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Sponges: Porifera
Deep sea organisms

tons of water/day 

Sponges: filter feeder

Sponges: Porifera
Source of drugs

Sponges: richest source for secondary metabolites

Porifera: bioprospecting

Bioactivity per phylum
relative

cytotoxicity
number of

extracts tested:

Porifera 1,041
Bryozoa 56
Cnidaria 395

Echinodermata 154

Bioprospecting: 
Sponges

Chordata 263
Echinodermata 154

Mollusca 162
Crustacea 40

Rhodophyta 179
Chlorophyta 83
Phaeophyta 100
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araA
Vidarabin

1975:
first drug

in medical use
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Drug development:

SUCCESS - araA
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araC:
Polymerase inhibitor

Drug development:

Anti-leukemic drug: araC

Kani Medail

Our studies

Müller W, Yamazaki Z, Sögtrop HH, Zahn RK (1972) Action of 1-ß-D-arabinofuranosylcytosine on mammalian tumor cells. 2.
Inhibition of mammalian and oncogenic viral polymerases. Europ J Cancer 8: 421-428.

Leucine aminopeptidase:
Target enzyme for 
immunostimulants

Drug development:

Bestatin

Leyhausen G, Gramzow M, Zahn RK, Steffen R, Umezawa H, Müller WEG (1983) Immunochemical identification of
the cell surface bound leucine aminopeptidase, the target enzyme for the immunostimulant bestatin. J Antibiotics
36: 728-734.

Bestatin:
Immunomodulator

Drug development:
Bestatin

Leyhausen G, Dippold W, Zahn RK, Meyer zum Büschenfelde KH, Umezawa H, Müller WEG (1984) Induction of
DNA polymerase � and terminal deoxynucleotidyl transferase in the human lymphoblastoid cell line Molt-4 by the
immunomodulator Bestatin. Immunopharmaco l 7: 151-157.
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Chemical defense

Sponges: Porifera
Source of drugs

(Potential) symbiotic [gram-negative] 
bacteria, colonizing the marine sponge 

Halichondria panicea.

Bioprospecting: 
Sponges:

Microorganisms

bacteriocyte

bacteriocyte

fungi

Sponge community

Selected bioactive compounds, or 
targets, from sponges

Bioprospecting: 
Sponges

S. raphanus

L. baicalensis

Sponges Molecular cloning: success

Transcriptomics
Proteomics
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Sponges: Porifera
Monophyletic with 
all other Metazoa

Evolution

Urmetazoa

Müller (2006) The stem cell concept in sponges: metazoan traits. Seminars in Cell & Develop 
Biol 17: 481

extracellular
space

AF

plasma membrane

Porifera

Continous epithelial surface Folding of pinacoderm and 
choanoderm

FN3

collagen

spicules

EGFmucin

Wnt / Frizzledgalectin

AR SRCR-SCR protein

putative AF

selectin: 86 kDa

36 kDa

galectin

Sponges: Porifera
Monophyletic with all other Metazoa

Building blocks

intracellular
space

outside-in signaling: SELECTIVE GENE EXPRESSION                                                      

integrin

cell-matrix adhesion: TISSUE / SKELETON FORMATION

RPTP

cell proliferation and differentiation: GROWTH
soluble factors: MORPHOGENS

RTK

secreted molecules: AXIS FORMATION

Forkhead
homeodomain protein

transcription factors: AXIS FORMATION

cell-cell adhesion: CELL ASSOCIATION

Activity trials – synthesis – screening
5.000 to 10.000 substances

Activity screening – synthesis – screening
~ 200 substances

3 years

3 years

�

�Combinatorial chemistry
[5 - 10,000 chemicals synthesized]

Chemical „Blind Cow“ Game: 
combinatorial chemistry

Drug development: 
Chemical synthesis

Clinical phase I
10 substances

Clinical phase II
8 substances

2 years

3 years
200: pre-clinics

10: clinical phase I

phase II
phase III

~1: registration

proof of concept

Biological Selection

Natural selection and optimization
5.000 to 10.000 substances

Activity of biomedical interest
5.000 to 10.000 hits

Evochemistry
[200 secondary metabolites]

natural constraints and selection:

proof of concept

Drug development: 
Biological selection

Challenge:
discovery of the hits

200: pre-clinics

target finding

>> 10: clinical phase I

phase II
phase III

>> 1: registration

proof of concept
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Innate immune response in 
sponges: Toll pathway 

(bacteria: gram negative)

Bioprospecting:
Molecular basis

Activation phase phase
Effector

bacteria
LPS (PAMP)

PRRSLIP

lysis

perforin-like
molecule

MPEG

SLIP_SUBDO   MLVEG-FVWLIPITNETLTCGLVTPFLNGGRLLRGTTGSEASG-SLRQLQVCDALRCSGTAGELDYTPIRSSNLDVFGTLS----------  79
AFr_GEOCY    LEIAG---PGGYEDVATYSCDIGFNLVGMSERVCQSDGSWTGSEPICEIVLCPPLAPPANGNLVLSGNTFGETATYTCDTG----------
MAF-D_MICPRO NESDGEFMMCVLKDRETVFPVEVTISTSSDTATEGEDYDPANVPSSVTIPADEDMACFTTDTVLDDQIALEEDETLLLSIENVLPDDPNIN

