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    Chapter 9   
 Spider Silks and Their Biotechnological 
Applications                     

       Daniela     Matias     de C.     Bittencourt    

    Abstract     Spiders have developed specialized silks with outstanding biophysical 
properties over millions of years of evolution. As biopolymers composed by highly 
repetitive amino acid motifs, spider silks have been the focus of research for years. 
Due to recent advances in genetic engineering, recombinant spider silks have been 
produced, revealing the relationships between their protein structure and their 
mechanical properties. Each amino acid motif present in the silk adopts a particular 
secondary structure responsible for conferring a specifi c mechanical property to it. 
This feature has opened up the possibility to produce recombinant silks with con-
trolled properties for various biotechnological applications. Moreover, spider silks 
are biocompatible and biodegradable biomaterials, which also allow their applica-
tion in medicine. Accordingly, the relationship between molecular composition, 
secondary structure, and mechanical properties of spider silks is described in this 
chapter, along with a discussion of the current strategies for the production of 
recombinant spider silks, their importance in new biotechnological applications, 
and the current status of the fi eld.  

  Abbreviations 

    A     Amino acid alanine   
  CaMV    Caulifl ower mosaic virus   
  EGFP    Enhanced green fl uorescent protein   
  ER    Endoplasmic reticulum   
  Flag    Flagelliform spidroin   
  G    Amino acid glycine   
  HFIP    Hexafl uoroisopropanol   
  MaSp1    Major ampullate spidroin 1   
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  MaSp2    Major ampullate spidroin 2   
  MiSp    Minor ampullate spidroin   
  P    Amino acid proline   
  T-RNA    Transfer ribonucleic acid   

9.1         Introduction 

 Spiders have developed specialized silks with outstanding biophysical properties 
over millions of years of evolution [ 1 – 3 ]. They are capable of producing the most 
architecturally complex spider webs possible, which are able to stop the tremendous 
kinetic energy of fl ying insect prey. Orb-weaving spiders (Araneomorphae: 
Orbiculariae) spin silks that are mechanically superior to most synthetic or natural 
high-performance fi bers [ 4 ]. Spiders can possess up to seven morphologically dis-
tinct pairs of spinning glands; this allows them to produce fi bers from an aqueous 
silk dope solution, composed basically of high molecular weight proteins, at ambi-
ent temperature and pressure [ 5 – 7 ]. With the exception of the aggregate gland, 
which is responsible for the production of the aqueous coat present on the spiral 
threads in orb webs, the major and minor ampullate, fl agelliform, tubuliform, pyri-
form, and aciniform glands are responsible for the production of a single kind of silk 
perfectly adapted for the specifi c requirements demanded by the spider’s lifestyle 
and habitat (Fig.  9.1 ) [ 8 ].

  Fig. 9.1    An adult female orb-weaver spider,  Nephila clavipes , and her silks. Each type of silk has 
evolved with a unique set of properties needed for a specifi c application. Portions of the fi gure 
were adapted from [ 50 ,  73 ] and reprinted with permission       
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   At the molecular level, spider silk proteins (spidroins) consist of the repetition of 
different structural amino acid motifs, which are ultimately responsible for the 
mechanical properties of the silk fi bers [ 2 ,  9 – 11 ]. These motifs vary according to 
the type of the silk and are normally present at the central core of the protein fl anked 
by non-repetitive amino (N–) and carboxyl (C–) termini regions. This feature, 
together with biocompatibility [ 12 ,  13 ], low infl ammatory potential, antimicrobial 
activity [ 14 ], and a slow rate of degradation [ 15 ], has opened up the possibility to 
produce recombinant silks with controlled properties for various biotechnological 
applications, from ballistic vests and sporting goods to regenerative medicine 
[ 16 – 18 ]. 

