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(Marine) Biotechnology

Importance of (Marine) Biotechnology for Mankind

e Aim to contribute to:

— Sustainable supply of high quality Rtrel

and healthy food Marine Biotechnology:
. . A New Vision and Strategy for Europe
— Sustainable alternative sources of

energy T >
— Securing environmental health m ,

— Securing health and well being
— Industrial products and processes
e Qur last hope in a overcrowded,

unstained, unhealthy and
changing world?




Presentation Outline

Biodiversity as Resource for Biotechnology
Beyond the Blue: the deep-sea frontier
Hot-spots: ex. Hydrothermal vents

Research examples in extreme environments
Conservation needs and challenges

Sharing of benefits and access regulations



The Oceans
Huge & Diverse

* Huge 70% of the planet’s surface and more
than 90% of the available volume: 170
times more space available to life than all
other combined ecosystems.

* Unknown In deep sea only an area
corresponding to a few football fields has
actually been sampled from a scientific
point of view.

* Diverse A predicted number of marine
species is 2.2 million, of which 91% still
waiting description.

* Miscellaneous deep ocean is a miscellany

with several levels of productivity and
biomass.

* Rich In the seafloor and sub-seafloor there
are abundant minerals, biominerals and
energy deposits.

Serrao Santos R et al. 2012. Natural Resources, Sustainability and Humanity, Ch5. Springer



How Many Species in the Ocean?

Table 2. Currently catalogued and predicted total number of species on Earth and in the ocean.

Species Earth Ocean

Catalogued Predicted +SE Catalogued Predicted +SE
Eukaryotes
Animalia 953,434 7,770,000 958,000 171,082 2,150,000 145,000
Chromista 13,033 27,500 30,500 4,859 7,400 9,640
Fungi 43,271 611,000 297,000 1,097 5,320 11,100
Plantae 215,644 298,000 8,200 8,600 16,600 9,130
Protozoa 8,118 36,400 6,690 8,118 36,400 6,690
Total 1,233,500 8,740,000 1,300,000 193,756 2,210,000 182,000
Prokaryotes
Archaea 502 455 160 1 1 0
Bacteria 10,358 9,680 3,470 652 1,320 436
Total 10,860 10,100 3,630 653 1,320 436
Grand Total 1,244,360 8,750,000 1,300,000 194,409 2,210,000 182,000

Predictions for prokaryotes represent a lower bound because they do not consider undescribed higher taxa. For protozoa, the ocean database was substantially more
complete than the database for the entire Earth so we only used the former to estimate the total number of species in this taxon. All predictions were rounded to three
significant digits.

doi:10.1371/journal.pbio.1001127.t002

Camilo Mora et al. PLoS Biology| August 2011 | Volume 9 | Issue 8 | €1001127



Bioprospecting Efforts Increases
Marine natural products & genes of commercial interest
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Marine Biotechnology
Broad human use of biological resources

The applications of genes of marine organisms
patented thus far range widely:
- pharmacology and human health (55%),
- agriculture or aquaculture (26%),

£ 40 - food (17%),
% - cosmetics (7%) industry
== - an emerging and growing number of
o . . : :
< 20 applications in the fields of ecotoxicology,
bioremediation, and biofuel production
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Average New Species / year

Figure 2.1: Yearly average number of marine species described in 2002-2003 by taxonomic group
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Hidden in Hotspots

The majority of species
that remain to be
discovered are likely to be
small-ranged occurring in
hotspots and less
explored areas such as
the deep sea.

Yeti crab & Michel Segonzac  IFREMER

Bouchet P 2006. The Magnitude of Marine Biodiversity



Beyond the Blue

Finding Nemo © Walt Disney Pictures & PIXAR Studios



The dimension of our ignorance

The global area
covered by many of
these habitats is still

Habitat Area (km?) % ocean floor % investigated
P 0, 0,
Iargely unknown and Deep sea floor 326 000 000 km 100% 0,0001%
. . H 2 () 0,
the proportion studied Abyssal plains 244 360 000 km 75% <1%

is minimal. Ocean ridges 30 000 000 km?2 9,20% 10%
(ca. 50 000 km)

Seamounts 8 500 000 km? 2,6% 0,25-0,28%
Coral reefs 280 000 km? 0,08% minimo

Hydrothermal fields Approx. 2000 Unknown 10% of the 200 hundred
(Unknown area) know fields

