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Abstract. The study presents the microanatomy of the
polyps of the reef-dwelling octocoral Sarcophyton auritum.
We demonstrate the presence of its unique collagen fibers in
the colony by means of Masson Trichrome histological stain-
ing. Based on peptide profiling, mass spectroscopy analysis
confirmed that the fiber proteins were homologous with those
of mammalian collagen. Histological and electron microscopy
results showed that six of the eight mesenterial filaments of the
polyps possess an internal, coiled, spring-like collagen fiber.
High-resolution electron microscopy revealed for the first time
in cnidarian collagen the interwoven, three-dimensional ar-
rangement of the fibrils that comprise the fibers. Some fibrils
feature free ends, while others are bifurcated, the latter being
attributed to collagen undergoing fibrogenesis. Along with the
mass spectroscopy finding, the coiled nature of the fibers and
the fibril microanatomy show a resemblance to those of ver-
tebrates, demonstrating the conserved nature of collagen fibers
at both the biochemical and ultrastructural levels. The location,
arrangement, and small diameter of the fibers and fibrils of S.
auritum may provide a highly protective factor against occa-
sional rupture and injury during the bending of the octocoral’s
extended polyps under strong current conditions; that is, pro-
viding the octocoral with a hydromechanical support. The
findings from the microanatomical features of these unique
fibers in S. auritum, as well as their suggested function, raise
the potential for translation to biomedical applications.

Introduction

Soft corals of the reef-dwelling genus Sarcophyton (Cni-
daria, Octocorallia, Alcyonacea) are widespread, occurring

from the eastern coast of Africa and the Red Sea in the west
to Polynesia in the east (Fabricius and Alderslade, 2001).
The genus features about 52 species (www.marinespecies.
org/index.php), which greatly contribute to the live cover on
numerous coral reefs (e.g., Verseveldt, 1982; Mandelberg-
Aharon and Benayahu, 2015). Sarcophyton colonies possess
a conspicuous stalk attached to the substrate, merging into a
wider, fleshy, disc-like, polyp-bearing region termed the
polypary. The polyps are dimorphic, featuring both auto-
zooids and siphonozooids. Autozooids possess eight pinnate
tentacles, which are completely retractile; siphonozooids
are smaller in diameter, lack tentacles, and outnumber the
autozooids (Fabricius and Alderslade, 2001). The polyps
have the typical cnidarian structure of an external epidermis
and an internal gastrodermis, which lines the polyp cavity
(Fautin and Mariscal, 1991). Between these two cellular layers
is the gelatinous coenenchyme—equivalent to the cnidarian
mesoglea—containing thin-walled gastrodermal canals termed
solenia, calcite sclerites, and some collagenous fibers (Fabri-
cius and Alderslade, 2001).

Members of the phylum Cnidaria possess fibrillar and
non-fibrillar collagenous proteins in their mesoglea. Their
collagen is considered acellular, and is situated between the
epidermal and gastrodermal cell layers (Tillet-Barret et al.,
1992). The mesoglea provides structural reinforcement and
stiffness (e.g., Gosline, 1971; Koehl, 1977; Thompson and
Kier, 2001). In the different cnidarian classes, collagen acts
as an extracellular matrix (ECM), providing scaffolding for
cellular organization (e.g., Tidball, 1982), and also playing
a role in the skeletogenesis (e.g., Ledger and Franc, 1978;
Kingsley et al., 1990) and functioning of nematocysts (e.g.,
Brand et al., 1993). In Hydra (class Hydrozoa), collagen
characteristically features a thin ECM in the form of a basal
membrane (Fowler et al., 2000) and patterning polyp shape
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(Aufschnaiter et al., 2011). The gelatinous mesogleal ECM
of jellyfish (class Scyphozoa) exhibits a three-dimensional
network of thin collagen fibrils (Gambini et al., 2012). In
the class Anthozoa, which includes sea anemones and cor-
als, the mesoglea is of variable thickness, with thin, embed-
ded collagen fibers that are thought to serve as reinforcing
filler (Gosline, 1971). The collagen of octocorals has not
been widely investigated; studies have examined the sea pen
(Franc et al., 1985; Tillet et al., 1996) and the gorgonian
(Kingsley et al., 1990).

