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o 3EY Yo FABL T

o Az 237 A%E ALl
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Ade 8 33

SJoFE

Ara-A (acyclovir)
Ara-C (cytosar-U, cytarabine)

4 &

Okadaic acid

Manoalide

Aequorin

Green fluorescent protein (GFP)

ai
Vent and Deep Vent DNA
polymerase (New England BioLabs)

¢ BF5A
Formulaid (Martek Biosciences)

RES

Phycoerythrin

EE A7HA
Resilience (Estée Lauder)

Antiviral drug (herpes infections)
Anticancer drug (leukemia and non-
Hodgkin’s lymphoma)

Phosphatase inhibitor
Phospholipase Az inhibitor
Bioluminescent calcium indicator
Reporter gene

Polymerase chain reaction enzyme

Fatty acids used as additive in infant
formula nutritional supplement
Pigment

Conjugated antibodies used in
ELISAs and flow cytometry

“Marine extract” additive

Marine sponge, Cryptotethya cryta
Marine sponge, Cryptotethya cryta

Dinoflagellate

Marine sponge, Luffariella variabilis
Bioluminescent jellyfish, Aequora victoria
Bioluminescent jellyfish, Aequora victoria

Deep-sea hydrothermal vent bacterium

Marine microalga

Red algae

Caribbean gorgonian, Pseudopterogorgia
elisabethae

SOURCE: Adapted from Pomponi (1999).
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DNA Microarray

Microarray 7]%2 §4A $3olA ol® ABo] EAF Wale] ofE/ WA E ATS
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Rofolt}. o]2 E3 wwlA y%g #d & ok A2 7] HEAE DEide uYy
(modification) & ©]3l3lE Aol W& Fasixa vk FAAE, gudA ] nd4d vAd=E
e SEegd &7 W tid mAEY HE, AL dArEdold MAY 229 A,
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Source Probe Function Price
Sponge Manoalide Phospholipase A2 inhibitor Protein $120/mg
Calyculin A phosphatase inhibitor $105/25 pg
Luffariellolide Phospholipase A2 inhibitor $100/mg
12-epi-scalaridial Phospholipase A2 inhibitor $136/mg
Latrunculin B Actin polymerization inhibitor $90/mg
Mycalolide B Actin polymerization inhibitor $212/20 pg
Swinholide A Actin microfilament disruptor $100/20 pg
Dinoflagellate Okadic acid Protein phosphatase inhibitor $75/25 pg
Bryozoan Bryostatin 1 Protein kinase C activator $88/10 pg
Sea hare Dolastatin 15 Microtubule assembly inhibitor $125/mg

SOURCE: BioMol [www.biomol.com].

H 3 I 3IIE 22 Y Sl &2
Marine Source  Drug Organism Current Status
Sponge Discodermolide Discodermia dissoluta To enter Phase I trials in 2002; licensed to
Novartis
Isohomo-halichondrin B Lissoden doryx sp. Licensed to PharmaMar S.A.; in advanced
preclinical trials
Bengamide Jaspis sp. Synthetic derivative licensed to Novartis; in
clinical trials
Hemiasterlins A & B Cymbastella sp. Derivatives to enter clinical trials in 2002;
licensed to Wyeth-Ayerst
Girolline Pseudaxinyssa cantharella  Licensed to Rhone Poulenc
Bryozoan Bryostatin 1 Bugula neritina In Phase I/II clinical trials in U.S./ Europe; U.S.
National Cancer Institute (NCI) sponsored trials
Sea hare Dolastatin 10 Dolabella auricularia Phase I clinical trials in U.S.; NCI sponsored
trials
Tunicate Ecteinascidin 743 Ecteinascidia turbinata Licensed to PharmaMar S.A.; in Phase III
clinical trials in Europe and in U.S.
Aplidine Aplidium albicans In Phase II clinical trials; licensed to PharmaMar
S.A.
Isogranulatimide Didemnum granulatum Licensed to Kinetik, Canada
Gastropod Kahalalide F Elysia rubefescens In Phase I clinical trials; licensed to PharmaMar
S.A.
Actinomycete Thiocoraline Micromonospora marina Licensed to PharmaMar S.A.; in advanced

preclinical trials

SOURCE: Data from David J. Newman, National Cancer Institute, Natural Products Branch, Frederick, Md.
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A H2EES 7154 @tk £3 o] Ve Az g @4 AFHL gL 2¥e 7T
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3.0, D= ol MHEZE of% XII|D|
Dr. Rita Colwell (Director, National Science Foundation)