SLIP_SUBDO   ------------------------QNQRRACFDVRITSDNVFENDETFSLRL-DFDELVPQATRDSVTIEPSVVYVTIQND---------- 135
AFr_GEOCY    --------FTLDGDSTLTCGSDGQWSGSQPVCNRVQCPTLNPPSNGQLEIAGSGGYEDVATYSCDTGYNLVGMSQRSCQSDGTWTGSEPMC
MAF-D_MICPRO ITDGSTIVTLLDDDIVLVEFEQATYNVIESTGVAEVCLVKNAETAESFEVVGITTAEGTATEGSDYTQGPYSVTFGTDAGDRQCI------
                                      [Calx-ß~~~~~~~~~~~~~Calx-ß]
SLIP_SUBDO   --------------------------DTLPPTTQAPTTRPPTTQAPTTRPPTTTTPGPDVPYVNDTVIGDPLFTVPLTNANFSEIDMNIEG 200
AFr_GEOCY    QAVECPSLDAPANGNLQLSGTTFGGMANYTSFADYELVGNSTLICGSNGQWSGSPPMCIIERVNDTVIGDPLFTVNIRDR-----------
MAF-D_MICPRO ------------NIPVVTDDMNEGSEDFSVVLAASPASNQMVLSGDLAMATVNIIDPDNTILVNDTVIGDPLFTVPIYVSEDQLQDFNLP-
                                        [Thr/Pro+++++++++++++Thr/Pro]
SLIP_SUBDO   QPSLCFEIHGEANQYFNLVTDNCVSVNARYSALTD--FLNVINRIGVR---AVDDMGQCRNVSVDLEGCSASVDGAVLTSN--YRLAGIFI 284
AFr_GEOCY    AESMCYEIHGDDGAHLNLISDTCTSVNALYDPLPSNPALHRMRKIGVKSAVFADGTGGCSEIEINVDNCTASVDGVPCDKM--AQVGDISI

C O S C GQ Q CSS Q S G G QC G C G S G S

- PPG + PPG
0 3 1 3 days

z

gene expression

+-
MyD88

+ ++

MAF-D_MICPRO RLSLCYEIHGQADQWFNLVTDECSSVNARYVQFST--GLNVIDEIGVR---AVDNADQCVNIRVDVGNCTADVNNVALNVMGRYSMNGVSV

SLIP_SUBDO   RPY-RNHVRVSVPNCNGLTHLVMYVLCQQNVTLRDPLDGELFTASMIKYVITHGVNLNEN-SHGLLGQFWNVPIEVSEYIDSDLEG----D 369
AFr_GEOCY    RQYARRQWRVRVSNCARPS-AVMWITCSG---------------EMLRFRIARGSSLAPT-SHGLLGQFWGIPVNVVT------EG----E
MAF-D_MICPRO RRY-RNRVRISVPNCNDLT-LVMWVFCET-RTLEDHADGSEVTGDMIKFVVMRGLNMGNRPSHGLLGQFWNIPVSIAPYTGLLRDGSPSQN

SLIP_SUBDO   HYELAVTHP--DFSGTRRFVGHLLGHSWEEK---TPCFYVGNVQGGPIYEVEDPNDSVIEGKYKDYRMDGAFDTS-FMYSRFDDSQCV--- 451
AFr_GEOCY    TEYIALYNP--THEKYRRFPFFEYDLTWDHS--KTPCFYVGNKQGGPE-DSHDPLESVIEGDYTEYNTGSLFGTS-------LSMECLTPA
MAF-D_MICPRO QFVINITTSGSDPPVQRSYTGWLFDLTWDYKDVSGPCLYVGNKQGGPIYEVKNPNDNVIEEIYAEYKVGGAFSEDGYGFGIFMEERCSDLG

0.1

SGS-3_DROME

AFr_GEOCY

MAF-D_MICPRO

MAF-B_MICPRO

MAF-C_MICPRO
1000

MAF-E_MICPRO

645

1000

966

966

SLIP_SUBDO

Tethya hemolysin streptolysin O

Killing of pathogens

Membrane attack 
complex, lysis

Bioprospecting: 
Sponges

30 nm

Inducible ASABF-type antimicrobial peptide 
from Suberites domuncula

Bioprospecting: 
Sponges

Inducible ASABF-type 
antimicrobial peptide from 

Suberites domuncula

Microbicidal and hemolytic activity 
in vitro and toxic effect on

Bioprospecting: 
Sponges

in vitro and toxic effect on 
molluscs in vivo.
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Formation of retinoids/retinoic 
acid in S. domuncula

