
First Evidence of Chitin as a Component
of the Skeletal Fibers of Marine Sponges.
Part I. Verongidae (Demospongia: Porifera)

HERMANN EHRLICH1�, MANUEL MALDONADO2,
KLAUS-DIETER SPINDLER3, CARSTEN ECKERT4, THOMAS HANKE1,
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ABSTRACT The Porifera (sponges) are often regarded as the oldest, extant metazoan phylum,
also bearing the ancestral stage for most features occurring in higher animals. The absence of chitin
in sponges, except for the wall of peculiar resistance bodies produced by a highly derived fresh-water
group, is puzzling, since it points out chitin to be an autapomorphy for a particular sponge family
rather than the ancestral condition within the metazoan lineage. By investigating the internal
proteinaceous (spongin) skeleton of two demosponges (Aplysina sp. and Verongula gigantea) using a
wide array of techniques (Fourier transform infrared (FTIR), Raman, X-ray, Calcofluor White
Staining, Immunolabeling, and chitinase test), we show that chitin is a component of the outermost
layer (cuticle) of the skeletal fibers of these demosponges. FTIR and Raman spectra, as well as X-ray
difractograms consistently revealed that sponge chitin is much closer to the a-chitin known from
other animals than to b-chitin. These findings support the view that the occurrence of a chitin-
producing system is the ancestral condition in Metazoa, and that the a-chitin is the primitive form in
animals. J. Exp. Zool. (Mol. Dev. Evol.) 308B:347– 356, 2007. r 2007 Wiley-Liss, Inc.
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Chitin is, after cellulose, the most abundant
polysaccharide in nature, usually complexed with
other polysaccharides and proteins. It is known to
occur as a component of the cell wall in fungi and
diatoms (Herth and Zugenmaier, ’77; Nguyen et al.,
’98; Peter, 2002), also in diverse structures of at
least 19 animal phyla (Willmer, ’90). The distribu-
tion of chitin among the animals appears to support
the hypothesis that chitin-coding gene(s) were lost
at the root of the deuterostome lineage (Rudall,
’55; Jeuniaux, ’63; Rudall and Kenchington, ’73;
Wagner, ’94), since chitin occurs mostly in
diploblasts and triploblastic protostomes (14 phyla),

being less common among the deuterostomes
(five phyla).

The question whether chitin is present in
sponges has been poorly studied until now. It
was reported that the presence of chitin in some
sponge macerates is actually due to a variety of
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microinvertebrates harbored by the sponges
(Dauby and Jeuniaux, ’86). To date the occurrence
of chitin in sponges was believed to be limited to
a modern group of sponges (the spongillids) that
colonized fresh waters from marine environments.
Within these sponges, chitin is a component of not
the body of the adult but small (300–1,000 mm)
resistance bodies called gemmules (Kunike, ’25;
Rudall and Kenchington, ’73). These are produced
by the sponges immediately prior to their seasonal
disappearance because of extremely severe win-
ters that freeze continental waters or extremely
hot summers that drain ponds and creeks. The
envelope of gemmules is secreted in the sponge
mesenchyme (mesohyl), encapsulating groups of
totipotent cells charged with reserves. It consists
of a three-layered, non-cellular collagen coat that
may even incorporate siliceous spicules in the
intermediate layer (Simpson, ’84). Chitin is sug-
gested to occur in the inner layer of the gemmule
coat (Simpson, ’84).

The presence of chitin in gemmules of the
Spongillidae but no other anatomical structure of
the phylum Porifera points out chitin to be an
autapomorphy for this sponge family rather than
the ancestral condition within the metazoan line-
age. To further examine such a hypothesis, we
investigated the potential occurrence of chitin in
the internal proteinaceous (spongin) skeleton that
either reinforces the mineral skeleton of many
demosponges or completely replaces it. In the
latter case, which can be found in three taxonomic
orders of demosponges (Dictyoceratida, Dendro-
ceratida, and Verongida), the siliceous skeletal
pieces that provide support to the soft sponge
bodies have evolutionarily been replaced by a
skeleton of proteinaceous fibers. Fibers, which
may range in thickness from few to several
hundred microns, are constituted by densely
packed collagen microfibrils arranged within a
preferential orientation, usually in concentric
layers. The hierarchical, multilevel organization
of collagen microfibrils results in spongin, a
protein more resistant to enzymatic degradation
than collagen microfibrils themselves. Spongin
fibers are known to be resistant to bacterial
collagenases, pepsin, trypsin, chymotripsin, pro-
nase, papain, elastase, lysozyme, cellulase, and
amylase (Junqua et al., ’74).