Cold seeps 10 000 km? 0,003% 2%

Ramirez-Llodra E et al. 2010. Biogeosciences, 7: 2851-2899



Growing Interest on the Deep-sea
Fisheries
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Global tendencies of mean depth in world fisheries from 1950 -2001

Morato T et al. 2006, Fish and Fisheries: Fishing down the deep
Serrdao Santos R et al. 2012. Natural Resources, Sustainability and Humanity, Ch5. Springer



Growing Interest on the Deep-sea
Mining of Minerals
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Growing Interest on the Deep-sea
Rare Earth/ High-tech Metals
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Table 1. United States 2008 imports, exports, and uses for selected high-tech metals

Imported Exported
(Tons) (Tons)

90! 50! Steel, Cu, and Pb alloys, pigment

Emerging and Next-Generation Technologies

Photovoltaic solar cells, computer chips, thermal
cooling devices

SEAMOUNT MINERAL DEPOSITS

A SOURCE OF RARE METALS FOR
HIGH-TECHNOLOGY IN

Hein JR 2010. Oceanography, 23 (1)

STRIES

Cobalt

Steel superalloys (e.g, jet engines),

11,000 2,900 . . i
batteries, chemical applications

Hybrid and electric car batteries, storage of solar
energy, magnetic recording media, high-T superalloys,
supermagnets, cell phones

Bismuth

Metallurgical additives, fusible alloys,

3,480 566 ) :
pharmaceuticals, chemicals

Liquid Pb-Bi coolant for nuclear reactors, Bi-metal poly-
mer bullets, high-T superconductors, computer chips

Tungsten

Wear-resistant materials, superalloys,

(20 Sel electrical products, chemicals

Negative thermal expansion devices, high-temperature
superalloys, X-ray photo imaging

High-temperature superalloys, new-generation capaci-

petroleum refining, electronics

Niobium 10,500 600 Steel and superalloys )
tors, superconducting resonators
Catalytic converters, liquid-crystal .
Platinum 105 27 e s, el Hydrogen fuel cells, chemical sensors, cancer drugs,

electronics




Growing Interest on the Deep-sea
Offshore Petroleum Industry

Petréleo do golfo nos EUA a partir
de licencas federais, 1985 a 2009
Mil milhées de barris por profundidade
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/
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Growing Interest on the Deep-sea
CO? Sequestration and Deposition

Rl s

At Statoil's Sleipner West rig in the North Sea, carbon dioxide produced along with
natural gas is stored in an aquifer more than 800 meters below the sea floor.
(Courtesy of Statoil Corp.)



Growing Interest on the Deep-sea
Tourism and Filming
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Growing Interest on the Deep-sea
Jurisdiction

Il Area of outer continental shelf according to the \ Active convergent plate boundaries

executive summaries of submissions that form the Ring of Fire
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Environmental Knowledge for Change Copyright © 2009, UNEP/GRID-Arendal



Growing Interest on the Deep-sea
Scientific Research




Growing Interest on the Deep-sea
Biotechnology

Examples of commercial products derived from
deep-sea species and materials

Sederma Enzymes isolated from deep-sea bacteria used in skin

protection products (UV-resistant)

California Tan T. thermophilus enzymes (same type of products as
above)

Roche T. thermophilus, Thermotoga maritime and other deep-

seabed species which thrive at high temperatures
Several DNA polymerases (a polymerase is an enzyme
that builds new strands of DNA)

Diversa Corporation Pyrolase™ 160 enzyme, used in industry to reduce vis-
cosity; ThermalAceTM DNA Polymerase

New England Deep Vent® DNA Polymerase, Therminator? DNA
BioLabs Inc. Polymerase
Aquaartis BactoScreen™, a library of extracts of some 1000

marine bacteria isolated from marine organisms and
sediments with several potential applications

HyTest Ltd Thermus aquaticus DNA polymerase Taq Red
Promega Thermostable Tth DNA Polymerase?®




Life at Extreme Conditions
Structurally Unique Molecules

e Deep-sea organisms survive under:

— absence of light, low levels of oxygen, intensely high
pressures, increasingly low temperatures

e At volcanic active areas, where hydrothermal vents
exist generating chemosynthetic communities life
proliferate under

— low pH, toxic metals, high temperature, low oxygen,
seismic activity, radio-active elements.

e Deep-sea fauna are expected to have a greater genetic
diversity, than their shallow-water counterparts, and a

higher probability of containing structurally unique
molecules with potential application in biotechnology.

