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Abstract
This paper is the first to describe the silk produced by Segestriidae spiders. Field and specimen data together with webs
secreted by Namibian arid-adapted Ariadna spiders were collected from different research work stations. The silks were
solubilized with hexafluoroisopropanol and characterized by Fourier transform infrared (FT-IR), matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) and differential scanning calorimetry (DSC)
techniques, in order to get data on the silk composition. FT-IR analysis confirms that proteins are the main component of
the extracted materials. MALDI-TOF mass spectra of silks of three different sites (R, M and K, with three varied
environmental conditions: coastal foggy area, hot central desert area and savannah) reveal the presence of low-molecular-
weight (< 10,000 g/mol) proteins mostly based on glycine and alanine amino acids. Besides many peptides with identical or
similar composition, other low-molar mass proteins with different compositions were also revealed in these silks. The DSC
curves show that the studied silks have different melting temperature ranges. This behaviour may be due to the proteins
having different molecular weight and/or different amino acid composition. The presence of small peptides with different
amino acid composition could be correlated to the different habitats where the spiders live. Hypotheses linking different
amino acid compositions with environmental features are suggested.
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Introduction

Spider webs have always impressed people’s imagi-
nations and spider silk has always attracted much
scientific interest due to its elasticity (Gosline et al.
1986) and mechanical resistance (Denny 1976). The
existence of spiders dates back over 400 million
years. There are now 44,032 spider species belong-
ing to 3905 genera and 112 families (Platnick 2013),
spread worldwide on every continent except for
Antarctica. Their extraordinary success is surely
linked to their ability to produce silk: the evolution
of spiders is correlated to the evolution of silk.
Spiders utilize their silk for a lot of applications: for
webs, protection of offspring, prey wrapping and so
on (Andersen 1970). Moreover, spider silk is used
for a variety of human purposes such as bulletproof
clothing, ropes, nets, seatbelts, bandages and

surgical thread, since it is completely biodegradable
and incredibly strong (Hsia et al. 2011).
The investigation of silk properties led to the dis-

covery that the silk of all araneomorph spiders con-
sists of proteins from major ampullate glands
(MaSp1), containing varying amounts of crystalline
domains. The true orb spiders (Orbiculariae) can
add a novel protein (MaSp2) (Hinman & Lewis
1992), which gives the silk the extensibility and
toughness necessary for the building of aerial webs
thanks to the significant presence of proline
(Blackledge et al. 2012).
Until now, in-depth studies have concerned the

orb web spiders belonging to the genera Nephila
(Andersen 1970; Hinman & Lewis 1992; Frische
et al. 1998; Higgins & Rankin 1999; Vollrath &
Knight 1999; Augsten et al. 2000; Schulz 2001;
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Gaines & Marcotte 2008; Lefèvre et al. 2008),
Araneus (Andersen 1970; Beckwitt & Arcidiacono
1994) and Argiope (Craig et al. 2000; Blackledge &
Hayashi 2006; Opell et al. 2009).

However, very little research has been carried out
on the structure and mechanical properties of the
silk of Haplogynae (Hajer et al. 2013). Nevertheless,
nonorbicularian spiders are hypothesized to have a
plesiomorphic silk expression of MaSp1 proteins
only (Tai et al. 2004; Garb et al. 2006; Blackledge
et al. 2009, 2012). Segestriidae are haplogyne ara-
neomorphs related to the Dysderidae and are
known as tube-dwelling spiders; they live perma-
nently inside tube-shaped retreats made in crevices,
walls, rocks, fallen tree trunks, bark and soil
(Dippenaar-Schoeman & Jocqué 1997). They are
present on all continents, except Antarctica, and in
very different habitats ranging from humid forest to
arid or semi-arid environments, such as desert and
savannah (Platnick 2013). In the Namibian gravel
plains, some of us (Costa et al. 1993) discovered
various populations belonging to undescribed
Ariadna species (Conti et al. 2004). These spiders
dig in the soil an individual silk-lined burrow with a
circular entrance surrounded by a ring of small
stones, and sometimes also lichen bits (Costa et al.
1995). The silk threads placed under the stones
enable the predator, waiting at the bottom of its
burrow, to detect prey brushing against them
(Henschel 1995). The features of the burrow rings
vary according to population and habitat (Costa
et al. 2000).

The pattern of construction of the burrow is com-
plex and energetically expensive. In the laboratory, it
was verified that an adult female may spend a whole
night in nonstop work to reconstruct its burrow if it
has been destroyed (Conti & Costa 2004). Not sur-
prisingly, then, spiders seal the mouth of the burrow
with a small stone in case of sudden rain or sand
storms, to avoid the collapse of their home (Costa &
Conti 2013).

