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Abstract: Siliceous sponges are the simplest and oldest multi-cellular animals on the Earth. They achieved a per-
fect technical blueprint during their million years of evolution. A new energy-saving and environmentally friendly
technology has been developed by nature for human applications allowing the production of novel bio-inorganic
mineral materials using nano-biotechnological approaches. There is a wide application prospect in the fields of
optical fibers, microelectronics, biomedical materials and some further areas. Monorhaphis chuni lives in the deep
sea over 1000 m in depth. Its giant basal spicule is growing to a length of 3 m and is therefore the largest bio-silica
structure on the Earth. It is a highly suitable model for the study of bio-silicification mechanisms and for their bi-
onijc applications. In this paper, the authors systematically summarize the research progress in these giant basal
spicules on the following topics: structure, composition, mechanical properties, optophysical properties, bio-
chemical properties and molecular biological basis, biomineralization mechanism as well as bionic applications in
biomedicine.
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El1l BiREFHDYERA(Wang et al.. 2009a)
Fig. 1 Monorhaphis specimens(Wang er al., 2009a)
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A-Young specimens: gbs is the giant basal spicule, bo is the body;
B-Schematic representation of the growth phases: al is the atrial
openings; C-Part of the body; D-Original photograph of a
Monorhaphis chuni specimen, collected during the Valdivia
expedition; E-Dried specimen with the “moderate™ size of 120 cm;
F-Photo of living specimens in deep sea
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B2 $2REBHYWEF(Wang er al., 2009a)
Fig. 2 Spicules from the Monorhaphis(Wang et al., 2009a)
A-N R S TR R B- B i R €L E, F- SEMPATR: D-G2F 1 A is 1

A-A dried specimen; B-Lateral view of an atrial opening (scheme); C, E, F-SEM images; D-Light microscopic image
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Fig. 3 SEM images for the cross section of a giant basal spicule from Monorhaphis
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Fig. 4 LA-ICPMS analytical results of Monorhaphis
chuni spicule Q-B(Miiller et al., 2008a)

A-JCHF P, B-1FPE C-iF K v 970 28 1 HE DRI . D-9 2 1 e
#(Na and Rb)FI8E |- 4218 70 (Mg, Ca, and So)fE4 £ #mith Y
A
A-Element abundance diagram; B-Pie diagram of chemical
compositions; C-Pie diagram of elements in seawater;
D-Distribution of selected alkali metals (Na and Rb) as well as
alkaline earth metals (Mg, Ca, and Sr) along the cross axis of a
spicule
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Fig. 6 Dptoph)sical properties of the giant basal spicules from Monorhaphis(Wang et al., 2009a)

t; B-Fluorescence microscopic image of
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A-Optical unit (scheme): WLS is the white light source, L is the biconvex lens, Sp is the spicule, Ca is the canula to immobilize the spicule,

O is the optical spectrumanalyzer to record the transmitted light; B-Light transmission image through an 80 ¢m long spicule; C-Higher

magnification image; D-Spectrum curve of the transmitted light through a spicule
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lue

eryptochrome

B7 RSN PEFENLZWEESREMiller
et al., 2010)
Fig. 7 Proposed photoreception/ phototransduction system
of sponges(Miiller er al., 2010)

AT 0 12 (AT fh BELTEE # F 4L Y o TR B 00 M R
B 520 ) SR P ph e G A W o 0 o 0 D 1 )
O R
A-The combination of cryptochrome and spicules arranged at the
surface of the sponge, this system acts as a sensory system for
environmental light; B-Concurrently, biogeneous light generated
within the interior of the animals by luciferase might also be
transduced detected by the same system (spicule-cryptochrome)
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B8 ®BHEQS THWER (Wang e al., 2009b)
Fig 8 Model of silicateins(Wang er al., 2009b)

A H AR Eh W Suberites domunculalf) i -0 B-3E K 4 h
1 Lubomirskia baicalensis Wt 3 ' 1-a3; C-75 KL 4 ah il
Crateromorpha meverilt) BE 3 11
A-The silicatein-u from Suberites domuncula; B-The silicatein-a3
from Lubomirskia baicalensis; C-the silicatein from Crateromorpha
meveri
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Fig.9 Scheme on the growth/biomineralization mechanism of the giant basal spicules
A-HTITAY A48 0 S AL B BT B B A /s C-B R 2 R Al
A-SEM image of a broken giant basal spicule; B-Scheme explaining the growth of the spicules in the transversal direction;
C-Schematic outline of the longitudinal, axial growth of the spicules
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Fig. 10 Biomedical application of biosilica and silicatein(Miiller er al., 2009b)
A= U IR TE B 00 6 S5 AR5 4010 R 25 ) 36 R 5 B-REALAE &t S U A B b = b B AR AL R 2k 0 R o s 18, ©, D-F s e
e CARARERA/EWRS S, DR E A RS Y E PR R e ERRA S E O RESS, PR S

M sRES L,

bsil§ L4 RE

A-Spatial relationship between silicon accumulation and calcium composition during early stages of bone formation in rats (modified
according to Carlisle 1986). B-Schematic representation of the effect of silica-based components on the expression of the three marker genes
(amelogenin, ameloblastin, enamelin) in ameloblasts. C, D-Formation of biosilica layers on pig molars in the absence (C) or presence (D) of
recombinant silicatein/biosilica; E, F-Biosilica formation on femur bone samples: untreated control (E) or silicatein/biosilica-treated (F). The

biosilica layers are marked by bs

HIATE A WA 1 18 Fig. 10C, D)FHIF#& (& U
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DR S AT ATE St e 98 B0 — 2 A W RE(R A0 B,
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Bioinspired fabrication of bio-silica-based bone-substitution materials(Wiens er al., 2010b)
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A-SEM image; white circles: microspheres with silicatein, black cirele: matrix with silica particles embedded: B-Light microscopic image
showing the moldable property of the bio-silica-based bone-substitution material; C- immunofluorescence light microscopic image after
exposure of the bone-substitution material to “simulated body fluid” (SBF). The silicatein released shows a red fluorescence
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Fig. 12 Scheme of the effects of bio-silica on maturation
and activity of bone-forming osteoblasts and bone-resorbing
osteaclasts(Wiens er al., 2010¢)
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