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PbXI (tetramene] A%, H & &5

Cold-active enzymes can be used for enzymatic modification of
fine chemicals and medicines

Substrate binding site of PbACE

Glucose penta-acetate
Acetyl xylan

tert-butyl acetate

Linalyl acetate

a-terpinyl acetate

a-terpinyl acetate

cefotaxime

7-Aminocephalosporanic acid (7-ACA)

cephalosporin C

Broad substrate specificity
of PbAcE

Various natural and xenobiotic substrates

(2) multimer A& 4 Fx 4 7FEA
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CpsladA7} Eell 3743 tAH Eaghe AS YelY. &, EaEST (trimer) &40 Z-9-ol=
T4 Ao HZ 2xE= 40 Solu, PaDHDPR (tetramer)o] WA LEE 527 E=3ith.

Q.

60 =, Tm %2 51.1 =¢.

oA, wel A multimer
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ol# 3t 232K
3} Ao F7k=
Aegddasre

o 5 oo o
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2009)0l w=d, A AA A 20099 4159 ZolH, A 9.6% HAFE A&
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2. A28 29

(D BTl A AZAEES Fosts A4 FAAE dll=

A% A7 A DY

5 sl HAE
39 aRelE FAAle] dad g0 AW BAY}
252 A7 Qow, o fuwEHEols HABTL JE E T e olgol

derd £ 9

(2 FAA Aol daAolx EFsta, 18t MEE FAAA AL ghA o] FoA
g5 A 509t ME EA1E A= oxazolidinoneA Eoll 43k linezolidZyvox,
Pfizer)e} Ato] S8l A Ak A o] daptomycin(Cubicin, Cubist) 278l E3}3}9 01, o]
A oFoll 71EY e FAA WS A AE3 vt 3

Q) FARE A7 @ U FFY V2T OAA G A8t A7 2 4G
MR olojd F Ut AS BHAF+ ASH $HEFH 7|

4) 74 715 92 v, S7AFAE S AAA

Obh @ AE 140t A4 FHA F F3 %

A AsrEs T %

1 “F=AA WA 24" 2o I

gk 3

(Wb 20119 =-20251d =A<
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Ta F47) vas wHd F1 7YY 445
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Al AFAA Y ATAL A

D A A= FAA BEREREH #8& "L HARYS
- FAYE FAA JERERE 6% FHED HIar IF
- EH}LZ‘} 4= o]7F<] Antarctic blackcod(Notothenia coriiceps)$} blackfin icefish (Chaenocephalus
aceratus)E ™ A TlolEHlo] oA EBA #8& WE a4 FH CYP, AMP,
Glycosyltransferase, Methyltransferase, Monoozygenase %A A& &2

- Z T3NS FAH F& WP 84 FEREAA AE FR

@ Az WFIL VAL AF NY 2" T3
- AR WEEs BUS 98 g 2E e 224 111F (3 715 + A5 409
- gAEE MPas

EH 111 & FollA &Ed HAEE T3l 40719 e 2 Sehar|s g1
- Soluble &F TRzl Wby A BAE s F 7Hx] &% 24 0%, 205)04] 43 "HAE
43, 20Z9] soluble 3+ whz w3 3o

- :rLJz_%/,q A3} el FAED HPEA 205 dF AAE A=F

G g

Purification of Penicillin acylase Purification of YcbJ
(NCBI Reference Sequence: WP_062766075.1) (NCBI Reference Sequence: WP_029989184.1)

Purlﬂcatlon Df Penlclllln acylase [lchI Reference Purification of
e WP_039003793.1] [NCBI Reference Sequence: WP 00388164011 (NcBI naterence Sequence: WP_003132308.11

-adenylyl of adenylyl
(NCBI Neferancs Sequence: WP 2.1 3

(4) L&A PbACE E49 & 9 7|5 AT (PLoS ONE accepted IF: 2.806, mrnlF 77.8)
- PPACE 9] 714 5ol B 2=% B4 S4& Fdll Broadd 71" 5ol 2 w2 AL
44 g9l
- PbACE ¢ 72&4 & T3t A2EHES Z+ ol 49
- PbACE 5429 7|2AF Prﬂ E4 4, PbACE= T2 T4 A BidEw

rlr
e
i)



- PbACE 9] Beta-lactam A¥ 3AAEZ 3Fo] thdt Acetyl group AA A 3l
Acetyl group AA & T2 28715 E8ist] M2 49 FAEA e ol 7

’

PbACE 2| p-lactam antibiotics B8 &M
( PhACE B

-OCH,
“c( i‘.(” (o, — N OCH,
A e g B " osH un 36m HaN—’ J’J\r“ Mg
Glucose Y Glyeeryl j;
Penta-acetate tributyrate e

Cellulose Glyeeryl ; R 070 .Y :
acetate trioleate cefotaxime wCHs

Neacetyl
Glucosamine Olive oit HaN H 3
Acetyl i @ ];N = O..- CH3',
Nylan . Figl . . . ° :Tr :

o“on A
PbAcE o T-Aminocephalosporanic acid (7-ACA)
C i ‘n‘ﬁ- o> C
o Smin 1H ce 4 Y

lerf-butyl
acetate

HO_ A H
oee -BEE .
Linalyl * b =
‘lﬂil\
@@E s . .‘.
= cephalosporin C
a-terpinyl . .
acetate Buffer
— Prou sl &l

Acetyl group Al
y

HO™ ™0

(A) A pH shift assay was performed to measure the hydrolytic activity of acetylated
carbohydrate substrates. The hydrolytic activities toward (B) lipids and (C) tertiary alcohol
esters were also examined under the indicated reaction times. (D) Antibiotics

5 FAEA WPl oA $23 718 BY F & CYP &a5 723 54 79
- CYP &E& FiRd @ 7]d Sold 9 7149 01 Fool w48} 718 Edst=A
mdy 24

2X|M2 S2 Cytochrome P450 (CYP)
hydroxylase 2| 3= & 54 79

CYP105P2 CYP153D17 CYP106A2

Int. J. Mol. Sci. 2016, 17, 813 Int. J. Mol. Sci, 2016, 17, 2067 | J- Microbiol. Biotechnal. (2017),
¥ 27(8), 1472-1482

CYP154C4 CYP106A6

FEBS J, in revision &l FE
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6) st FWEHD Mg S Qg 9E 54 gr
- 215+ FAEZ backbone EF FH, 2EFZE< Magnolol # Quinolone A€ <]
backbone &2 &=
- Magnolol o] H&g 93 7] &x < CYP &49} Glycosyltransferase &45 o] &
st FEA U AY T
- ARG S o]&ste] CYP &4 FR/ol W& Magnolol 7] & tigh &2 HY
ALl E o &

stM=Z! backbone E2&! &5 (Magnolol)

Chemical Formula: CgH30,
Molecular Weight: 266.34

8. qureus

Chemical name : Magnalol

\ Source: isolated from Magnolia officinalis (= ?D

paositive: kanamycin 0.1 mg/mi, 10 ul S aureus 10° cell, E coli (DH5a) 108 cell
negative: 100% DMSO, 10 ul 37, 24 hrs incubation
compound: 0.1 mg/ml, 10 ul

=X YW= 7ell & SWEE scaffold BHAY

eiactenial mssay (E. cov)

= 8% WiE v

i memmasme amere
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Quinolone 7|2io| StMEZ! backbone Quinolone 7{|gd2| sHH=Z! backbone

=2 X1 xl
== i!'E'1 == gn" =2
- co )
positive negative positive negative ‘\ ) OH
. o
i ¥ 1,4-dihydro-1, ylic acid
et Chemical Formula: GoHaN20y
Molecular Weight: 204.19

1 2 1 2

> b
S. aureus E coli c

o H
§
" i
! (4 phthyr ofic acd 10HFNDy Chemical Formula: CygHsCIFNOy B-fluoro-4-ox0-7-(s
i -7-{pyrrolidin-1-yl)-1,4-dihydrogquinoline-3-carboxylic acid
‘Chemical Formuta: CgHyN;05 Molecular Weight: 207,16 Molecular Welght: 241,60 éherm:al Fy;vmu\a cy‘ H13FN05 i
Woleculr Weight 23226 o
- \ Molecular Weight: 276.27 /
ositive: ycin 0.1 mg/mi, 10 ul
negative: 0, 10ul

1 E lr[? a) 10° cell
'(] 4r

positive: kanamycin 0.1 mg/ml, 10 ul S. aureus 10° cell, £. colf (DH5a) 102 cell
negative: 100% DMSO, 10 ul 37°C, 24 s incubation
compound: 0.1 mg/m, 10 ul

ﬁl—t— G AY A 7} ?H“% AR kA A /Hlﬁlxd o2 1 TAE sAst
T 523 FAR 47 gEHeR v=e 20153 2ulv %
1070 9] A3F FAAS MEdsAsE 10x20 T2 & W2

(2) 2015668 & F=ollA 2]l 20161 oA = “FHFo BEF 2lal Eele EEilEels
AGe] ‘ZFgz=®l FAYA(Colistin, 1950t 7 FYAZ AA =4 o] =
HZo] FAYA F sh)’ 7 EA €& ‘mer-17 {3A YAHo] 7S QI ZRE
BALAL 7t FBAE 7S AFS BA A HFoE ARRSIA QIXTOE ol
AoE FAs a. oleld EA= A AR FAA AT A Ao 7€ 2
AT A= HAo] ofd A

Q) (=, Ayt Z&g2 dB) gt At A FR 5245 &4, Jiste] (Telavancin,
Oritavancin, Ramoplanin, Efiprestin, Lyostaphin, WAP 829A2) 974 2% X ydZ

(4) (v]=) 31:1 AT dd Alz"of] YELD 25 252 HEAIE FAATE AY
ste] g o] theFdl erythromycin &AA 54 A2 A -8 (2015, Science Advances
Voll, e1500077)

(5) EUZ} #3&3}+= “PharmaSea (2012.10.01~2016.09.30)” ZZ2AE= F=3 EF& X33
sloFol ] AMze FAA 9 Aop TR BUL BFeE Y TAE 1372004

=
24789] 719 B A7)l Fofsta 9o, 4dzt 9502 o) FAE Al e

A8 A egee] A
() FANE 53] AGYBE] s SEG GFBASS B8] P4 FAAREL
990 AY T FL @S o BAS AW Al 299l IAgERrE T2
gde] B4L 7S FABA WY TAE 08T WY 7
249 ggoz A4 I & L.
%

(2 P27} B GFEA) Aot HeH Y YU AT FHBA FHol A



2AE A2er] 98 NARANL AAE IANE Heo AL
A1

=
EAE o g3 WY WHOR AT FARE Aol b5

n=e] Bl A WA wetEEors At A ATl JAEHE Bt
AL FYsL L, vMasst e IR Ade Adste MEL dolExd FdoR
AT FYEE A wEste] A7l 7hEE E Aew o

2. A HFAF §AALY A&7 B )eAD
7t 71e3 &9

(D) NGS #4710 wae nag Augel 7sFdd A7} vepgon B Folu,
o] Aol AR fAA AA AR Fgo| H%

(2 A FAATAL FAYEATRY 8o 7 J=F(Notothenia coriiceps) 52 A

olEle] Fgo] FMsal oA, o8 BT FH AE Sold EA sty SAvot
934 BAAG 712 HAS 9% LA Y A7 BRF AV AR P

. AAEEE 53

(D $eets 1909 FaEange] AA 192A, o]47]F S5 Fauge] Jgas
2 bl glom, FAOGR A4 #5471 T)E 20308 AA 4R
NA FHE Ao AP

