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Compound Name

Source

Chemical Class

Company

Disease Area

Status

Ziconotide

Cone snail

Peptide

Neurex

Chronic pain

Phase III

AM-336

Cone snail

Peptide

AMRAD

Chronic pain

Phase I/I1

GTS-21

Nemertine worm

Anabaseine-derivative

Taiho

Alzheimer/Schizophrenia

Phase I/II

Bryostatin-1

Bryozoan

Polyketide

GPC Biotech

Cancer

Phase II

OAS-1000

Soft Coral

Diterpene-
pentoseglycoside

OsteoArthritis Sciences

Wound Healing/Inflammation

Phase I/I1

LAF-389

Sponge

Amino acid derivative

Novartis

Cancer

Phase I

Dolastatin-10

Sea slug

Peptide

NCI/Knoll

Cancer

Phase II

ILX-651

Sea slug

Peptide

Ilex Oncology

Cancer

Phase I

Cemadotin

Sea slug

Peptide

Knoll

Cancer

Phase II

Discodermolide

Sponge

Polyketide

Novartis

Cancer

Phase I

HTI286

Sponge

Tripeptide

Wyeth

Cancer

Phase I

Yondelis™

Sea squirt

Isoquinolone

PharmaMar/Johnson&Johnson

Cancer

Phase II/III

Aplidin™

Sea squirt

Cyclic depsipeptide

PharmaMar

Cancer

Phase II

Kahalalide F

Sea slug/Alga

Cyclic depsipepetide

PharmaMar

Cancer

Phase II

ES-285

Clam

Anti-p-amino alcohol

PharmaMar

Cancer

Phase I

KRN-7000

Cone snail

a-Galactosylceramide

Kirin

Cancer

Phase I

Squalamine lactate

Shark

Aminosteroid

Genaera

Cancer

Phase II

IPL-512602

Sponge

Steroid

Inflazyme/Aventis

Inflammation/Asthma

Phase II
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AwaBeopdTnTa

Dicernnin A2 A = H

Didemnin B: B = CHCHOHC

Diclernnin C: B = CHaCHIOHC







(AvBpwTtivn)
MB: 3417 Cy51H226N4004553

(ZoAwpoc)
MB: 3431 Ci45H,40N44045S,

2D popéc 10xUpOTEPN TNC avBpwTivng pe didpKeld
dpdonc 5 popéc peyaAuTepn.
-- TTiBavéTnTa aAAepyiwv.




2 xnuariopoi Ydpoluararitn Oopng
TaApPOHOIAC HE TWV OOTWV.
TTapaokevaopara yia HeTapooxeuon
OOTWV N UTOKATACTAON HOOXEUHATWY.
(Pro Osteon Implant 500).

Tlapaokevaopara oTnv o0dovTIATPIKA.
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rugs from the Sea

Study




DRUG DEVELOPMENT:
THE PROCESS

ON-SITE SPECIMEN COLLECTION
1 (1-2 yoars)
2

SPECIMENS REDUCED TO SERIES OF
CHEMICAL EXTRACTS (1-2 years)

Q 3 INITIAL SCREENING OF EXTRACTS vs
N—’ CANCER CELL LINES (1-2 yoars)

CHEMICAL ISOLATION OF ACTIVE 4
COMPOUND (2-] years)

5 PRE-CLINICAL ANALYSIS —
STRUCTURAL AND CHEMICAL
ANALYSIS OF COMPOUND (2-4 yoars)

DELIVERY SYSTEMS DEVISED ! year)

. 6 “ate
FORMULATION ~ DOSAGES AND .,::;,'Q

(1 yoar)

\ 7 ANIMAL SAFETY STUDIES
- o

PHASE 1 CLINICAL TRIALS s
{1=2 pears) l
SE—

9 PHASE 2 CLINICAL TRIALS
{1-2 years)

PHASE 3 CLINICAL 'ml-ll.l‘o M

(2= yoars)
11 INTRODUCTION TO STANDARD
- TREATMENT REGIMENS FOR LOCAL
PATIENT POPULATIONS.




Pseudopterosin-A : Rq=Rg=H, Ro=Ac Seco-A : Ri=Rp=Rg=H
Pseudopterosin-B ; Ry=Ro=H, Rg=Ac Seco-B : Rp=Rg=H, R1=Ac
Pseudopterosin-C : Ry=Ro=Rg=H Seco-C : Ry=Ra=H, Ro=Ac
Pseudopterosin-D : Rp=Fg=H, R=Ac 8600-D : Ry=Rp=H, Rg=Ac




% MORTALITY

LD50 PSE > 300 mgikg LD50 PSA - 57 mgi/kg
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Conus geograpnus

o-Conotoxins

COGNETIX'




TTemridia 12-30 apivo€éwv pe apkeToUC

0100UAP101KOUC deapoUC.

Apouv amokAgiovTdc TIC VEUPIKEC OUVAYEIC.

é a-kwvotoivec (ViKoTIViKoi UTTod0XEIG).
é J0-kwvoTogiveg (SiauAol varpiov).
é x-kwvoTtoivec (diauAol kKaAiov).

¢ w-kwvoTofivec (diauhol acPeoTiov).
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WARNING . . .