Our recent studies have shown that the octocoral Sarco-
phyton ehrenbergi (v. Marenzeller, 1886) exhibits unique,
long collagen fibers, with highly reversible extensibility and
rigidity, which are at the top of the reported range for
mammalian collagen fibers (Benayahu et al., 2013; Haj-Ali
et al., 2013; Sharabi et al., 2014). The present study exam-
ined a congener, the Red Sea-endemic Sarcophyton auritum
Verseveldt & Benayahu, 1983 (see also Mandelberg-
Aharon and Benayahu, 2015), focusing on its unique fibers,
which markedly differ from those previously reported for
cnidarians. We sought to elucidate a) the microanatomy of
the polyps and the position of collagen fibers in the colony,
using specific histological staining; b) the protein composi-
tion of these fibers, with mass spectroscopy analysis; and c)
the microstructure of the fibers, with electron microscopy.
Because collagen has been a conserved protein throughout
evolution (e.g., Exposito et al., 2008, 2010), it was intrigu-
ing to examine these newly-discovered collagen fibers. The
understanding gained from these novel fibers is anticipated
to contribute to implementation in practical biomedical
applications (see also Haj-Ali et al., 2013; Sharabi et al.,
2014, 2015).

Materials and Methods

Sample collection

To examine the microanatomy and collagen fibers in
colonies of Sarcophyton auritum, samples measuring
� 4�3 cm3 each were removed from the polypary of 8
colonies in the reef (3–5 m) across from the Interuniversity
Institute for Marine Sciences in Eilat (IUI), Israel, northern
Gulf of Aqaba (Red Sea) (February–August, 2012). Sam-
ples were individually placed in zip-lock bags underwater,
then immediately brought to the laboratory for further pro-
cessing. The collection of animals complied with a permit
issued by the Israel Nature and National Parks Protection
Authority.

Microanatomy and histological studies

For histological study, small subsamples were taken from
the larger samples, fixed overnight in 4% formaldehyde in
seawater, rinsed with distilled water, and preserved in 70%
ethyl alcohol. They were then decalcified for 2 successive

periods of 20 min each, using a mixture of formic acid and
sodium citrate (Winsor, 1984), washed with distilled water,
and dehydrated in a graded series of ethyl alcohol. The
subsamples were placed in paraffin, and cross-sections
measuring 6 –7 �m thick were obtained using a mi-
crotome (M1R; Shandon Lipshaw, Pittsburgh, PA). His-
tological slides were prepared with Masson Trichrome
stain to visualize the collagen fibers (see Ross and
Pawlina, 2006), then examined under a light microscope
(Nikon Optiphot).

Protein digestion and matrix-assisted laser desorption/
ionization time of flight/time of flight (MALDI-TOF-TOF)
analysis

Protein digestion and MALDI-TOF-TOF analysis were
conducted. Upon collection, polypary subsamples of Sarco-
phyton auritum were immediately frozen at –20 °C, later
defrosted, then placed on ice. To obtain isolated fibers, the
material was ripped apart and the exposed fibers were
carefully pulled out from the tissue using forceps. The fibers
were washed in sterile, phosphate-buffered saline; any cel-
lular debris was carefully removed under a dissecting mi-
croscope (Sharabi et al., 2014).