A 3ee A4 e, A, Ay, EAolge ol e AFL
82 *3@«1—} Y, A, 73 Ropell 2F 282 F o dAF AT o
AFFEA A 2 AHHe=E T ﬂ—%“*‘% AAse o, A olFY #A4F, @
7 %%% A Adez it 4, fARA = st 3

-1)1' rl

HxFe AFEg olye} g, HEY, 9L, AR s
dolt}, HAF 2HL FAsE IR MEFG EAL ¥F AF 34, &
T (antifungal) |, ]38t Bkl X BAL} 53X A (poulitice)E ©] &= =3

ok Ao AAEE EA EAL ooFEo FEHE, SEW YA EE Fwiol
2] 2 A acyclovir & AZT, ¢4 Ara-C, 3% T /A F=4 ?‘%}*M]?_l cephalosporin 5 °] At
gt Bao] M2sts AR 25 Pseudopterogorgonia elisabethae 1A FZ ¢ 3| QA pseudopterosin
T HERFAZ ALE F7E gkt s ALEol A F P hydroxyapitite = AFES] =4 A4 o]
U x50] A} 23E2 FDA oA 8715 @3¢ttt T Al(horseshoe crab) HHollx] %3} o2 7]l
LEHY e WsLE 6“\17} ollo] ol Al 315 = LAL(limulus amebocyte lysate)2] ©}o]t]o]
2 a9k Y FHEZEE o|7HaU Bugula neritina o FABse ot =
bryostatin 4 A7 AR 3\% WA E FEed, Foz A BAste FHAE £
B bryostatin ¢ WFAA0] 7t Aoz Btk AdA ATE B, HEF Tl A
A= ABS] FAAI BEAFon o] Agolx ookE, 4 AYH B &Y AR 'L
A Ao 7lgiE ok

A Feto] okt g AAE d7] 9 AR AEIFY ATALE dsor I
m) 29| 7% NSF(National Science Foundation)ol 4] 1999 d & sl &<k $1,200 ®He] ATHIE | 4
w2 8lo] Ex}3)o 0], NOAA(National Oceanic and Atmospheric Administration)= $1,000 ¥+, ONR(Office
of Naval Research)= $560 7+e] ATH|S a|Y¥ #&H AFo] FAgch o] 52 20022007 d dlit<
98 mld $1,000 Fe] FHL QI ul gty Fo= Y FH A7 FRE A v] AYE
gk olel A AAF R =¥ o] o]Fojxjof T Ao,

o4
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32. Al 2AE st Y MEOAH2 018
William Fenical, Ph.D. (Director, Center for Marine Biotechnology and Biomedicine Scripps Institution of
Oceanography)

NEUPIL TRV A4EAL 2= dHolth 54 4Bl 17 /] o2 gEse W,
AAA g FJES 3436 719 £2 J5lo] 9tk d2 S0} sz ZTRAL 1,000
/m? o] o]2t}, webr Ak HAL AT =L Y YA o] FojAok et 1980 A F
W ol F Al AL ol AW FHAL o) FE AF FHFF R A2 AABL B
A}, 2500 7 o] FERHoE TYF o] LAHUT o]F IF-E AFHAte] dAFOH,
o 25| byrostatin-1, ecteinascidin 743, dolastatin-10,

[‘h&

du7t 94 = AEE 3 A+
spongistatin ©] FLAZ ALHT Ye Folt

Y BEY FUYAL TEoIY AERGE PA= FAH 011'/]r dHtH o= 1 mL ¢
HighEol 1 wiwle] mAgBo] Ax; e, olF YRES WIHAE Fkn FEAA & U=
Aoty BAE9 mHolL R Masy FHE oF1 e PABoY AA HiElA

f71BE Belsel 4n Yk WARE o} A ATHA A ARE FRe AT
@AAS A} A% TR BFRE AA EFIA AEA AR Ak &4 v