TOXIC
SHELLFISH

SHELLFISH FROM THIS
AREA ARE UNSAFE TO
EAT DUL TO PARALYTIC
SHELLFISH TCOXIN

DO NOT EAT CLAMS,
OYSTERS, MUSSELS OR
SCALLOFS.

Rerl “ide Holline
1-800-562-5632
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Spread of Harmful Algal Blooms in United States Coastal Waters

Pre-1972 AN Post-1972

® NSP ® N3P

o PSP o PSP

& Fish kills £ Fish kills

w Ciguatera v Ciguatera
e € Brown tide
CCAsIonal anoxla {:}.H.SP

Occasional anoxia
DSP (scattered, uncorfirmed)
Atlartic dolphin mortalities?
Whale mortalities

PSP inmackerel)
Florida manatee mortalities
Migion s blooms fa esthetics)

Algal blooms have increased significantly in recent
years in U.S. coastal waters, causing massive fish
kills and leading scientists to ponder the cause.




AATATA=H = AIAKPI2H .

1: P.S.P. Paralytic Shellfish Poisoning
2: D.S.P. Diarrhetic Shellfish Poisoning
3. N.S.P. Neurotoxic Shellfish Poisoning

4: A.S.P. Amnesic Shellfish Poisoning

5. Ciguatera Fish Poisoning

6: Pfiesteria Toxins




Moraxella sp (Alexandrium)

Saxitoxin
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DSP

Halichondria okadai Dinophysis sp Prorocentrum sp




Mapaywyoi opyaviopoi: AIVONAOTIYWTA

2UMTTTWHOTO: dldppola,vauTtia, EUETOl Kal TTOVOol OThV
KolAlak xwpd. (KatavdAwon akoun Kol 5 HoAuopévwy
00TPAKWYV E€ival APKETA YIO va gu@aviodei To oUvdpouo auTod).

20B0aPEG KOIVWVIKOOIKOVOMIKEG ETTITITWOEIS O£ XWPEG OTTWG
n lamwvia, o1 HMA, n lomavia (avagépovrar 5.000
TTEPICTATIKWY MOvov Katd 1o 1981), n OAavdia kal ol XWPES
NG BopeioduTikAg EupwTrng.




Aouoiko oéu

Atropoévwon: Ao podo@ukn TnG oik: rodomelaceae, padi pe To Kaiviké
0&u.(1958)

NMpoéAeuon: Pseudonitzschia sp (Bacillariophyceae)

ZUMTITWMATA: EKTOG AAAWYV Kal Agvnoia.

2UVOEETAI ME YAOUTAMIKOUG KOl N-peOUA-D-aoTTapTIKOUG UTTOOOXEIG TWV

VEUPWVWYV TOU EYKEPAAOU HE TEAIKO ATTOTEAECHA TOV BAVATO TWV VEUPIKWV
KUTTAPWV.




Mmrpeferogivn A

MmrpeBerogivn B




2UVOPONO  TPOQYIKNG dnAntnpiacng armd  KATavAAwaon  TPOQWV
@aAdoolag TTpoéAeuonc.

[Tapouaialel tToikiAa Kal TTOAAEC QOPEC DIAPOPOTTOINUEVA CUNTITWHATA
ATTO TO YAOTPEVTEPIKO AAAG KAl TO KUKAOQOPIOKO KAl VEUPIKO cUCTNUA.

[MpwTapXIKA  TINYR  TTAPAYWYNS  TO  ETIQUTIKO  PACTIYOPOPO

Gambierdiscus toxicus, kal GAAoI TTapOUOI0I OPYAVICUOI.

Ala pyéoou TNG TPOYIKNG aAucidag Ta TOCIKA CUOTATIKA METAPEPOVTAI
LMEXPI Kal ToOV AvBpwTTO.

Kupiol ektTpoowTrol €ival N ZiykouaTtogivn kal N MaiToTogivn.




FROLIFERATIC
TOXIC
DIMOFLAGELLATES

FEEDO MAN EATS
HEREI'/OROUS




Ciguatoxin: R{= —CH (HO)-CH,0H, R;= OH

Maitotoxin




2 YMIEPA2MATA-ANAI KAIOTHTE2

*[1poGBIoPIGUOC TWV QUGIKWYV, XNHUIKWY Kdi BIOAOYIKUWV
TTAPAYOVTWY TTOU TTIPOKAAOUV TNV EUPAVION TETOIWV
(POIVOUEVWV.

*BeATiwaon Twv peBddwyv Guecnc avayvwpiong Twy
UTTEUBUVWV OPYAVIGUWV

*Kataypapn eaivopevwy HABS Kdl GUGYETIGUOC E TNV
ENPAVION CUUTITWHATWV.

*AVATITUEN NEBGBWYV aviXvEUDONC OTIC TPOYEC .

*AlgPEUVNON TOU PUNYAVICHOU OPAaTC TWV TOZIVLIV —
AvdamTugn avnidoTwy — Oeparreia.

*EIDIKI EKTTAIOEUCT) TWV CPPOBIWV POPEWYV UYEIaC.