Fiber chemistry is best known for members of
the order Dictyoceratida, with X-ray diffractions
and infrared spectra yielding profiles virtually
identical to those of other collagens (Garrone, ’69).
They typically have high content of carbohydrates,

such as galactosyl-hydroxylysine and glucosylga-
lactosyl-hydroxyllysine (Junqua et al., ’74). Glu-
cose, galactose, xylose, mannose, and arabinose
are also known to occur in fibers (Simpson, ’84).
However, chitin, a polymer of the aminosugar
N-acetylglucosamine, often associated with protei-
naceous skeletons in several invertebrate groups,
has never been found in spongin fibers. The
complete absence of chitin from spongin fibers is
surprising to some extent, since incorporation of
chitin to proteinaceous skeletons of sponges
appears to be selectively favored because the
resulting material, though somewhat less flexible,
becomes more resistant to both pressure and
chemicals. Indeed, it is long known that spongin
fibers are completely dissolved in 5–20% KOH
solutions, while chitin is not (Kunike, ’25). Pre-
liminary observations that spongin fibers of some
verongid sponges were less flexible and more
resistant to dissolution than the well-studied
dendroceratid fibers (i.e., bath sponges) prompting
us to examine the spongin skeleton of two
verongid sponges for the presence of chitin.

MATERIALS AND METHODS

Sample preparation

We examined the fiber skeleton of two demos-
ponges of the order Verongida, Aplysina sp., and
Verongula gigantea, collected from the Lee Stock-
ing Island outer reef of the Bahamas (Fig. 1a and
b). In cleaning and preparing the skeletons, we
avoided the use of chemicals. The soft tissues of
Aplysina sp. were slowly eliminated by bacterial
attack, as the result of immersing the sponge in
seawater at ambient temperature for approxi-
mately 2 months, with occasional seawater repla-
cement. The skeleton of V. gigantea was found
nearly clean at the seafloor of the coral reef, as a
result of natural sponge death and subsequent
attack by bacteria and scavengers. Both skeletons
were finally rinsed in distilled water several times
and dried at ambient temperature. Cleaned
skeletons had a brownish color (Fig. 1a and b).

Alkaline extraction of sponge fibers

To elucidate the nature of the fiber components,
we demineralized fibers by alkali treatments.
Fiber skeletons were washed three times in
distilled water, cut into 2� 2.5 cm2 pieces, and
placed in a 10 ml plastic vessel containing 8 ml
of 2.5 M NaOH solution. The vessel was covered to
restrict evaporation and placed under thermo-
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stated conditions (371C) with gentle agitation for
7 days. Immersion in NaOH led to an immediate
loss of brown pigment from the fibers. Pigmentation
loss was further investigated spectrophotometrically
using a Perkin Elmer Lambda 10 UV/VIS Spectro-
meter. The effects of the alkali etching on the fibers
were also examined using optical and scanning
electron microscopy (SEM) on both pieces of fiber
network and fiber’s cross-sections. The fibrous
colorless material obtained after alkali treatment
of the sponge samples was washed with distilled
water five times and finally dialyzed against
deionized water on Roth (Germany) membranes
with a MWCO of 14 kDa. Dialysis was performed for
48 hr at 41C. The dialyzed material was dried at
room temperature and used for staining and
analytical investigations. For appropriate compar-
isons during this and subsequent experiments
involved in the process of sponge chitin character-
ization, we used a-chitin as a control. It was
prepared from a commercially available crab shell
chitin (Fluka). The material was purified with
aqueous 1 M HCl for 2 hr at 251C and then refluxed
in 2 M NaOH for 48 hr at 251C. The resulting
a-chitin was washed in deionized water and cen-
trifugated several times until neutrality was
reached. The entire process was repeated twice.
b-Chitin was extracted from Riftia pachyptila tube-
worm and purified at the Institute of Marine Biology
FEBRAS (Vladivostok, Russia), following the meth-
odology published elsewhere (Kim et al., ’96).