(2) FAOGl A 2591717, A185417) FREMOs) 5 A3 9] +aA 9 neEza7t 23
g Row o

(3) E=@ Seluebrl UUEY - 1R - wFADels) ou M@ sels sAmtns sh
UVl et FATFAE A%H 0% Aohd AR Holtwth AgkEe] AUxTs7}
A3 BT G He ARolzev) oS AROR o gEart BASE o A%

@) BATA GIZol = 493 274%, B2 963} 41652 olFst LA Yo, 1 A
el g A Ans 2AE 0§

(5) 20108 ©]F o] 47]F WANE %A F7h 24 YNNG BF e FA 20 37,
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D FAYE, 53 PR FA7lel A2 AL A B Asele 54 4, ¥4
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Aol A7 2
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A F(Green GoldZ &2l A5 @A 22 oY A A&7t 30d o713t &<t
o IR GE e 9 5
- B AFEE AYAFE F3 FAHERFTFEC 7HAIL J= AW, DHA/EPA, A2
G4EL FIBEFTS A B JstE NAHete 55 FH, &5 AlsEE
2o dFste dFEI2E X8 F
7t. 71ed &9
D) FA YAZF ik FYHATF= vrg Aoz wigr|E MEE FES vho
LujAE SR S8 4 i FF gt HL FFo & e Y TEEZS
Agstal A&H0 AEAY AFol 719 & A

(2) SAATA7E BAstal e 54 HARRFe Sl FAVAE A5 &8st 4tgs)sto
T E ZAEsok 3 FA WAHARF 7xATE 53 AaA] Jends AEIE
53 A Aol 83 AFOZ olF Fulgstr] 9 AAH FAv o

U AA, 493 &4

(D AYA Aok slAF R S WAHAEFY 53, A4dd HZL obF =7] dAY

(2) A WAZF Fd FE2FE Z vEd AFsES dFetd 4] HAzRF fd9 78

EAY JHAE Eola 7R ATE dol 8 ATE AHE ol ¥ F U

(3) BHRZE 93] AL 0 (sustainable development) HAAl A Hofol| Al 3H 3
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s MER 4 - g 71de A

(2) FA WAExF] FaA47 71X A 7]od- AW (FYFAAF)E HEZFHEEFS

BZ3)o] “the engine of life” & W3l 1 AeAstd 7= & i glow BAS

|
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23 ATHEEA" S FFHFOEA AAHA FAATLS 2T TR Sof

ut. A F7HA ¢ AL 43

QD) B d7ge AyPAFLE B8 AU ZFEY draft genome, transcriptsE #4819 L
AW, DHAEPA, AL 8Q T4, 5o JRE FRIANS

) q]gzq xﬂzz& =) /\]/\Eﬂ o]
CPS1, CPS2E A4itste A= +
WA diE AP CEZHA LA &8 A

(3) FAUAZF 757l s 4 AzxF 23
2% 39T, A od dx3 5%
AT A3 2017- 2019 AU FL34A)
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HS =X =4 o T HMAE
MESM(HM1A™ X}
| | of . L . ;
, nt kli/CI);Jc;ir::iI © Bioactivities of ethanol extract from the Antarctic | &2l&, SME 2017
. freshwater microalga, Chloromonas sp. U xE
Sciences 21 AFS|(TA)
Comprehensive expression profiling and MEAM(H1A X},
. functional network analysis of porphyra-334, 7oE, AT,
2 Marine drugs one mycosporine-like amino acid (MAA), in FAR=IFN 2017
human keratinocyte exposed with UV-radiation Zats|( )
Int Journal of Anti—inflammation and Anti-Cancer Activity of MEAM(H1A K,
3 Medical Ethanol Extract of Antarctic Freshwater 42r, ddz 2018
Sciences Microalga, Micractinium sp. ZIAbs| (Al
4 Aprﬁg\r/ﬁascslf Anti-inflammatory activity of compounds from the Dl M (A, 2018
i il i So|x= ZIALS
Research rhizome of Cridium officinale =2 &, Zats
Biochemical Investigation of chemical compounds from
. Sl (I A)
5 Systematics Chiamydomonas sp. KSF108 o ol o Z 2019
To|E, HAS
and Ecology (Chlamydomonadaceae) '
Applied Lipid production by Arctic microalga 2 (M1 A X},
6 Biochemistry& Chiamydomonas sp. KNF0008 at low ARy 2019
Biotechnology temperatures SHMI B (1 Al)
M
Int Journal of Antarctic freshwater microalga, Chloromonas Aifjl;wgﬂl)_i)’
7 Medical reficulata, suppresses inflammation and = 73, ;,;P = 2019
Sciences carcinogenesis 21 ’;EEI (E A
- SEERUX F HAZRFY FEES Ficte & AW B XEE 2AE (EUHS

10-2017-0100338, #<¥ & 1-1-2017-0763697-11)
- FHPERY: i W76 At Bxsase 085 (53WE 0 10-1829048)
- = 84 HIAPeFs AAFTAANS e 2EohRd-CoA FxSEAL B o9
€5 (53H 3 : 10-1860902)
- telAERE YR F PAlERY FEee Fche 95A% e o] Y BEe Xs8
4= (9¥E 1 10-2018-0074887)
@ Id, I 2=

5) FAPMZF 1B G AFahgon WEFza MHoR o 30% Hlg A (100g9
4009H ol A 3005t o2 A7)
- AAARE =ol7] Y3l Mgz H2E (BBM wlgd-& BG-112 W7, LEDEZ A, Ay
"l & A|7]1& exponential phase A]7]ol] ZF o2 A4S Sost 3h

6) 2008]E] A LA nAzE mjoka AWM A &9

2

- 7129 flask w28 )< oy A4 el 20088 29 wjFFAAE st
olF &8 HA 4%, oF 2/m3 R A2 i Y FF (AFAdF 1T)

- wlolovls AY BME 12 FEoR AL BEE A& P A4 ez
TARES AR AL HA vjgd /Nda LEDeF eifd £3 &80 2 oy
Az A%

() ASAEFDAERH]ACID)O 24 A & AANAEAE HiA S5
- 2419 ICID #H AFE FHIstY 2ASY 55 ¢5 (2018.05.17.)
* |CID (International Cosmetic Ingredient Dictionary): 0l =St&HE3 S|(CTFAOIAM Waliste S Z AN

_28_

ar



)

255 KSF0031 &9 AAZ A BiA &5

2 3apdsE B A4 2= o) Micractinium sp. KSF0031 G504 213k 24)Alo)
o)t I|BENAT AT AR IF A HIF AA. /\134%‘ o 2ekx] slol= gl
At AA7IEH AriFEe] FHste A FA 309 olFolA ABE sEE 9F
A9 FFE FRlsts AATFE AT A 48 hrs Single Patch TesH)E ¢+E
A2 iili’ﬂ% Ao rMEF FAATA AZgs

A vlA =279 KNM0029C strain =25 E #1 (P1, long-chain acyl-CoA synthase)=}
XZHH #3 (P3, ribulose-1,5-bisphosphate carboxylase oxygenase large subunit)e] 3Z =
EH7I HAHE 6 MFFT( FEAS nAxR) A4 9=

Luciferase assay Z23#Z %3 Ztzte] Z=2Z%¥E Pl, P37} ®d%<2l Chlamydomonas
reinhardtiiodl A A& o2 sl As U (=8 A8 3

SREEBIRE

D

)

3

4)

o2 g3t 2YL ExE i nAxEE £33 g Al Z=Z4 E(Genomes
Al

to Life, US DOE, 2001-202002 <335} o™, 20033 ‘AsAt)el ZAYES =2
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7} A FFH
(D g -lactamsA|

s8k7za p-lactam ringS 718 T2 dR= 3MYAIE penicilin?} Cephalosporine] B-lactam7] 2]
74 diE el gAAolm 1 ¢ o] monobactam, carbapenemA So] of 7)o X3t
(2) Aminoglycosidesl

streptomycin, neomycin, gentamicin, amikacin

So] th® 22l aminoglycosidesAl A A Y.
aFSAT 9] poring Fdte] AE UZ ol%F

3l t}& 30S ribosomeol] B|7}HAH o =
Azl gl d TS oA
(3) MacrolidesA|

Macrolides=  “At+sk iLgl(large ring)” 2= 5522, 50S ribosomez ZAg}she] w2
FAAe A 1449,

15748, 162489 el 722 o] A thxA<Ql  macrolidesHl
A A Z+= erythromycin, azithromycin, clarithromycin 5°] A&
(4) Tetracyclines#

B FWARE IFEET
o2l T7 B 3
(5) Glycopeptides|
GlycopeptidesAl &A= HEH

o
o
oo
o,
4
okt

71+

(o LAV}

rickettsiae, mycoplasma, ameoba‘s

. doxycycline, minocycline 5o] 7§33

3 e olAlse] Al AET FAAR, T2 Y
FAT FEsteE vy F2 IFHPYS 23 e orlde=
teicoplanine] *~3+&

= vancomycin}
(6) Quinolones#

QuinolonesAl &A= TA 3g=9]

w DNA gyraseE < #|st DNAS| &HA|& Walste
FHY FAAZ DI AFH 55 gl & @A Id+EHS B Y. nalidixic
acid, oxolinic acid, cinoxacin S°] 7/|&= A&

(7 71EH

=i}
=
[

o]9]ol| = chloramphenicol, sulfaz]

trimethoprim, polymyxin, bacitracin, mupirocin,
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DIFFERENT CLASSES OF ANTIBIOTICS - AN OVERVIEW

ﬁf_‘{{‘ ) COMMONLY ACT AS BACTERIOSTATIC AGENTS, RESTRICTING GROWTH & REPRODUCTION . COMMORNLY ACT AS BACTERICIDAL AGENTS, CAUSING BACTERIAL CELL DEATH

[3-LAGTAMS AMINOGLYCOSIDES GLYCOPEPTIDES QUINOLONES

MOST WIET u-u run HTIRKITICS : : FAMILY OF OVER 20 ANTIIEOTICS : T COMMONLY USED IN LOW INCOME | T COMMON TRUGS S OF LAST RESORT : ; RESISTANCE EVOLYES RAPIDLY : H 11O0TICS COMMONLY -
. COUNTRIES ] . Uiﬂﬂ "DRUGS OF LAST RESORT™ .

m STREPTOGRAMINS

S . DECOMINGLESS POPULARDUETD [ [ SECOND MOST PRESCRIBED

[ CAN ALSO DEMONSTRATE : -5 mumou?sop.wnsmncs HA : : INSTANCES OF RESSSTANCE RARE |
< ¢ DEVILOPMENT OF RESISTANCE = « ANTI m-«w T : -s NERGISTICALLY bl :
: i -
L

FXAMPLES

DD OF ACTION MODE OF ALTION
e el 4 BNA

<TR7> BMA MO 2R

. FAA o #8717
D A=z dA A
(7D beta-lactam antibiotics (penicillin, cephalosporin, carbapenem, monobactam)
- Alxy 7182 A EZQ] peptidoglycan Aol v e ©Alo] #S)= transpeptidase
g9 H7t9 3 FHAFTS o] F o] cross linking reactionS <A
(\}) Glycopeptides (vancomycin, teicoplanin)
- stem peptide®] terminal D-alanine-D-alanine componentell ZA3}sked subunitse]peptidoglycan
backboneol F71=+= A& A

@ Azt Tz 7% 3

(7D polymyxin
- Alzute] Sl AR " ZEste] AEEe] BERAS WHIIAA AxE J)eS A
JgsA e @ds AAdA7E FEAR

(1} amphotericin B, fluconazole, itraconazole
- Xl e 2HEH EFAE ol Fof HAGHI FE

i
rH
il
k]
o
o
do
e
>
N

(3 @ A A
(7H Aminoglycosides (gentamicin, kanamycin, tobramycin, streptomycin, neomycin, netilmicin,

amikacin)
- vk gl o} ribosome 30S subunitsel] v]Z7}E A o7 Adtste] vhald Al A|FE 2ok