The silk composition of the Namibian Ariadna
spp. seems to be of special interest. In fact, these
spiders, adapted to live in dry habitats and staying
permanently in their burrows, have to face many
difficult problems, such as the maintenance of ade-
quate moisture conditions, defense against excessive
heat due to soil overheating, and protection of eggs
and offspring. In addition, the ability to attract prey
or potential partners while lurking at the bottom of
the burrow also requires proper strategies. We there-
fore have carried out a series of studies on the che-
mical and thermal properties of silks secreted by
different Namibian arid-adapted Ariadna spiders,
with two aims: to find any differences among spider

web structures, and to try to link these differences, if
any, to habitat features.

Materials and methods

Sampling and statistical analysis

Sampling was carried out during March and April
2012 in the western part of Namibia, largely occu-
pied by the Namib Desert, located around the
Tropic of Capricorn. Like all desert areas, Namib is
characterized by high temperature and scanty, irre-
gular rainfall that does increase from the coast inland
(Viles 2005). It, however, has an alternative source of
moisture: the fog, which is very high along the coast,
decreases inland and represents an important
resource of water that is fundamental for the survival
of plants and animals (Costa 1995; Shanyengana
et al. 2002). Great dune systems, extensive gravel
plains, rugged inselbergs and dry riverbeds are the
main components of the Namib landscape.
Occasional gravel plains are also present in semi-
arid areas of the contiguous Great Escarpment.
Four gravelly sites (R, G, M, W) within the

Namib, and one site (K) external to the desert, in a
contiguous savannah (Figure 1), were our research
stations.
R (23°0.0′32.7″S, 14°43.0′38.0″E): marginal area

of the desert, rich in lichens, about 20 km from the
Atlantic coast, with a thick fog daily and where wind
can reach up to 80 km/h, frequently causing sand-
storms (Seely 1987). The spider burrow rings
include 6–15 quartz stones mixed with pieces of
lichens and arranged in one to four strata to shape
a typical turret.
G (23°19.0′38.4″S, 15°2.0′23.3″E), M (23°32.0′

53.2″S, 15°8.0′23.8″E) and W (23°36.0′32.9″S, 15°
10.0′2.7″E): in the central part of the Namib desert,
56, 70 and 72 km from the Atlantic coast, respec-
tively. In these areas, precipitation is pulsed and
unpredictable (Agnew 1997; Jürgens et al. 1997)
and fog is less dense than in the coastal areas.
Therefore, the mean annual humidity is lower,
while the mean annual temperature is higher (Seely
1987). The G and M spider burrow rings include
most commonly seven quartz stones, similar in size,
shape and colour and arranged in only one layer; but
M rings are less regular than G ones. The W spider
burrows are dug on the slopes of a dry bed; the ring
stones are numerous, irregular and arranged in up to
four strata.
K (20°25.0′53.1″S, 14°20.0′44.9″E): dry savannah

area of the Great Escarpment, external to the Namib
desert, about 115 km from the Atlantic coast, with
daily very high temperatures. The spider burrow
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rings include numerous small stones, placed in a
single layer and differing in size, shape and structure.

At each of these stations, we sampled 20 Ariadna
burrows and collected inhabitants, webs and samples
of soil. For each burrow we recorded: entrance dia-
meter (measured with a Vernier caliper, measure-
ment error 0.05 mm), depth and temperature at the
bottom (with a digital portable probe thermometer
Salmoiraghi); moreover, we measured the body
length (using the same caliper) and mass of each
spider (using a Sartorius high-precision balance).

The soil samples were subjected to grain size ana-
lysis to type the five areas according to the Wentworth
grain-size classification (Wentworth 1922).

To verify the existence of any differences among
the five research sites, we performed a one-way ana-
lysis of variance (ANOVA), considering diameter,
depth and bottom temperature of burrows and the
length/mass ratio of the spiders. Post hoc comparisons
among sites were conducted using Bonferroni tests.
Discriminant analysis was also used in order to define
multivariate difference between a priori groups.