Staining and detection of chitin

To elucidate the particular location of chitin in
the fibers, we used dyes that are known to
intercalate with polysaccharides. We used Calco-
fluor White (Fluorescent Brightener M2R, Sigma)
which shows enhanced fluorescence when binding
to chitin (Hickey et al., 2005). Pieces of untreated
clean skeleton and those dialyzed after alkali
treatment were placed in 0.1 M Tris-HCl at pH
8.5 for 30 min, then stained using 0.1% Calcofluor
White solution for 30 min in darkness, rinsed
three times with distilled water, dried at room
temperature, and finally observed using Wide
Field Fluorescence as well as confocal Laser
Scanning Microscopy (LSM) (Zeiss LSM 510
META). For LSM the fluorescence of Calcofluor
White was excited by an NIR pulsed laser (770 nm)
using two-photon excitation. This corresponds to a
single-photon excitation at approximately 380 nm
that yields a fluorescence emission at 440 nm.

Immunocytochemistry

The primary antibody is directed against chitin
and was developed in rabbits (Buss et al., ’96).
Fiber portions were first incubated with normal
rabbit serum (1:10 diluted) in phosphate buffered
saline (PBS) for 4 hr at room temperature to
suppress unspecific absorption of the antibodies
and then incubated with either the antibody
against chitin (1:20 diluted with PBS) overnight

Fig. 1. Macroscopic view of the fiber skeletons of the sponges Verongula gigantea (a) and Aplysina sp. (b). Absorption
spectra of the aeroplysinine-like pigment extracted from spongin fibers showing a characteristic peak at 320 nm (d).
Measurements at 320 nm show that the fibrous material became pigment-free after the 4th day of its extraction using
alkali treatment (e). Calcium carbonate in the form of aragonite (c) was also identified as a component of fibers. Scale bars
represent 1 cm.
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at 41C or with PBS (control). Both samples were
then incubated with an FITC labeled second
antibody (goat anti rabbit; Sigma F-1262, diluted
1:50 with PBS) for 4 hr at room temperature.

Chitinase test

Chitinase (EC 3.2.1.14) from the bacterium
Serratia marcescens was used, one unit of which
liberates 1.0 mg of N-acetyl-D-glucosamine from
chitin per hour at pH 6.0 at 251C in a 2 hr assay.
Fiber portions of 8.0 mg were incubated with
chitinase dissolved in 0.2 M citrate phosphate
buffer at pH 4.5 at 251C for 12 hr or in the buffer
as a control. Preparation of colloidal chitin from
crab chitin (Sigma) was performed according
to Boden et al. (’85). The effectiveness of the
enzymatic degradation was monitored using op-
tical microscopy (Zeis, Axiovert). The Morgan-
Elson assay was used to quantify the N-acetylglu-
cosamie released after chitinase treatment as
described previously (Boden et al., ’85).

Fourier transform infrared (FTIR)
spectroscopy

IR spectra were recorded with a Perkin Elmer
FTIR Spectrometer Spectrum 2000, equipped with
an AutoImage Microscope using the Fourier
transform infrared reflection absorption spectro-

scopy technique. Fourier transform (FT)-Raman
spectra were measured using a Bruker RFS 100/s
spectrometer and Nd-YAG excitation at 1,064 nm.

X-ray analysis

X-ray diffraction measurements were performed
by an STOE-STUDIP-MP diffractometer with
Ge-monochromator at Cuka1 wave length.

Fluorescence and confocal
laser scanning microscopy

For both methods an upright light microscope
Axioscope 2 FS mot was used. For LSM it was
equipped with a Zeiss LSM 510 META scanning
head. The fluorescence was excited either by
a mercury arc lamp HBO50 or, in the case of
LSM, by Ar1 ion- (488 nm), He/Ne- (546 nm) and
Titanium/Sapphire-NIR (770 nm) lasers. The spec-
tra were recorded by the META spectrograph
inside the scanning head.

SEM analysis

The samples were fixed in a sample holder and
covered with a gold layer for 1 min using an
Edwards S150B sputter coater. The samples were
then placed in an ESEM XL 30 Philips SEM.

Fig. 2. General SEM view of an Aplysina sp. fiber (a) and details of the 5–6 mm thick peripheral cuticle (b), the central
10–15 mm thick porous pith (c) and the crystalline-like 60–70 mm thick intermediate layer (d).
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Light microscopy

All material was observed under an MZ12
Leica stereomicroscope using transmitted
light.

RESULTS AND DISCUSSION

Loss of pigmentation of the brownish fibers
started as soon as they were immersed in NaOH
solutions. The pigment showed a characteristic

Fig. 3. SEM pictures (a and b) of cleaned, untreated fibers of Verongula gigantea compared to equivalent images of NaOH-
treated fibers (c and d). Scale bars represent 200 mm.

