007).
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Figures 4-6. Spiders of used in biomaterials
research mentioned in this paper. 4. Nephila
clavipes. 5. Latrodectus hesperus. 6. Araneus diadematus. Sources listed in order used.
https://commons.wikimedia.org/wiki/File:Golden_silk_spider_-_Nephila_clavipes.jpg ,
https://commons.wikimedia.org/wiki/File:Latrodectus_hesperus_(F_Theridiidae).jpg
,
and https://commons.wikimedia.org/wiki/File: Araneus_diadematus_(aka).jpg .
Authors: 4. Stephen Friedt, 5. Marshal Hedin, and 6. André Karwath.
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Non-proteins components. Using atomic absorption spectrophotometry, Ha
(2014) found that minerals (99322 µg/g web dry weight) and metals (80655
µg/g web dry weight) make up a tiny fraction of Araneus diadematus Clerck,
1757 (Araneidae, Figure 6) silk. Calcium was the most abundant mineral and
aluminum as well as iron were the most abundant metals, possibly strengthening
the threads. Because the web-silk of the A. diadematus is rich in minerals and
metals, it is considered beneficial for human antisepsis and wound healing as the
silk contains minerals and Vitamin K, both useful in coagulation. The
bacteriostatic and fungistatic properties of spider silk prevents microbial
destruction of strands of the spider web (Ha 2014).
A simplified depiction of spider silk threads is shown in Figure 7. Repeating
units, or modules, represented by boxes, are flanked by non-repeating units.
Some modules (in gold) give the thread strength; others (in violet) confer
flexibility.

A

B
2

C

Figure 7. A spider web thread at
different magnifications, emphasis
on proteins. A. Single thread (1 –
50 micrometers in diameter;
typical
human
hair
is
approximately 100 micrometers
in diameter). B. Small blocks
represent repeated modules some
(made out of multiple Alanine
amino acids, or polyA, in gold)
giving toughness to the thread,
and others (made out of the
amino acids, Glycine, Proline,
and Glutamine, in violet) giving
elasticity to the thread. They are
interspersed by non-repetitive
units (black curvy lines). C.
Beta-sheet local structure of the
protein formed at the very small
scale (circa 7 nanometers tall).
Sources: Hagn and Kessler
(2009). Author, "Kebes at
en.wikipedia”, slightly modified.