MEZOIEIAKH ATIAITA

MEFEET $QFEI
TON FHHA
KRHHIN G HFEAT

TATHA
MEFILET aGPET
THH EBADWALA NSy AL PEA AT A

RAP|

EAAIDAALD EAMET
KADE MEPA TP FLAGYPT

s
SAZOMA, AAAA OEMPIA

M:p ZHPOI KAPTIO

APOYTA ARMAN A
WA SHMHTPLAKS T MAFTHA FYZ| MATATET
MOAENTA Hal NAKCOY R




PaApPAKEVUTIKEG 1010TNTEG:

eEvepyoUv TTPOQUAAKTIKA OTa , pixvovTtag thv
X0oAnaTepoAn kai tapdAAnAa avepdalovrac thv HDL, ponBwvrac étol pe
I00PPOTINUEVO TPOTTO €va £mIOUUNTO TiPo@iA AItidiwyv Tou aiparog.

o2 UUPAAAOUV 0TV ATTOPUYH TNC AVATITUENG APKETWY HOPPWYV

eMeiWvouv TI¢ TIBavoTNTEC TTIPOKANGNG

eYTmoPonBoUv Tnv 00TIKA HETAAAIKA TTUKVOTNTA Kal TV TTpodoTion amd Thv

eBonBoulv o1n

eMeiwvouv Tnv

eExouv BepameuTikh dpdon oTO

eBeATIWVOUV TNV

eI TpoAapupdvel

eI Tapouaidlouv afioAoyn cuepyeTikA dpdon oThv
eI TpoaTaTelouv Tov opyaviopéd améd Th

Emdpolv suvoikd oTnv
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- XpWOTIKEC
- Airidia
- BiodpaoTikoi MeTaPoAiTec




*  YOATOKOAAIEPYIEC

¢ ZUPTTANPWHOTA
AlaTpoPrc

 RULIVA A

fish Sood flalkes
10¢ Treah arwd salt weater fish




Ta pKpoPUKN WS TTNYEC EI0IKWY OUCIWV

Health Food
Feed additive

Tocopherol
S.0.D

Arachidonic acid
Eicosapentaenoic acid
amma-linolenic acid

High pressure extract
Ethanolic extract
Aquatic extract

Beta-carotin
Xanthophylls
Astaxanthin
Canthaxanthin
Phycocyanin
Phycoerhythrin

400-10.000
160.000
400-10.000

2.000-3.000
300-500
40

>1.000
200-500
>1.500
1.000
>100
>10.000

10-100
100-1.000

60
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BioAo&avOivn

OH

o AoTta&aveivn
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AINMAAZIAZMOZ 1n¢ TrepiekTikOTNTAC 0 DHA ka1 ARA

Au¢non tou EPA ato 33.7% o€ 41.5%.

AUZnon o onUAvVTIKA €TTITTEDA OAWV TWV ETTIOUPNTWYV
OUOTATIKWYV

TPINAAZIAZMOZ 1nC TTEPIEKTIKOTNTAC 0 EPA.

TPINAAZIAZMOZ 1nC TrepiekTikOTNTOC 0 EPA KOl o
AINMAAZIAZMOZ 1n¢ mreplekTIKOTNTAC 0 DHA.







ANTIL-PREDATORY CHEMICAL D

Pre-1980s: Assessed by correlation or
toxicity studies

Subsequent: Development of more ecologically
relevant bioassays

-Feeding assays
-Realistic consumers
-Natural concentrations of metabolites
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Bryostatins are isolated from the bryozoan, Bugula neritina, but
are produced by a symbiotic bacterium. The bryostatins are
concentrated in the bryozoan's larvae and protect the larvae from

predation by fishes. Bryozoans are filter feeding invertebrates. .
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Soft fleshy seaweeds found where herbivorous fishes and
invertebrates are abundant typically deter herbivory through
the production of distasteful secondary metabolites.




Nudibranches also put
defensive compounds in
their soft egg ribbons.

Nudibranchs, also called sea slugs, are a
commonly cited example of how
organisms  with  potent  chemical
defenses have little need for a physical
defense, such as a hard shell, to protect
against potential predators.

Nudibranchs  typically get  their
defensive chemistry from the sponges,
bryozoans, and sea squirts that they

ea’r._




Even if Opistobranchs do not
have the mechanical protection
that a shell would provided,
they are not, however, exposed
to attacks by predators. They
defend themselves by releasing
a mucous secretion containing
small organic molecules which

are both toxic and repellent, '**

&
N A7

oxytoxin-2




Often these chemical defenses are found in food
opistobranchs accumulate the toxic component

in their preys and use them for their own defe

Wy w\u- *

Somo specml can ;Iughtly transform the
u[es found |r? thﬁf diet so that they arg
thxk At finu-i this transformations may
" c.!lu lns*ad ah Incnaso in the activity
of tho dmtaty compounds,

L %
i 4 "
LR "
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)
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Lastly, other species can self- produce toxic

substances which are unrelated to their

dietary regime: that is, they
produce a biosynthesis “de novo

.Il L8 ]




t from secreting toxic substances when molested,
cked some opistobranchs are capable of self-
ng, by autotomy, those parts of their body which
ticularly exposed. '
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autotomy, associated with the secretion of toxic
, form another valid instrument of defense. In some
the detached appendages will continue to contract
e time thereby distracting the aggressor.”

.o B
l!