 Advances in genetic engineering have led several laboratories to successfully 
produce synthetic spider silks from different heterologous host systems [ 19 – 24 ]. 
However, the mechanical properties of natural spider silk are still unmatched and 
continue to be the most signifi cant challenge. Accordingly, in this chapter we aim to 
describe the relationship between molecular composition, secondary structure, and 
mechanical properties of spider silks, along with a discussion of the current strate-
gies for the production of recombinant spider silks and their importance in new 
biotechnological applications.  

9.2     Molecular Properties of Spider Silks 

 Spiders are outstanding silk producers. One spider can produce up to six different 
types of silk, mainly composed of four amino acid motifs: polyalanine ( A   n  ), alter-
nating glycine and alanine ( GA ) n , amino acid triplets composed of two glycines 
and a third variable amino acid ( GGX ) n , and glycine-proline-glycine modules 
( GPGXX ) n . Each motif is responsible for the adoption of a specifi c secondary struc-
ture in the protein, and the different combinations will determine the complex array 
of the mechanical properties exhibited by each silk [ 9 ,  10 ]. 

 Among the different silks produced by spiders, dragline and fl agelliform silks 
are the best characterized because of their remarkable mechanical properties. Being 
so, this chapter will focus on the characterization of these two spidroins. The func-
tion and structure of other silk types are reviewed elsewhere [ 1 ,  25 ,  26 ]. 

9.2.1     Dragline Silks 

 Dragline silk forms the frame and radii of the web and serves as a lifeline for the 
spider while moving through the environment. Produced by the major ampullate 
gland, dragline silks are known for their high tensile strength and toughness, with 
strength values in the range of 1–2 GPa [ 10 ,  27 ,  28 ]. Table  9.1  compares the mate-
rial properties of some dragline silks from different spider species. The dragline silk 
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produced by Darwin’s bark spider ( Caerostris darwini ), which is about fi ve times 
higher than Kevlar, is the toughest silk fi ber measured to date (250 MJ/m 3 ) [ 29 ].

   Dragline is composed of two different spidroins with molecular size of more 
than 300 kDa – major ampullate spidroin 1 and 2 (MaSp1 and MaSp2) [ 30 ]. 
The repetitive core region of MaSp1 is formed by the repetition of  A n, ( GA )n, and 
( GGX ) n  (X = Y, L, and Q) motifs, fl anked by non-repetitive domains at the N– and 
C– terminal ends. Although MaSp1 and MaSp2 share common features, the latter 
also has a high proline content, refl ecting the fact that ( GGX ) n  motifs are alternated 
with ( GPGXX )n repeats (X = Q, G,Y) (Fig.  9.2 ). Each of these motifs is responsible 
for the three-dimensional structure of the protein, which determines the mechanical 
properties exhibited by dragline silks. The  An  and ( GA )n motifs are responsible for 
fi ber toughness due to the adoption of β-sheet structures which assemble into crys-
talline substructures in the thread [ 9 ]. Surrounding these crystalline structures is an 
amorphous matrix composed of ( GGX ) n  and the ( GPGXX )n motifs from MaSp2 
which is responsible for the elasticity of dragline silk [ 31 ]. These regions, which are 
rich in glycine, include helix-like structures and β-turns, whereby the GGX helices 
act as cross-links between the crystalline β-sheets in adjacent protein molecules, 
facilitating fi ber alignment [ 10 ]. Additionally, dragline silk has the ability to undergo 
supercontraction in contact with water or a relative humidity greater than 60 %. 
This feature is probably controlled by the proline content, which tunes the mechani-
cal behavior by changing the crystal cross-link density and hydrogen-bonding 
network [ 32 ,  33 ].