Analytical methods

The chemical composition of silks was studied by
Fourier transform infrared (FT-IR) and matrix-
assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) techniques.
MALDI-TOF MS proved to be a fast and sensitive

technique for the analysis of mixtures consisting of
proteins, polypeptides (Domon and Aebersold 2006;
Bich & Zenobi 2009; Chen et al. 2013; Weidmann
et al. 2013) or synthetic polymers (Montaudo et al.
2002, 2006). It is able to calculate the mass of indi-
vidual molecules in a mixture of homologues, thus
permitting the structural identification of single
macromolecules. Montaudo et al. (2002, 2006)
pointed out that the MALDI-TOF MS technique
provides mass-resolved spectra up to 50–70 kDa,
allowing to the identification of the repeat units, the
end chains and also species present in minor
amounts. Thermal properties were investigated by
differential scanning calorimetry (DSC).
Silks were solubilized with hexafluoroisopropanol

(HFIP, 1 mg/mL) at room temperature (25°C), and
50% relative humidity (RH), which is a good solvent
for proteins (Kluge et al. 2008), to separate them
from the inorganic materials constituted of part of
soil where spiders live. The solvent was evaporated at
room temperature under nitrogen (N2) flow, and the
solid organic materials were characterized by FT-IR
and MALDI-TOF MS techniques, to obtain infor-
mation on their chemical composition.

FT-IR spectroscopy

The FT-IR absorption spectra were recorded on a
Perkin Elmer model Spectrum 100 at 2 cm−1 resolu-
tion. Spectra were acquired in the solid state in a

Figure 1. Map of the fieldwork stations.
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potassiumbromide (KBr) transparent disc prepared by
mixing each powder silk with KBr (1 mg/100 mg) and
then pressing the solid mixture at 10 atm.

MALDI-TOF MS

The MALDI-TOF mass spectra were recorded in lin-
ear delayed extraction mode, using a Voyager-DE STR
(PerSeptive Biosystem) mass spectrometer, equipped
with a nitrogen laser (λ = 337 nm, pulse width = 3 ns),
working in a positive ion mode. The accelerating vol-
tage was 20 kV, and grid voltage and delay time
(delayed extraction, time lag) were optimized for each
sample to achieve the higher mass resolution (M/DM).
Laser irradiance was maintained slightly above thresh-
old. The 2-(4’-Hydroxybenzeneazo) benzoic acid
(HABA) (0.1 Min HFIP) and sinapinic acid (SA)
(0.1 M in HFIP) were used as matrices. The better
spectra were recorded using the traditional dried-dro-
plet sample preparation method and SA, a favoured
matrix for biomolecules such as proteins (Chen et al.
2013). A mass resolution of about 1000–1200 was
obtained in the mass range from m/z 1000 to m/z
8000. All spectra were calibrated using an external
calibration file made by MALDI analysis of an equi-
molar mixture of polypeptides with different molecular
weights (i.e. P14R MW (molecular weight) = 1533;
ACTH (Adeno Cortico Tropic Hormone) Fragment
18–39 MW = 2464.2; insuline MW = 5729.6; cyto-
chrome MW = 12362; albumine MW = 66429g/mol,
purchased from Aldrich-Italy), using an SA matrix and
applying the same parameters used for the analysis of
silks. The mass peaks corresponding to the macromo-
lecular species were measured with an accuracy
of ± 0.5 Da.

Differential scanning calorimetry (DSC)

The thermal properties of all silks were investigated
in a nitrogen atmosphere (60mL/min) with a TA
Instrument Q100 DSC, calibrated with melt purity
indium standard (156.6°C and 28.45 J/g). Samples
with a mass of 1–1.5 mg were used. Before any
experiment, the baseline was recorded using an
empty aluminium pan (reference and sample). Each
sample was analyzed following the same runs: (a)
heating at 10°C/min from –90° to 180°C; (b) cooling
at 50°C/min from 180° to –90°C; (c) heating at 10°
C/min from –90° to 180°C; (d) cooling at 1°C/min
from 180° to 100°C and at 5°C/min within 100°C
and –90°C; (c) heating at 10°C/min from –90° to
200°C. Four repeated scans were performed to verify
the reproducibility of thermal transitions. The melt-
ing point temperatures (Tm) were taken as the max-
imum of the specific endothermic peaks.

Results

Table I shows the results of the soil granulometric
analysis. In all study sites, clay is absent; the max-
imum percentage of gravel and the lowest values of
sand were found at the W station; the maximum
percentage of silt as well as the minimum percentage
of gravel were at the K station, while the maximum
percentage of sand is present at the M station;
finally, R and G stations present similar values as
regards the granulometric aspect.
In Table II, we report the descriptive parameters of

field data. Burrow diameter, temperature at the bot-
tom of burrows and length/mass ratio of spiders do
not differ significantly among sites. The main differ-
ence concerns the burrow depth, as ANOVA con-
firms (F = 77.88, P << 0.001), with the maximum
value found in K and the minimum found in R. The
Bonferroni post hoc comparisons reveal that this dif-
ference is due to the R, W and K stations, while there
was no difference between G and M stations.
In the discriminant analysis, the two canonical vari-