The fibers were sonicated in a lysis buffer of 8 mol l–1

urea containing 400 mmol l–1 ammonium bicarbonate. Sam-
ples were reduced in 2.8 mmol l–1 DDT (1-dodecanethiol) at
60 °C for 30 min, modified with 8.8 mmol l–1 iodoacet-
aminide in 100 mmol l–1 ammonium bicarbonate in the dark
at room temperature for 30 min, and digested overnight at
37 °C in 2 mol l–1 urea and 25 mmol l–1 ammonium
bicarbonate with modified trypsin (Promega Corp., Madi-
son, WI) at a 1:50 enzyme-to-substrate ratio. The tryptic
peptides were desalted using C18 tips (Harvard Apparatus,
Cambridge, MA), dried, and resuspended in 0.1% formic
acid. The peptide mixture was resolved by reverse-phase
chromatography on 0.075 � 200-mm, fused silica capillar-
ies (J&W Columns; Agilent Technologies, Santa Clara, CA)
packed with Reprosil C18-Aqua (Dr. Maisch HPLC GmbH,
Ammerbuch, Germany). The peptides were eluted with a
94-min linear gradient of 5%–28% solvent B (95% aceto-
nitrile with 0.1% formic acid), and for 12 min at 95%
acetonitrile with 0.1% formic acid in water at a flow rate of
0.15 �l/min. Mass spectrometry (LTQ Orbitrap XL;
Thermo Fisher Scientific, Waltham, MA) was performed in
a positive mode using a repetitively full mass spectrometry
(MS) scan, followed by collision-induced dissociation
(CID; at 35 normalized collision energy) of the 7 most
dominant ions (� 1 charge) selected from the first MS scan.
The mass spectrometry data were analyzed using Discov-
erer software version 1.3 (Thermo Fisher Scientific) and the
Sequest search engine against the UniProt database for
homologous proteins (UniProt Consortium, 2015). High
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identifications were at a 1% false discovery rate (FDR), and
medium identifications, at a 5% FDR.

Scanning electron microscopy (SEM) and environmental
scanning electron microscopy (ESEM)

For SEM, subsamples were fixed in 4% glutaraldehyde in
filtered seawater (0.22 �m FSW), decalcified as described
above, dehydrated through a graded series of ethanol up to
100%, and critical point dried with liquid CO2. The prepa-
rations were fractured under a compound microscope, using
the tips of fine forceps, and the gastrovascular cavities were
then carefully exposed. They were next gold-coated and
examined by SEM (JEOL JSM-840A SEM; JEOL Ltd.,
Tokyo, Japan). To obtain fiber preparations, fibers were
isolated as described above, and stored in 70% ethanol.
They were then processed, coated with gold palladium
alloy, and examined at high vacuum by ESEM (JSM-6700
Field Emission Scanning Electron Microscope; JEOL Ltd.).
Diameters of collagen fibers and fibrils were obtained from the
images, using the ImageJ program (Schneider et al., 2012).

Transmission electron microscopy (TEM)

For TEM, subsamples of the polypary were preserved in
Karnovsky fixative (Karnovsky, 1965), decalcified, then
washed with double-distilled water (DDW) and phosphate
buffer. The subsamples were kept in 50% phosphate buffer and
50% Karnovsky fixative (Dykstra and Reuss, 2003), and em-
bedded in Epon blocks (epoxy resin). Sections were obtained
using a glass knife, stained with uranyl acetate and lead citrate,
and examined by TEM (JEOL 1200EX; JEOL Ltd.).

Results

Microanatomy and histological studies

Cross-sections of the Sarcophyton auritum polypary 2–3
mm below the surface featured a uniformly pale-turquoise-
stained coenenchyme, found between the autozooids (here-
after termed “polyps”) and the siphonozooids (Fig. 1a).
Histological sections of the polyps at the pharyngeal level
exhibited eight mesenteries radiating from the inner polyp
body wall across the gastrovascular cavity. This section was