(1} Macrolides (erythromycin, clarithromycin, azithromycin)
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- vte) 2o} ribosome?] 50S HEo| EolHow Agtste] A chain elongation A
(th Lincosamide (clindamycin, lincomycin)
- macrolides®} T+%+= B2 A% 50S ribosomeod] Agste] Tl A oA

(2h) Chloramphenicol
- Bre| gl o} ribosome?] 50So] 71 o7 ZA3tsle] peptide bond A4S A
(P Tetracyclines (tetracycline, doxycycline, minocycline)
- vHgg]o} 30S ribosomal subunitse} 7} o= AFst] aminoacyl tRNA7} mRNA-ribosome
complex¢} AgsteE AS A
(1B Mupirocin (pseudomonic acid)

- isoleucine tRNA synthetaseE A2 o2 A3} isoleucine-charged tRNAS] A Z 4
A nAAA did S FH

(4) =2 YAAE 2o
(7B Sulfonamide
- 7]34<l p-aminobenzoic acid (PABA)S} FAFSH T+x22 AXAZQ &4-7]4 HkgS A A
sl folic acid A4S <Al
(1} trimethoprim
- folic acid®] pteridine moiety$} At 7%= dihydrofolate reductase®] competitive
inhibitor 2 2+-&3te] folic acid A< <A

(5) DNA9} RNA Fx9} 71559 94
(b quinolones(norfloxacin, ciprofloxacin, ofloxacin, lomefloxacin)
- DNA®9] negative supercoilingell ojadlE= DNA gyrase®] subunits ¢ 3 HA
subunidE <A, DNAS] EAe} +4S S AlZ
(1P rifampin
- DNA-dependent RNA polymeraseol] ©e+3] ZA3tsle] DNAQ] transcriptiong & A
(th nitrofurantoin
- DNA strand& 2, {tH Ao 2 913

Cell Wall Synthesis . Nucleic Acid Synthesis
Folate synthesis

Sulfonamides

Beta Lactams Trimethoprim DNA Gyrase

Penicillins - Quinolones
Cephalosporins

Carbapenems RNA Polymerase
Monobactams Rifampin

Vancomycin

Bacitracin

50S subunit

Macrolides

Clindamycin

Linezolid

Chloramphenicol

Cell Membrane 30S subunit Streptogramins
Polymyxins

Tetracyclines
Aminoglycosides Protein Synthesis

©2011 TheMedSchool.com
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D) A MA e g ol &8A] AlAS Wz nko]Al(vancomycin), ) Ewrko] Al(Daptomycin)
9 zpo] B ~(Zyvox)7} F%. IMS Health R iAjo] wl2m 3fo|z} "zo] &~ (Zyvox) 2
2009 wi& <F 1x3000¢ o &3+
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FDA <<l
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4 APE Y59

6) FA L Aok d=s A% FAA 43 AAEE BHe AAT £ =8 2R
(Laura E. Lallier et al. 2014, Nat. Prod. Rep), (Botana et al. 2014, Marine Drugs),
(Kennedy J, Flemer B, Jackson SA, Morrissey JP, O’Gara F, et al. 2015, PLoS ONE)
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=307 w2

(b 1A @A AUA-A A dis] Wide Hol= HtE oyt Yehuyad 224
A ES FAA ATE AL, 108 AF RD FAHu] #u] A&A7o]
Z£0157] WZolA=

(b T2y R&D FAZF A= HA Yehd Fago= 71E A s WS Hol=
TheFst 2R/o] el gelSe] ntEH o2 Ueh)r] ARtgon o] 2As AgAs)
meA Frtete FAY

(b FAI= Azl floA Adgo] opd BES AT E 2l oJofFo s AEsta
AL, FAA = AW A Aol TP V2R eE AW ofefF T stelE=
FAA L NFE A Hos FE AFE ASSE dgos B

Nl

0

($mn) el Woxifloxacin ( Avelox, Moxifloxacin generic)
1400 - st [Japtomycin (Cubicin, Daptomycin generic)

miles | INezolid (Zyvox, Linezolid generic)
1200 | Piperacilinftazobactam(Tazocin, Piperacilinfazobactamgeneric) CAGR 6.3% (2007~2017)
1,000 |
800 |
CAGR 4.1% (2007~2017)
600 | .
: 2 —p
400 ..___—-—""f CAGR 10.6% (2007~2017)
f —
200 | —— -
‘—_______.__--—-o—_
0 ; ; : . CAGR7.9% (2007-2017)
o '09F "11F "13F "15F "17F

<ag6> MMAH &K SFE AZRFE J|F (EX: Datamonitor)

_41_
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AP wid 69 F 5o mlarlo] A AHE we=vsE FAVE Jded, ol ¥ Azt
29 6,200%F o] YA A A5

b meba @A) YA AL A2 X F5eke] Q3 AAHo|a, A AT AFA
T ZIgelAls AZ2R 71871 2 A2 o3d

) = FA A=A A

Ob T AGLYE g AAF FAoINA 7] AWUE FAste] Aok URE
RHEo] Ui zlo] ozt AR FHS B HE YAF Aol BRES AX e,
o|Zelsl AE life cycleo] i, NPATTAN Hrks FriF oz woju] o]

HlFo] ¥ow, m@ EHVUOR REHE 2Ad ojopEe] Ha ¥A 2 9
Flurel Aokatm Aol BEUPHOR s E A THEF LT AAE
T Al AlRsh Ho) i 540l g

() = FAA AL 2015 71 1= 30009 9o =
AAA FYA ARG Age] FRot Y45

BEA o, obM A

Aee FASAS

M

EHHE :|

1,400,000

1,200,000 |

1,000,000 |

800,000

600,000 |

400,000

200,000 -
o I | | i

<j_E.|17> ELH 3|-A|-|X-|| AIXF-H—E
Ex: MAYE 20159 038 7IAb W, SAH KB, HSaHs BHEIA, AHLE 20154 038 7|4}
IS RN ERY

() =) Akidel A GAA Aol AASHE HFE QA oJoFE Ao 15% FEowA,
ol HAA FAA A NFUINS A AsEE AoRA F ejob Ll

o) 2= o)
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MA ZEH A U ZEH AT
<a218> MA 2 =4 M Alg= d

EM: MET7|I=™HE R 1999, fE =, 2006 A=

SHA

= i
|

|
2 A

o w2 2010~20121 3 Alo] oA Anv|H YA FH
&3 3070 =9

() RAEA SR
SAA AL Aol HWEH ofATE o 2o 9O

(h) =9 k] A AUES BE, 20099 28.6%, 201018 27.3%, 2011 26.2%, 20123
26.1%°.2 YElstal, 20000 ofofEd olF A AEC] AHHOoE FHasta
Aot o8] WHO ARZAQInEYE =2 F54

<E1> ZU AT SMEH A2t
(¢91:DDD/1,000% /day)
T 2010 2011 2012
AL 27.1 26.6 27.3
A o H - 0.3% 2.9
EX: 20124 2[E 2d(2F Q! mojd SH ABEM, stxEHZAAS AT
= ol 1,000 2| Aeolo| |3t 44X 22 DDD(Defined Daily Dose) Tt 2 &Hdts =X, SHH
At =x7} 24.7012FH, 21T 1,0008 Aelo| stFo| FMH EEUOE 247HES =25PUchs
olojgl, XAZEX: HASX|IIFE, 2009
<HE2> OECD 7}= AT SN A2
(+91:DDD/1,000% /day)
=7} W 7] 9 ¥=Eg e 33 2o =4 Hgd=
A& 24.7 23.8 23.8 22.3 20.1 14.2 12.3
» 20061 7|ZE, OECE 27} & 28 Z7lsgto] At=2o| a4 At22e SMstn Aen SHE 1674

=7te| "HoH|E2 213212 272, A 123), AREXN: EHSXIIFF, 2009

) ) A Agwe AUE el Bl S7lsks Faloln S AEde] W ok
MF R b gol AXFL Ydin), Ful AR AREREL A&H o Fold

Ao g wohg
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<OE19> F2 2y ¢ (2d) A B[S

X et ofAL A K|, AIESHEIMR MH

(A 3, U AFS 8 eAlF SAlololA 27/PENIE BAlsto] Alefe] ARE
THEo] Y= Aol ofyet 89 S B3 HFT dAF Aibo] HREES AHAEHH,
ol|2els] AEF9 life cycleo] Fa, AG/NAEAR Huls Ahror HujH| L9
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Z|gko] FHeofslw Aol FFHd R 8] ofF JA vFEFT 4FAN AA=
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o 4r &

O FAA Ao} Hst

Oh F2W AGAEES FAAE ALA WZT= AL Yo} o oo] tfths o] fE
GAA e 2T Sgon, PAA Age od AREH gk 1 el ol
WP AgelT Umishe) FAT SSIE o2 HA WA BAA sholxA3)
nEG 449

(p) 2 A8 ol2le Uk, FEPAFLAN FAA AT} ol oA gw, ©f W
A AdAow Age 1E 5 de AN B4 S

(th AA= 1935~19681d Atololl= 142F2] AYA7F /BEE ot o] F 45\%F 5359 A Tto]
AE A, 19874 o] Fol= ARe Ade] FHAF oA Bt 2008-2012]
2o Aol £9E L3ke

(Eh ‘159 1¥€ 293 A2k HaMerck)7} S3A 7MEs|A}R] 8] 2~E(Cubist Pharmaceuticcals) S
95 & A3l al, MRSA 53 22 FHHMH Elolo] tfsh dAA| To] ekl &
S}H ghof| whe} &% ai‘%‘ A kALES] Ao g 22 o] HY

U B O | :

1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s
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= g =
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AA FAA A 2010d A oF 4209 22i($42bn)oll o231 il AE

1%% 3287 A

T A ARTFERED O a3 AL AA A A TP 2 olare ARA
ola o]& <lsf o] A7e] unmet needs7t WAL o, FA FAYA A Al
Az ofo] gk Ao, FAA ATNE 7IFeAlE MEL 7137 2 A= AWE
olo] Zt= HFAAE MEL FAAE MNIete b dF ALdAZAS APsta A+
Aol wl=e]l 749, vl=2] Generating Antibiotic Incentives Now (GAIN) Act of
2012+= A 3R EF-S qualified intellectual disabilities professionals (QIDPS)Z A
Aall o wWE FDA AAZE o] FAX ™ 53318 F71 ARA=HAE 7HAIA std
FhatAlyd WA AUAMl# (Carbapenem-Resistant  Enterobacteriaceae, CRE)3}+
extended-spectrum £ -lactamase producing enterobacteriaceae (ESBLs)7} QIDP T ¢
o= AZH At

Antibiotic Development To Advance Patient Treatment (ADAPT) Act of 20132 ¥]
FDAZ} A&& ¥sle= 29 T4ife-threatening infections)S X 53}= A A ol
el de 7o dFANPeER Vs WFES stal A= 2444

n HABXE st AEokEHdA /)= (Biomedical Advanced Research and
Development Authority, BARDA)®] 73-¢- &AA & A771E7194<] Achaogen]
OFSAAT FAA o $60mS, Cempracls $58m2 A U3t v} a1, FHZol= 3 3|ALe)
o] A Fdol=ZelS FAlo AYsts ZE2IYE At I d7F Ad
20131 @ GSK2] gAA 7ide] 51 d3F $200mS A Peh= kS A2 vl S

_45_



N

(12) 8 JAA AF E&vsdd OE A1 JAA A%

b 199%H 8 FAA AFY E5VF tEE HAAZHOZ ANFHA I O

(W) &AL #nbdALevaquin), golAke] Aol E-2~(Zyvox), oF2~EZA|Y 7o w
(Merrem), Hlo]d & A o] o}l 2 (Avelox)