ables represent 96.1% and 2% respectively of the total
variance; the coefficients of canonical correlation (0.895
and 0.278) and Wilk’s lambda (0.179 and 0.855) indi-
cate the greater importance of the first canonical vari-
able. The first axis is correlated to the variables “burrow
depth” (correlation 0.969) and isolates the W and K
populations from the R, M and G ones (Figure 2).
All samples give very similar infrared spectra, as

shown in Figure 3 that displays those of samples K,
W, R and G (M is not displayed because it overlaps
the G spectrum).
The mass spectra of M, R and K silks show mass

resolved peaks in the mass range lower than m/z
9000. The mass spectrum of silk M is displayed in
Figure 4. It shows, in the mass range m/z 2000–
8500, a series of mass-resolved repeating peaks
having a peak spacing of 198 Da, 199 Da, 215 Da,
225 Da, 231 Da or 245 Da. Some low-intensity
peaks spaced at 242 Da indicate that some proteins
could contain asparagine-lysine and/or asparagine-
glutamine amino acid sequences along the chains.
A similar result was obtained for the K silk. Its
MALDI spectrum, reported in Figure 5, similar to

Table I. Granulometric soil analysis of the research stations.
Values are expressed as percentages.

Station Gravel Sand Silt Clay

R 19.21 75.86 4.93 0
G 17.61 76.94 5.46 0
M 8.48 88.04 3.48 0
W 40.89 54.13 4.98 0
K 6.52 67.18 26.30 0
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the mass spectrum of the M silk, shows in the mass
range m/z 1200–8500 a series of intense peaks
spaced at 198 Da or 199 Da. However, it is less
complex with respect to that of the M silk discussed
previously, because it shows a minor series of repeat-
ing peaks. Nevertheless, it presents a new family of
peaks spaced at 184 Da (i.e. peaks at m/z 2044,
2228, 2412 and 2596 and at m/z 2069, 2243, 2427
and 2611, in the inset of Figure 5).
MALDI-TOF MS analysis reveals the presence of

low-molecular weight proteins also for the R silk, as
Figure 6 shows. Similar to the mass spectra of the M
silk and K silk, the mass spectrum of the R silk shows
a homologous family of peaks spaced at 198 Da and
199 Da, in the mass range m/z 2000–4000. It also
shows other peaks spaced at 256 Da, which may be
due to polypeptides containing glycine–alanine–glu-
tamine sequences. However, amino acid sequences
corresponding to 256 Da could also be due to glu-
tamine–glutamine, lysine–lysine or glutamine–lysine
repeats. The last amino acid sequences may be pre-
sent in the low-molecular-weight polypeptides com-
posing the silks studied.

Figure 2. Discriminant analysis. Plot of the first two canonical
variables and centroids of the five populations.

Table II. Arithmetic means and standard deviation of recorded parameters in different fieldwork stations.

R G M W K

Burrow diameter (mm) 5.21 ± 0.72 5.38 ± 1.00 5.17 ± 0.81 5.58 ± 0.61 5.45 ± 0.84
Burrow depth (mm) 5.18 ± 0.97 7.25 ± 1.08 7.17 ± 1.14 10.04 ± 2.31 12.20 ± 1.76
Bottom temperature (°C) 26.62 ± 3.56 29.30 ± 3.34 28.75 ± 2.73 27.12 ± 2.69 29.50 ± 4.68
Spider length/mass (mm/g) 0.29 ± 0.08 0.28 ± 0.11 0.23 ± 0.10 0.26 ± 0.12 0.23 ± 0.10

Figure 3. Fourier transform infrared (FT-IR) spectra of K, W, R and G silk.
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The mass spectra of the three silks R, M and K,
besides the mass-resolved peaks discussed, also
showed an unresolved peak at a highmolecular weight,
as highlighted in Figure 7, which could be due to the
high-molecular weight proteins. Mass spectra of silks

G and W show only unresolved peaks centred around
m/z 40,000–60,000, and therefore we cannot get infor-
mation on their chemical composition.
The thermal properties of all extracted silks were

investigated by DSC, and in Figure 8, the

Figure 4. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrum of the M silk. Peaks spaced at 198 Da,
199 Da and 215 Da are labeled with the symbol *, whereas those spaced at 231 Da and 245 Da are marked with the symbol •.

Figure 5. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrum of the K silk.