A olabel Aleto] Ao} Wl Y YFYA AAHE Fdd B W 5
AMQ AFE HEA Badth o fa A PlABE WY AR P

o

3.3, Ao Aol KAl Y MAS: IS &M
Guy T. Carter, Ph.D. (Director, Natural Products Chemistry and Discovery Analytical Chemistry, Wyeth-Ayerst

AGQEA AFS BAFAHNA PEHRSo] N2 FRE AFsta Ao ©
& deAE 2 U 44 RE L MIHA de PAETS Z2 I
2L YL o]gdtE Aotk Y BEARTS FEIE APAE FANES SARY.
A Elg A AP SHoly e EAL oldiste o] dastth EI LIS
7= A2 Q2L A% AAES 2457 JAE 4 HH7t Wolok g

Wyeth ¢ #1% HAE T2a:L 1990 d o= v AE el JFa Aot o] T2
& g B4 AY Y= BHP vAES g ofdd] AGelA FEAHA FHIAY =
A3 7]132 RAFE 3 71X o G g o) Polysyncraton lithostrotum 4 T2 g
| Eo|Tt}. P lithostroum = A A namenamicin & A4tstE Aoz dziedl, o FAAY
gL FF3tes nAEL 2] Y8 o] BEoIA 6 & 10 T WABES BT 2 ©]
Zo]| A namenamicin < FAsE TFE 2A I, giA 2 HAE FolA Mlcomonospora

di

o
_\,]_,
o3
ro ofi

d

d
il

lomaivitiensis 7} M 2S £59] dimeric bis-diazo 33 E¢! lomaiviticin A 2 A3t A2 B8 Hlth
Fof A4 AFS A= HEL AE 2 g3 Freh HF YA %’4:} e &
o] e FFat=d du. wehA 34 3t G4 EE AEL o]8% §4 WY Age] IAF
TAoZ FS otk Bk ofaE AEEHY 7)1 FAHA g HFo] ARHE AL,
3eta ol B e WL T3 593 pharmacophore & Zolok 3 Aot A
hemiasterlin <17 A o] F2 do|th

3.4, A0 ZEE2E WY 0/F: &St Vinca alkaloid & 1!
Mary Ann Jordan, Ph.D. (Adjunct Professor and Research Biologist, Umverszty of California at Santa Barbara)
Leslie Wilson, Ph.D. (Professor of Biochemistry and Pharmacology, University of California at Santa Barbara)
A 25 A ol Be Y HAABol AFY AW N8 Y ALE 3 TAHAUAR,
fhre SlgA A8 Ae W) R 3 F 9RR AR A @& 0. Y 4AE 3

1-?_1:!
B¢ Heedo] HRAS] I AYHA g F2E AL Yot T o5 HE ]
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o] & 22 HH 5T FRIL Qojol AYA MEL AT AL Eded F 3
2 vyincaalkaloid 9 9FE9] Mg o] F2 o7F 2 Ao|oh

d A AR HEYE FHA FEHAT AEZY T
3 ExEol @ Folge Y7ol AU:, EEo] niaFd FAHo FE&IdTe AHHo]

JFEoz JtatnA ste BAo] AFHUT AFHY ekFoz MLEHUT. GAEAA 7

o) kg Adol AAA ME F7|oA AEED Al7)7F AFdHm HEE apoptosis = LI Al

A AL AR GHEI A4 "B a2dd B3E2 8 FES 71E€Y dEAe B ¢
stE =, A%, oA, ¥ Fol tgg Fo] FAse d& AFd7] ©]F

A7 Dozt webA g Aol ol AR V%E e EFE FohlEx

H 4. A Sampling of Undeveloped Marine Compounds with Significant Indications of Efficacy

Marine Source Compounds Potential Uses Reference
Sponge Trachycladus Onnamide F atode worm Antifungal, antinem Vuong et al., 2001
Sponge Aka Kynureninase inhibitors Neuroprotectants for use in ~ Feng et al., 2000