Fig. 4. Calcofluor White staining of the fiber cuticle of Verongula gigantea indicating the presence of chitin. (a) 3D
reconstruction of a confocal LSM image stack (70 single images) showing calcofluor white fluorescence (light blue) in the
outermost region of the fibre as well as natural autofluorescence (green) of the fibre. (b) wide-field fluorescence images revealing
marked difference between unstained and (c) stained alkali-insoluble sponge fibers. Scale bars represent 200 mm.
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absorption peak at 320 nm in the UV region of the
spectrum (Fig. 1d), which corresponds with that
of an aeroplysinine-like bromotyrosine derivate,
previously identified by us (Ehrlich et al., 2003).
We measured the relative concentration of this
pigment spectrophotometrically by absorbance
maximum at 320 nm over the course of 7 days.
The results show no increase in pigment extraction
after the fourth day (Fig. 1e). On the fifth day,
fibers became hollow, pipe-like, translucent struc-
tures. In addition to pigment, we also identified
occurrence of a mineral component, which was
previously identified as calcium carbonate in the
form of aragonite (Ehrlich et al., 2003). Aragonite is
responsible for the stability of the sponge skeleton
and precipitates by evaporation of the extract in the
form of crystals (Fig. 1c). SEM observations
of V. gigantea and Aplysina sp. fibers (Fig. 2)
confirmed a concentric, multilayered structure. In
cross-sections of fibers, three regions were patent:
(1) an outer, 5.50–6.50mm thick, cuticle-like layer
(Fig. 2a); (2) an intermediate, 60–70mm thick,
paracrystalline layer, which makes the bulk of the
fiber body (Fig. 2b); and (3) an inner, 10–15mm
thick, porous corer, the pith (Fig. 2c). Alkali
treatment led to loss of the two interior layers,
causing wrinkling of the fibers (Fig. 3d and e).
When fibers were stained with Calcofluor White,
comparisons between LSM images of alkali-un-
treated (Fig. 4a) and alkali-treated fibers (Fig. 4b
and c) revealed that chitin was exclusively dis-
tributed within the outermost, cuticle-like layer of
fibers. The results of the additional physico-
chemical analyses performed using FTIR (Fig.
5a), Raman (Fig. 5b), and XRD (Fig. 5c) also agreed
that the alkali-resistant, demineralized, fibrous
material of V. gigantea and Aplysina sp. consists
of a-chitin. The output of our analyses for the
alkali-resistant fractions of the fibers was fully
consistent with those of previous reports of FTIR-,
Raman-, and XRD-identification of chitin in other
organisms (Galat and Popowicz, ’78; Brugnerotto
et al., 2001; Feng et al., 2004; Gardenas et al., 2004;
Lima and Airoldi, 2004; Muzzarelli et al., 2004;
Beaney et al., 2005; De Gussem et al., 2005;
Wanjuna et al., 2005; Yamaguchi et al., 2005).
Immunostaining with a chitin-targeted antibody
(Fig. 6) and chitinase-degradation tests (Fig. 7) also
corroborated occurrence of chitin in the fiber
cuticle. Calculations on the basis of the results of
the Morgan–Elson assay for the determination
of N-acetylglucosamine showed that 95% Aplysina
sp. and 90% V. gigantea fibers dissolved after
chitinase treatment.

Chitin, or poly[b(1-4)-2-acetamido-2-deoxy-
D-glucopyranose], in its native state is crystalline
(Rudall and Kenchington, ’73). On the basis of
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Fig. 5. Infrared (a) and Raman (b) spectra of deminer-
alized fibers of Verongula gigantea providing strong evidence
that a-chitin occurs in the skeletal fibers. X-ray diffractograms
(c) of fibers revealing pattern in fibers remarkably similar to
that of a-chitin.
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infrared spectroscopy as well as X-ray diffraction
data, two types of chitin, namely a-chitin and
b-chitin, are identifiable (Blackwell, ’73). The
former is the most common in nature, occurring,
for instance, in fungi and in the cuticle of
arthropods (Saito et al., ’95, 2000). b-chitins
appear to be present in a smaller variety of
organisms, occurring in squid pens, pogonophoran
and vestimentiferan tubes, in setae of some
polychaetes, and frustule spines of some diatoms
(Saito et al., ’95). These polymorphs have a much
more open structure (i.e., parallel chain align-
ment) than a-chitin (anti-parallel chain align-
ment) (Lamarque et al., 2004). Upon dissolution
or extensive intracrystalline swelling, b-chitin
converts itself invariably into a-chitin, but once
the a-conformation has been reached the change
cannot be reverted (Saito et al., ’97).