Spider silk composition and habitat features 53



thermograms recorded in the first heating run are
portrayed. We observe that all samples present a
broad endothermic peak in a temperature range
from 30 to 110°C, which may be associated with
solvent (HFIP) and/or water evaporation; in fact,
these peaks disappear or are negligible in the second
heating run. The W silk shows a broad endothermic

melting peak from 135 to 180°C, whereas the broad
endothermic melting peak of the G silk is observable
in the temperature range 118–163°C. The R silk
shows a broad endothermic peak between 110 and
180°C with two maxima at about 150°C (Tm1) and
165°C (Tm2), due to the first and second structural
melt that can be associated with the melting of

Figure 6. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrum of the R silk.

Figure 7. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectra in the higher mass range ofM, K, R,W and
G silks.
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proteins with different molecular weights. The M
silk shows a first melting peak between 105 and
130°C and a second melting peak between 147
and 160°C. Similarly, the DSC curve of the K silk
shows a first low intense melting peak from 125 to
143°C, and a second intense melting peak between
152 and 176°C. The total normalized enthalpy of
melting (ΔHm) calculated for the melting processes
observed in the first heating run for K, R, W, M and
G silks is 68, 58, 23, 7.4 and 1.6 J/g, respectively. In
the second heating run, melting processes were
observed only for K and R silks with a ΔHm of
28 J/g (within 150 and 176°C) and 8 J/g (within
105 and 150°C), respectively. In the third heating
step, the melting process was observed only for the
K silk, with a maximum at 175°C and a ΔHm of
56 J/g. The Tm of the K silk is almost unaltered
during the different heating runs and, since is simi-
lar to that of the polyalanine based peptide (about
173°C) (Ghosh et al. 2003), we believe that its
polypeptides components contain long polyalanine
sequences along the chains. These sequences allow
the formation of the crystalline domains during the
cooling runs in the DSC analysis. The ΔHm values
determined in the first heating step indicate that the
crystalline domains prevail in the K and R silks with
respect to those of the other studied samples. This
behaviour confirms that different amino acid
sequence distributions lead to different crystalline
and amorphous domains.

Discussion

This work is the first survey of the chemical structure
of the silk produced by the Namibian Ariadna

spiders (and also the first survey of this kind carried
out in the whole superfamily Dysderoidea).
The FT-IR analysis reveals that the silks taken

from the five research sites have a similar protein
composition, as the signals of the asymmetric
stretching of the amide carbonyl (1640 cm−1) and
the amide NH (3295 cm−1) confirm. On the basis
of the data in the literature (Moore & Krimm
1976; Jackson and Mantsch 1995; Bramanti et al.
2005; Papadopoulos et al. 2007; Lorusso et al.
2011) and, in particular, according to published
FT-IR spectra of glycine- and alanine-based poly-
peptides, we affirm that the HFIP extracts the
protein constituting the spider silk. In fact, the
absorption bands i the 1600–1700 cm−1 and
1480–1600 cm−1 regions assigned to the character-
istic vibrational modes of the amide (-CONH)
groups fit well with the so-called amide II and
amide I absorptions of proteins, respectively. The
absorption band centred at about 1650 cm−1 is
primarily due to the C = O (carbonyl) stretching
vibration (νC=O) of amide I, while the band picked
at 1580 cm−1 referred to as amide II is due to the
coupling of the N-H in-plane bending and C-N
stretching modes. The less intense peak at about
1260 cm−1 was assigned to amide III and is due to
the C-N stretching coupled to the in-plane N-H
bending mode. Typical absorption bands due to
the stretching of the N-H bond (νN-H) appear at
about 3295 and 3100 cm−1 and are referred as
amide A and B, respectively (Moore & Krimm
1976; Jackson & Mantsch 1995; Bramanti et al.
2005; Papadopoulos et al. 2007; Lorusso et al.
2011). A large band due to the stretching of O-H
moieties appears between 3400 and 3700 cm−1. By

Figure 8. Differential scanning calorimetry (DSC) curves in the range from –70 to 180°C (recorded at 10 C/min) in the first heating run of
the different silks.
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comparing the recorded FTIR spectra with the
literature data (Moore & Krimm 1976; Blondelle
et al. 1997; Papadopoulos et al. 2007), we can
hypothesize that extracted spider silk could be con-
stituted of proteins composed prevalently by ala-
nine and glycine amino acids. However, the FT-IR
analysis does not give complete information on the
composition of the silks studied.