Figure 1. Light microscopy views of Masson Trichrome-stained cross-sections of Sarcophyton auritum,
showing (a) an autozooid polyp at the pharyngeal level, with 8 mesenteries, the pharyngeal wall with thin
mesoglea between the epidermis (ep) and gastrodermis (g), polyp retracted into the pharyngeal cavity, sipho-
nozooids (si) with two short mesenteries, and solenia (sl). Among the autozooids, siphonozooids, and solenia is
the light-turquoise-stained mesoglea. (b) Gastrovascular cavity with turquoise-stained collagen at the thickened
edge of 6 mesenteries, and the other 2 mesenteries without this edge (arrows); (c) stained collagen in mesenterial
filaments surrounded by gastrodermis (g) and mesentery, with thin mesoglea attached to the polyp body wall;
(d) sections within a mesenterial filament showing the inner collagenous region of the mesentery, featuring
asymmetrical extensions on one side (arrows); (e) magnified mesentery with 4 sections of convoluted mesen-
terial filament with inner fibrous collagen fiber; collagen in the mesentery featuring asymmetry: one side with
remarkable, elongated extensions (arrows) and the other with none; gastrodermis is stained pinkish-red.
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turquoise from the Masson Trichrome stain, indicating the
collagenous nature of the coenenchyme. A cross-section at
the pharyngeal level of a retracted polyp similarly exhibited
eight mesenteries. The coenenchyme featured sections of
solenia and cross-sectioned siphonozooids, each of the latter
bearing the characteristic two mesenteries (Fig. 1a). Figure
1b presents a cross-sectioned polyp below the pharynx, in
which the edge of each of 6 radial mesenteries possesses a
distinct, heavily turquoise-stained collagenous region. The
remaining two short mesenteries of the polyp lack these
turquoise-stained regions. The stained region corresponds to
the polyp’s mesenterial filament, which appears in the sec-
tion as circular (Fig. 1b, c) or composite (Fig. 1b, d). The
cross-sectioned edge of the mesentery demonstrates the
convoluted nature of a contracted mesenterial filament (see
Fig. 2); and, therefore, at a given plane, several sections
might appear, each featuring turquoise-stained collagen sur-
rounded by a dark-red-stained gastrodermis (Fig. 1d, e). The
dark-turquoise-stained inner part of the mesenterial filament
is comprised of a conspicuous fibrous collagen (Fig. 1d),
unlike the uniformly stained coenenchyme (Fig. 1a–d). The
cross-sectioned, inner collagenous part of the mesentery
(Fig. 1d, e) is asymmetrical: only one side has clearly
extended extensions, while the other side has none.

Protein composition of fibers

The histological cross-sections of Sarcophyton auritum
(Fig. 1d, e) highlight the turquoise-stained inner part of the
mesenterial filament, indicating the presence of fibrous col-
lagen, surrounded by the endodermal cells. We isolated the
fibers and analyzed their protein composition by liquid
chromatography-mass spectrometry (LC-MS/MS). Pro-
teome analysis characterized the organic matrices of the
fibers; their tryptic cleavage led to the production of pep-
tides that were separated by nano-liquid chromatography
(nano-LC). The latter were then analyzed using tandem
mass spectrometry (MS/MS) with an electrospray, high-
resolution Mass Spectrometer-Orbitrap XL (Thermo Fisher
Scientific). In silico analysis of the peptides confirmed the
collagenous nature of the fibers as being mainly collagen
type I. Since the database does not contain data from the
Sarcophyton auritum proteome, the mass spectrometry data
were analyzed against the Octocorallia and Cnidaria sec-
tions of the National Center for Biotechnology Information-
Non-Redundant (NCBI-NR) database. The NCBI database
contains only nine partially isolated proteins (http://
www.ncbi.nlm.nih.gov/protein/?term�Sarcophyton). We
then used the UniProt Knowledgebase (UniProt KB), which

Figure 2. Scanning electron microscopy views of Sarcophyton auritum. (a) Mesenterial filament along the
mesentery is convoluted (inset), tubular, with a ciliated surface. (b) Fractured, detached mesenterial filament
revealing inner collagen fiber (arrow). (c) Extracted fibers featuring parallel and randomly oriented, coiled fibers.
(d) Extracted fibers exhibiting various states of coiling.
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is the central hub for functional information on proteins,
with accurate, consistent, and rich annotation (UniProt Con-
sortium, 2015). Consequently, we identified conserved pep-
tides from other organisms, which enabled identification of
the protein. The actual protein homology identification is
presented in Table 1.

Microstructure according to scanning (SEM), environmental
(ESEM), and transmission (TEM) electron microscopy

SEM images showed a convoluted mesenterial filament
along the mesentery (Fig. 2a, inset), which was tubular, and
which featured a ciliated surface (Fig. 2a). When the fila-
ment was detached from the mesentery and stretched, a
fracture on its surface exposed an inner, coiled collagen
fiber (Fig. 2b). Extracted collagen fibers commonly yielded
bundles (Fig. 2c) with a coiled, spring-like organization (Fig.
2c, d). There were various coiling levels, with a pitch range of
6–40 �m, most probably related to the force applied during
their extraction from the polyps. The diameter size distribution
of the fibers is presented in Figure 3a, and featured an average
diameter of 8.70 � 1.27 �m (n � 57).