   Once the silk amino acid content has been directly associated with the mechani-
cal properties of the thread, the performance of the dragline silk depends on the ratio 
between the two protein components [ 34 ,  35 ]. By calculating the number of proline 
residues, it is possible to estimate the fi ber content of MaSp1 and 2, which varies 
among spider species. The dragline silk from  Nephila clavipes , for instance, is com-
posed of approximately 80 % MaSp1 and 20 % MaSp2. However, the dragline 
silk of the orb-weaver spider,  Argiope aurantia , contains 41 % MaSp1 and 59 % 
MaSp2. Stress–strain curves determined by polynomial regression show signifi cant 
differences between major ampullate silk fi bers from  N. cla v ipes  and  A. aurantia . 
The  N. cla v ipes  stress–strain curve is characteristic of an elastic material; in contrast, 
 A. aurantia  dragline silk has the behavior of a viscoelastic composite [ 36 ]. 

   Table 9.1    Comparison of mechanical properties of forcibly silked major ampullate silks from 
different spider species a    

 Species 
 Stiffness 
(GPa) 

 Strength 
(Mpa) 

 Extensibility 
(mm/mm) 

 Toughness 
(MJ/m 3 ) 

  Nephila clavipes   13.8  1215  0.172  111 
  Argiope trifasciata   9.2  1137  0.215  115 
  Latrodectus hesperus   9.5  959  0.224  132 
  Deinopis spinosa   13.5  1329  0.185  136 
  Caerostris darwini   11.5  1652  0.52  350 

   a Adapted from Agnarsson et al. [ 29 ]  
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 In addition to the repetitive domains, dragline silks contain non-repetitive N- and 
C-terminal ends. The C-terminal region is highly conserved between species and is 
essential for controlled switching between the storage and assembly forms of silk 
proteins [ 37 ]. However, while the C-terminal domain is a prerequisite for the forma-
tion of continuous silk fi bers as opposed to amorphous molecular aggregates, it is 
the N-terminal domain that senses the pH differences in the glandular lumen and 
thereby appears to regulate the assembly process in vivo [ 38 ].  

  Fig. 9.2    The molecular structure of orb-weaver spider spidroins. ( a ) Alignment of the consensus 
repetitive sequences of MaSp1 and Flag spidroins. ( b ) Structural motifs found in spider silk proteins. 
Each  box  represents a motif module in the spider silk. The empty box marked with “?” indicates 
that the secondary structure is unknown. MaSp1 and 2, major ampullate spidroin; MiSp, Minor 
ampullate spidroin; Flag, fl agelliform spidroin (Reproduced with permission from Teulé et al. [ 56 ])       
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9.2.2     Flagelliform Silk 

 Among the different silks produced by spiders, the fl agelliform silk (Flag) is 
extremely elastic and has a very high hysteresis, being three times tougher than 
Kevlar [ 2 ,  3 ,  39 ]. It is responsible for the formation of the capture spiral in the orb 
web, an effective energy-absorbing trap for fl ying prey. Single molecules of the 
capture silk, Flag spidroins, are very large in size, measuring approximately 360 
kDa. Like other elastomeric proteins, such as elastin and abductin, Flag is also char-
acterized by a high content of glycine residues [ 40 ]. Its amino acid content is orga-
nized into a large ensemble of repeats composed of the individual repetitive motifs, 
( GPGGX )n (X represents A, V, S, and Y) and  GGX  (X represents A, S, and T), and 
a “spacer” sequence containing charged and hydrophilic amino acids [ 39 ,  41 ,  42 ] 
(Fig.  9.2 ). The glycine-rich central Flag core is also fl anked by conserved non- 
repetitive N- and C-termini. Like in dragline silk, these regions are suggested to 
control solubility and fi ber formation in native spider silk. 

 The elastic nature of fl agelliform silk is conferred by the amino acid motif 
 GPGGX . This motif has been suggested to conform to a β-spiral secondary structure 
similar to a spring, which could easily contribute to the elastic mechanism of the 
fi ber, whereby the proline bonds generate force for the retraction of the silk after 
stretching [ 9 ]. For instance, dragline silk has 35 % elasticity, with an average of fi ve 
β-turns in a row, whereas fl agelliform silk, with >200 % elasticity, has this same 
module repeated ∼50 times [ 43 ]. The glycoprotein “glue” coating the capture silk 
also contributes to the extensibility of the thread. Like MaSp2, Flag has the ability 
to contract from its original length in contact with water. The hygroscopic compo-
nents present in the glycoprotein glue attract water from the environment, keeping 
the web hydrated and thus playing a critical role in the mechanical properties of 
fl agelliform silk fi bers [ 44 ,  45 ]. 