Taking into account the FT-IR and MALDI-MS
data and the published studies on the chemical char-
acterization of spider silks (Craig et al. 2000;
Papadopoulos et al. 2007; Vasanthavada et al.
2007; Kluge et al. 2008; Romer & Scheibel 2008;
Blamires et al. 2012), we suggest that mass differ-
ence of 198 Da corresponds to the proline-threonine
(P-T) peptide sequences; that of 199 Da corre-
sponds to the alanine-alanine-glycine (A-A-G)
amino acids sequences; that of 215 Da corresponds
glycine-alanine-serine (G-A-S) repeats; that of 225
Da corresponds to the glycine-alanine-proline (G-A-
P) repeats; that of 231 Da is due to the serine-serine-
glycine (S-S-G) triad sequence; that of 245 Da
belongs to the serine-serine-alanine (S-S-A) repeats.
The mass differences of the most common amino
acid sequences are summarized in Table III. On the
basis of these findings, we have tentatively assigned
the most intense peak series to the corresponding
amino acid sequences that should compose the
low-molecular-weight proteins of the silk extracted.
Table IV summarizes the most important chemical
compositional assignments corresponding to the
mass peaks in the mass spectra of silks M, K and R
(Figures 4–6).

Comparing the MALDI mass spectra and the data
in Table IV, it emerges that the most intense peaks
belong to the polypeptides rich in the alanine-alanine-
glycine amino acid sequences (species P1 and P2 in
Table IV).
The presence of a new family of peaks spaced at

184 Da in the K silk suggests that some polypeptides
composing the silk could contain the alanine-leucine
(A–L) or the alanine-isoleucine (A–I) sequences
along the chains. Unfortunately, these two sequences
cannot be distinguished by MALDI-TOF MS
because they are isobars (m/z 184).
The MALDI-MS data (Figures 4–6 and Table IV)

reveal that the silk proteins produced by Ariadna
spiders as well as those in other spider families (espe-
cially Araneidae) have some common low-molecu-
lar-weight proteins rich in alanine (A) and glycine
(G) amino acids as the primary constituents. The
remaining amino acid components are mostly threo-
nine (T), proline (P), serine (S) and glutamine (Q).
Nevertheless, the presence of other amino acids such
as arginine (R), lysine (K), leucine (L) and/or iso-
leucine (I) cannot be excluded. On the basis of the
data in the literature (Simmons et al. 1996; Hsia
et al. 2011), it appears that polyalanine-rich regions
form crystal domains and are responsible for the
strength of the silk; on the contrary, polyglycine-
rich regions form amorphous regions and character-
ize the elasticity of the silk fiber. This chemical char-
acterization is broadly consistent with the hypothesis
of the exclusive presence of MaSp1 protein in the
haplogyne spiders, with proline contents more or less
low (Gatesy et al. 2001; Gaines & Marcotte 2008).
The different Ariadna silks analyzed in this paper
show different proline contents, the Rooikop silk
having the highest amount while the Khorixas silk
has the lowest.
In accordance with the MALDI data, the first

melting peak of the DSC analysis could be asso-
ciated with the melting of low-molecular-weight
proteins, and the second one should be due to
the melting of the high-molecular-weight polypep-
tides. The different melting temperatures of silks
can be associated with the composition and mole-
cular weight of the proteins composing the silks.
This is also confirmed by different enthalpy of
fusion of the studied silks, neglecting the sites W
and G for which we did not get low mass protein
spectra. The highest value, found in the K silk,
could be linked to the presence of polyalanine
groups that results in a considerable amount of
the crystalline component; on the contrary, the
lowest value is in the M silk, indicating a preva-
lence of amorphous components with a relative
consistence of serine amino acid. The enthalpy of

Table III. Mass differences of the most
common amino acid sequences.

Assignments Mass

GS 144
AS 158
AP 168
AL/AI 184
PT 198
AAG 199
GGS 201
GGP 211
GAS 215
GAP 225
AAS 229
SSG 231
AAP 239
SSA 245
QGA 256
SSS 261
SSP 271
GAGS/QGS 272
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fusion of the R silk is between those of the K and
M silks; however, a crystalline component main-
tains a significant presence.

Variations in low-molecular-weight proteins
observed in the mass spectra and in the melting
temperature of silks might be correlated with the
different habitats where spiders live. R, M and K
spider populations reflect three varied environmental
conditions: a coastal foggy area, hot central desert
area and savannah, respectively. Their needs are
therefore different and we expect that the chemical
and thermal properties of their webs couple to habi-
tat features. Indeed, we can assert that silk

composition has a greater or lesser complexity in
the different analyzed webs.
In the savannah site, where K is, external to the

desert, we find a simpler chemical composition of
silk protein. On the other hand, DSC analysis shows
an intense, narrow melting peak at about 170°C that
suggests that some crystalline domains are due to the
polyalanine sequences composing the K silk. We
could suppose that this simplified structure may be
a sign of a primitive step on the way to desert colo-
nization by Ariadna spp. This hypothesis is also sup-
ported by both the corresponding simple structure of
the stone ring and the prevalence of silt in the soil

Table IV. Assignments of the most important peaks observed in the low mass range of the matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) mass spectra of the silks M, R and K. In parentheses are reported the variable amino acids sequences of each
polypeptide.