Afterwards, those parts
which were self-detached, by
autotomy, will regenerate in

an extraordinary short time.”
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Th(' oplstobran(hs are ‘capable “ofr

.mtchangmg chomncal messages.
Chomical' sighnl& which - are secreted
Wlth the ‘'mucous pormn those Speci-
mens Iwmg on Sandy bottoms to move

along a muto traced by the leading

specimen. Other chémical sngnnls relea- .I

sed hy the Spocnmon wWhen molostod
~ Warhs thosé following of the presence
of a danger. This causes a confinuous

change in di_rectiori by those Tollowing.

This response to the.alarm tan also be

seen inan aquarium,When the purified

s substinte i$ P""“‘d.g‘ the' trail
*l-

s between two Specimens,

Haminol




Caging experiments help to further illustrate the role of
predators in eliminating poorly defended prey from
habitats, like coral reefs, where predators are abundant.




Research on Marine Natural Products

ADVANTAGE
Remarkable variety of secondary metabolites




Applications of Marine Natural Products

Applications Health Sector

> —p

m Health New material m Anticancer Antiviral Antifungal
[ Biotechno|ogica| too|s ] Nutrition | Analgesic | Antiinfalatory m Anthelminthic

Cosmetics




¥ !
16.000 molecules have been isol entified. b

Hundreds have been used as |




Compound Name

Source

Chemical Class

Company

Disease Area

Status

Ziconotide

Cone snail

Peptide

Neurex

Chronic pain

Phase III

AM-336

Cone snail

Peptide

AMRAD

Chronic pain

Phase I/I1

GTS-21

Nemertine worm

Anabaseine-derivative

Taiho

Alzheimer/Schizophrenia

Phase I/II

Bryostatin-1

Bryozoan

Polyketide

GPC Biotech

Cancer

Phase II

OAS-1000

Soft Coral

Diterpene-
pentoseglycoside

OsteoArthritis Sciences

Wound Healing/Inflammation

Phase I/I1

LAF-389

Sponge

Amino acid derivative

Novartis

Cancer

Phase I

Dolastatin-10

Sea slug

Peptide

NCI/Knoll

Cancer

Phase II

ILX-651

Sea slug

Peptide

Ilex Oncology

Cancer

Phase I

Cemadotin

Sea slug

Peptide

Knoll

Cancer

Phase II

Discodermolide

Sponge

Polyketide

Novartis

Cancer

Phase I

HTI286

Sponge

Tripeptide

Wyeth

Cancer

Phase I

Yondelis™

Sea squirt

Isoquinolone

PharmaMar/Johnson&Johnson

Cancer

Phase II/III

Aplidin™

Sea squirt

Cyclic depsipeptide

PharmaMar

Cancer

Phase II

Kahalalide F

Sea slug/Alga

Cyclic depsipepetide

PharmaMar

Cancer

Phase II

ES-285

Clam

Anti-p-amino alcohol

PharmaMar

Cancer

Phase I

KRN-7000

Cone snail

a-Galactosylceramide

Kirin

Cancer

Phase I

Squalamine lactate

Shark

Aminosteroid

Genaera

Cancer

Phase II

IPL-512602

Sponge

Steroid

Inflazyme/Aventis

Inflammation/Asthma

Phase II







Conus geograpnus

w-Conotoxins

COGNETIX'




Kahalalide F
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Kahalalide F is currently undergoing Phase IT clinical trials in various solid tumours:

melanoma, non-small cell lung cancer and hepatocellular carcinoma. A Phase II trial for the
treatment of patients with severe psoriasis is also ongoing.

* Kahaldlide F alters the function of the lysosomal membrane, a mechanism that
distinguishes it from all other known anti-tumour agents. Studies demonstrate that
Kahalalide F induces cell necrosis /n vivo (oncosis) and shows selectivity for tumor compared
with normal cells /n vitro. Its activity is independent of multidrug resistance (MDR)
expression.




DavidJ. Newman
National Cancer Institute

“If @ marine organism
is  fat, fleshy, sliow
moving, and brightly

colored, NCI wants it.

Such a creature must

have some mechanisms
for. defense against
predators. Usually the

weapon is a chemicalts




sea slugs i Mediterranzan

In Porto Germeno, Greece specimens of
Lessepsian opisthobranch gastropods
were collected feeding on their new
dietary sources.
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Syphonoside displays an unprecedented macrocyclic skeleton with an original conformation.

The resulting internal cavity could host hydrophobic molecule, stabilized though hydrogen bond
interactions, indicating potential technological applications.

Syphonoside

Gavagnin M., Carbone M., Amodeo P., Mollo E., Vitale R. M., Roussis V., Cimino G.
J. Org. Chem. 2007, 72,5625-5630




Proc. Nat. Acad. Sci,, 2008, 105, 4582-4586.

% rejection

A B

Fig. 3. F. elegans alimentary response to food pellets treated with com-
pound 2 (A) and 4 (B) at the volumetric concentration of 2.3 mg/ml and 1.0
mag/ml, respectively. Two-tailed Fisher's exact test: A< 0.05 vs. control; n = 10
for each bar.
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Determination of an"r]'fouJ]ng activity

Inhibition of attachement and germination

of spores and zygotes of macroalgae
*Inhibition of the growth of phytoplancton
*Inhibition of the growth of marine fungi
‘Inhibition of the growth of bacteria
-Inhibition of phenoloxidase activity

‘Inhibition of barnacles larval settlement
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Smyrniotopoulos, Quesada, Vagias, Moreau, Roussakis, Roussis. Tetrahedron, 2008, 64, 5184-5190.