 Finally, the spacer regions found in Flag contain amino acids with charged 
groups and separate the peptide motifs into clusters. Although these may provide 
organizational areas within silks or surface regions for interactions when a mature 
fi ber is formed, their real function is currently undetermined [ 9 ]. Recently, Adrianos 
and colleagues [ 11 ] investigated the contribution of various motifs to the mechani-
cal properties of Flag spidroin using recombinant silk gene expression. Their results 
indicate that the spacer motif is likely a primary contributor to silk strength, with 
the GGX motif supplying mobility to the protein network of native fl agelliform 
silk fi bers.   

9.3     Recombinant Spider Silk Proteins and Their Application 

 Since ancient times, spider silks have fascinated humankind because of their great 
mechanical characteristics of strength, toughness, and elasticity. In addition, spider 
silks are biocompatible and biodegradable, which make them excellent material for 
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biomedical applications. Due to these characteristics spider silks can be used to 
make such diverse products as parachute cords, bulletproof vests, composite mate-
rial for aircrafts, products used in cosmetics, bandages to promote wound healing, 
drug delivery systems, and scaffolds for tissue engineering [ 46 – 49 ]. 

 Despite the biotechnological potential of spider silks, there are limitations in 
harvesting large quantities of silk from spiders. They cannot be farmed as for the 
silkworm ( Bombyx mori ) owing to their aggressive behavior and territorial nature. 
In addition, silk must be harvested manually, directly from a spider or collected 
from the web, both extremely time-consuming procedures. Recently, a golden color 
spider silk cape was made in Madagascar from 1.2 million golden orb spiders (genus 
 Nephila ) which took 8 years to collect [ 50 ]. Thus, new strategies based on genetic 
engineering have been developed for the production of new biomaterials based on 
the molecular structure of spider silks. 

9.3.1     Production of Recombinant Silk Proteins 

 Several heterologous host systems have been used for the production of different 
spider silk proteins [ 50 ,  51 ]. The most widely used host is the gram-negative entero-
bacterium,  Escherichia coli , which offers a well-controlled, cost-effi cient system 
suitable for large-scale production. However, spider silk proteins are rather diffi cult 
to produce, mainly because of the highly repetitive nature of the nucleotide sequence 
and the high content of specifi c amino acids, mainly alanine and glycine, which 
require a large pool of the respective tRNAs [ 47 ,  50 ]. For this reason, attempts to 
produce major ampullate silks based on the native DNA sequence in  E. coli  resulted 
in low protein yields and instability of the spider silk gene, which led to the produc-
tion of limited size proteins [ 19 ]. As an alternative, the methylotrophic yeast,  Pichia 
pastoris , was used and was able to produce and secrete recombinant silk proteins up 
to 65 kDa to the extracellular medium [ 20 ]. Mammalian cell lines have also been 
investigated as a potential host system [ 21 ]. Although they were capable of produc-
ing spider silk proteins with molecular size ranging from 60 to 140 kDa, as the size 
of the recombinant silk gene increased, translational pausing occurred, resulting in 
the expression of heterogeneous size proteins and a decrease in the protein yield. 