N Assignments Mass Silk

P1 H(-[AAG]m-[PT]n-[QGA]-[GGP]2-[GAP]-)OH 1319(1,1); 1518(2,1); 1717(3,1); 1916(5,0); 2114(5,1);
2313(6,1); 2512(7,1); 2710(7,2); 2909(8,2); 3108(9,2):
3307(10,2): 3506(11,2); 3705(12,2); 3904(13,2); 4103
(14,2); 4302(15,2); 4501(16,2); 4700(17,2); 4899(18,2);
5098(19,2); 5297(20,2); etc.

M, R, K

P2 H(-[AAG]m-[PT]n-[GGP]2-[GAP]-[GS]-Q-)OH 1932(5,0); 2130(5,1); 2329(6,1); 2528(7,1); 2726(7,2);
2925(8,2); 3124(9,2); 3323(10,2); 3522(11,2); 3721(12,2);
3920(13,2); 4119(14,2); 4318(15,2); 4517(16,2);
4716(17,2); 4915(18,2); 5114(19,2); 5313(20,2); etc.

M, R, K

P3 H(-[AAG]3-[PT]n-[GAS]2-[SSG]-)OH 1870 (3); 2068 (4) M, K
P4 H(-[AAG]3-[PT]3-[GAS]2-[SSG]-[SSA]x-Q-)OH 1998 (0); 2243 (1) M
P5 H(-[AAG]m-[PT]3-[GAS]2-[SSA]-)OH 1884(3); 2083(4) M
P6 H(-[AAG]2-[PT]3-[GAS]2-[SSG]-[GAP]-)OH 1896 M
P7 H(-[AAG]3-[PT]3-[GAS]2-[SSA]x-G-)OH 1941(1); 2186(2); 2431 (3) M
P8 H(-[AAG]3-[PT]3-[GAS]2-[SSA]x-A-)OH 1955 (1); 2200 (2); 2445 (3) M
P9 H(-[AAG]3-[PT]3-[GAS]2-[SSA]-P-)OH 1981 M
P10 H(-[AAG]m-[PT]3-[GAS]2-[SSG]-[SSA]x-[GS]-)OH 2014 (3,0); 2213 (4,0); 2259 (3,1) M
P11 H(-[AAG]5-[GGP]3-[QGA-]- [SSA]x-[SSS] y-Q-)OH 2030 (0,0); 2275 (1,0); 2291 (0,1) M
P12 H(-[AAG]5-[QGA]-[GGP]2-[GAP]- Q-)OH 2044 M
P13 H(-[AAG]5-[GGP]3 -[QGA-]2-[SSA]x-)OH 2158 (0); 2403 (1) M
P14 H(-[AAG]5-[QGA]-[GGP]2-[GAP]2-[SSA] x-)OH 2141 (0); 2386 (1) M
P15 H(-[AAG]5-[PT]-[GAGS]-[GGP]2-[GAP]-[SSA]-)OH 2375 M
P16 H(-[AAG]5-[QGA]-[GGP]2-[GAP]-[SSA]2-S-)OH 2493 M
P17 H(-[AAG]4-[PT]-[GAP]-[AL]z-A-)OH 1676(2); 1860(3); 2044(4); 2228(5); 2412(6); 2596(7);

2780(8); 2964(9)
K

P18 H(-[AAG]5-[PT]-[GAP]-[AL]z-A-)OH 1875(2); 2059(3); 2044(4); 2243(5); 2427(6); 2611(7);
2795(8); 2979(9)