FTIR and Raman spectra of the demineralized
fiber material (Table 1, Fig. 5a and b) were
compared with spectra for a- and b-chitin spectra,
also with those in the literature (Galat and
Popowicz, ’78; Brugnerotto et al., 2001; Gardenas
et al., 2004; Beaney et al., 2005; De Gussem et al.,
2005; Wanjuna et al., 2005; Yamaguchi et al.,
2005). In the spectrum of V.gigantea, the amide
bands ascribed to the CONH group vibrational
modes appeared at 1,661 and 1,623 cm�1 (amide I),

1,560 cm�1 (amide II), and between 1,315 and
1,200 cm�1 (amide III). Four strong bands ascribed
to the C–O–C and C–O stretching modes appeared
at 1,157, 1,117, 1,084, and 1,039 cm�1. The vibra-
tional absorption band at 1,382 cm�1 was inter-
preted as the rocking of the methyl group
(Brugnerotto et al., 2001). These bands were
identical to the reference spectrum of a-chitin,
which clearly differentiates from the spectrum of
b-chitin because: (1) The amide I band at
1,623 cm�1 is more intense in the former; (2) The
second maximum of the amide II band at
1,519 cm�1 of b-chitin and does not appear in
a-chitin; (3) The maximum of the d CH2 vibrations
is shifted in b-chitin from 1,419 to 1,455 cm�1;
(4) The shape of the amide III region is different in
a-chitin and b-chitin; (5) The intense g CHx

vibration at 962 cm�1 appears in a-chitin only.
The FT-Raman spectra for a-chitin and V.

gigantea fiber material (Fig. 5b) were nearly
identical, also in agreement with published re-
ports on chitin identification using Raman spec-
troscopy (Galat and Popowicz, ’78; De Gussem
et al., 2005). The FT-Raman spectrum of b-chitin
are relatively similar to that of a-chitin, also to
that of the sponge, but again significant differ-
ences can be found: (1) The maximum of the
amide I band is shifted from 1,670 cm�1 in b-chitin

Fig. 6. Immunocytochemical demonstration of chitin showing intense labeling of demineralized and purified V. gigantea
fiber material (a) vs. no labeling in the control (b). Scale bars represent 1 mm.

Fig. 7. Comparative view of demineralized and purified fibers of Verongula gigantea before (a) and after being treated with
chitinase (b). Scale bars represent 1 mm.
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to 1,658 cm�1 in a-chitin (2) The maximum of the
amide II band is shifted from 1,555 cm�1 in
b-chitin to 1,560 cm�1 in a-chitin; (3) The rocking
CH2 vibrations are shifted from 1,382 cm�1 in
b-chitin to 1,376 cm�1 in a-chitin (4) Additional
bands appear at 1,361, 1,175, 1,136, 1,048, 1,004,
924, 854, 828, and 644 cm�1 in the spectrum of
b-chitin. Similar results (data not shown) were
obtained for Aplysina sp. fibers.

The X-ray diffractograms of both V. gigantea
and Aplysiona sp. (Fig. 5c) fibers were largely
similar to diffractograms of a-chitin described in
the literature (Feng et al., 2004; Lima and Airoldi,
2004; Muzzarelli et al., 2004). Nine peaks were

observed, three of which can be interpreted as an
ideal crystalline phase (d-values at 5.5, 4.2, 3.8 Å).
Six peaks appear broader, which is likely caused
by polycrystalline domains or disturbed crystal
structure, such as either a paracrystalline phase or
the semicrystalline ordering known from syn-
thetic polymers. The broad peaks show d-values
at 10.8, 7.0, 4.6, 3.4, 2.5, and 2.3 Å. Some of the
peaks were identified and indexed, as follows:
(020) corresponding to 10.8/10.2 Å, (110) and (040)
to 4.6 Å, and (101) to 4.2 Å (23, 24).The peaks at
7.0, 5.5, 4.2, and 3.8 Å possibly correspond to (021),
(031), (111), and (130), respectively. The peaks at
3.4, 2.5, and 2.3 Å in the investigated sponge