5 R'=R’=H, R*=0-Br
6 R'=B-OH, R’=H, R’*=a-Br
7 R'=0-OH, R*=H, R*=a-Br
8 R',R=0, R>=B-OH

9 R' =0-OH, R>=H 12 R' =H, R>=OH
10 R'=a-OOH, R*=B-OH 14 R'= OH, R*=H Compounds
11 R'=0-OOH, R*=a-OH

ICs in vitro growth inhibitory concentrations (uM)
A549 OE21 SKMEL-28 PC-3
42 30 38 31
99 58 94 73

—

64 33 63 48
4 3 5 4
35 28 34 3]
20 19 22 12
28 25 29 26
19 8 22 8
24 15 31 28
28 27 28 28
40 25 32 30
63 64 43
27 21 26
38 33 31
43 34 34
79 84 35
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mznt Innioirion of Salanuys aimonirirz

KopovortripoAioAn
ECs=3.16 mg/L

% gykardaraon

Id._

BpwpoteTpacpaipdAn 128 -uBpotu-BpwpooaipéAn 18 -uBpogu-1,2-51uSpo-BpwHoaPaipAn
ECs=0.32 mg/L ECs=3.16 mg/L EC,, =21.29 mglL

% eykardaracn
% gykardaraon
% eykatdataon




% settlement
% settlement

Coronopifoliol (-)allo-aromadendrene
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Chemical communication of marine insects.
The case of Halobates




Investigated species
Halobates hawaliensis
Halobates micans
Halobates sobrinus

Adults (Males & Females) & Nymphs

Total extract, Cuticle lipids







Insect collection
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Chemotropism assays




Behavioural responses

Female Male Attraction

Female Female Repellence

Male Male Repellence

Male Female Attraction

M. Tsoukatou, L. Cheng, C. Vagias and V. Roussis. Chemical composition and behavioural responses of the marine
insect Halobates hawairensis.Z. Naturforsch. 56¢, 597, 2001




Pentadecanoic acid methyl ester (H. sobrinus)
Octadecenoic acid tetradecyl ester (H. micans)
9-Octadecanamide (H. micans)

Hexadecanol (H. hawaiiensis)

2-Cycloheptenone (H. hawariiensis)




Ulval rigida




CLOSED LOOP SETUP FOR THE COLLECTION OF THE VOLATILE METABOLITES




SYRINGE INJECTION




HEAD SPACE METABOLITES OF THE ALGAL ESSENTIAL OIL
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Characteristic components of the recognized chemical
profiles assigned to the genus Gorgonia.
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Elemanolide
Furanotriene
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Ledol

¥-Muurolene
Valencene
Furanotriene
Isofuranotriene
Furanodiene
Elemanalide
Curzerene




CHEMICAL PROFILE D

CHEMICAL PROFILE E

Furanotriene
Isofuranotriene
E-Herolidol
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BIOACTIVE METABOLITES WITH
INDUSTRIAL INTEREST
FROM MARINE BACTERIA




Oil Spills
Sewage treatment

Toxic metals

Polychlorinated Phenols




ALASKA 1989

Exon Valdez ran
aground off the coast of
Alaska, spilling more
than 11 million gallons
of oil into Prince
William Sound.




Spores obviate the need for viable bacteria to be introduced into
the environment;

Spores are naturally resistant to harsh environmental
conditions;

The spores studied bind, accumulate, or precipitate a variety of
metals;

Metal precipitation occurs over a wide range of environmentally
relevant conditions (pH, temperature, metal concentration, and
in both fresh and saline waters);

Spores have a high capacity for binding ions at their surface, as
well as high metal affinity and specificity;

Spores can be re-used after their metal coats have been
stripped.




a product extracted from shellfish waste, is being used to treat wheat seeds to reduce fungal
infestation, with resultant increases in germination and ultimate yield (up to 10%).

.chitosan can trigger genes in plants that fight disease

* has a history of about three decades of use in detoxifying water.

spread over the surface of water, it absorbs greases, oils, heavy metals and other
potentially toxic substances.

*SELECTIVELY ABSORB FATS EVEN IN A WATER MEDIUM.

Description Applications Advantages

e Bacteria transforms e Biomedical: wound e Economical and environmentally-friendly process:
chitin to the more healing, burn does not require strong alkali, nor high
soluble, useful treatment temperatures; does not generate a pollutant stream
product chitosan Agricultural of alkaline liquor

Pharmaceutical Bacteria grow faster than fungi, and do not need to

Cosmetics be purified, as do enzymes
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*Xylanase-type enzymes operate at harsh conditions
for the transformation of pulp for paper.