Serotonin sulfate AIDS-dementia and stroke
Cyanobacterium Lyngbya Hermitamides A, B Anticancer Tan et al., 2000
Sponge Axisonitrile-3 AntiTuberculosis Konig et al., 2000
Sea whip Pseudopteroxazole AntiTuberculosis Rodriguez et al., 1999
Pseudopterogorgia
Sponge Ircinia Cheilanthane Kinase inhibitors, multiple Buchanan et al., 2001
sesterterpenoids uses
Fungus Acremonium Oxepinamide Antiinflammatory Belofsky et al., 2000
Fungus Acremonium Fumiquinazoline Antifungal Belofsky et al., 2000
Natural source Polycyclic acridines Drug resistant lung cancer Stanslas et al., 2000
Hydroid Tridentatol A Antioxidant inhibits LDL Johnson et al., 1999

lipid peroxidation (superior

to vitamin E)

Ascidian Lamellarin alpha 20-sulfate ~ AntiHIV virus Reddy et al., 1999

Microorganisms Cyclic depsipeptide AntiPox virus (MCV) Hwang et al., 1999
Sansalvemide A

Natural source Makaluvamines Anticancer Matsumoto et al., 1999

Crinoid Gymnochrome D Antidengue virus Laille et al., 1998

Fungus Phoma Phomactins Antagonist of platelet Sugano et al., 1996

activating factor

Sponge Cymbastela Diterpenes and others Antimalarial Wright et al., 1996
Xetospongia, Agelas Xestospongine B, sceptrine,  Cystic fibrosis, impotence, Vassas et al., 1996
age Alzheimer’s, cancer

3.5. MEjSo HEh M2 SHS ZAGH| I8 HAHUS, dHin 43S
Patrick J. Walsh, Ph.D. (Director, National Institute of Environmental Health Sciences, Marine and Freshwater
Biomedical Science Center, Rosenstiel School of Marine and Atmospheric Science, University of Miami

Scientific Director, National Center for Research Resources, National Resource for Aplysia)
zAstes Aee Bold: Azte] Agelt 1 AFel HTE Mo Atk
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“August Krogh €277} 5851 vt &I NRC oAe A £
A7 29z fgsivhe AdE Rud v AoFIAEY B JHA 540 THFE AT
frejstet.

o TR ool Am Qi RS FHE TR FAYH AT AL YESE, TH

s 83 2Qo| ] :
nY BEen Adseen FAAtA =EHE A2EE AT U

o olfg TAXFEL WeAols] WR, BEETL) =FHE o) U xS IFL
A7 Holn AN AT F U}

o TL Y AT ALL ol Bu, AUFAL A8, Atk Fu Mol A1, THF
2zUe 4AsE And H& vge] /% Suz, FARH A0 Y Be /)9S
ATIT W B2 3 BRY ¢ At AL FAGH 2% Folsn

o AZols AT TAEE Aol U AHAA ARl AT g7 WEel, +F
qEe BN AHHA WEoE Aol £4IVF AAE BA ATE £ + A

ST

3.6. 32 st MESe| ZH
Bradley S. Moore, Ph.D. (Assistant Professor, College of Pharmacy, University of Arizona)

AAE|F YEo] Bfdte FIFAHELS v, o AREH Alg fHoly AWA =)
AHeEo] gt A EAEA FE FAEL AAFAY AZE dii AR S THEUWT]
A, Al AEo] obd sl o] TE AEY Alxd"oA 2 A grE AR FHAE
BPA7)E AT FIE AP F ot gdd T2 FFES FAS] AdMAE M=
T2 A8H F2E ool ol dr}. wEtA o] WL ol& Jted AP At o] #4
A AbEo] Zgd £ Qe whgo g s A wevh AAA o] e ZAEE
(polyketide)?} FE=o] 7]%F thrAtER FH FHFHA Foh. =224 SH(glycosylation), 43}
(oxidation), ™€ 3k(methylation), o}A]8 3h(acetylation)} Z2 wkgo] Fx tgstE sl F7HH
ATt

AF MBS FH HAEL A5H 459 AY FEHHA g HEL FEdeE 745
I Yt olE Y E AP A A"l AFH FAATL gol BAH o stEwl, A7
Z) bacteriostatic polyketide enterocin ¥} peptide microcystin ¢ F7}4] % HAE AFAH A 2
g2rEgro] 229 HYth SOF terpenoid 9 halogenation &0l THEH FHAEC] MEL
AFF 998 FojE Aot

N FHFFE0] JAFAY Aol B FFo] =AY o5 Aol o IF

= A%, A% 49Eege T USRS wgEsAY ARE #FH FHAE °E BB

= A2 A2 & ok AZ g2 s gelA A2ste HH
4L B3 s ERAEY HAESY FEAE e
st 2 A UiA AR BYEE FHA FHZHE