2 Recent studies have examined structure-function relationships throughout
different lengths of the spider silk thread (Tarakanova and Buehler 2012). These
studies demonstrate that the web is highly adapted, and that the material as well
as hierarchical structure is important for its functional properties, regardless of
its length. Spider silk has a hierarchical structure that contains weak hydrogen
bonds at its core and uses multiple scales to regulate the material behavior.
Materiomics bridges building block components to mechanical behaviors to
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characterize material systems on multiple length scales. This could lead to many
possibilities, such as using artificially spun spider silk to produce highperformance fibers, multifunctional materials, and platforms for tissue
engineering or structural applications in the aerospace or defense industry. Silk’s
superior properties come from the balance of strength and extensibility at the
molecular scale.
Modern Medical and Biomaterials Uses of Spider Webs
Biomedical Uses. For the last two decades, there has considerable progress
in the pursuit of medical applications of spider silk because this biomaterial
contains a unique combination of high tensile strength, high breaking strain, and
ultra low weight (Vierra et al. 2011, Dams-Kozlowska et al. 2013, Kundu et al.
2014, Kuwana et al. 2014, Tokareva et al. 2013). Spider silk has been
considered as surgical thread, bandages, ropes, etc. (May, no date). Silk threads
can assemble into many shapes, which could be used for bidimensional or
tridimensional scaffolds for tissue engineering and repair. The wide availability
of biotechnology tools has motivated researchers to find cheaper and reliable
ways to control the manufacturing of spider silk without the spiders, in the
laboratory, ad libitum (Hare 2013). Herein, I have organized some of the finds
using the functional (as contrasted to developmental) classification of tissue
types.
Connective and epithelial tissues. Several research groups have used
different methods to purify and assemble spider silk. One of those methods
includes the use of recombinant spider silk, called 4RepCT (Fredriksson et al.
2009). The spider silk produced is located in an aqueous solution and thereafter
it self-assembles into macroscopic fibers. Fibroblast-like cells, which are
common in animal connective tissues, are important in wound healing and are
responsible for the secretion of the extracellular matrix, as well as new
capillaries (epithelial tissue) that were found in the center of the 4RepCT
bundles after just one week. This suggests that 4RepCT implants support and
promote the migration of fibroblasts and angioblasts, primordial cells that form
the vessels of the blood circulatory system. The 4RepCT fibers support the
formation of new tissue and are eventually replaced as they are biodegradable.
Also, several laboratories are exploring using the spider silk protein fibers,
fibroin, as scaffolds to guide chondrocyte, common cells in cartilaginous tissues,
growth (Aoki et al. 2003, Kachi et al. 2010, Kambe et al. 2010, Tanada 2005).
Nervous. Silk from spider webs has been used in the regeneration of
peripheral nerves (Allmeling et al. 2008, Fredriksson et al. 2009, Rising 2014).
Peripheral nerve injury is usually treated with autologous, or from the same
individual, nerve grafts, but they are limited and associated with a loss of
sensation at the donor site. Allmeling et al. (2008) used spider silk to evaluate its
suitability as scaffolding or guiding material for nerve generation. Nerve grafts
were constructed from veins filled with spider silk fibers, either in a cell-free
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environment or with isogenic cells, or cells with the same or similar genotypes
Schwann cells. These nerve grafts were used to bridge a 20-mm gap in the
sciatic nerve (the largest nerve in humans) of rats. As it has been done since the
late 19th century (Anonymous1900, Leggett 2009), the spider silk was
mechanically pulled out of adult female Nephila sp. with a spider silk winding
machine (c.f. Harvesting silk from a spider, Anonymous 2013). The spiders
were first refrigerated for a few minutes and then further refrigerated with a
compress. Then, the major ampullate gland was stimulated before silk
harvesting, with an average of 150 meters of silk collected per hour. The inferior
cava vein of rats was dissected and replaced with spider silk, and rats were
treated with a gelatinous protein mixture, called Matrigel, with growth medium
or left untreated. Indeed, N. clavipes silk fibers promoted the migration of
Schwann cells along spider silk fiber. Axonal regeneration was examined and
bundles of neurites had equally distributed healthy motor and sensory neurons.
Fully regenerated neural processes were visible and spider silk fibers could not
be detected. In sum, Allmeling et al. (2008) found that spider silk fibers are
suitable for peripheral nerve conduits in tissue engineered only from veins and
spider silk. This resulted in a good immunological tolerance and minimal cell
morbidity at the donor site.
Novel Biomaterials. In the context of use in humans, these novel materials
made, in part, with spider-derived silk, should be safe (e.g. “nonimmunogenicity, biocompatibility, slow and/or controllable biodegradability,
non-toxicity, and structural integrity”; Kundu et al. 2014, see also DamsKozlowska 2012, Tokareva et al. 2014). Recently, Dams-Kozlowska 2012,
tested whether “two bioengineered spider silk proteins composed of different
numbers of repetitive motifs of the consensus repeats from spidroin-1 from
Nephila clavipes (15X and 6X) were cloned and expressed in Escherichia coli.
… The soluble spider silk proteins were not cytotoxic and did not activate
macrophages over a wide range of concentrations, except when present at the
highest concentration. Films made of the different silk variants supported the
growth of the cells. Based on these data, and as the biodegradation rate of silk is
very slow, the bioengineered spider silks are presumed safe biomaterials for
biomedical applications.” Kundu et al. (2014), mostly using insect-derived
silks, have recently reviewed the substantial variety of structural designs that
bioengineered silk can have addressing similar safety concerns.
The success of biomaterial-derived biodevices tends to be based on the