*Better digestion of animal feeds




About Hydrothermal Vent Research

Along mid-ocean ridges, sea water can percolate through cracks into the sea floor rock. As it reaches
progressively deeper depths, the fluid is heated from contact with hot (but solidified) rocks. At the
water flows deeper and the temperature increases the fluids begin to react with the rocks resulting
in a fluid chemistry much different than the starting sea water. Eventually, the fluids become so hot,
their density forces them to rise up through the oceanic crust, where they are released at the sea
floor as deep sea hot springs or "black smokers." These black smokers can reach temperatures >400
degrees Celsius. Fantastic animal communities including giant tube worms and mussels have been found
living near these black smokers. These animals do not live in the ~350 degree water, but live in very
nearby cooler areas where the hydrothermal waters have mixed with sea water to form cooler ~5-60C
"diffuse flow fluids." Chemicals in these "diffuse flow fluids" provide the energy that the animals

need to live on the bottom of the ocean.

The goal of a cruise, for the water chemists, is to collect black smoker and "diffuse flow fluids" in
order to analyze their chemistries. Then try to understand the chemical relationship between the
high temperature vents and the diffuse flow. Is diffuse flow simply a mix of black smoker fluids with
sea water? Or are there other chemical reactions occurring that result in the chemistry of "diffuse
flow?" Understanding the of hydrothermal fluids at mid-ocean ridges is important to understanding

how animals can live in these regions, completely isolated from the light of the sun.




How did Alvin get its name?
Alvin is operated by the Woods Hole
Oceanographic Institution in Woods Hole,
Massachusetts, The sub was christened in
1964. The Deep Submergence Group at
Woods Hole named Alvin. It was both a
it contraction of their colleague
Allyn Vine's name {he worked
4 tirelessly to make the
o submersible a reality)
and a reference to the
popular cartoon chipmunk.,

How big is Alvin?

The sub (its official title is “deep submergence vehicle") is
about 23 feet long and 12 feet high. The G-foot-diameter sphere
in which the scientists work is made of titanium.

What equipment does Alvin have?

Its tools include video cameras, an underwater telephone, a
computer/data display/recording system, sonar, sediment
corers, temperature probes, a magnetometer, and more,
Alvin has long, clawed arms called manipulators that are
used to collect scientific specimens and place them in the
sub’s plexiglass collecting basket. The manipulators can lift
up to 250 pounds and reach up to 75 inches.

Alvin Siatistics Payload: 1,800 pounds
Length: 23 feet, 4 inches Dive Duration: 6 — 10 hours
Height: 11 feet, 10 inches Life Support: 216 man-hours
Draft: 7 feet, 6 inches Complement: 3 people
Gross Weight: 37,400 pounds Propulsion: Five hydraulic
Operating Depth: 13,124 feet thrusters




Resembling giant lipsticks, tubeworms (Riftia pachyptila)
live over a mile deep on the Pacific Ocean floor near
hydrothermal vents. (8
f1) long. The worms' white tube home is made of a tough,
natural material called cAstin (pronounced “kite-in").

Tubeworms have no mouth, eyes, or stomach (“qut").
Their survival depends on a symbiotic relationship with
the billions of bacteria that live inside of them. These
bacteria convert the chemicals that shoot out of the
hydrothermal vents into food for the worm. This
chemical- based food-making process is referred to as
chemosynthesis.

Scientists have found that, during its earliest
stages, the tubeworm does have a mouth and gut for
bacteria to enter. But as the worm grows, these features
disappear!

While the fubeworm depends on the bacteria that live in
its body for energy and food, sometimes tubeworms
provide food for other deep-sea dwellers. Fish and crabs
may nibble off the fubeworm's red plume.




The hydrothermal vent crab, Bythograea thermydron, is a top predator at vent sites
in the Pacific Ocean.

This crab is present in such high densities that scientists actually use it as an

The vent crab is typically found among dense clusters of tubeworms at an average depth of 1.7 miles and can tolerate a
temperature gradient that ranges from 77°F in the tubeworm clumps, to 36°F, which is the temperature of the water
surrounding the vent sites.

Because vent fields may be separated by hundreds of miles, scientists have many questions about how they are colonized by
the crabs. At the University of Delaware College of Marine Studies, scientists are examining the crab's life stages and
reproductive biology to look for clues.

Going Crabbing in the Deep Seal

To collect a small number of adult crabs for laboratory study, scientists deploy modified minnow traps on the seafloor with
the help of the deep-sea sub A/vin. Younger crabs are captured indirectly by collecting clumps of tubeworms at the vent site.

How Do You Keep a Vent Crab Happy in Delaware?
Because the vent crab is found at an average depth of about 2.7 kilometers (1.7 mi),
that we do. While scientists have found that young vent crabs can live for months in the lab at
gfrmospher'ic pressure, the adult crabs must be kept under high-pressure conditions similar to those back home or they will
ie.

The pressure chambers shown above were designed by University of Delaware scientists to keep the vent crabs alive. The

aquaria house different life stages of the crabs. A hydrostatic pump keeps the system at a pressure of 1,500 pounds per

iquarehinchﬁor about 150 atmospheres — not quite as great as what the crabs experience at the vents, but close enough to
eep them happy.

;I'he crabs are fed weekly when the tanks are cleaned. Their diet is mussels, which are collected at the vents and frozen for
ater use.




Deep-Sea Vents Harbor Pompeii Worm

University of Delaware marine scientist Craig Cary recently discovered
that an inhabitant of the deep sea is the most heat-tolerant animal on
Earth. The Pompeii worm (A/vinella pompejana) can survive an environment
as hot as 80° € (176° F) — nearly hot enough to boil water. How the worm
survives this heat remains a mystery.