Mol nABA BRAE AL Fal A2 BAL ARHIE AR PEL ATHE
()

e}

o, % flo
o
N

PRSI Sl

o

5,

©

ok

™

2

all

u 32

o

H

o=
(I

il

filo

=z

4. 2001 & RA3J L REMS Y SHHIHS

4.1. D|ME YAS 2AS == B
Stephen J. Giovannoni, Ph.D. (Director, Molecular and Cellular Biology Program, Oregon State University)
AT W BEZ Gt oprt WX oA WidEHE AL 1% olatE FAHL U 7S] &
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H2 40 Mo YHAE F(phyla) FoIA @A 23 7] Bxto] MjFH = Foloh MY PIZE
2 9ok Ayl 2 w4e $88 F YE AR BAY 22E M F e AN YEHS
Aol Byolth R BB wigsty] & Sl AQS wAdA AEE Eeste 2a%
ok M e st o] o g A 3 dzk 14 Y AFA A o 2,500 #F9 AG AT
2 wjorgith, o] AL cActE|Fol A oF 14%9] MEE wjUd Ao 7]E WHET 140 ~ 1400
vl 2o 582 2t WY YEFAA AF A& &= 55 nAEC] B WF Al
2F

9] 90% o]l @uk nA ofrt wiAM e AA] XA

42. S8 §Y: =& J|3
Claire M. Fraser, Ph.D. (President, The Institute for Genomic Research)
o AE $AR B4 AFE E3 AR 22 g g, A2 Iy ZaTY Ad,
F =

74 24 AAY dA odux AL 3 AEFH HHEe &L F Ao AT AF7HA T

g nAE fAAe A WdEHs Fol E?UPH‘H Jot. Y MGEHA Fe FE, 5

5] g FANA H’“‘}i Yoy PR FH FAA Aol FMAHoR FHPHF T

Aolt}. o]d AFE YA A=, %, FFH *UL AEAH RS, B8 Ropox 7gd

283 A 7lgol ]*E“ AETo R Tl oz dart .

43. 0|M2 SEME: X2 HOZ It A=IP?

Daniel Drell, Ph.D. (Program Manager, Microbial Genome and Cell Projects U.S. Department of Energy)
AR §AA 2221994 d AJZE o] F, B3 of 1] 2] 4 (Department of Energy, DOE)] 1]

E A Eila@;(eroblal Genome Program)©] 7] A7} 5101 FA3s+A Z7vst Yo E71A
9 ARZEEH 2L FAA4T BAYALE TFE FEAT BopolA A2 TAe T 5 3
Ak BT oA E 750 LHAA & FHAAT FEE D}O] oo

>

SAA B4 o VAR Flt F¥ nAB gk 5 e pH U} B o4 £E,
200 % oL} BE, AN B 54 FE, 3T AR WabE, 2RE § AT ¢ AE

DOE & #84004 A¥ARL olshsts] As) g arle A7 ofsh Aaln Ak
(1) S0 BGAE oANLFF FBAY BAR AE /)5E Adate AW RAT

Cada

Aotk () 24 MEHAE Bn o odTd Axe 7]5e 2= 282 Be 7 S

Aol (3) 7154 ¥ S B Mg bt A0 A vEd 71AS o183

e AAUSS o 2 oall® 5 Y& Aotk @) Insilico o] B AZE o8 =W Axef 7
zg 715< 8T F Jde 7HE o Bol HEER F gls Aol

FRAARZRE AEY 715E oFay] AfHE ERE ASHAA A= a8 BE

o ved @ oldolge e AT AEA “ATAee ool BAaY Aot I 7

BE AEZ ARt 3T thiEd 8L osste AL e ZE 2oplA Al =

= =

520019 38 MASED MYZE

5.1. H&H RZ=SXI Mytilus edulis A =8 HHOI2B2IH2 AES
Christine Benedict (Director, Quality Assurance Geneva Pharmaceuticals, Inc.)

meol Ag zadlel Adstes wou £% 2o A $ES e ue vinele ol
o ge nA Ewo] Rasje] ok oju RH4L 9la) A& Fa4 B2 ‘polyphenolic
AzsAY 2e e AQ7)Aoh} AF71A o= Edol} F BEG T Z