ESEM micrographs of the collagen fibers revealed their
fibrillar composition (Fig. 4a). Higher magnification
showed the 3-D arrangement of the fibrils, with an interwo-

ven organization within the coiled fiber (Fig. 4b). Some
fibrils possessed bifurcated ends and others had free ends
(Fig. 4c, d), suggesting that the fibrillogenesis process was
taking place (see Discussion). The distribution of diameter
size of the fibrils is presented in Figure 3b, showing an
average diameter of 23.72 � 3.05 �m (n � 45).

TEM micrography of a cross-sectioned mesenterial fila-
ment yielded several sections of its collagen fiber at a given
plane (Fig. 5a) embedded in the octocoral mesoglea, which
also included some sections in the gastrodermis (Fig. 5b).
An enlarged image of a sectioned fiber (Fig. 5c) shows
longitudinal, striated fibrils typical of type I collagen and
concentrically aligned, along with some cross-sectioned fi-
brils and longitudinal and oblique sectioned fibrils (Fig. 5d).

Discussion

The microanatomical features of the polypary of the
octocoral Sarcophyton auritum (Fig. 1) are presented. Over-
all, these features correspond to those known for other
octocorals (Fabricius and Alderslade, 2001). However, our
findings also revealed the unique microanatomical and ul-
trastructural characteristics of its mesenterial filaments, not
previously documented for octocorals (Figs. 1 and 2). The
distinctive microscopic and biochemical features of the
fibrillar collagen of this species are provided, and shed new
information on cnidarian collagen fibers. The fibers of S.
auritum are situated in the mesenterial filaments, character-
istically colored with Masson Trichrome stain (Fig. 1b–d
and Fig. 2b), indicating their collagenous nature. This was
also shown by proteomic analysis (Tables 1 and 2).

From basal metazoans, including cnidarians, to the highly
specialized connective tissues of vertebrates, fibrillar colla-
gens form a major structural element of the ECM (e.g.,
Özbek et al., 2010; Tucker et al., 2011). Among cnidarians,
the ECM has a variety of functions, but it mainly provides
support for tissues, and it is the principal visible structure in

Table 1

Sarcophyton auritum: protein identification of isolated fibers based on
UniProt homology analysis

Accession
number Protein identification

P02453 Collagen alpha-1(I) chain � [CO1A1_BOVIN]
P04258 Collagen alpha-1(III) chain � [CO3A1_BOVIN]
P02465 Collagen alpha-2(I) chain � [CO1A2_BOVIN]
O46392 Collagen alpha-2(I) chain � [CO1A2_CANFA]
P85154 Collagen alpha-2(I) chain � [CO1A2_MAMAE]

Figure 3. Sarcophyton auritum: (a) size frequency distribution of collagen fiber diameters; (b) size
frequency distribution of fibril diameters.
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the acellular mesoglea (e.g., Gosline, 1971; Chapman,
1974; Koehl, 1977; Tillet-Barret et al., 1992). Little has
changed in the perception of the structure of octocoral
mesenterial filaments since the early work by Hyman
(1940). The 2 filaments on the side opposite the sipho-
noglyph (the narrow, flagellated groove of the pharynx) are
the longest and thickest, and are often bilobed; the filaments
on the other 6 mesenteries contain digestive gland cells, and
produce gonads (Fabricius and Alderslade, 2001). Mandel-
berg-Aharon and Benayahu (2015) demonstrated in S. au-
ritum that these 6 mesenteries bear gonads that are similar to
those of most other octocorals (Kahng et al., 2011). The
current findings render both Sarcophyton auritum and Sar-
cophyton ehrenbergi (see Benayahu et al., 2013) unique
among anthozoans in featuring distinct collagen fiber within
their mesenterial filaments. In contrast, in Hexacorallia, the
sister class of Octocorallia, the free edge of the mesenteries
is expanded into unilobed or trilobed mesenterial filaments,
which typically feature gland cells and cnidae (Daly et al.,
2003; Jahnel et al., 2014). Their mesenteries contain longi-
tudinal retractor muscle fibers, which aid in retraction and
which have a hydrostatic function (Fautin and Mariscal, 1991;
Jahnel et al., 2014). Our results suggest that the mesenterial
filaments of S. auritum provide a supportive structure that