Formerly, the Sahara desert ant was believed to be the most heat-hardy
creature, foraging briefly in the desert sun at temperatures up to 55° C
(131° F).

Cary's research was conducted onboard the deep-sea submersible A/vinat
hydrothermal vent sites in the Pacific Ocean west of Costa Rica. Using a
long temperature probe called "the Mosquito,"” he found that the worm's

rear end sits in water as hot as 80° C (176° F), while its head, which
sticks out of the worm's tube home, rests in water that is much cooler,
about 22° C (72° F).

Covering the Pompeii worm's back is a fleece of bacteria that can also

“take the heat." These bacteria are of particular interest to industry

because they may harbor enzymes that are useful in such high-

temperature applications as processing food and drugs, making paper,

and dislodging oil inside wells. By learning more about the unique biology

of the Pompeii worm and other "extremophiles” — organisms that thrive At the lower right-hand quadrant of
in extreme temperature and pressure conditions — scientists may open this photo, you can see a Pompeii

.. worm extending its dark-red
the door to beneficial new products and processes. feathery head and paler body from

/ts tube home. The worm is about 13
centimeters (5 in) long.




Recent evidence suggests that life originated in extreme environments, for
example, at high temperatures. The National Science Foundation (NSF) has
initiated a r'c]igram called Life in the Extreme Environment (LExEn) that is
dedicated to finding new and exciting organisms that live in harsh environments.

The Extreme 2000 research expedition, at hydrothermal vent sites in the Sea of
Cortés, is led by marine scientists from the University of Delaware and Portland
State University and their chief objective is to make real-time chemical
measurements at the vents using microsensors, which will guide the
microbiologists and molecular biologists in finding organisms that are descendants
of early life forms.

Chemical Detective Work at the Bottom of the Sea

Are hydrothermal vents home to the closest relatives of the oldest life on Earth?
Using special tools housed in a wand on the sub A/vin, researchers will be testing
the chemistry of vent water in search of microscopic organisms. The wand houses
a thermometer, an apparatus called "the Sipper” o collect small water samples,
and a super-sensitive chemical analyzer.

The analyzer is like a sophisticated underwater “snooper.” It can be used near
the vents and, from its chemical readings, tell scientists what kind of microbes
might live there. While our food chain is based on energy from the sun, the sun's
rays never reach the deep sea. There, organisms must rely on a different energy
source: the chemicals that rocket out of The vents.

During a previous expedition, the Extreme 2000 scientific team found that the
presence of two compounds — hydrogen sulfide (H2S) and iron monosulfide (FeS)
— may be an important indicator of fhe oldest microscopic vent life. These
compounds react to form the mineral pyrite ("fool's gold") and hydrogen gas.

With the analyzer's help, marine scientists may be able o track down the nearest
descendants of the first life on Earth, and perhaps on other planets.

Europa, one of the moons of Jupiter, is covered in ice. However, recent findings
suggest that portions of the ice move, which is strong evidence that liquid wafer
lies beneath the ice. The water may be maintained inits liquid state by

hydrothermal vents. If hydrothermal vents exist on Europa, there's a possibility

that ancient microbes could live there, too.




*Thermus thermophilus

*From hydrothermal vents 2 Km deep 1n the Pacific Ocean
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Taxa

Antarctobacter heliothermus

New Antarctic taxa

Isolated from

Hypersaline lake

Flavobacterium hibernum

Freshwater lake

Glaciecola punicea

Sea ice

Glaciecola pallidula

Sea ice

Colwellia demingiae

Sea ice

Colwellia rossensis

Sea ice

Colwellia hornerae

Sea ice

Colwellia psychrotropica

Marine salinity lake

Octadecobacter antarcticus

Sea i1ce, seawater

Gelidibacter algens

Sea ice

Psychroserpens burtonensis

Marine salinity lake

Psychrobacter glacincola

Sea ice, seawater,

Methylosphaera hansonii

Marine salinity lake

Pseudoalteromonas antarctica

Seawater

Psychroflexus torquis

Sea ice

Hymenobacter roseosalivarius

Sandstone liths, soil

Polaribacter franzmanii

Sea ice, seawater

Polaribacter irgensii

Sea i1ce, seawater

Poleribacter glomeratus

Marine salinity lake

Polaribacter filamentus

Sea ice, seawater

Planococcus mcmeekinii

Sea ice

Pseudoalteromonas prydzensis

Sea ice

All photos are courtesy of
David M. Karl, et al




typically have maximal catalytic activity at temperatures below 40° C

* 1n cleaning agents,

 leather processing,

» degradation of xenobiotic compounds 1n cold climes,

« food processing (fermentation, etc )

« molecular biology (heterologous gene expression).