3

protein’- =T

glag e ZAW olel Wb IR e Holgle 2AX EY § Jon, diizo]r] Wi
A B ZoA AdFos BaEr] g oF £&8 FAAR AHEE F Uk
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BioPolymers AF= 10 71 ¢] o}u]=2kQl decapeptide 7} 85 3] WHE¥ F37Ho A& G (MAP,

mussel adhesive protein) g 87} AP0 =2 o] 8T F Ue

= Ad MAP & EBEste] 2FPol AZE wIT W AE HFE F7H417]= CELL-TAK 2=

AZ oz Fujdd. o]F FFgHo=Z 43 decapeptide 7+ MAP I A A copolymer £
(e}

g4stm, olAe] FRY Zatg o AsA FAANZ £ d' AL FASAH 2y A
MAP U4 F4E 2 2F A AL 94T AT FEI] 2ATY AFHL A= ZA
. N2e 352 M"Y Zen EE cross-linking system ©] EHTH Hoh ok 3 ZA
7t g Ao sdt. =3 DOPA & TR ZEH/t 35 B2AL dAlde s8He R
o], 712HA 2w HolHE 4L Helt o ZEHE HIEY IBA 8T AFS

%3 gie.

52. AAZ2 H3lote oisHH: MEFER, M T
Anne E. Meyer, Ph.D. (Principal Research Scientist, Biomaterials State University of New York at Buffalo)
¥ AEL TP PHoz AFL Foln wnFd F/AAY. B Y B=20] H

A 5o EA70EST B AEo] REEA e AHE FATH. HF Y& FEHUT ED
z7 722 298 AFFEY Ado] ANAHA FEAA MLH gk B3 FFs= BUY
A BAstn AE BFL JAGE 54L, A5 FHE FASE AdEAY THER
Y 23w e A4 BZAA FAIE 1, AE AXy 24 F@d WAE w2
W U 7187 E gk A 30 Az AE] 7AL AAlgte FeHAUIEY I A
Aol Aol HF L} wEA e 2 ABY T g M AFE AA FRAFT

gdozo FAE I AEY EA ATE 5 ¢
gatE=7te] Aok BB BopolAE 222 AAE
o UEAQ L8 HofE: T AR B8 ZHE
Q71+ Fol U

1995 J National Institutes of Health o] 4] “Biomaterials and Medical Implant Science”2t= | &2 %
ADE QAN Ade EHHA BT ALE A AASloF T AL ThE 3 2ol
Ao

S e 7|AE ojdA AET AgelA
E 22y oz e ZBAC T8
=

e o4 7T, FAYY ge A

o AEFHQ Fxu 7T o gAdE Y2l =4
o AT, YA, w&el A7 g FES ddste Y 7t
o NZ& EAF IYAE FAE AFH Az HEY ML, 2z A2 SZoY diA
24 e /idd 29 A2
ko] FdolE dE ol vER FES AEG AWEAA, @Hd Fol AT, o
B¢ FHZ Fa 7)5e hr) B AlolY shag g8EdY ue 2HE Aot o
712 BEYe S84 F gL Y AREAAL DA H, A%, T AZsHE 7]
£2 ATTL F A2 AY EHABoIY ZFAEAA BT HEXHOE AFH Aay
MRS QFPde AR F 9L Y BH wuHold ARBAEANA £ o] k=
E Sjogren TF TS Y £E8 & F W
Fo At AY #a BAL G FAdA FFF 2 9 ALE v VeR 8L 7
th Y B4 £EA, Jo B2, 2 u¥ 5 F B A ATAHARA 2 FAYS

=
A&sA BHT RAolo

53. Y BATRT 20N R2st 2LE DMTREE = HH=E
Rodney A. White, M. D.(Professor, Vascular Surgery, Harbor-UCLA Medical Center)
Eugene W. White, Ph.D. (X-ray Analytical, Inc.)

IEZ JdA9 "Ag FPL W ERE dASE A2 e ofEn a2y A Zg
2Ae 1R APAB) £4E wol U 54 7R BAL AFSHE o) Lo A%
http://www.kosen21.org/ HoIXl 14/17

Copyright © 1999-2004 KOSEN All rights reserved.