TABLE 1. Wave numbers from FTIR- and FT-Raman spectra of b-chitin, a-chitin, and Verongula gigantea fibers

b-chitin a-chitin
V.gigantea demineralized

skeleton material

IR Raman IR Raman IR Raman Vibrational assignment

330.9 323.2 323.1 d CCC ring deformation
362.1 367.3 367.3 d CCC ring deformation
388.0 397.5 402.9 d CCC ring deformation
413.1 — — d CCC ring deformation
456.5 454.8 454.8 d CCC ring deformation
503.0 500.8 500.5 C–C backbone
643.7 — — C–O, C–C, C–H bending
828.3 — — C–O, C–C, C–H bending
853.8 — — C–O, C–C, C–H bending

891.0 891.9 895.7 895.0 896.9 896.5 g CHx

924.5 — — g CHx

— 958.4 951.9 953.9 950.6 953.8 g CHx

976.2 975.9 975.7 g CHx

1004.3 — — C–O–C, C–O stretching
1,027.1 1027.0 1039.1 1030.1 1039.4 1034.1 C–O–C, C–O stretching

1047.7 — — C–O–C, C–O stretching
1,077.3 1063.0 1084.4 1060.8 1084.4 1060.8 C–O–C, C–O stretching
1,116.7 1107.6 1116.7 1112.0 1116.7 1112.0 C–O–C, C–O stretching

1135.6 — — C–O–C, C–O stretching
1,152.5 1152.3 1157.3 1150.2 1157.3 1150.2 C–O–C, C–O stretching

1174.9 — — C–O–C, C–O stretching
1,202.7 1203.8 1203.8 1203.8 1203.8 1203.8 Amide III
1,240.9 1245.6 1237.3 — 1237.3 — Amide III
1,260.5 1269.4 1261.1 1265.5 1262.3 1265.4 Amide III
1,314.5 1312.5 1314.8 — 1314.9 — Amide III

1331.5 1327.6 1327.5 Amide III
1360.8 — — Amide III

1,375.8 1382.5 1380.6 1375.9 1381.8 1375.8 Rocking CH2

1421.4 1418.6 1413.6 1418.5 1415.2 d CH2

1,454.6 1448.5 — 1450.9 — 1452.5 d CH2

1,519.3 — — Amide II
1,559.7 1555.5 1560.1 1560.0 1560.0 1560.0 Amide II
1,623.4 1623.0 1623.0 Amide I
1,667.5 1670.4 1661.5 1658.0 1661.2 1658.0 Amide I
2,878.4 2879.3 2879.5 CHx stretching
2,932.6 2932.8 2932.6 CHx stretching
2,963.4 2962.9 2962.8 CHx stretching
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material could not be indexed. Our measured
diffractograms were remarkably similar to that of
Lima and Airoldi (2004). Nevertheless, the peak at
3.8 Å was not as broad as that measured by these
authors, presumably because of the higher crystal-
linity of the sponge chitin. A comparison of the
diffractograms of V. gigantea and Aplysina sp.
reveals a shift of the 10.8 Å peak to higher 2Y
values corresponding to 10.2 Å for Aplysina sp.
Moreover, the peak with the d-value 5.5 Å is
absent in the case of V. gigantea and finding not
reported by Lima and Airoldi (2004). The peaks
with d-values at 10.8 and 4.6 Å were more intense
for Aplysina sp. than for V. gigantea, likely
because of decreased crystallinity of the chitin of
the former relative to the latter one.

All together, our findings indicate a remarkable
similarity in structure between the chitin found in
the fibers of the studied sponges and that the a-
chitin reported from other invertebrates. How the
chitin of the spongin fibers of these marine
sponges relates with the chitin reported from the
gemmule wall of fresh-water sponges remain to be
addressed. More importantly, our results suggest
that occurrence of a chitin-production system is an
ancestral condition in Metazoa. To date, no clear
mechanism for the biogenesis of a-chitin micro-
fibrils has been established despite the abundance
of this allomorph in nature (Saito et al., ’97).
Because fiber skeletons of marine sponges have
recently been used as biomimetic scaffolds for
human osteoprogenitor cell attachment, growth
and differentiation, showing specific elastomeric
and bioactive properties for potential applications
in biomedicine and material sciences (Green et al.,
2003), we are urged to attain better understanding
of the synthesis, chemical composition, and struc-
ture of these chitin-bearing fibers.
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