Amino acid substitutions in critical areas near the active site
Increased incidence of glycine residues near functional domains
Fewer salt bridges

Less packed hydrophobic cores

Reduction of proline residues in loop structure

Less interaction between aromatic sidechains
Less hydrogen bonding
Lower levels of arginine

Less charge—dipole interactions in helices

Higher surface hydrophilicity (from additional charged sidechains)

Looser coordination of Ca%* ions

Protein folding




Bacterial strains

Colwellia demingae ACAM 607

Colwellia-like strain IC169

Cytophaga-like strain IC166

Enzyme ToprKear® €)

Protease (azocasein)
Protease (azoalbumin)
Trypsin

Phosphatase

Trypsin
Phosphatase

-galactosidase

Protease (azocasein)
Protease (azoalbumin)
Trypsin
-galactosidase

-amylase

% Activity
10° C
75
39
90
90

40° C
25
30
29

85




New pharmaceuticals from Marine Bacteria

Micro-organisms

g Marine plants -

Marine animals
[ &

Terestrial plants

Terestrial animals

% cytotoxicity (NCI)




Cephalosporium sp
Aspergillus sp.
Halocyphina villosa
Corollospora pulchella
Leptosphaeria oraemaris
Leptosphaeria oraemaris
Zopfiella marina
Asteromyces cruciatus
Leptosphaeria obiones

Dendryphiella salina
Helicascus kanaloanus
Preussia aurantiaca
Leptospaeria oraemaris
Stachybotrys sp
Leptospaeria sp
Penicillium sp.

Phoma sp.

Aspergillus fumigatus

Penicillium fellutanum

Unidentified Leptospaeria sp.
Unidentified Leptospaeria sp.

Trichoderma harzianum
Kallichrorma tethys
Penicillium sp.

Sea water near sewage outlet
Italy floor mud

Sand grain
Submerged wood

Ocean foor mud
Decaying wood / algae
Salt marsh grass

Mangrove

Mangrove

Plant

Brakish water

Algae (Sargassum tortile)

Algae (Enteromorpha intestinalis)

Shell or crab (Chionoecetes opilio)
Gastrointestinal tract of fish (Pseudolabrus
japonicus)

Gastrointestinal tract of fish (Apogon endekataenia)
Sponge

Sponge (Jaspis sp.)

Sponge (Micale cecilia)

Cephalosporins

Gliotoxin

Siccayne

Melinacidins III and IV, Gancidin W
Culmorin

Leptospaerin

Zophinol

Gliovictin

Obionin A

Dendryphiellins A-G
Helicascolides A & B and Ochracin
Auranticins A & B
Leptospaerolide

Stachybotrins A & B

Leptosins A -G

Communensins A & B

Phomactins A, B, B1, B2, C& D
Fumiguanazolines A -C

Fellutamides A & B
Nectriapyrones A & B
Chloriolins A-C
Trichoharzin

Culmorin type sesquiterpenes
Epolactaene

Antibiotic
Antibiotic
Antibiotic
Antibiotic
Atifungal

Dopamine receptor
antagonist

Antibacterial

Antimicrobial
Cytotoxic / antitumour
Cytotoxic

PAF antagonist
Cytotoxic

Cytotoxic

Cytotoxic
Neurotrophic




Bacterial metabolites produced by isolates obtained
from nutrient-rich invertebrates and vertebrates

(a) Salinamide A and (b) salinamide B are bicyclic depsipeptides mechanism of action related to
vancomycin.

(c) Vibrindole A, is a bis-indole derivative that exhibits antimicrobial activity.

(d) Okadaxanthin is a new C
singlet oxygen quencher.

5o carotenoid containing the structural unit of -carotene that is an excellent




(8) R = a-OH
(h)R=B-H

e) Moiramide A, (f)moiramide B, (g) moiramide C and (h) andramid
Isolated from a bacterium obtained from the surface of a marine tunicate.

Moiramide B exhibits an antimicrobial activity.
i) Halichomycin is a cytotoxic tricyclic macrolide

Isolated from a bacterium cultured from the intestinal tract of a marine fish.




Compounds produced by bacterial isolates obtained from
marine sediments and nutrient-poor seawater.

(c) R=CH;,R'=H

(a) Halobacillin is a cytotoxic acylpeptide related to
surfactin, one of the most efficient surfactants known.

lacks the antimicrobial activity exhibited by surfactin.

(b) Caprolactin and (c¢) caprolactin B exhibit mild
cytotoxicity and antiviral activity.

(d) -indomycinone is cytotoxic as aresult of DNA adduct formation.
(e) Bioxalomycin 1 and

(f) bioxalomycin 2

() R = CH,4




(g) Thiomarinol exibits antibiotic activity.

(h) Bioxalomycin 1 and (i) bioxalomycin 2, exhibit excellent in vitro and in vivo antimicrobial
activity against Gram-positive bacteria.

(j)Alterobactin A (depsipeptide) (k) alterobactin B.
Alterobactins bind with Fe3*




ISOLATION OF STRAINS

HIGH TROUGH PUT SCREENING
BIOLOGICAL IDENTIFICATION
CHEMICAL IDENTIFICATION
ISOLATION OF METABOLITES
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MAIN CHARACTERISTICS
mhips name: AEGAED
Year of cotstruction: 1985

mhip building company: Challas ship yard

Fort of Eegistty: Challtis
Class: + H 1000 A1
Cryverall Length: 61.51m
LBR 57 0m

Ivlasz. Breadth: 9.60m
sutnmer Draught: 2 9m

Grosstonnage: BEG. TOM 773
















Corfu June 2001




Kithira July 2001
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Anagnostec

Violet pigment Violacein produced by isolate MM64.




