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The Deep Sea – an energy desert

• No light = no new food production from g p
photosynthesis

• Animals feed on organic debris or fallen 
carcasses

• Low abundance, slow growth ‐ but high 
biodiversitybiodiversity

• Poorly sampled – estimated 500 000 to 
10 million speciesp



Hydrothermal venting at tectonic plate boundaries



Hydrothermal vents
- energy oases for 

specialized ecosystems

Specialised animals andSpecialised animals and 
microbes colonise seafloor 
vents

H2S in hydrothermal fluids
provides energy for 
h th i fchemosynthesis of new 

organic matter 

 High biomass
 Rapid growth
 Low animal diversity Low animal diversity
 High microbial diversity
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The tubeworm symbiosis

O2
H2S
CO2

HS + 2O SO 2HS- + 2O2 = SO4
-2

Energy
Giant tube worms have no 
mouth or digestive system

CO2 + R = organic molecules

g y
‐ entirely dependent on 
symbionts for food



Bivalve symbioses
‐microbial symbionts hosted in gill tissue



Free‐living microbes (biofilms and microbial mats) feed other
vent organisms



700+ known hydrothermal vent species 



Deep‐sea mining of hydrothermal sulphidesImpact of mining on hydrothermal 
vent ecosystemsvent ecosystems

Images from Nautilus Minerals



Mineral deposits are habitats for vent organisms





Effects of mining

Plume fallout

Direct physical Extinction of local p y
damage to habitat

Extinction of local
populations



Effects of mining – also depend on
Uniqueness of 
local gene pool

Geographic range of 
affected species local gene poolaffected species

Bacharty et al 2009y



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.



Mitigative measures ‐ Reserve AreasMitigative measures  Reserve Areas

• Larvae can recolonize disturbed sitesLarvae can recolonize disturbed sites

• Nautilus ‐ nearby reserve and sequential 
mineral extraction beginning mid deposit andmineral extraction beginning mid‐deposit and 
working downstream

P d i t b tt t

Larvae from reserve area

Predominant bottom currents



Why should we care about protecting 
h h d h l fthe hydrothermal vent fauna?

• Potential genetic resourcesPotential genetic resources

• Value to Marine Scientific Research

V l f bli d i• Value for public education



Genetic resources at hydrothermal vents

• Small number of animal 
speciesspecies

• High, unquantified 
diversity of microbesdiversity of microbes

• Large degree of genetic 
noveltynovelty
– Growth at high 
temperaturestemperatures

– Resistance to heavy 
metals

– Unusual symbioses



Biodiversity in the world ocean



Census of Marine Life (CoML)

• 10‐year program (2000‐2010) involving 80 
nationsnations

• Network of separate programs (seamounts, 
l h hAntarctic, marine mammals, chemosynthetic 

ecosystems, etc)

l dCatalogued 246,000 species



Genetic Resources in the Deep Sea
– The PromiseThe Promise

“… a source of new and viable wealth creation”*

* National strategy on marine bioprospecting, Norway, 2009



Bioprospecting in the deep sea
‐ The Realityy

• Little systematic bioprospecting in deep sea
– very costly
– low rate of success on land 

• (1 sample in 250 000 = new drug)*

– long development time

* Nature (1998) 392, 535



Drug discovery and development from natural products 

Samples collected

Timeline Number of samples/species

Samples screened

Hits 
(bioactivity)

1 yr

1 yr

( y)

Leads
identified

1‐2 yrs

Preclinical 
trials

2‐4 yrs 15‐20 years from sample to market
US$900M development cost for one drug

Clinical trials4‐6 yrs

Commercial drug

? (adapted from Hunt & Vincent (2006) Ambio 35, No. 2)



Marine Genetic Resource PatentsMarine Genetic Resource Patents
Patents filed (total = 135)

0 5 10 15 20 25 30 35

1973‐1984 Other sources (in Hunt & Vincent (2006)
14 000 l h i l1985‐1990

1991‐1992

1993‐1994

‐ 14,000 novel chemicals
‐ 300 patents on marine natural products

1995‐1996

1997‐1998

1999‐2000

2001‐2002

2003‐2004

2005 20072005‐2007

(adapted from Leary et al. (2009) Marine Policy 33, 183‐194)



Marine genetic resource patents
1973 2007

% Patents by category

1973 ‐ 2007
% y g y

Pharmacology

AgricultureAgriculture

Food

Cosmetics

hChemistry

Other

(adapted from Leary et al. (2009) Marine Policy 33, 183‐194)



Novel marine compounds grouped by phyla

Majority are secondary metabolites  from 
soft‐bodied, sessile invertebrates
o Secondary metabolitesy

• Competition for space
• Protection from

predation
f lifouling
UV 

o Collection bias?

(from Hunt & Vincent (2006) Ambio 35, No. 2)



Novel marine compounds in coastal 
waters



Drugs of marine origin currently in 
l l l ( )clinical trials (2006)

(from Hunt & Vincent (2006) Ambio 35, No. 2)



Yondelis® (trabectedin)

‐Marine derived anti‐tumoral agent 
discovered in the colonial tunicate 
Ecteinascidia turbinata and now produced 
synthetically by PharmaMar.

‐ Currently approved for treatment of ovarian 
cancer in 57 countries

Ecteinascidia turbinata



Genetic Resources at Vents – The Promise

Polymerase enzymes

Extreme Enzymes

Polymerase chain

Polymerase enzymes
(taq, Deep VentR , Pfu)

DNA

DNA

DNA

y
reaction(PCR)

>85˚C

Emerald Pool, Yelllowstone Park
Home of Thermus aquaticus

DNA

DNA

DNA

Vent microbe polymerase- DNA fingerprinting
- Genome mapping

Vent microbe polymerase 
= 30% of $500M annual 
global market



Genetic Resources at vents - the promise cont’d

Novel biomolecules

O2
H2SH2S
CO2

Tube worm haemoglobin



Artificial human blood from marine worms 
– a promising spin‐off from vent research





Artificial human blood from marine wormsArtificial human blood from marine worms

Human blood
 Nutrient/ waste transport
 Immune system 
 Gas (O2/CO2) transport

Worm

Artificial

Worm
haemoglobin

Artificial 
blood Saline sol’n



Artificial blood from marine worm 
h l bhaemoglobin

• Research began in French laboratory (CNRS‐Research began in French laboratory (CNRS
Roscoff) as study of blood from giant vent 
tubewormtubeworm

• Lab developed expertise in study of 
haemoglobin from marine invertebrateshaemoglobin from marine invertebrates

• Connected with biotechnology industry







Why should we care about protecting 
h h d h l fthe hydrothermal vent fauna?

• Potential genetic resourcesPotential genetic resources

• Value to Marine Scientific Research

V l f bli d i• Value for public education



Marine Scientific Research ‐ a major 
stakeholder at hydrothermal ventsstakeholder at hydrothermal vents



Public education – learning how the Earth works



Endeavour Hydrothermal Vents 
Marine Protected Area – a reserveMarine Protected Area  a reserve 
for scientific research



Monitoring Endeavour vents ‐ NEPTUNE Canada cabled observatory

Endeavour Endeavour 
RidRidRidgeRidge

Endeavour RidgeEndeavour Ridge

Juliane Richter,  Birte Wagner
GEO Magazine 



Thank you 
for your 
attention