]

btz 3 EA0E

<E3> M =3

r

o= 3 ol

2004 Ciproxin(20044d £35{2t=) Spectracef(2004d £35{gt=z)

Zithromax(2005d £35{2t=)
2005 Biaxin(2005Hd 35| at=2)
2007 Zosyn(2007H E3|atz) Tazocin(2007d E35{otz)
2009 Vibativ(2009H & A|) Merrem(2009 E£35{2+R)
2010 Merrem(2010d %3_1 o) Zeftera(2010d EA|) Tygacil2010 & A|

Zef tera(2010d & A|)

Levaquin(2011d S§3|2t=) Tavanic(2011d £35{gtz) Cravit2011d E35{otg)

2011 Ceftaroline(2011d ZA) Vibativ(2011d & Al) Merrem(2011d E3{0tR)
Ceftaroline
(2005 E=A|0H)

2012 Doribax(2012d £33 0t=) Tygacil(2012d E35{otz)
2013 Zeftera(2013d & A|)
2014 Avelox(20144 S3{2HR) Avelox(2014H S35|2t=) Avelox(20144 S35 3tR)
2015 Zybox(2015H £35{2t=z) Vibativ(2015H & A[)
2016 Tygacil(2016d 3| at=) Zyvox(20164 E35{2tF)
2018 Tygacil2018d £35{2t=)

Z X: Datamonitor, A& = &t7% s o 7 M E

(13) 2 Key player ¥4

O A AlFNA OiFEEY ARe A e AFS EEAEEY dnkd
(Levaquin), 3}o]#e] =}o] & ~(Zyvox), ot~EgtA|u7+e] w#ll(Merrem), Hlo]d 3~
Aol ol & ~(Avelox)o] a1, 2006~20082] wj&d - 5172} &

=3
b 53 BETk Brhem glont obazkA ekl ARelA T 2 AHES AN U

<E4> T2 YA | EY

. : Sales
Brand Generic Compaies 5006 2007 2008
Cravit Levofloxacin Daiichi Sankyo, Santen 1002 1260 1903
Levaqguin, Floxin Levofloxacin Johnson&Johnson 1530 1640 1600
Zosym/Tazocin | & peracilintTaz Wyeth 880 1200
obaclam

Avelox, Avalox Moxifloxacin Bayer, Schering-Plough, Shionogi 822 962 1100
ZyVOX Linezolid PFizer 782 944 1100
Augmentin Co—amoxiclav GlaxoSmithKline 1055 1060 1080
Merrem Meropenem Astra Zeneca 900

£ x: ZtAb annal report, 2l £ XS A (2010),
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B AZE 6.3%5 75T o2 AW U

(m}) %0}ST, A=~ E Z(Sivextro)
ul= FDAZHRE AFs)7l 50 5319 #Hy 855 F7F o2 22 AFo=2
4% 71+
Fute ol FAAZH 2,015d FHAI L e
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) —— i 4 phasshan] tabiaty
nnnnn T 200 mig par tablet
/] T anty
[ee dmlinh:»pru h i AnjoEtit)

mq»—nﬁl

(B} G oFE, M= ofE
AsaA  cAEeletE ol @ =Y ABIE 5L, FAEREALR
(DCP)oll we} 374 (Y= - = - olehehol A% AW 817 95
A 1005 ol FE 52-37k37t Sl FRF0) g



(14) R&D ®akAIA

(b & BuAods SArAAES o83 A

(h A7 A ol A AW e B
S, 2000T) P B 58EAL Holth} 2

et o= WAFS o 87 )& s)&0] T o|2gor] A 7|ETN Lol
2od U B ATz E FANAEL o] &3 /&L AL 1T
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ol A3

N NG 2AAEE 7122 S Wrbvlwe] FUHQ B £ o 9y
AT mekA TR T H o] Akl o] &8 7Y Bl Ahse] &hxddel @ATE flem, 37t
g7l Ard st 1% FF o, vE B FAFdel 3 FA4L AdFAel g
7H4, wiEle] AAF e 5ok Ak o) Wste] o8| @b 4 gl vk B
E'.J’]—'I:_ Eﬂ_ o E Z"_ (}2}]\]:}"
() H7H23 g
T Y FEA === En
lEel dMH Fy(d) 104
el E(%) 13.94%
offdiasEel ARl e (ehel: o) 192
¥ Zleol M g 20174 2 13 ~ 20274 2 12¢
Ol et MFH= & JHEE ‘L. F2 M UdFUATNAM M35 dYstct <E5>= FIotohdd
7|0l thEh oy EMEolni 2F NPVE 1369 ¥ 22 L dct
<ES> Fod =4
(etel: A, %)
T = TR 2A XL | 3A R | 4A X} | 5AAL AR | 7HRE | 8 X | 9 X 10 A & Al
of £ o | 171.0 | 342.0 | 615.0 {1,046.0/1,674.012,427.0/3,277.0/4,097.0|4,547.0/5,048.0
o =27t 100.7 | 201.4 | 362.1 | 6159 | 985.7 1,429.0|1,929.5/2,412.3|2,677.3|2,972.3
Thoff gh2|H] | 58.1 | 116.2 | 209.0 | 355.4 | 568.8 | 824.7 |1,113.5/1,392.2/1,545.1|1,715.3
HelMS 1.3 2.7 4.8 82 | 131 | 191 | 205 | 424 | 494 | 573
M =Addol2d(A)| 109 | 21.7 | 391 | 66.5 | 106.4 | 154.2 | 204.5 | 250.2 | 275.2 | 303.1
a@7te2t8l&B) | 0.0 0.0 0.0 00 | 00 0.0 0.0 0.0 0.0 0.0
A=HXEC) | 00 0.0 0.0 00 | 00 0.0 0.0 0.0 0.0 0.0
2HA=S (D) | 668 | 66.8 | 106.7 | 168.4 | 2453 | 294.2 | 332.1 | 320.4 | 175.8 | 195.7
FAA=l=(E) | 00 0.0 0.0 00 | 00 0.0 0.0 0.0 0.0 [1,972.1
Anfz==h) -55.9 | -45.1 | -67.6 |-101.9|-139.0|-140.0|-127.6| -70.2 | 99.4 |2,079.5
(F=A+B_C-D+E) . : : : : : : . 4 12,079
#HIHA=(G)  |0.8646|0.7475]0.64620.5587 |0.4831|0.4177|0.3611|0.3122|0.2699 | 0.2334
A 7Hx(H)
_ -48.4 | -33.7 | -43.7 | =569 | -67.1 | -58.5 | -46.1 | -21.9 | 26.8 | 485.4
(H=FxG)
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(K=XHxJ 1%
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O FAA A BF, BAMAIEL 20173 AE7HEEDAA HAH 20159

U AT 1230090 2859e
“2016%0 7 A FAA AL o 4169 B 502D FAHY, T A
2015\ 71¥ 1% 3d 9 FRe o= I~

@ Fu AR Aol ARTE 4E BA ARE 205 7% oA s Aol
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BAALE 290%F FE3e] MANFTFRE SEHAS
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(1)) welA, CAGRE whedsl B Alle) w9 mal7|zkel 202813 % E 2035 =) 1] 2)A %
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FEE FHHY ode 2e

<E 7> Ho] &I ZtH DA e FEA

ol ST AT (#Ehe)
2028 1,885,138

2029 1,939,807

2030 1,996,062

2031 2,053,948

2032 2,113,512

2033 2,174,804

2034 2,237,873

2035 2,302,772

A 16,703,916
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2) http://smroadmap.smtech.go.kr/0201/view/m_code/H10/idx/1465
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Hgste dAZEA S on, Wl FAA S4(-20~+20%)°] dE 57HA AuE E
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2029 6,150 3,881
2030 6,329 3,814
2031 6,512 3,748
2032 6,701 3,683
2033 6,895 3,619
2034 7,095 3,556
2035 7,301 3,495
A 12,500 10,910 52,961 29,745
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2035 5,841 2,796
A 12,500 10,910 42,369 23,796
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A 12,500 10,910 58,257 32,719

_62_



B ogele) o] 2AAE 0% EANA AAY BAL S
Wuk), B/CE 3.27, RRE 13.60%2 2 Abgo] AR o=

<E 15> dHd &4 Z21 (B SH +20%)

il
%
Z.
&S
<
rr
Do
™~
o
(o]
w

H| 8 ol
HE
ool © T}l A 7} A ool = Jhx| & 74 A]

2020 2,500 2,388

2021 2,500 2,280

2022 2,500 2177

2023 2,500 2,079

2024 2,500 1,986

2025

2026

2027

2028 7172 4,739
2029 7,380 4,657
2030 7,594 4,576
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A 12,500 10,910 63,553 35,694
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l Korwa Polar Research institute ] ﬂn_p“\
Consiglic Maporale delle Ricerche _
University of New Sooth Wakes UNSW Austrais - [N
I fritist Antarzc Survey [ I O ::ilhh‘k
UC Berkeler | g Britiah
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Polar Biology
FINLAND = 59
FEDREP GER == 115
SWITZERLAND == 135
WALES == 136 ALFRED WEGENER INST POLAR MARINE RES..| 16
DENMARK == 147

HELMHOLTZ ZENTRUM POLAR..| 20
INDIA == 139 ANTARCTIC COOPERAT RES CTR | 20
SWEDEN === 210 NATL CTR ANTARCTIC OCEAN RES | 22
BRAZIL mem 233 POLAR OCEANS RES GRP | 23
POLAND s 233 ANTARCTIC CRC fi 33
— )57 HELMHOLTZ CTR POLAR MARINE RES I 43
CHILE w261 POLAR RES INST CHINA |u 51
SCOTLAND s 285 ANTARCTIC CLINATE ECOSYST COOPERAT..{u 59
NORWAY s 307 NORWEGIAN POLAR RES INST [ 66
NETHERLANDS s 340 ARCTIC ANTARCTIC RES INST [ 69
BELGIUM s 351 = 100
RUSSIA s 360 NERC | 171
SOUTHAFRICA s 375 NATL INST POLAR RES JAPAN | 190
CANADA s 421 AUSTRALIAN ANTARCTIC DIV |ssmmmsl 443
ARGENTINA s 441 CNRS  [mmm— 492
PEOPLES R CHINA s 457 ALFRED WEGENER INST POLAR MARINE RES [NESSSSSSSS 549
SPAIN s 506 BRITISH ANTARCTIC SURVEY | 1435
JAPAN s 608
NEW ZEALAND s 695
FRANCE s 917
ITALY  se— 1009
AUSTRALIA s 1338
GERMANY 1419
ENGLAND 2395
USA 3895
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% y
(3) 2012d SAAFA B gARLS, d5 ofF 3 Fol Ui AAA EAE 53
F1A EAQ vl ATFE AR, 20143 AA

(Antarctic bullhead notothen, Notothenia coriiceps)®] A=A 2
Ao RN, 5 ATAE ATl NEL 7€ vHE

<a228> 3x| elp Lol T
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}{ElnI{E2 hcatemﬂmnﬁnin
MP : main pump,

SP: spare pump,

BP : balance pips,

FF : foam fractionator,

UV : ultraviolet steriliser.
5F : zand filter,

CF : cartridge filter,

WT - water temperature,
DO dizzolved oxyeen,
pH : potential of hydrogen,
DW : depth.of water;

MC : main controll,

CP: control pannel.