Skropeta D 2008. Natural Product Reports, 25 (6): 989-1216
Pettit R K 2011. Marine Biotechnology,13:1-11



Extreme Enzymes

Patents are associated with
genes of marine organisms
inhabiting extreme
environments, such as
hydrothermal vents.

Discovered in a
hydrothermal vent bacteria,
FUELZYME® alpha-amylase is
thermostable enzyme that is
effective over an
exceptionally wide
temperature and pH range
allowing ethanol producers
greater operational
flexibility.

A VERENIUM

HOME OUR STORY v OURWORK v OUR PRODUCTS OUR WORLD w INVESTORS NEWS

| -
“FROM THE-ENDS OF THE EARTH [
TO THE EDGE OF TECHNOLOGY. -

VERENIUM, & PIONEER OF 215T CENTURY BIOSCIENCE, IS
WORKING TO TRANSFORM INDUSTRIES.

WVerenium laps the vast genelic resenvoir of bacteria and fungi — nafure’s most
abundant resource — ko create high-performance industrial enzyme solulicns.

Significantly improve the efficiency and economics
of ethanol production.




Deep-sea Vents




Antarctic Hydrothermal Vent

ca. - 2400 m deep
2009 -2010

. Undescribed peltospiroid gastropod
surrounding undescribed single Kiwa
n. sp. and partially covered by
Lepetodrilus n. sp.

An undescribed seven-arm sea
star predatory on the stalked
barnacles cf. Vulcanolepas

Unidentified octopus

Rogers et al. 2012 PLoS Biology | Januay, 2012 | vol. 107 | Issue 1



Vulnerable Habitats and
Harvesting for Natural Products

 Huge collections of marine organism from
natural populations may pose considerable
impacts in habitat conservation and
sustainability.

* I[mpacts may be avoid with alternative
laboratory controlled production schemes.



“ »”
LABHORTA — LARGE SCALE FACILITY
FOR EXPERIMENTAL STUDIES WITH

DEEP-SEA VENT ORGANISMS

A) AcOousTIC RETRIEVABLE CAGE WITH
VENT MUSSELS AT THE
HYDROTHERMAL VENT FIELD

MENEZ GWEN: - 870 METRES DEEP.
©IFREMER- ATOS 2001

B) RECOVERY OF CAGE WITH
RV ARRUIPELAGO ©/MacDOP;

C) INSIDE ACCLIMATISED LABHORTA WITH
PRESSURED CHAMBERS AND SULPHIDE /
METHANE CHEMICALLY CONTROLLED
SEAWATER ARUARIA. ©O/mMmasDOP




Journal of
EXPERIMENTAL
MARINE BIOLOGY
AND ECOLOGY

ELSEVIER Journal of Experimental Marine Biology and Ecology 333 (2006) 166171

www.elsevier.com/locate/jembe

Ana Colacgo et al. 2006

Annual spawning of the hydrothermal vent mussel,
Bathymodiolus azoricus, under controlled aquarium,
conditions at atmospheric pressure

Journal of
EXPERIMENTAL
MARINE BIOLOGY
AND ECOLOGY

Tl .:t‘..i
ELSEVIER Journal of Expenmental Marine Biology and Ecology 318 (2005) 99-110

www.elsevier.com/locate/jembe

Eniko Kadar et al. 2005

Experimentally induced endosymbiont loss and re-acquirement 1n
the hydrothermal vent bivalve Bathymodiolus azoricus



Raul Bettencourt et al. 2011

ICES Journal of Marine Science (2011), 68(2), 357 -364. doi:10.1093 /icesjms/fsq119

Out of the deep sea into a land-based aquarium environment:

investigating physiological adaptations in the hydrothermal vent
mussel Bathymodiolus azoricus

Ana Colaco et al. 2011

ICES Journal of Marine Science (2011), 68(2), 349-356. doi:10.1093 /icesjms/fsq1 20

LabHorta: a controlled aguarium system for monitoring

physiological characteristics of the hydrothermal
vent mussel Bathymodiolus azoricus



Bettencourt et al. BMC Genomics 2010, 11:559
http//www.biomedcentral.com/1471-2164/11/559
p BMC
Genomics

RESEARCH ARTICLE Open Access

High-throughput sequencing and analysis of the
gill tissue transcriptome from the deep-sea
hydrothermal vent mussel Bathymodiolus azoricus

Raul Bettencourt™?", Miguel Pinheiro®, Conceicdo Egas®”, Paula Gomes*, Mafalda Afonso?, Timothy Shank®,

Ricardo Serrdo Santos™

86065 potential genes were sequenced from which 44000 proteins

were identified
New genes were identified, like the genes involved on

immunological and inflammatory reactions of the mussels.