 In order to optimize protein yield and size, strategies using synthetic genes 
designed with host-specifi c codons were developed. Additionally, completely novel 
silk proteins were created by hybridizing motifs from different silk types. Several 
groups have used these approaches to produce a variety of engineered silk proteins, 
most of which are based on the sequences of major and fl agelliform spidroins 
[ 52 – 55 ]. Teulé and colleagues [ 56 ] developed an iterative polymerization strategy to 
produce very large and repetitive spider silk genes in a precisely controlled manner 
(Fig.  9.3 ). This technique is extremely powerful since it allows the construction of 
basic repeats that exactly refl ect the native silk protein sequences or represent new 
engineered variants of native sequences by mixing and matching structural motifs 
in different ratios and combinations [ 57 ]. This approach is also extremely fl exible 
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since two different recombinant plasmids containing silk multimer inserts at 
different stages of assembly can be used simultaneously as templates to generate a 
higher size multimer [ 56 ]. Utilizing a similar strategy, Xia et al [ 58 ] were able to 
produce a native-sized recombinant spider silk protein in a metabolically engineered 
 E. coli  with an elevated glycyl-tRNA pool. The 284.9 kDa recombinant protein was 
based on the MaSp1 motif from  N. clavipes , which is extremely rich in glycine 
(43–45 %), and was produced by fed-batch culture reaching a protein yield of 
2.7 g/L. In addition, the mechanical properties of the fi bers spun with this ultrahigh 
molecular weight recombinant spider silk were comparable to those of the native one. 

  Fig. 9.3    Strategy for construction of a tandem spider silk synthetic gene based on a monomer with 
compatible but nonregenerable sites. ⋆ denotes DNA cut by a restriction enzyme.  N  × indicates 
that this strategy can be repeated as many times as one wishes (Reproduced with permission from 
Teulé et al. [ 56 ])       
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Thus, the high molecular weight of native spider silk proteins indeed plays an 
important role in determining its mechanical properties.

   Another approach to producing recombinant spider silks utilizes transgenic 
animals and plants that carry a segment of silk DNA in their genome. Mice and 
goats have been transgenically modifi ed to produce spider silk proteins in the 
female’s mammary gland [ 59 ,  60 ]. However, the maximum protein yields observed 
for recombinant silk production in transgenic animals are low when compared with 
bacteria (117 mg/l and up to 300 mg/l, respectively) [ 19 ,  61 ,  62 ]. Scheller et al. [ 63 ] 
reported the expression of spider silk proteins in tobacco and potatoes for the fi rst 
time. Using the  Caulifl ower mosaic virus  (CaMV) 35S promoter, stable transgenic 
tobacco and potato lines were engineered to express different sizes of the  MaSp1  
gene derivatives from  N. clavipes  in the endoplasmic reticulum (ER) of leaves. 
This technique has proven to be effective for the expression of MaSp1 and MaSp2 
derivatives in greenhouse and fi eld trials [ 23 ]. Additionally, recombinant MaSp1-
like proteins were also produced in  Arabidopsis  leaves and seeds, as well as in 
somatic soybean embryos [ 22 ]. These results demonstrated that recombinant spider 
silk proteins had higher accumulation levels in seeds than in the leaves. Recently, 
the production of synthetic, high molecular weight spider silk proteins larger than 
250 kDa based on the assembly of Flag protein monomers via intein-mediated 
trans-splicing was achieved in plants [ 64 ]. This method avoids the need for highly 
repetitive transgenes, which may result in higher genetic and transcriptional stability. 
The resulting multimeric structures formed microfi bers with up to 500 μm in length 
and diameters ranging from 1 to 2 μm, thereby demonstrating their great potential 
as a biomaterial. 

 Because of their high capacity to produce natural silk, silkworms ( B. mori ) have 
also been studied as a host for the production of recombinant spider silk proteins. In 
a recent publication [ 65 ], transgenic silkworms were developed using a  piggyBac  
vector composed of the  B. mori  fi broin heavy chain promoter and enhancer, a 
genetic sequence encoding a 78 kDa synthetic spider silk, and an enhanced green 
fl uorescent protein (EGFP) tag (Fig.  9.4 ). The chimeric silkworm/spider silk fi bers 
produced by the transgenic  B. mori  were signifi cantly tougher than silkworm silk 
and as tough as dragline spider silk native fi bers. These results showed that silk-
worms can be engineered to manufacture composite fi bers containing stably inte-
grated spider silk protein sequences with improved mechanical properties.