5186 - =quare tank 16,
C1-C4 - circle tanki-4,
Mi-M2: manhole tanki-2
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First transgenic salmon sold

US firm AquaBounty Technologies sells 4.5 tonnes of fish as food in Canada.
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o B} 535
- B S EgEANE AT Ao Fan 2 A7 Bed 5L n¥std @
2, YR 48, PCT 2 7gtzo] 37 9@ 528 535S Z4gges 443
- BAOd Fo7) 5@, M=, YR, #9 2 PCD 4 Vg 2vhe) B 2 55
E5joA o]FoE FI/EY FHIE 5352 TEAAE S5t AASAS
<E18> 5344 D A el
Az 22 = 7t 44 D =M F2F Z Al 2
&= &3 (KIPO)
ol =53 (USPTO)
2 - S=E3 &2 531(UPO) R E52 2 55
o - WISDOMAIN 2019.01.11 L
(=M -85 7|1F) 2 E35/(EPO) MA =2
=X £35(PCT)
7| EF=Z Tt
(3 &4 7+
o A4 A9 =
- 1 ofF F834d &8 9 AU Zes FAsr] Al SAATARY FA AF
W PU2EE o83y, F4 off BA TR, YT JYES AHIUS
<E19> X0 F 1905
HS Family(2}) Genus(Z) Species(E) oy =34
1 | Anotopteridae Anotopterus vorax Southern ocean daggerfish == 2ol ki x|
2 | Artedidraconidae | Artedidraco loennbergi S -
3 | Artedidraconidae | Artedidraco mirus - -
4 | Artedidraconidae | Artedidraco orianae - -
5 | Artedidraconidae | Artedidraco shackletoni - -
6 | Artedidraconidae | Artedidraco skottsbergi - -
7 | Artedidraconidae Dolloidraco longedorsalis - -
8 | Artedidraconidae | Histiodraco velifer - -
9 | Artedidraconidae Pogonopbryne albipinna - -
10 | Artedidraconidae | Pogonopbryne barsukovi - -
11 | Artedidraconidae | Pogonopbryne curtilemma - -
12 | Artedidraconidae | Pogonopbryne dewitti - -
13 | Artedidraconidae | Pogonopbryne dolichobranchiata - -
14 | Artedidraconidae | Pogonopbryne immaculata - -
15 | Artedidraconidae | Pogonopbryne lanceobarbata - -
16 | Artedidraconidae Pogonopbryne macropogon - -
17 | Artedidraconidae | Pogonopbryne marmorata - -
18 | Artedidraconidae | Pogonopbryne mentella - -
19 | Artedidraconidae | Pogonopbryne orcadensis - -
20 | Artedidraconidae | Pogonopbryne permitini - -
21 | Artedidraconidae | Pogonopbryne phyllopogon - -
22 | Artedidraconidae | Pogonopbryne platypogon - -
23 | Artedidraconidae | Pogonopbryne scotti - -
24 | Artedidraconidae | Pogonopbryne Sp. - -
25 | Artedidraconidae | Pogonopbryne velifera - -
26 | Artedidraconidae | Pogonopbryne ventrimaculata - -
27 | Artedidraconidae | Pogonophryne spp Barbeled plunderfish -
28 | Bathydraconidae | Akarotaxis nudiceps - -
29 | Bathydraconidae | Batbydraco antarcticus - -
30 | Bathydraconidae | Batbydraco joannae - -
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31 | Bathydraconidae | Batbydraco macrolepis - -
32 | Bathydraconidae | Batbydraco marri - -
33 | Bathydraconidae | Batbydraco scotide - -
34 | Bathydraconidae | Bathydraconidae - Dragonfish
35 | Bathydraconidae | Cygnodraco mawsoni - -
36 | Bathydraconidae | Gerlachea australis - -
37 | Bathydraconidae | Gymnodraco acuticeps Antarctic dragonfish M| 2 == FE]
38 | Bathydraconidae | Gymnodraco victori Antarctic dragonfish M| 2 == k)
39 | Bathydraconidae Parachaenibtbys georgianus - -
40 | Bathydraconidae | Parachaenichthys charcoti Antarctic dragonfish Sh& = okl
41 | Bathydraconidae Prionodraco evansii - -
42 | Bathydraconidae Psilodraco breviceps - -
43 | Bathydraconidae Racovitzia glacialis - -
44 | Bathydraconidae | Vomeridens infuscipinnis - -
45 | Bovichtidae Bovichtus angustifrons - -
46 | Bovichtidae Bovichtus argentinus - -
47 | Bovichtidae Bovichtus chilensis - -
48 | Bovichtidae Bovichtus diacanthus - -
49 | Bovichtidae Bovichtus elongatus - -
50 | Bovichtidae Bovichtus oculus - -
51 | Bovichtidae Bovichtus psychrolutes - -
52 | Bovichtidae Bovichtus variegatus - -
53 | Bovichtidae Bovichtus veneris - -
54 | Bovichtidae Cottoperca gobio - -
55 | Bovichtidae Pseudapbritis urvillii - -
56 | Centrolophidae Icichthys australis Southern driftfish
57 | Channichthyidae | Chaenocephalus aceratus Blackfin icefish SX|=2{o|&lof
58 | Channichthyidae | Chaenodraco rastrospinosus Ocellated icefish HEHYo
59 | Channichthyidae | Chaenodraco wilsoni Spiny icefish JHAI”IOf
60 | Channichthyidae Champsocephalus S0X - -
61 | Channichthyidae | Champsocephalus gunnari Mackerel icefish LIEET]
62 | Channichthyidae Channicbtbys rbinoceratus - -
63 | Channichthyidae Chionobathyscus dewitti Dewitt's icefish
64 | Channichthyidae Chionodraco hamatus - -
65 | Channichthyidae Chionodraco myersi - -
66 | Channichthyidae Chionodraco rastrospinosus - -
. . . ) ) ZIX|=2{o|dlof
67 | Channichthyidae Cryodraco antarcticus Long—fingered Icefish o E7I2H]of ’
68 | Channichthyidae Dacodraco bunteri = -
69 | Channichthyidae | Neopagetopis ionah Crocodile icefish I=z3ciulof
70 | Channichthyidae | Pagetopsis macropterus Stripe icefish E5F 440
71 | Channichthyidae Pagetopsis maculatus - -
72 | Channichthyidae | Pseudochaenichthys | georgianus South Georgia icefish AL A Z=X| oblof
73 | Chimaeridae Hydrolagus spp Ratfishes nei 2204
74 | Harpagiferidae Harpagifer antarcticus - -
75 | Harpagiferidae Harpagifer bispinus - -
76 | Harpagiferidae Harpagifer georgianus - -
77 | Harpagiferidae Harpagifer kerguelensis - -
78 | Harpagiferidae Harpagifer palliolatus - -
79 | Harpagiferidae Harpagifer spinosus - -
80 | Lamnidae Lamna nasus Porbeagle shark d] ot & Ao
81 | Macrouridae Macrourus caml CAML grenadier =1t
82 | Macrouridae Macrourus holotrachys Bigeye grenadier = =t s
83 | Macrouridae Macrourus whitsoni Whitson's grenadier e — =t
84 | Moridae Antimora rostrata Blue antimora FEFAEUF
85 | Moridae Lepidion spp Giant morid cod gl mc| S0+
86 | Muraenolepididae | Muraenolepis microps Smalleye moray cod
87 | Myctophidae Electrona carlsbergi Lanternfish S ura e 5%
88 | Myctophidae Gymnoscopelus nicholsi Lanternfish =2 7Iuk 2| 5 X
89 | Nototheniidae Aethotaxis mitopteryx - -
90 | Nototheniidae Cryothenia peninsulae - -
91 | Nototheniidae Dissostichus eleginoides - -
92 | Nototheniidae Dissostichus eleginoids - -
93 | Nototheniidae Dissostichus mawsoni Antarctic toothfish ==olu 7|
94 | Nototheniidae Eleginops maclovinus - -
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95 | Nototheniidae G.angustifrons sandwichensis - -
96 | Nototheniidae Gobionototben acuta - -
97 | Nototheniidae Gobionototben gibberifrons - -
98 | Nototheniidae Gobionototben marionensis - -
99 | Nototheniidae Gobionotothen acuta - -
100 | Nototheniidae Gobionotothen angustifrons - -
101 | Nototheniidae Gobionotothen gibberifrons - -
102 | Nototheniidae Gobionotothen marionensis - -
103 | Nototheniidae Gvozdarus svetovidovi - -
104 | Nototheniidae Indonotothenia cyanobrancha - -
105 | Nototheniidae L.squamifrons macrophthalma - -
106 | Nototheniidae L.squamifrons sguamifrons - -
107 | Nototheniidae Lepidonotohen kempi - -
108 | Nototheniidae Lepidonotohen mizops - -
109 | Nototheniidae Lepidonotohen nudifrons - -
110 | Nototheniidae Lepidonotohen squmifrons - -
111 | Nototheniidae Lepidonotothen kempi - -
112 | Nototheniidae Lepidonotothen sguamifrons - -
113 | Nototheniidae Lindbergichthys mizops - -
114 | Nototheniidae Lindbergichthys nudifrons - -
115 | Nototheniidae Notothenia angustata - -
116 | Nototheniidae Notothenia coriiceps Black rockcod FapSERleN|
117 | Nototheniidae Notothenia coriiceps neglecta - -
118 | Nototheniidae Notothenia cyanobrancha - -
119 | Nototheniidae Notothenia gibberifrons Humped rockcod = kx|
120 | Nototheniidae Notothenia larseni - -
121 | Nototheniidae Notothenia loesha - -
122 | Nototheniidae Notothenia microlepidota - -
123 | Nototheniidae Nototheniops larseni Painted rockcod S ebx|
124 | Nototheniidae Nototheniops neglacta - -
125 | Nototheniidae Nototheniops nudifrons Yellowfin rockcod X =o] x|
126 | Nototheniidae Nototheniops nybelini - -
127 | Nototheniidae Nototheniops rossii = -
128 | Nototheniidae Nototheniops tchizh - -
129 | Nototheniidae Pagothenia borchgrevinki - -
130 | Nototheniidae Pagothenia brachysoma - -
131 | Nototheniidae Pagothenia phocae - -
132 | Nototheniidae Paranotohenia magellanica = -
133 | Nototheniidae Paranotothenia brevicauda - -
134 | Nototheniidae Paranotothenia dewitti - -
135 | Nototheniidae Paranotothenia sp. - -
136 | Nototheniidae Patagonotothen brevicauda - -
137 | Nototheniidae Patagonotothen canina - -
138 | Nototheniidae Patagonotothen elegans - -
139 | Nototheniidae Patagonotothen guentheri - -
140 | Nototheniidae Patagonotothen jordani - -
141 | Nototheniidae Patagonotothen longipes - -
142 | Nototheniidae Patagonotothen ramsayi - -
143 | Nototheniidae Patagonotothen sima - -
144 | Nototheniidae Patagonotothen sguamiceps - -
145 | Nototheniidae Patagonotothen tessellata - -
146 | Nototheniidae Patagonotothen wiltoni - -
147 | Nototheniidae Pataonotothen cornucola - -
148 | Nototheniidae Pataonotothen longipes - -
149 | Nototheniidae Pataonotothen ramsayi - -
150 | Nototheniidae Pataonotothen tessellata - -
151 | Nototheniidae Pleuragramma antarcticum Antarctic silverfish =32 etx|
152 | Nototheniidae Pseudotrematomus bernacchii - -
158 | Nototheniidae Pseudotrematomus eulepidotus - -
154 | Nototheniidae Pseudotrematomus hansoni - -
155 | Nototheniidae Pseudotrematomus lepidorhinus - -
156 | Nototheniidae Pseudotrematomus loennbergii - -
157 | Nototheniidae Pseudotrematomus nicolai - -
158 | Nototheniidae Pseudotrematomus pennellii - -
159 | Nototheniidae Pseudotrematomus scotti - -
160 | Nototheniidae Pseudotrematomus tokarevi - -
161 | Nototheniidae Trematomus bansoni - -
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162 | Nototheniidae Trematomus bernacchii - -
163 | Nototheniidae Trematomus eulepidotus Antarctic rockcod =3 etx|
164 | Nototheniidae Trematomus hansoni - -
165 | Nototheniidae Trematomus lepidorhinus Slender scalyhead =2 etx|
166 | Nototheniidae Trematomus loennbergii - -
167 | Nototheniidae Trematomus newnesi - -
168 | Nototheniidae Trematomus nicolai -
169 | Nototheniidae Trematomus pennellii - -
170 | Nototheniidae Trematomus vicarius - -
171 | Nototheniidae Trematonus loennbergii - -
172 | Oneirodldae Oneirodes notius - -
173 | Paralepididae Magnisudis prionosa Southern barracudina == o k11 X|
174 | Paralepididae Notolepis coatsi Antarctic jonasfish =S =LA O i X
175 | Pleuragramminae | Pleuragramma antarcticum - -
176 | Rajidae Raja georgiana Antarctic starry skate -
177 | Squalidae Etmopterus lucifer Blackbelly lanternshark S RO
178 | Squalidae Somniosus microcephalus Greenland shark a2 EAN
Synaphobranchid o )
179 Histiobranchus bathybius Deep-water arrowtooth eel | A5l &0
ae
180 Stichaeidae anisarchus medius Stout eelblenny
181 | Gadidae Arctogadus glacialis Arctic cod
182 | Cottidae Artediellus atlanticus Atlantic hookear sculpin
183 | Gadidae Boreogadus saida Polar cod
184 | Liparidae Careproctus reinhardti Sea tadpole
185 | Psychrolutidae Cottunculus microps Polar sculpin
186 | Liparidae Liparis fabricii Gelatinous seasnail
187 | Zoarcidae Lycodes adolfi Adolf's eelpout
188 | Zoarcidae Lycodes polaris Canadian eelpout
189 | Zoarcidae Lycodes saggittarius Archer eelpout
190 | Zoarcidae Lycodes seminudus Longear eelpout
@ 24 o A8 8 fE5S
o FA offF H FA IE=E A2
- AR A, 2, GE NS 20ste] B4 FA6) fAE G5 7P wel
ZPFIYE AL FPAAS
<E20> IX|0jF L HUYMEBS B M2} 7S HAA
DESC=(“Anotopterus“ or “Artedidraco” or “Dolloidraco” or “Histiodraco” or “Pogonopbryne*
or “Pogonophryne” or “Akarotaxis® or “Batbydraco“ or “Bathydraconidae“ or “Cygnodraco®
or “Gerlachea“ or “Gymnodraco® or “Parachaenibtbys® or “Parachaenichthys® or
“Prionodraco® or “Psilodraco® or “Racovitzia® or “Vomeridens® or “Bovichtus® or
“Cottoperca“ or “Pseudapbritis or “Icichthys® or “Chaenocephalus® or “Chaenodraco® or
“Champsocephalus® or “Channicbtbys® or “Chionobathyscus® or “Chionodraco® or
Genus(%), “Cryodraco” or “Dacodraco” or “Neopagetopis® or “Pagetopsis“ or “Pseudochaenichthys”
B =g or “Hydrolagus® or “Harpagifer or “Lamna“ or “Macrourus® or “Antimora® or “Lepidion®