Bettencourt R et al. 2010. BMC Genomics, 11
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Marine enzymes from symbiotic bacteria
with potential biotechnological use

TOTAL

Lyases
5%

Antibiotic resistance

i 1%

@ 4-diphosphocytidyl-2-C-methyl-
D-erythritol kinase (terpenoids)
1-deoxy-D-xylulose 5-phosphate synthase

steroid)
polyketide synthase (metabolites,bryostatin?

DMA related enzymes

Chitinase (anti-fungal)

@ Alpha-amylase (starch)

@ Xylose isomerase (biofuel)
“mmw:,?mm' Glucose dehydrogenase (sugar monitoring)

@ Beta-glucuronidase (bacterial detection)

Bettencourt R et al. 2010. BMC Genomics, 11



Microbes are not likely to be endangered.
But symbiotic microbes, are likely to disappear along with their hosts.

= Sulfur symbionts

B Sulfurovum sp.

B Methylococcus capsulatus st. Bath

B Nitrosococcus oceani ATCC 19707

B Psychromonas ingrahami ingrahamii
B Hahella chejuensis KCTC 2396

B Gamma proteobacteria KT71

B Nitrococcus mobilis Nb-231

¥ Shewanella denitrificans 05217

B Thiomicrospira crunogena XCL-2

B Trichodesmium erythraeum IM5101

B Photorhabdus luminescens subsp. laumondii

B Photobacterium profundum 559

Bioluminescent bacteria



Farming Bacteria for Food

This species of yeti crab
“farms” colonies of
bacteria on its claws.

To help them grow, it
waves its pincers over
methane and sulfide
vents, fertilizing the
bacteria and making
them good enough to

eat.
Mark Brown, Wired UK




uoN | @s:
s Threaten Species RED

LIST

 About 36 of the 340 marine eukaryotic species
reported as a source of genes included in
patents, of which:

— 10 appear as “data deficient,”
— 2 as “endangered,”

— 6 as “vulnerable,”

— 7 as “near threatened.”

 The need to identify threats and determine
conservation priorities for MGRs.

Arrieta et al. 2010 PNAS | October 26, 2010 | vol. 107 | no. 43



Hot Spots for MGR
Threaten Habitats

e Marine Genetic Resources of economic interest
are estimated to be particularly abundant in
biodiversity hot spots, such as cold water reefs
and gardens, seamounts, sponge aggregations
and in extreme environments, such as
hydrothermal vent ecosystems.

e Deep-sea coral reefs/gardens, seamounts, sponge
aggregations and hydrothermal vent ecosystems
are classified as threatened.

Arrieta et al. 2010 PNAS | October 26, 2010 | vol. 107 | no. 43



Threaten Habitats

OSPAR CONVENTION FOR THE PROTECTION OF THE MARINE ENVIRONMENT OF THE
NORTH-EAST ATLANTIC

MEETING OF THE OSPAR COMMISSION (OSPAR)
REYKJAVIK: 28 JUNE - 1 JULY 2004

OSPAR List of Threatened and/or Declining Species and Habitats
(Reference Number: 2004-06)

OSPAR Commission
Commission OSPAR DESCRIPTION OSPAR Regzions where the | OSPAR Regions where such habitats
habitat ccours are under threat and/or in decline

HARBITATS

-

Carbonate mounds IV v’

Deep-sea sponge aggregations LILIV,V All where they occur

Oceanic ridges with hydrothermal vents/fields IV Vv

Intertidal mudflats I, II, IIT, IV All where they occur

Littoral chalk communities IT All where they oceur

Lophelia pertusa reefs All All where they occur

Maerl beds All II1

Mediolis modiolus beds All All where they occur

Intertidal Mytilus adulis beds on mixed and IT, ITT All where they oceur
sandy sediments

Qstrea edulis beds IL, III, TV All where they oceur

Sabellaria spinulosa reefs All I1, III

Seamonunts LIV,V All where they oecur®

Sea-pen and bwrrowing megafauna communities L II, IIL, IV IL, IIT

Zostera beds LI, IIL, IV All where they oceur




Competing Activities in the Deep-sea

Seamounts face increasing pressure by deep-sea fisheries,
which results in high environmental impacts and potential
extinctions.