9.3.2        New Biomaterials from Recombinant Spider 
Silk Proteins 

 Silk proteins have been shown to solubilize in water, organic solvents, and ionic 
liquids, indicating the versatile options available [ 66 ]. In addition, depending on the 
processing route, phase transition of spider silk proteins is controlled by parameters 
of chemical and physical processes leading to different material morphologies, 
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including fi bers, fi lms, gels, porous sponges, and other related systems (Fig.  9.5 ). 
For instance, a fi lm can be formed by simple evaporation of the solvent, and if poro-
gens are introduced into the silk protein solution prior to evaporation of the solvent, 
porous structures or foams can be produced [ 46 ].

   Transparent fi lms, ranging in thickness from 0.5 to 1.5 μm, have been produced 
using a hexafl uoroisopropanol (HFIP) solution containing recombinant dragline 
silk proteins. Treating the fi lms with potassium phosphate or methanol could con-
vert the proteins’ secondary structure from α-helix to β-sheet, making them water 
insoluble [ 67 ]. The portion of induced β-sheet structure can be regulated by the 
incubation time or by treatment of the fi lm with methanol/water solutions mixed at 
different ratios. Different contents of β-sheet structure will not only determine the 
stability of silk fi lms but will also infl uence their mechanical properties. Generally, 
a higher amount of β-sheet increases the elastic modulus and strength of the fi lm but 
reduces its elasticity [ 46 ]. 

 Microparticles are also one of the manifold morphologies spider silk proteins can 
adopt. These particles are formed by precipitating aqueous silk protein solutions with 
kosmotropic salts such as potassium phosphate or ammonium sulfate [ 68 ,  69 ]. 
The diameter of the spherical colloidal assemblies is variable (100 nm to 10 μm) 
and depends on the initial protein concentration and the chosen kosmotropic salt. 
For example, the addition of potassium phosphate (>300 mM) results in increased 

  Fig. 9.4    Expression of a chimeric silkworm/spider silk/EGFP protein in  Bombyx mori  ( a ) 
cocoons, ( b ,  c ) silk glands, and ( d ) silk fi bers (Reproduced with permission from Teulé et al. [ 65 ])       
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hydrophobic interactions accompanied by a dense packing of the spider silk proteins. 
Such tight packing leads to the formation of chemically stable spheres, with a high 
content of β-sheet secondary structure and extremely smooth surfaces [ 70 ]. 

 Despite the wide range of biomaterials that can be assembled from recombinant 
spider silk proteins, the mechanical properties exhibited by drawn synthetic fi bers 
are still below the measured properties of native spider silks. Solvent extrusion [ 56 ], 
electrospinning [ 71 ], and microfl uidics [ 72 ] are some of the techniques that have 
already been used to process recombinant spider silk proteins into fi bers (Fig.  9.6 ). 
However, it is still diffi cult to manufacture long lengths of material in suffi cient 
quantity and with superior quality. Moreover, most of the fi bers created by spinning 
processes are so brittle that their mechanical properties cannot be properly mea-
sured [ 71 ,  73 ]. Even so, these studies are important to provide some understanding 
about the main keys to spinning recombinant silk proteins. For instance, drawing 
the newly formed fi ber for strain elongation improves the mechanical properties of 
synthetic fi bers by the induction of β-sheet formation [ 61 ,  74 ]. Future challenges 
will include the optimization of the spinning processes in order to scale up produc-
tion and maximize the properties of the processed material.