or “Muraenolepis® or “Electrona“ or “Gymnoscopelus® or “Aethotaxis® or “Cryothenia“ or
“Dissostichus® or “Eleginops” or “G.angustifrons® or “Gobionototben® or “Gobionotothen®

oY H O
= Mo Ho
02

1>

or “Gvozdarus® or “Indonotothenia“ or “L.squamifrons® or “Lepidonotohen® or
“Lepidonotothen® or “Lindbergichthys® or “Notothenia“ or “Nototheniops® or “Pagothenia“
or “Paranotohenia“ or “Paranotothenia“ or “Patagonotothen® or “Pataonotothen® or
“Pleuragramma“ or “Pseudotrematomus® or “Trematomus® or “Trematonus® or
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19 Us10/577976 symptoms 2004
=X offF Twehel At &4 BEO|={Novel antimicrobial peptides
20 KR20160130644A from Antarctic fishes} 2016
<E27> 2X OfF FAKIY 3 2lAE
o tH EHHS oz EddE
1 EP1988311131 Feed additive and feed containing such additive 1988
2 JPH09-528157A | Z2dl(&lZ) & MZE Xl A 1997
Cosmetic or dermatological preparations having a content of anti-freezing
3 US11/071259 proteins and/or anti—freezing glycoproteins 2005
ofFel Vasa [KMXE ALSst MAM=Z 0}7{GERM CELL
4 KR20097019462A | \|ARKER USING FISH VASA GENE} 2008
5 WO2008EP050229 | FEED COMPOSITION FOR AQUATIC ORGANISMS 2008
SURFACES WITH IMMOBILIZED ENZYMES AND ANTI-ICING
6 EP2009742382 PROTEINS 2009
ZYlCtel Al gl o| & ol &5t AU YA g {Antifreeze protein and the
7 KR20140065311A methods of inhibiting freezing by using thereof} 2014
8 US14/481056 Polypeptides comprising an ice—binding activity 2014
<HE39> X M= A=S 0|ESH X EHM E35] 2lAE
o EdHHS 3 3l EddE
CHONDROGENIC  DIFFERENTIATION MEDIA AND METHODS FOR
1 US14/001523 2012
INDUCING CHONDROGENIC DIFFERENTIATION OF CELLS
CHONDROGENIC  DIFFERENTIATION MEDIA AND METHODS FOR
2 WO2012EP054654 2012
INDUCING CHONDROGENIC DIFFERENTIATION OF CELLS
<E40> ot =X - dFH - pSl o F T EF EAE
o EdHHS o 5 EddE
203 = Jie|Rol £Hst= ofFel EFAMA Z2Y R o g
1 KR20060073749A 1_% g %ﬂ.ﬁ.éaﬂ 9"575' = EPE gﬁrAl % J;ﬂ é' 2ol o006
2 KR20060021496A | & X & felfiel ot Esi g4 XNalix e 22 e 2006
3 KR20097019462A | O{F2| V a s a RM™ALE A6t MAME OfF 2008
4 KR20080107255A | € F A2 87 = =M =2{Rice gruel including Skate(Raja kenojei) flour} 2008
SO RAEEFUIIE, a UIIRE Zetste=
5 KR20080107253A | 20| EM=8REIZE=MEE, O HExMHME22 M= SREMEER 2008
otem 2 =
6 KR20110123486A | O /2| Crufjd tzh F5jar 2011




7 KR20110123545A | Of 72| Ctujd HZb FE5pER| 2011
8 KR20110092393A gigﬂf g’zHyBIgE%EPOIE% stste =stolH Mol okst 2011
9 KR20130125069A | €01 & g HEE&M ME 2 O|E 0|35t 50 & md  HiH 2013
10 KR20140065311A | ZYlctal &l gl o] & 0| 8st= AU AH oy 2014
11 KR20140157812A | Ol /e & FE=EES FaMdECZ Zésles 312 =ME 2014
<E41> ot IX| - deH - A F XAEH S35 22E
o4 E/dHS == EAEE
1 KR19980707754A ‘t’jﬂolEd CHHZAIS AIZ3ld X2 & 9 =& I EHMAFI= 1998
2 KR20077003085A | &0 17| F&& % HAM FE=2 o fFoles & =MH= 2007
3 KR20100094440A | &0 A welflel gxsto|ln| Zeo| Ax &= ofebs 28t =M= 2010
4 KR20160130644A | =X ol & Feliel Al7st & HEOIE 2016
<HE42> X oF AEHM 53 22E
oA EYdHS o Al =7} EdAE
COMPOSITION TO IMPROVE SURVIVAL OF BIOLOGICAL
1 EP1991904854 MATERIALS EP 1991
JPHO3-505533A | =2 ol R 2FE Ce|l 2 A E dY(o|2s A cHed A JP 1991
3 WO1991US00035 | COMPOSITION TO IMPROVE SURVIVAL OF BIOLOGICAL PCT 1991
1 MATERIALS
4 WO1992US00045 | ANTIFREEZE GLYCOPEPTIDE COMPOSITIONS TO PROTECT PCT 1992
2 CELLS AND TISSUES DURING FREEZING
Interaction of thermal hysteresis proteins with cells and cell
> US08/004919 membranes and associated applications us 1993
STABILIZATION OF BLOOD PLATELETS AGAINST LOW
6 EP1995944344 | TEMPERATURE ACTIVATION EP 1995
PREVENTION OF LEAKAGE DURING THERMOTROPIC
7 EP1995944345 | pliASE TRANSITION IN LIPOSOMES AND BIOLOGICAL CELLS | EF 1995
Z4 ol A= = S M | (e
9 WO1995US01651 | STABILIZATION OF BLOOD PLATELETS AGAINST LOW PCT 1995
9 TEMPERATURE ACTIVATION
10 WO1995US01652 | PREVENTION OF LEAKAGE DURING THERMOTROPIC PCT 1995
0 PHASE TRANSITION IN LIPOSOMES AND BIOLOGICAL CELLS
11 JPHO8-521049A | X2 &M stof st & Apol oty st JP 1995
12 US08/625074 Tissue destruction in cryosurgery by use of thermal hysteresis us 1996
Prevention of leakage and phase separation during thermotropic
13 US08/768148 phase transition in liposomes and biological cells us 1996
14 US08/625074 Tissue destruction in cryosurgery by use of thermal hysteresis us 1996
15 WO1997US00502 | IMPROVED TISSUE DESTRUCTION IN  CRYOSURGERY BY PCT 1997
8 USE OF THERMAL HYSTERESIS PROTEINS
| | H Xl =2 S =2 | |
16 | JPHOO-536430A | Soluio Typ S B SlE S sisol RoiAsl =R p 1997
| ] Rl = S Fagea =0 = |
17 | KR1GGBOTO7754A | 5oy nikiaism g o orot A= w5 32 E8 1 @ | 008
18 WO2000US02074 | ISOLATION  OF  NOVEL HEMAPOIETIC GENES BY PCT 2000
6 REPRESENTATIONAL DIFFERENCE ANALYSIS
Composition for the cosmetic treatment of age-related
19 US10/577976 dermatological symptoms us 2004
20 KR20160130644A | =X ol & Feliel AMlst & HEOIE KR 2016
<E43> 32X O|F LAY Sof 2|2E
oA E/]HS =R =7} e S
1 EP1988311131 Feed additive and feed containing such additive EP 1988
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JPH09-528157A | Zal(Z) & Mz Xl | JP 1997
Cosmetic or dermatological preparations having a content of
3 US11/071259 anti-freezing proteins and/or anti-freezing glycoproteins us 2005
7o Vasa [RMAE AtEst dAM=Z 0IAH{GERM CELL
4 | KR20097019462A | \IARKER USING FISH VASA GENE} KR 2008
5 | WO00BEPOS022 | kEED COMPOSITION FOR AQUATIC ORGANISMS PCT | 2008
6 EP2009742382 SURFACES WITH IMMOBILIZED ENZYMES AND ANTI-ICING EP 2009
PROTEINS
Zalctaizl gl 0|2 o|&5t= ZY A wH{Antifreeze protein
7 KR20140065311A and the methods of inhibiting freezing by using thereof} KR 2014
8 US14/481056 Polypeptides comprising an ice—binding activity us 2014
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<E 45> OIS OJRYA MMNTY HE
ol Al A (2 B 2))
2011 771,200
2012 734,100
2013 749,100
2014 777,700
2015 896,800
2016 904,400
2017 1,008,900
2018 929,300
A= 20184 of FASETAL (SAE)

(WP =3 2 A AdES svas 2 HE A5A e APHoR FEEHEERE,
2 ARG HEA R ofFdA A e suEs 2 WE ARA S
R ) e