Stripped boulders; smashed corals >4500 years old
[photos: courtesy of Jason Hall-Spencer]

Serrdao Santos R et al. 2012. Natural Resources, Sustainability and Humanity. Springer



Competing Activities in the Deep-sea

Potential impacts of mining for sulfide deposits rich in gold
and other metals located near hydrothermal vent ecosystems,
likely to be severe because these sites support the highest
biomass concentrations in the deep sea.

Environmental Management of
Deep-Sea Chemosynthetic Ecosystems:
Justification of and Considerations for
a Spatially-Based Approach




Marine Protected Areas
for Species and Habitats

* MPAs with general conservation goals are
suitable for the preservation of MGRs because
they target both known and yet to be
discovered species.

e Carefully designed MPA networks are probably
the best tool to meet both fishery, mineral
exploration and exploitation, bio-prospection
and conservation goals.

Arrieta et al. 2010 PNAS | October 26, 2010 | vol. 107 | no. 43
Serrao Santos R et al. 2012. Natural Resources, Sustainability and Humanity, Ch 5, Springer



ldentifying
Ecologically or Biologically Significant Areas

AZORES SCIENTIFIC
CRITERIA AND GUIDANCE

for identifying ecologically or biologically significant
marine areas and designing representative networks of
marine protected areas in open ocean waters

and deep sea habitats

|
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OSPAR Network of MPAs

TOW BOW

and Proposed Large EBSA




Addressing access to MGR

NAGOYA PROTOCOL
ON

AND THE FAIR AND EQUITABLE
SHARING OF BENEFITS ARISING
FROM THEIR UTILIZATION
TO THE
CONVENTION ON
BIOLOGICAL DIVERSITY

TEXT AND ANNEX
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GLOBAL GENETIC RESOURCES

Marine Biodiversity Of the genes associated with

and Gene Patents WIPO patents, 17% are of

Sophie Arnaud-Haond,"* Jesiis M. Arrieta, Carlos M. Duarte™ unknown taxonomic ori g in,
and almost none of the patent
claims examined disclosed

: v , the geographic origin of
ountry Marine organism patent claims -
USA 199 material.

Germany 149
Japan 128

i e 34 Although states compromised
United Kingdom 33 In promoting establishment of

Denmark 24

- o sharing agreements under

Netherland 13 CBD, this is not a legally

R = binding agreement and so does
not imply that companies will
necessarily comply.

Norway 9




Decreto Legislativo Regional n.° 28/2011/A

Estrutura o Parque Marinho dos Agores

Nos termos do disposto no Decreto Legislativo Regional 34W 32°W 30°W  28°W  26°W  24°W  22°W
n.° 15/2007/A, de 25 de Junho, que procede a revisao da ™ ’/& 4o
Rede Regional de Areas Protegidas da Regido Auténoma 5 =
dos Acores e determina a reclassificacdo das areas pro- -yl pmaos AT
tegidas existentes, pelo presente diploma procede-se a ]
= . PMAI10 PMA09
estruturacdo do Parque Marinho dos Acores. Este parque
42°N 42°N
Didrio da Repuiblica, 1.7 série—N.° 217— 11 de Novembro de 2011 O PMAO7
PMAO6 D
40°N : PMAOS 40°N
< % pMAn
oN & o
38°N & 03 MAOT .~ 38°N
. . PMAO2 s
REGIAO AUTONOMA DOS ACORES N )
i rvats 0 100 200 400 km [ 2N
Assembleia Legislativa S —

34°W  32°W 30°W  28°W  26°W  24°W  22°W
Decreto Legislativo Regional n.” 9/2012/A Artigo 20 °
Transposicio do Protocolo de Nagova - a
Regime juridico do acesso e utilizagio de recursos naturais £ \rtigo 30.
da Regido Autonoma dos Agores para fins cientificos Convencio sobre a Diversidade Biologica
A Remao Autonoma dos Agores nao dispde no seu
ordenamento juridico de normas que regulamentem, de

forma especifica, o acesso a amostras de recursos natu-
rais, sobretudo quando em causa estio os fins cientificos.

A utilizagio dos recursos biologicos e genéticos subme-
tidos a amostragem e ou acedidos de acordo com as normas
constantes do presente diploma e das normas regulamen-
tares que o desenvolvem nio pode contranar o disposto

Didrio da iblica 1.°série—N°57—20 d de 2012 na Convengdo sobre a Diversidade Biologica, ratificada
drio da Republica, 1.%serie ¢ mareo a pelo Decreto n.° 21/93, de 21 de junho.



CTT - 2006
Hydrothermal Vents at the Post Office