K

P19 H(-[AAG]m-[PT]n-[GGP]2-[GAP]-[AS]-Q-)OH 2144(5,1); 2343 (6,1); 2542 (7,1) R
P20 H(-[AAG]m-[PT]2-[QGS]-[SSG]-[GS]-)OH 2056 (5); 2255 (6) R
P21 H(-[AAG]m-[PT]2-[QGS]-[SSA]-[GS]-)OH 2070 (5); 2269 (6) R
P22 H(-[AAG]m-[PT]4-[GS]-[SSA]-)OH 2092 (4); 2291 (5) R
P23 H(-[AAG] m-[PT]-[GGP]2-[GAP]-[AS]-Q-)OH 2144 (5); 2343 (6) R
P24 H(-[AAG]6-[GAS]-[GGP]2-[SSA]-P-)OH 2191 R
P25 H(-[AAG]m-[AAS]-[GGP]2-[SSA]-P-)OH 2205 (6); 2404 (7) R
P26 H(-[AAG]m-[PT]-[AAS]-[SSP]-[AP]-)OH 2277 (7); 2476 (8) R
P27 H(-[AAG]m-[GGP]w-[QGA]- [SSS] -Q-)OH 2291 (5,3); 2490 (6,3); 2689 (7,3) 2900 (7,4) R
P28 H(-[AAG]m-[PT]-[GGS]-[GGP]-[AL]-)OH 2217 (6); 2416 (7) R
P29 H(-[AAG]6-[PT]-[GGP]2-[GAP]2-[QGS]-)OH 2554 R
P30 H(-[AAG]m-[PT]-[GGP]2-[GAP]-[AAP]-[QGS]-)OH 2568(6); 2767(7); 2966(8) R
P31 H(-[AAG]m-[PT]-[GGP]2-[AAP]2-[QGS]-)OH 2980(8); 3179 (9) R
P32 H(-[AAG]m-[PT]-[GGP]- [GAP]-[AAP]2-[QGS]-)OH 2994(8); 3193 (9) R
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composition, which is, in turn, evidence of an
ancient erosion process.

The polyalanine blocks (crystal domains) that
characterize the K silk give a greater strength to the
web that could be linked to habitat characteristics.
The semi-arid conditions of the savannah with high
temperature values compel spiders to construct their
homes deep in the soil to guarantee optimal micro-
climatic conditions for adults, eggs and spiderlings.
The high depth of the burrows requires, in turn, a
tough web able to face both collapse and the rainy
season.

In both the M and R sites (which even the dis-
criminant analysis clearly distances from K), the
composition of web silk appears to be far more com-
plex; we hypothesize that this increased complexity
could have evolved in response to different habitat
features. The increased presence of proline in the
silks at these stations could be considered an evolu-
tionary step to a progressive colonization of the
desert by the Ariadna spiders, and then a step to
their major specialization.

R station, located at the beginning of the desert
and not too far from the Atlantic coast, with a grav-
elly substrate, is characterized by both the fog (and
the moisture it brings to the desert) and the wide-
spread growth of ground-dwelling lichens; its soil
undergoes daily variations ranging from high humid-
ity during the morning and at night to high aridity in
the daytime peak hours. A substantial amount of
gravel in the soil composition makes spider burrow-
ing more difficult; on the other hand, climatic con-
ditions (moderate temperature and high humidity)
drive spiders to dig short burrows with webs com-
posed of strong silks to prevent their home from
becoming damaged. This silk stiffness is also sup-
ported by the broad endothermic peak of DSC ana-
lysis. R silks include a large amount of proline, a
hydrophobic amino acid (Savage & Gosline 2008);
its presence is justified by the high-humidity condi-
tions of the habitat. R spiders do not need to have
hydrophilic amino acids, as their habitat near the
coastal area and rich in lichens ensures the spiders’
water intake.

M spiders inhabit the desert interior and experi-
ence the hyperarid climatic condition of the Namib
(temperatures up to 45°C; very low precipitation and
humidity) where the substrate is mostly sandy. In
such conditions, it is certainly convenient for the
spiders to have a burrow sufficiently deep to ensure
a suitable microhabitat. MALDI spectra indicate the
presence of asparagine–lysine and/or asparagine–glu-
tamine sequences and a large presence of serine.
These hydrophilic amino acids are able to retain
moisture thanks to the presence of hydrogen bonds,

and this could be a significant adaptation by spiders
to allow them to inhabit desert areas: in this way,
these animals can get the amount of water necessary
for their survival.
In order to obtain more information on the che-

mical composition (% mol of each amino acid com-
ponent) and the primary chemical structure (i.e.
amino acid sequences) of the polypeptides compos-
ing the silks, total and partial acid hydrolysis, and
also tryptic digestion, will be carried out and then
the products will be investigated by HPLC (High-
performance liquid chromatography), MALDI-
TOF MS, MALDI-TOF MS/MS (tandem mass
spectrometry) and ESI-TOF (electrospray ioniza-
tion-time of flight).
Despite being the first chemical analysis of the silk

of Namibian spiders belonging to the genus Ariadna,
our study has led to significant results. Moreover, to
the best of our knowledge, the present work repre-
sents the first case of characterization of the neat
polypeptides composing the spider silks, by
MALDI-TOF MS analysis.
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