differs from that found in hexacorals (collagen fibers vs. mus-
cle fibers, respectively). Whether other congeners and other
octocoral taxa share such features remains to be studied.

The current study highlights the microanatomy of Sarco-
phyton auritum, and, in particular, the position and unique
ultrastructural features of its fibrillar collagen. The fibers are
coiled, spring-like (Fig. 2b–d), and bear a resemblance to
those of its congener Sarcophyton ehrenbergi (Sella, 2012;
Benayahu et al., 2013; Sharabi et al., 2014). It is interesting
to note that these fibers look a lot like the perimysial fibers
found in the mammalian myocardium (e.g., Hanley et al.,
1999; Fleischer et al., 2013), as supported by the micro-
scopic, ultrastructural findings (Figs. 1–5). This observation
supports the well-established notion that collagen is highly
conserved among eukaryotes (e.g., Boot-Handford et al.,
2003; Özbek et al., 2010), including the two phylogeneti-
cally remote groups (i.e., cnidarians and mammals).

Figure 6 presents a schematic view of the polyp gastrovas-
cular cavity of S. auritum, with collagen seen at the thickened
edge of 6 mesenteries and an additional 2 mesenteries lacking
such an edge. Figure 6 also depicts the convoluted mesenterial
filaments, surrounded by gastrodermis and attached to the
polyp body wall; the magnified inset shows a convoluted
mesenterial filament with inner coiled collagen fiber.

Figure 4. Environmental scanning electron microscopy views of Sarcophyton auritum. (a) Fibrillar
composition of isolated fiber; (b) interwoven fibrils in a wavy arrangement; (c) bifurcated fibrils (arrows); and
(d) free ends of fibrils (arrows).
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Isolated fibers demonstrated various pitch sizes, reflect-
ing the degree of stretch from their native state within the
mesentery, which occurred during the extraction procedure
(Fig. 2b–d). They typically form fiber bundles comprised of
coiled fibers (Sella, 2012; Fig. 2b–d). The diameter size
range of S. auritum fibers and their mean are much lower
(Fig. 3a) than the known 100–300-�m range found, for
example, in the rat tail tendon (Fratzl and Weinkamer,
2007). ESEM images revealed the interwoven, 3-D arrange-
ment of the fibrils (Fig. 4a, b). These images show a fibril
diameter (Fig. 3b) that falls within the lesser-known fibril
range of 10–500 nm (e.g., Parry and Craig, 1984; Tillet
et al., 1996). We suggest that the smaller-diameter size
range of both fibers and fibrils of S. auritum acts as a
highly protective factor against occasional rupture and
injury during the bending of the extended polyps, as
octocorals commonly experience strong currents in their
natural coral-reef environment (Fabricius et al., 1995; Y.
Benayahu, pers. obs.). Undoubtedly, experimental mon-
itoring of the fiber and fibrillar architecture as a response
to mechanical stress will provide a better understanding
of their adaptive significance.

The collagen fibril ends and bifurcations (Fig. 5b–d)
suggest that fibrogenesis takes place within the mesenterial
filament. For example, during this process in vertebrates,
collagen fibrils have been shown to fuse together tip-to-tip,
forming longer fibrils (Graham et al., 2000). While bifur-
cations and fusions are observed both in normal tissue and

scar tissue, the bifurcations typically indicate the formation
of new fibrils during the wound-healing process (e.g., rat,
Provenzano et al., 2001; sheep, White et al., 2002). In
addition, early fetal development of the bovine and feline
features fibrillar morphologies similar to those noted in
our study (Provenzano and Vanderby, 2006). The high-
resolution ESEM images obtained in the current study
show, for the first time, the microstructural features of
cnidarian collagen, highlighting their remarkable resem-
blance to the collagen of vertebrates, and displaying the
conserved nature of the collagen at the ultrastructural level.