Marine Biotechnology KOSEN Expert Review

54, X% T8, %42 45, JIEt YN 282 A% YM=SE: oY &
Cato T. Laurencin, M.D., Ph.D. (Helen I. Moorehead Professor of Chemical Engineering, Drexel University
Clinical Professor of Orthopaedic Surgery, Research Professor of Pharmacology and Physiology, MCP-
Hahnemann School of Medicine)

Hydroxybutyrate ¥ hydroxyvalerate S 7|22 RHE Zui& whe ot A Fefigh A
E

oA 2o ety B urg o}, 1F A% Alealigenes eutrophus 7¢ SR 7 A &
A AFPeg o] AL Aigt AAELREA o]EL 7}7301 Zﬂ%O}i 257 o] 85ty
E4A4 AN £ doke HollA A&AHA olHE JHAx £ ZEvs EaT 5d 1
S} R E JEo= g BH F2 7| F e Y éoﬂﬂ-ﬂ-

Ao A Hele hydroxyapatite B AlEe] RIm AL shssiA ok ATl

ﬂ‘lL

o7, B8 AE 5o o] MEY 3 wkgd g AA(E FAAsteH T8
Hydroxyapatite 222 ©ehdh 2329 AL g £ AROZE ALEH g

o[o

(

e PN fAE IR JRHA S8 sFsgel Bl T Yk o ¥
Ao o2 w 540l A glom, AgITH T qFd ALE AE PWYE fAGE A
=4 442 ¥4 % ek o9 DNA

F3E U FEA BA Luto] JpEat £ FAAANAN FEAA FES Nt
#4439 4 9ok o] B4ERHE ¢, Z, vATE 53 A2E F AddE o] U ﬂi

3 A 3 (chondrocyte), &} E (osteoblast)?} 22 2F5 2 A X (mesenchymal-drived cell)} X

FobA, A FTHR AAC] 5§ 750l E} o9} Zo] YR YAEEL "g

oz g8A vk JEALS AdEDS Afdsoq 220
2
b=

6. 2001 & -?43{;,“ DD MM g MBI

. O o Ty

6.1. MSE MBSUAN =S8 dES2 =22
Andrew W. Bruckner, Ph.D (Coral Reef Ecologist, Office of Protected Resources, National Oceanic and
Atmospheric Administration)

Az zE AFAAA A ddsta s AEAeIt A
AX 2D #AZHQ FHAE ke Al A AFETt AqrldE A%, AF A, FAE,
Ao, sfietd BE Fo] TFHT s x FENAM de Ad
AT vl Fasith Az A 2
ZH AYEAH BHE M2 o old =

AE, A8 A3 24 5o AL F ok Az =z 3@4%““ 0% W=kl &elA]
2 ZAREH, o]FAME T3] YRo] ABYFFY d8F MTHI Yok wA 3
A3 e FAolN AEx AL AHEL F7HE Aold Y Axx e
|A 2YdE AbRstE 2ol BRsH.

A Az 4# < WL

i
o ©
}J_"

N

>
flo
(o3
o
off
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2 rlo
gis
g
=2
X
_r,
jﬁ
rr
r003;9r:£&aioﬂig

‘“M{GIOIH
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BoHo o M rio rlr oo
2 o
ol
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2o A BEFIH B4 i ALE 9
gio]r)r Ag‘:‘ AL A&t
2ol JAEBst 2 4 ok g BA

o] 7}5% BA o] H F ot = A
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AEo] sz e FEFD oW 45 BAV Jon g A8 Bxg FEEE -t
A 71Ae FQQAd #E Jx @FE Basth 53 AES FHs= Aol oW I
&g 712 EA Hren 92 9P YEAES FAsH, A5 AEHoZ {FAHY H3 B
3 ggFe HAAGEY Lo FARE ATete T Axx BUEHIY Z2aHL ¢S FEH
ojof &
AR s A A5z AEAASAHbioprospecting)s HAE AT MEE FYS €L
2 gy 2AL 93 AAHA QAERE BE 7|gE AT YHAE B A
He Az Y2 A G T AEHY N&AA FFE JbeeA & Aol 18

oA AF T4 Ak TAL FARL W T TS BIF) AdAE Fohe A
a8t dusta AgHe ke AsAE 1
4 s nY o ATL BE o JBY FFol Yesy] HEolT
22 AW A7 AY FAse] i Auste Aol WA el B 5 itk 4
Atz BeiHolol HE T 542 AAD Yok AsE Jgo] T4
S Aok 29 0% Aol AL & Jr AAH JdFELS A AdAA 2 A

o
e g

—Emﬁrlooéo:::ii‘é—ﬁﬁoé
iy S
]