O FA o7 F8FEL ANHAHCE Fd Aol FFE vAY, B dFdA=
22 He] AL st B A AAEo] AR FEHE EvEys ¥ Wl
d A5A Al ANETERE BFFE A
- RIFEN ZAF i3 A5A AL, A= 5 A5A N
@ = =935 A5A AA % DMARDs(Disease Modifying Anti Rheumatic Drugs)ll
2w 20139 % 1,633 9o g, 2006\ F-E AH 2.1%9 HEES 7IE3 o=
LHERE
@ AA g A8A AFTEE = ATAQID BEE oF 102d 7Hgely, =
NTEE A5g R A7 A
- =Ul ARG e AlA /\1 A& L7%(S=7A, 2018)E Hrgstd g AFAFEE
FAsIPoH, AT AFES FHES AEA 4HAES T8 3}01 2.1%=E FASAS
(th webA, CAGRE whgal & Aol el A7) 2030 78 2037 =9] m]2jA%
TEE FASA ofgfet &
<IH 46> Hol LIt oA EH TR FHA
A2 (Baky)
wlE =33 =
01 F 24 &t
x| 2 | x| 2 H|

2028 1,212,982 - - 1,212,982
2029 1,245,731 - - 1,245,731
2030 1,279,364 232,500 218,151 1,730,016
2031 1,313,905 237,383 222,732 1,774,020
2032 1,349,378 242,368 227,410 1,819,156
2033 1,385,810 247,458 232,185 1,865,453
2034 1,423,225 252,654 237,061 1,912,940
2035 1,461,650 257,960 242,040 1,961,649
2036 - 263,377 247,122 510,500
2037 - 268,908 252,312 521,220
A 8,213,331 2,002,609 1,879,015 3,881,624

5) https://www.hankyung.com/article/2018060343751
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o, B A% ATALALL NTIS DBE Fol A4
D A2 1392 FAHD A AYNE B ATANBAGE AT A3t ThY fA4

1595
-9 AAE S8 £E2F B AR WIAADIEDT HALHEDS gk
FA 7o) 2EHA WARXE AR Aol AT AANYE AANAE
- AN 2l E 24991 ol ¥ ARRIe] F AdulE 10091 219
<E 47> BAAIY 22
AT
& A
Al 7|2+ oo | AR
= neMEo NeMS J|A FuEf
- 201472016 9,455 3,152
serlx 22
=X Zalgix|2ao deAol=2
223 DHIL MEXIC EHEZE 200972012 4,663 1,166
SgPex uz
Sx| DRME Sof A AE T 201172013 4,041 1,347
537 55 pZE AMSe DA
SI|El4 slEtE HamE o8 201672019 900 205
HNesa agolq
SXHS DoME Sef AR
S 201772019 3,113 1,038
A8 TEAY
xR g HEZuwxESAS g2t
i 20092010 1,490 745
Sol g =77k A% 7|2 Jhu
IXME S 98 A 2HE7|g
= e 2016 1,199 1.199
CES
24,860
W B AFe 7197 7hssk B3 AGNEAIGES] AR AHIE 18 Ele], B ALY 9
At 71 &S A4 A 64%9 S & 5 A

© Wz ATAL NFL FHE Am o] @AL glo] 20169 AR ATALEAY
(154,530.6¢] )7} ®7HEo} <

—1 O =
- FAR EIZE ATAEE A NIQA994R)SE B AIHI1001)] Tl 3498 B

12179902 FA34 e

<I 48> AtEZIE FHZE

B ENEET
e (84 3h))
SAARY 27 24,860
=AY 10,000
AL BIZF AT (24,860+10,000)+3.49 = 121,661
=AY 710 = 10,000/(24,860+10,000+121,661) = 6.39%
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(b AFANE AQRHTEL
AsE 27} AA HEBES B8Y
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BEES =88t 228%9= At E4 S TR S

(5) R77HH &
b 20149 B
Fol slgsts oepE Aol &

D olFFH AT oJkE Mo F AHFAL HIPIN Yo ol HAIA
REIG T, o FUH A R &S 36.5% SIFE 4RI RIA
38.2%2 AEHAE
- O RFANY FAE: 2,236,524 98], $7E7EA 9 816,422 59
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6) & B W&
Oh A RH 3E WS ANG AT ol L

- of 2§ Al At AFML | At st Tt ol
e 7|0 & 7|0 & 43 E 7tx &
2028 1,212,082 6.4% 35.4% 22.8% 36.5% 2,283
2029 1,245,731 6.4% 35.4% 22.8% 36.5% 2,345
of 2030 1,279,364 6.4% 35.4% 22.8% 36.5% 2,408
S 2031 1,313,905 6.4% 35.4% 22.8% 36.5% 2,473
ot 2032 1,349,378 6.4% 35.4% 22.8% 36.5% 2,540
A 2033 1,385,810 6.4% 35.4% 22.8% 36.5% 2,609
2034 1,423,225 6.4% 35.4% 22.8% 36.5% 2,679
2035 1,461,650 6.4% 35.4% 22.8% 36.5% 2,752
o= o2 Al S At AFML | Atdst =7t sl
T2 7|48 7|48 Hd3E 7tx| &
2030 450,652 6.4% 35.4% 22.8% 38.2% 888
2031 460,115 6.4% 35.4% 22.8% 38.2% 907
i 2032 469,778 6.4% 35.4% 22.8% 38.2% 926
2 2033 479,643 6.4% 35.4% 22.8% 38.2% 945
A 2034 489,716 6.4% 35.4% 22.8% 38.2% 965
2035 500,000 6.4% 35.4% 22.8% 38.2% 985
2036 510,500 6.4% 35.4% 22.8% 38.2% 1,006
2037 521,220 6.4% 35.4% 22.8% 38.2% 1,027
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L FFOE A=Y, I olfE Y
FA7E FE AFolan HRAZANA wHAH Y T84l O =A HIIEOoF &
a7t 7] &

@ E-Ee 7l FAANGL EAo W E 188 AT AANFE, EVESE,
7:1;(1]}(4 ;«Pzﬂ E_ﬂ‘ 0 E:];g].o:} ;(4_9_6;31-

- ARbH o R AT/ ARSIZEE AL A 7-8% ol ERIES, MXFe A=
HE 5-6% 552 gdg% 2 8-

- @0 A dER AT AREgA A A A 45%E A&

om i nQ

(th & 7= NPV, B/C, RR& &3l & Adel ZA4 g8Ads &4t F7hH o=
4 FAelM e =FddE asy] S8 A= B4E s
© & A7) AFARAM w2} 202008 78 2024374x] 2] 5] AFIRLEIE AFGHI S
o= g
@ A3t F7PHAE 71 Ve S)E A skl 202835 2037d 704 3 o]
dAse 0= 74

@ B Ao AFAEE EAA ol sl 20199 1288 /| EOE BE 1§} ©ejo
45% A9 B A3l BANAZ BAEAS

@ B Aol Wole FASE AAAA AR BA L A Soz FANOT 33
gmol Ay EAS/] WE, Ao F44 WKIAAE FNE FF 0PE

=71 H 08 ysle] B4 EAZ AAYS

& %
® BAH EHAME NPV=0, BIC>1, RR= A8 4242 45 dntdoz o
1

7) 20173 epletd g AL 8 TEA RO whet, 2017 9€ 8YUHE AFEA ARIES 7IEY] 5.5%00A 4.5%% HHA A&
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ﬁ%ﬁ}oﬂl A7 A BFstlom, H e % A Z7*( 20~+20%)°ﬂ uE 57}X] /\lb}ﬂl
oo 77 AAA BAS XJ%JW
D A, o 5 A3}, NPVE 6,485 7H3,

<E 50> dHd =4 Z1 (H L 0%)

of = | & Ho

oA = THA| M 7HA| S A= Tt A TR
2020 2,000 1,910
2021 2,000 1,824
2022 2,000 1,742
2023 2,000 1,664
2024 2,000 1,589
2025
2026
2027
2028 2,283 1,509
2029 2,345 1,480
2030 3,296 1,986
2031 3,380 1,945
2032 3,466 1,905
2033 3,554 1,865
2034 3,644 1,827
2035 3,737 1,789
2036 1,006 460
2037 1,027 448
A 10,000 8,728 27,737 15,213
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(b 2 ARdel He FAHAE 20% AaANA A B4 3T 23k NPV= 3,442

B/(C= 1.39, IRR& 3.40%%E ==%

<E 51> AHAM 24 Ao (B Z -20%)
bl 8 ol

ol e

Sl AT TR S 7 Shof ol = 7hx| & 7%
2020 2,000 1,910
2021 2,000 1,824
2022 2,000 1,742
2023 2,000 1,664
2024 2,000 1,589
2025
2026
2027
2028 1,827 1,207
2029 1,876 1,184
2030 2,637 1,589
2031 2,704 1,556
2032 2,773 1,524
2033 2,843 1,492
2034 2,915 1,461
2035 2,989 1,431
2036 805 368
2037 822 359
A 10,000 8,728 22,190 12,171
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(W & Al B FHAE 10%

N A AANAH BAS
B/ICE= 157, IRRE 4.65%% ¥ Ado] AAA o= ElFdS JeRY

<I 52> dHdd =4 21 (

0k

AE

Safiod = JtA| S IR Eoll e TR SR TR
2020 2,000 1,910
2021 2,000 1,824
2022 2,000 1,742
2023 2,000 1,664
2024 2,000 1,589
2025
2026
2027
2028 2,055 1,358
2029 2,111 1,332
2030 2,967 1,788
2031 3,042 1,751
2032 3,119 1,714
2033 3,198 1,679
2034 3,280 1,644
2035 3,363 1610
2036 905 414
2037 924 403
A 10,000 8,728 24,964 13,692
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(@) B AFGe 19 FAHAAE 10% Z7MAA AAAR B4
B/ICx= 1.92, IRRE 6.82%=% ¥ Aldo] AAASZE ElFdS e

< 53> dHd &4 Z1 (HA 4 +10%)

H| 8 ol

ol

ool © T}l A 7} A ool = Jhx| & 74 A]
2020 2,000 1,910
2021 2,000 1,824
2022 2,000 1,742
2023 2,000 1,664
2024 2,000 1,589
2025
2026
2027
2028 2,512 1,660
2029 2,580 1,628
2030 3,626 2,185
2031 3,718 2,140
2032 3,812 2,095
2033 3,909 2,052
2034 4,008 2,009
2035 4,110 1,968
2036 1,106 506
2037 1,130 493
A 10,000 8,728 30,511 16,735

- 135 -



(h) B Ao H9) FAHARE 20% Z7MAA AAAR BAS
B/ICE 2.09, IRRE 7.78%=% ¥ Aldo] AAA S ZE ElFdS e

<ZE 54> dHd &4 Z21 (B L +20%)

H| 8 ol

ol

ool © T}l A 7} A ool = Jhx| & 74 A]
2020 2,000 1,910
2021 2,000 1,824
2022 2,000 1,742
2023 2,000 1,664
2024 2,000 1,589
2025
2026
2027
2028 2,740 1,810
2029 2,814 1,776
2030 3,955 2,384
2031 4,056 2,334
2032 4,159 2,286
2033 4,264 2,238
2034 4,373 2,192
2035 4,484 2,146
2036 1,207 552
2037 1,232 538
A 10,000 8,728 33,285 18,256
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A3 ZAWAzR WAL SFAARE BLE A B
L AZF § 48T S8 Eof

- MAlERE oF 3/5dd Aol EFst oltEtgAaE Fdtal ILFAFNPS} B

> A =
o, dhokel A Q4Ey) dEd A7k 2257 govl, 2Re) 44L FIU olusg
S A

- JlE S4BT OE Doe $0A AAsE Aulel 4siet tiAagel s thE

AAES AL 7ol am A gy, SoltiAdAd 712 71 3184, =814
ol &t mAdE FA o 93 HGT(horizontal gene transfer) &= WIWsltta d#x S