  Fig. 9.5    Processing of silk into new biomaterials. Native and recombinant spider silks can be 
solubilized and processed into a range of different structures (Reproduced from Kluge et al. [ 66 ] 
with permission of Elsevier Limited)       
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9.3.3        Biotechnological Applications of Synthetic Spider Silk 

 Due to their outstanding mechanical properties, different biotechnological applica-
tions have been foreseen for spider silk proteins. They have desirable self-assembly 
characteristics, which allow their utilization as molecular building blocks for the 
production of different biomaterials. Furthermore, they can be genetically modifi ed 
to allow the covalent coupling of peptides, enzymes, or particles before and after 
silk processing into biomaterials, therefore expanding the range of potential appli-
cations [ 75 – 78 ]. 

 Recently, the synthesis of novel spider silk uranyl-binding proteins was demon-
strated through bioengineering of varying repeats of a uranyl-binding sequence 

  Fig. 9.6    Schematic representation of current silk fi ber-forming techniques. ( a ) Solvent extrusion 
is performed by drawing the fi ber through a coagulation bath in a controlled manner. Microfl uidic 
devices use a contracting channel and multiple solvent inputs to regulate the geometry and chem-
istry of the resulting fi ber. Electrospinning processes combine strong voltage gradients and syringe 
pump extrusion and result in either random or aligned fi ber deposition. ( b ) Characteristics of the 
different fi ber-forming processes. To date, electrospinning has proved to be the most useful 
approach, mainly because of the low amounts of spider silk materials needed and the utility of the 
resulting electrospun fi ber mats for cell and tissue culture studies (Reproduced from Kluge et al. 
[ 66 ] with permission of Elsevier Limited)       
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adopted from a mutated calmodulin sequence in combination with spider silk 
sequences [ 79 ]. This new chimeric protein system can be used in environmental 
engineering as a substrate for uranium collection and removal. Once selective metal 
binding can be exploited, the development of such silk-based material might 
also fi nd applications in microelectronics, biosensors, solar energy, and electrical 
batteries [ 79 ]. 

 Spider silks also possess several desired characteristics for biomedical applica-
tions, such as biocompatibility, low infl ammatory potential, antimicrobial activity, 
and a slow rate of degradation. The specifi c biomedical application of synthetic 
spider silks will not only rely on its molecular structure but also on the morphology 
adopted by the silk proteins. Silk fi broin fi lms, for instance, can be used for different 
medical applications such as lenses, drug-loading fi lms, and, mainly, cell- supporting 
scaffolds for tissue engineering [ 80 – 83 ]. Genes and drug delivery platforms can be 
developed using spider silk microcapsules [ 48 ,  84 ,  85 ]. Spider silk proteins can also 
be processed into coatings that can be used to improve the biocompatibility and 
surface properties of biomaterials, such as silicone implants [ 86 ]. 

 Overall, the macroscopic structure of silk-based materials will be responsible 
for their interface with the environment, and the advantages and limitations of 
each system will determine its use in a specifi c application or for commercial 
exploitation [ 66 ].   

9.4     Concluding Remarks 

 In the last few decades, several prokaryotic and eukaryotic hosts have been tested 
for the production of recombinant spider silk proteins. So far, there has been consid-
erable progress in understanding the genetic organization of spider silk proteins and 
the self-assembly and processing of synthetic spider silks into many material 
formats. Recently, the production of native-sized (285 kDa) spider silk protein and 
the production of chimeric silkworm/spider silk fi bers with improved mechanical 
properties have been reported [ 58 ,  65 ]. 

 For any commercial application of synthetic spider silks, it is still necessary to 
develop new strategies for the production of homogeneous and reproducible fi bers 
with defi ned mechanical properties. Moreover, applications of spider silks in com-
modity materials, such as textiles, high-performance composite materials, and dura-
ble and tough materials, in general, will require the success of robust and low-cost 
expression systems coupled with environmentally friendly assembly processes. 
Further exploitation of the aqueous processing and assembly of highly hydrophobic 
silk proteins into material structures together with a better comprehension of the 
natural events associated with the storage and spinning of the silk in spiders may 
be the keys to the development of a green improved biomaterial production 
and design.     
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