biomimetic architecture of the materials. Spider silk has been used to reduce the
diameter of synthetic fibers. For instance, Zhang et al. (2011) used silk from the
tarantula, Ornithoctonus huwenus (Wang, Peng, and Xie, 1993), currently
placed in the genus Haplopelma, as H. schmidti von Wirth, 1991,
Theraphosidae, to produce thinner and mechanically enhanced electrospun
polylactic acid (PLLA), or polylactide, a biodegradable polyester fiber. The
mechanical and hydrophilic properties of PLLA fibers were improved by adding
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the spun spider silk fibroins, giving excellent biocompatibility to the composite
fibers. Electrospun polylactic acid fibers are thought to have many applications
in tissue engineering, scaffold material, wound dressing, and more that is similar
to the possible applications of spider web. Promising results using in vitro
models suggest that bioengineered spider web fibers could have a place in future
reconstructive surgery.
Challenges and Future Directions
Challenges. Economic production of spider silk in vivo and in vitro. There
have been difficulties in producing silk for human-related uses as many spiders
are hard to farm. Spiders tend to be cannibalistic, hence keeping them in
separate containers causes a space problem. Also, most spiders tend to produce
relatively small amounts of silk to make it economically feasible (Rising 2014).
Thus, the production of spider silk using non-spider, or heterogous, systems has
been explored. Additionally, Jones (2015) noted that “[t]wo major hurdles face
the production of recombinant spider silk protein (rSSp) based materials. First,
the production of sufficient quantities of rSSp has proven difficult due to their
highly repetitive nature and protein size (>250kDa). Secondly, rSSp and native
silks are practically insoluble in water based solutions, necessitating the use of
harsh organic solvents that can remain in the material after production.”
Standard modern molecular techniques allowed Vendrely et al. (2008) to
produce spider silk recombinant DNA in Escherichia coli (Migula 1895)
Castellani and Chalmers 1919, a bacterial host. The final result was spider silk
in the form of a film, which can scaffold cell growh (Dams-Kozlowska et al.
2012), not a thread. Escherichia coli expression systems are generally preferred
to enrich heterologous proteins because of its high expression levels which
facilitate commercially-scalable purification methods. Yet, according to
Vendrely et al. (2007), it is difficult to obtain recombinant spider-silk proteins
because the silk genes are large and have repetitive sequences. Using bacterial
hosts, such as E. coli, to produce silk may be difficult because of the large gene
size and the fact that bacteria have a different codon use than spiders and
bacteria often remove repetitive sequences.
Hauptmann et al. (2013) discuss the possibility of producing spider silk
from plants. Plants have cost, safety, and scalability advantages as compared to
conventional eukaryotic and prokaryotic cell systems. They reported that
different recombinant spider silk proteins have been produced in tobacco
Nicotiana tabacum L., 1753; potato, Solanum tuberosum L., 1753 (both
Solanaceae) leaves, tubers, and others (Vendrely et al. 2007). Plant-based
expression systems for producing recombinant spider silk proteins form stably
transformed transgenic plants suitable for protein expression. It was found that
seed-specific expression combined with retention of the proteins in the
endoplasmic reticulum provided the most spider silk proteins in transgenic
seeds. The most promising spider silk protein production seems to be the
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enrichment of heterologous spider silk proteins in protein-rich legume seeds, but
this has not been fully demonstrated yet.
According to Sponner et al. (2007), attempts are being made to mass
produce silk, but the properties of spider-produced silk have not been matched
yet. This could be because no full length spider silk sequences have been
expressed, since N- and C-termini may contribute to fiber formation. Also, the
major ampullate silk’s properties vary depending on the spinning speed. The
dragline silk needs to be produced at a fast speed and acidified (Melina 2010;
Vollrath and Knight 2001), resulting in a stiff fiber that can support the spider’s
body weight. A solution to these problems could be to use engineered, doublestranded DNA oligonucleotides that have an adjusted bacterial codon usage, to
form silk genes that are expressible in bacteria. Another potential solution is to
use eukaryotic hosts, instead of bacteria, to express the spider’s cDNA.
Eukaryotic cells are thought to make good hosts because their codon usage is
similar to that of spiders. Nexia Biotechnologies (Vaudreuil-Dorion, Quebec,
Canada) developed a method to produce spider silk in the milk of transgenic
goats, Capra aegagrus hircus (Linnaeus, 1758). Unfortunately, the goats
produced little silk protein in their milk.
A baculovirus expression system in cells of the domesticated silk moth
(Bombycidae), Bombyx mori (Linnaeus, 1758), for silk gene expression has
been developed (Miao et al. 2005). The use of transgenic silkworms to produce
silk fibers have developed much further. For instance, Kuwana et al. (2014)
demonstrated the commercial feasibility for machine reeling, weaving, and
sewing of transgenic silkworm/spider silk [dragline from the orb weaver spider,
Araneus ventricosus (L. Koch, 1878)], including the weaving of a vest and scarf.
Future Directions. Tokareva et al. (2014) suggests that a greater variety of
silk fibers should be explored, particularly as molecular bioengineering
techniques have improved so much. In combination with polylactide fibers, ever
more purified bioengineered spider threads seem to hold promise as scaffolding
materials in reconstructive surgery (e.g. neurons, Allmeling et al. 2008) and the
circulatory system (e.g. vessels, Fredriksson et al. 2009). As materials to stop
bleeding from small cuts, I can see native spider webs surviving as part of
traditional medicine. However, spider webs are no match for human-made
materials, such as QuickClot® (Anonymous 2008), VetiGel (Bloomberg 2014),
or a “trauma foam” (Columbia Broadcasting System 2014) in rapidly and safely
halting internal haemorhages.
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