62. SO LAY LS A MaAQ g2
Joshua Rosenthal, Ph.D. (Deputy Director, Division of International Training and Research, Fogarty
International Center, National Institutes of Health)

A AARA Ak AT Aol HAF ohkd #e] gL T o]lFolAL U olHT
¥ @A) B3 WFTL International Cooperative Biodiversity Groups (ICBG)OllA ¢
ICBG & TdA7F 2R ZAAYeE, b Fe T3 713 /il 7]H#o] o A==
g Aoy =gdad AFL ALsy AREAdTe getn FA Ll rlojstn YEHFIe
BA37] 93 =FBsta g} ICBG o Foste v gg] 7]&-2 NIH(National Institutes of Health),
NSF(National Science Foundation), US Department of Agriculture 7oA A& a1 Ut}

AAEL dFstn dE B 7B Wig A 98 7Y, AR 718, 9¥8 2 71T,
A dA 5 g, o]l5 BAFY PN Aels Hole A7t o dE S01 AFIAL
o 7S FAl7} FHEAY AGAE Ak 2 WIS AA HW FY T2 AEA AT E
. RS AFE 7Y AR 7B AEY o)F, AR A, Ve HAE #HYE ZHY
o2 & 5 A HE BAMZ d7E ulgd. SAEE Al A7 483

o T

= )
Ade ABAeR FASn JrUE BFeh, 9% FAHol

= 5
A WERA EAZ s o] PLIE ok
.

old |y FAY} AF3] Yo geloz: ¥ 3 s &, 29 ABA, BBAD
o) AAY, AA TRAES e uiie] vk A APoRE A7 TR IAA
3 EsAL st T2 ado] JpF 3, I ULz AR TEaPolu I tgo] AU
ot} FAFE FAS BF FE AT UF BAY IAHLS vkt AR /HE 9§ AEHo|a
A8 dYBAY FABT. £ 4FY dae TALEC Y 29 IAH A A
AT 223 olslstn YE Aotk HAE Ry PEFstoAe FFH ol ALHA FEY
BAE 3 Yy AFeA AEE JEY, A5 £ FHT FA 2 Ud

6.3. I MZ2ATH(bioproduct)2 &3 XAHARHL J|l=0H
Donald Gerhart, Ph.D (Director, Technology Transfer, University of Oregon)
Aeroln} ojat A7 AQH Age] JFHE AR g Aol 2250 ¥ B3
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@ Bl AFAA A 10 d 049 /1T FX W BEE %) 5] £ B
Qo] WxaY xslof sbsateh @ od Aol AP Rgol At BA AF AR
kel AUBE ANAE AF QLB AR ALY olF, 2 BB T =WL =
o AAALA RS} Bast ARALE BIE B8, SRAR, AW, 719 WD, 2F4
5 0gd 3uE A2 5 Yok

19 Aol daolt Nge a7 ede 3, A4 os_um SEED)

il
Bush 7} A2 T4 %3, 1980 K’i Bayh-Dole Hoto]
AdAZ AFANAY FEAHA ojHL IwtHoz Zolds
Association of University Technology Manager o] W=™ 3%
1999 d sl Tk mFol A 40 o 2] o] AiEFol duiH;UL 5
AoH 270,000 719 A F FEH AU

—‘1—’_1
éi—z
> |

N, oft
% 1o

22 gole AZE =A% 7137 Yok $UlE BaAAR dE viHelA AR ooEd

3, 52 A4 A AU AR 2Y $E 93 o]ES Y vk 3N F=
A AZe) 54 wolA u 052 LA EAFT e olu, ATA

59 @45 AYe ARE PAGAE AY AU AR TE + U ACITh i 82

3 AHAS ABE Be), AF FB Gy b, A 42 A3 el

T AEANED A AE A9 B8 ¢ B BUT ATV} o7& HATh vtk ¢

2o v,
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