Bioprospecting: 
Sponges

Main steps of the retinoic acid formation 
via the ß,ß-carotene 9',10'-dioxygenase and the retinol 

dehydrogenase (SDR/ADH) / retinal dehydrogenase

Retinoid:

pcaQ pcaD/C pcaH pcaG pcaI pcaJ pcaF pcaB peptidase

Protocatechuate pathway

0 1 2 3 4 5 6 7 8 9
kbkb
10

OH

COO-

p hydroxybenzoate

COO-

benzoateCOO-
L

bacterial gene cluster: protocatechuate/polyketide cluster

microorganisms

Bioprospecting: 
Sponges

Polyketide cluster

KS-1
KRKS AT DH ER

14 16 18 20 22 24 26 28 30 32
kbkb

34 36 38

KS-2 KS-3 KS-4
TE

p-hydroxybenzoate benzoate

OH

COO

OH

protocatechuate

acetyl-CoAsuccinyl-CoA

increased synthesis of polyketides

L

<

C

interaction: tyrosinase (host) 
- protocatechuate 

(bacterium)

Breter
Müller
Batel

Bioprospecting: 
Sponges

the JAGO-team

Hexactinellida
Euplectella aspergillum
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Genetic hierarchy: 
enzymatic machinery for 

soft matter formation

Proposed hierarchical genetic 
model controlling the synthesis of 

the siliceous spicules

Genetic hierarchy:
Soft matter formation

Biological hierarchy:
Soft matter formation

Different levels of hierarchy 
during spicule formation

the future
bioactive compounds + 

biosilicaskeleton

nanowires

sieves
catalysts

Hybrid material

Bio-inspired morphogenesis:
Nature: application

enzymatic 
biosilica:
medicine

optics

Müller, Wang, Cui, Jochum, Tremel, Bill, Schröder, Wiens (2009) Sponge spicules as blueprints for the
biofabrication of inorganic-organic composites and biomaterials. Appl Microbiol Biotechnol 83: 397

Silicatein: 
Application in 

dentistry and bone 
reconstitutionNew 

biomaterials

Bio-inspired morphogenesis:
Nature: application

Silicon accumulation during 
early stages of bone formation
Differential gene expression

Müller WEG, Boreiko A, Wang X, Krasko A, Geurtsen W, Custódio MR, Winkler 
T, Luki�-Bilela L, Link T, Schröder HC (2007) Calcif Tissue Int 81:382-393

Carlisle 1988 (Sci Total Environm)
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SEM �-CTA
Physical properties
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No cytoxicity

Development of 2-component functional 
implant 

– component 2: moldable functional 
implant

New Biomaterials:
Bone reconstitution

• Contrast under X-ray and CT
• Bone regenerative evaluation
• Availability of X-ray and CT

X-Ray CT
0

20

40

Control 0,14 0,7 1,4

%
s

Implant [mg/mL]

Next:

Implant experiments in vivo – 9 weeks 

Control Biomicrocapsules

Left proximal Left distal

Computed tomography (CT) analysis

Morphological analysis

Development of 2-component functional 
implant 

– component 2: moldable functional 
implant

New Biomaterials:
Bone reconstitution

Photographic images of the rabbit femur’s surface after 9
weeks of implantation. The positions and correspondent
“implants” material are displayed. Arrows show the location of
3 mm hole.

Left proximal Left distal

Right proximal Right distal

Implant Implant

Implant Implant

Right proximal Right distal

X-ray computed tomography (CT) images of the rabbit
femur (rf) implanted with different materials after 9
weeks.

Control Biomicrocapsules

Biosilica: 
Prophylaxis 
and therapy of 
osteoporosis 

New Biomaterials:
Biosilica

M Wiens, X Wang, HC Schröder, U Kolb, U Schloßmacher, H 
Ushijima, WEG Müller (2010). Biomaterials 31:7716-7725

Renato Batel:
Summer school in Rovinj

Mainz: Partner university with Zagreb
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Acquaurio Berlinese: 1891 
Center for Marine Research 2010

MARIE CURIE INITIAL TRAINING 
NETWORK until 2012

Biomineralization: Understanding of basic mechanisms for 
the design of novel strategies in nanobiotechnology

The program: 2010-2015
Joint Lab: Nano-Bio-

Composites

Meeting in Beijing: 
14th October 2010

The partners

The program: 2010-2015
Joint Lab: Nano-Bio-Composites

Meeting in Beijing: 
14th October 2010

Baruch Rinkevich

Invertebrate 
Immunology

Grant International Human Frontier 
Science Program (RG-333/96-M )

Eric Davidson, 
Caltech, USA

Baruch Rinkevich
National Institute of 

Oceanography,  
Haifa
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Minerva Center for Marine Invertebrates Immunology; 
Israel Oceanographic & Limnological Research, Haifa, 

Israel.

Baruch Rinkevich
National Institute of 

Oceanography,  

Characteristics
individuals – defined organization – immune system 

g y
Haifa

Mainz named 2011:
City of Science

Minister-President Kurt Beck

Science Award (China)

Premier Vice-Premier

China‘s highest award for 
foreign experts

Premier
Wen Jiabao

Vice-Premier
Zhang Dejiang

12-01-2012: 
Premier WEN Jiabao meets 

foreign experts
Thanks for outstanding 
contributions for China

at the:
GREAT HALL OF THE PEOPLE
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Until 2016

Proposals ERC-2010-AdG –
Proposal No. 268476 

BIOSILICA

ERC Advanced Investigators Grant