The TEM images of the mesenterial filaments also show
the coiled nature of the fibers in their in vivo state within the
mesenterial filament, as evidenced by the presence of sev-
eral cross-sectioned fibers at a given plane (Fig. 5a, b). The
mesoglea of S. auritum contains short, sparse collagen fi-
brils between the coiled fibers (Fig. 5b), as are commonly
found in other cnidarians (e.g., sea anemones, Singer, 1974;
jellyfish, Gladfelter, 1972; and Hydra, Fowler et al., 2000).
The fibrils are also coiled, as evidenced by their concentric or
oblique organization (Fig. 5b–d). These findings illustrate the
hierarchical structure of the coiled fibers of S. auritum, which
features fibers containing fibrils, yet which differs from a
classical tendon, which also possesses aggregated fascicles that
form the tendon (Fratzl and Weinkamer, 2007).

In summary, these microanatomical findings confirm, by
histological staining, protein identification, and electron mi-
croscopy the collagenous nature of Sarcophyton auritum

Figure 5. Transmission electron microscopy views of Sarcophyton auritum. (a) Cross-sectioned mesente-
rial filament with sections in coiled collagen fibers embedded in the mesoglea (m); (b) longitudinal sections of
fibers revealing fibrils in a concentric arrangement, mesoglea (m), and gastrodermal insertion (g); (c) longitu-
dinal section in fibrils; and (d) longitudinal and oblique sections in fibrils.
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fibers. These fibers are unique—compared to previously
studied cnidarian fibers—in their position in the mesenterial
filaments, their coiled nature, and their microstructural char-
acteristics (Fig. 6). Their structural features may provide
octocoral polyps with the ability to withstand the hydrome-
chanical forces prevailing in the reef environment. Auf-
schnaiter et al. (2011) demonstrated that collagen is essen-

tial for the structural patterning of Hydra; further research
on octocorals along similar lines will undoubtedly bring to
light more about the role of collagen. To better under-
stand the functional adaptations of these fibers, future
research should incorporate both in vivo and in vitro
experimental studies, and examine the co-occurring micro-
structural changes at the fiber and fibrillar levels. Such studies
will contribute to an understanding of the potential uses of
these soft coral fibers for practical biomedical purposes.
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HGNRGEPGPAGAVGPAGAVGPR
GAAGLPGVAGAPGLPGPR
GDGGPPGATGFPGAAGR
GLVGEPGPAGSK
GPNGDSGRPGEPGLMGPR

O46392 Collagen alpha-2(I) chain [CO1A2_CANFA]
Peptide sequence
GLPGVAGSVGEPGPLGIAGPPGAR
GDGGPPGATGFPGAAGR
GEQGPAGPPGFQGLPGPAGTAGEVGKPGER
GLPGEFGLPGPAGPR
GEVGPAGPNGFAGPAGAAGQPGAKGER
GAAGLPGVAGAPGLPGPR
GLPGEFGLPGPAGPR
GIVGEPGPAGSK
GPNGDSGRPGEPGLMGPR

P85154 Collagen alpha-2(I) chain [CO1A2_MAMAE]
Peptide sequence
GDGGPPGATGFPGAAGR
TGETGASGPPGFAGEK
GIPGEFGLPGPAGPR
GAAGLPGVAGAPGLPGPR
GIPGEFGLPGPAGPR
GIVGEPGPAGSK
EGPAGLPGIDGRPGPIGPAGAR

Figure 6. Schematic view of the gastrovascular cavity of a polyp of
Sarcophyton auritum. Convoluted mesenterial filaments surrounded by
gastrodermis are attached to the polyp body wall. Collagen is seen at the
thickened edge of 6 mesenteries; the other 2 mesenteries lack this edge.
Magnified inset features a convoluted mesenterial filament with inner,
coiled collagen fiber.
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