<¥ 57> D|Mz=Re REHED S8 =0t

Compound

Pigments

Use

Pigmentation,

Microalgal species

Aphanizomenon f| os-aquae

lii';:?phyll aand b cosmetics, g//;;oreza sor(;/.k/h/la.na ‘

) fOOd and feed orella zo 1 /7.9/6’/75/5
astaxanthin dditi Chlorella vulgaris
B-carotene a ' YIVES T Dunaliella salina
phycobilins pharmaceutical  1ematococcus pluvialis

C-phycocyanin

S

Spirulina platensis

Botroycoccus braunii
Cyanophora paradoxa
Glaucocystis nostochinearum

Lipids . - !
hydrocarbons Biofuels,  food Nannochloropsis salina
4 and feed Neochloris oleoabundans
triacylgycerols additives Phaeodactylum tricornutum
PUFAs Rhodomonas salina
Scenedesmus sp.
Schizochytrium mangrovei
Amino acids
leucine
asparagine Gorells elliosoic
i orella elljpsoidea
g|Utarnlne Food and feed Eug/ena gfaf/'/[g
cysteine . .
arginine additives, Nannoc/?/qropS/s oculata
health Porphyridium cruentum
aspa'rtate supplements Rhodomonas salina
alanine Spirulina platensis
glycine
lysine
valine
Carbohydrates
B1-3-glucan
amylose Biofuels, Isochrysis galbana
starch therapeutic Porphyridium cruentum
cellulose applications Spirogyra sp.
alginates
laminaran
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Vitamins and minerals
vitamins B1, B2, B, B12, C, E

Dunaliella tertiolecta

biotin ‘
folic acid Food and feed sochrysis ga/bqna
. Nannochloropsis oculata
magneswm supplements Spirulin platensis
calcium Tetraselmis suecica
phosphate
iodine
Aulosira fertilissima
Anacystis nidulans (Synechococcus)
Chlorella vulgaris
Polymers Medical and Gyrodinium /"/npud/'cum
. . Rhodella reticulata
PHAs industrial
T Nostoc muscorum
EPSs applications Porphyridium sp.
Scenedesmus acuminatus
Spirulina platensis
Synechocystis sp.
Phytosterols
crinosterol Dunaliella tertiolecta
stigmasterol Food Crypthecodinium cohnii
. supplements, Isochrysis galbana
isofucosterol . . .

i pharmaceutical ~ Nannochloropis gaditana
sitosterol applications Paviova lutheri
fucosterol Tetraselmis suecica
dinosterol

Chlorella sorokinia
Phenols Chlorella vulgaris

gallic Dunaliella salina

caffeic Cosmetics Desmodesmus bicellularis

salycilic Desmodesmus communis

p-coumaric Nannochloropsis salina
ferulic acid Nannochloropsis limnetica,
Phaeodactylum tricornuotom
Toxins

ciguatoxin Health Alexandrium lusitanicum

domoic acid N Nitzschia pungens

okadaic acid applications Gambierdiscus toxicus

gambieric acids

7}, Aol =

(D Hetol=e
g, 719,
AHEE AL Q)
2o

et TR F, FEA

2

T T ., T '

g
a7k Holuht WG Tl w

HEQYAE AFe FE8k 9

vy

5]

I A
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EA

(3) A= F3 FHEelo] =(Cell Penetrating Peptides, CPP)= ¢F 10-307] A=2] #H2
g 52| of

T34 Helol =2 AZY HEo] o] AmARZ /MEHA XY Tk
ERGA Ao g &8 Jlso] At

(4) CPP¥ 7]5A wA(p-galactosidase, eGFP, Bcl-xL, human catalase, human
glutamate dehydrogenase, Cu, Zn-superoxide dismutase, NF-xB inhibitor srlxBe,
HSP70) Hgseted e o= ezl dwds gt AlZzE dEdo=2x, CPP7}
FT&Foly, "HASE hAESE So guld 7)hk X g7]Ho] H8Eo] X5 WA
MEZWE EYdte 48 s3dS 88T

6) =2H AAEo] HEolE 7E FH AFE AT Y= olfFv 5 JEol=rt
‘Hio] Q@ AA’ B ohFd &okoll HE& Jhedtr] wiwol EF AATE FAE T)E
7Pt Aol AEAd SEEe) Bl AdTA A AleF dFEo] 28 o] o &
A 400717 LA o A

6) AR=E Soi7b FFH =2 ofE EHE U] dA EidHe SAFES
SR-DDS(Sustained Release Drug Delivery System) #w2]3} tﬂb‘ﬂ(Modlflcatlon)m SER=4
AFOoEMN Ao R THsHdS FHAIZTH

Mol A U 2o 28

I‘Iﬂ

SmartDepot™Z 0| 25}0] OF

d

“50um 2712 Y&
67N E 7K X EAIZtE = JhsE AMT7]E)

(7 HEelol=E o] F&= oluke 20FF{Z FsHy Az, WHFPo] HAY QCEAFAH,
Quality controDo] &o]&le] 4Fd3lr} 48 AHo] dedH E3 g HAxRMEE
frejotr| =t JE e ERERE A5 B9 uta 37, As F2 N 2344 3
=9 #% =24, A, =3t A T A7 FA B Vlsdel £A4AA- der=w

I MAYER 7sg Belie A5 - o] ZItE Ao

2 A oA HElol= o) ekEL Hlo] QolekFo] 10%E AA|staL om FF

o 2 F3l= Al%}—% g Hepol =9} sHAFE HEloj=o] FE
o] FaL St} ol mHE] = AT dwEokE AFCHE|E X3 2 AA
oA oF 1.1%= o}& wugk (20161 }E)Olﬁ}

. oFe sl
D AF ZRAE o F FHAHL FAYOR 75 Rofstgont AA Fa4
wol 71’ wnknownel s WAV} AR o1& A/ A @AY 34 T
Bt A% (T2 v% FA %) A Sl FasA D

%X
5

5!

R

N,

o

(2) MA SBAA T A 2011d0]F A Ht oF 13.7%% AAste] 2015 729 2
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3 WAl S PEE A ot £ I AR AT 5 Sl HAo
o AT FAY & Y= pude] Tx
iAol A% 7= 5 o) Adguwdel F%e AT 4 Ae

A
%?‘ AANHES F27]4F 2efdbE ¥, SBDD(Sturucture-based drug design)

ZEE 9|t el = E
g2

(X-ray, NMR, Modeling)

(4) vj= FPRALL Gl Fx AEARJ(PSE: Protein Structure Initiative) 2k o]0 2
o Fx 8 AFske 2009 3EAIE Bl QIxbe] A AW ddE thFdt
A ANA S FAAE FHsl T2 A4 S H3th

(5) 18-S 200335 SPINE(Structural Proteomics in Europe) A& F3Yste] st5

IsAEA L Ay EdAE dFe®E wstr] 9% HTPHigh-throughput
technology)& 7I'& Zoltt.

(6) E-Mep(European Membrane Protein) structural genomics center= G-protein coupled
receptorE EZ o2 187] AFHo] 7ttt

(7) Z&g 2= pathogens, eukaryotes, yeastE th o=z F2HEMAA S AT 8 Folth

(8) €& RIKEN ©lA&= X-4 A4H374 NMR &39S o83 welgol, i/, 4E9
@l domaines FA S E  Structural Genomlcs Initiative =3 Folw £ w{F
(MEXT) S#3sfe]  “Protein 3000 project” ol ©]o] “Targeted Proteins Research
Program” ©2 iz A3 2 Fo|t. o] 2elx 22712 3 A7F AgH Japan
Pharmaceutical Manufacturers Association (JPMA)e] @@l M2tz 5 &85k 21k
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RNA Aptamer
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RAR1,SGT1,HSP90

2351
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o

Actind

TLR1-TLR2= A

= oA

=33

TLR4-MD2= &4
PDE= &t

caproptill lisinopril, ACE
ClpP,ADEP2|
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(6) 22 4% R&D A4S ENco] Ny ANTEHA 84F Yol 3
o B W ol gAA L4t HAE ApEste] Sy
%

to2 45 Aok

ot

A Xﬂwoﬂ ol Ves HEAIA HES,
Wy S FA 7Ee 2dd 13 wAsE =

SHE~Hd08)

HIEt=2 2 7Hr83) 2| El5(97) 7|0]QF X112
BIOHE, H|E}BIcraz) TRX('E)L
CrEdE rga) EGCG('05)

Cell BIO('14)

Sz e N N T . e e,
== -0 -0-0--0-0
o/ ‘%%,-j uio| @ e’ k,,ij

; - o |

S|U22 sy HERO| = (03 emualiE)
EHTE%('SG] o Vit.C(94) Genomics('09)
1|6 2ha0) Glycobiology('11)

Epigenetics('13)
<aY71> B MHBo e WA HD e vlo|BFES FAL

ot= A, tl2| 25552 2lMA[ MEollM el

(=]
=
- o

Al

B olEHHAAHE 19908 m) HEx=E ZH2HA 70 FF H35(/14 Axd
B)S =48+ IOPE(TRX ¥ 384kl a 4), 8| eHCell-Bio Layer Belt A#)5S &
(9 LGAZAZ S 2005978 ZH 2B A AFo| vlolorls HES ot 7|42 gy
WA} ﬂ% 6&%5& L% 13 HAERIF RN a7t Hojd AES Az, TR
]:I [e)

T

.

2. A%7)%52 o ok E

D "AZFE o83 7P dixAdQ AR FoE2E 29 &8 WU (Spirulina)e} =z}
(Chlorella)2 4], x8reFe] iz e435lE 3 U 273 5o thekdt gogirs
Fastel v 23 BolA AN FoR Auty gk
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(2) MAaA EZA WEFFEE( B -carotene), of~E}zHEl(Astaxantin), S <l(Lutein), 32
(Phycobilin), 3] Z&] E™(Phycoerythrin) 5 74752 &, é}%?@ﬂ?ﬂ] oJekE Al
3IAE 98 ' AM2E 1, DHA, EPA 5 ouW7}-3 EXsAiate A7) 54Eow &8
Ha Ao

(3) o] wAM=F

51, 542 A

ﬁ\_(Superomde Dismutase, Luciferase &)= 2EFH/IEZE ol &

Al 5ol olobE Bobo] A4HT Uk

oﬁ £
FFU

4) PAlEFE 28 HdE AEdo] dud e Adzsdd 2ade & 7 Utk
AERFAL MAER S ERYS FoM BT Fed S AedE2A Qbol
e AAD = A st Aol S&e axtz FrAste] Aol F8&FH Atk
zyde 54 9o gl =2d utt Ax oy 2uds st FSHELEA
HAZ FRTE A og Biste EES A F7INk o Az &8st U

Aol A B AFsh= g5 Ak

k7)ol AT

(6) Vigani et al.(2015)9] =& <JslH, 2010~2012'3 717+ F<F =, Ay A ofoll A
T 719k AFS A 125 million @8 o] FESIA AL, o9l H=H 55, FHNAE
HEg=e} vt s YAk E5S Hola Ut

(M) MAZFEFEH AiEE 383} AF2 5 Spirulina®} Chlorella & ZF/FZE oA
ool Hl=mS FACE AFS FAsta Jeom, 20108 7]+ Spirulina®t Chlorella®]
ety Zhzb 2028l /kg 2 442#/kgE FAsta o

(8) 9] EnAlgaedl Hilxle] oJ3tH, 754 241F2 20061 o] F 50~85 billiond &
TEZ, o] T 27 A& 2= 9 1.25 billion €2(5,000~10,000€ AstzhHo =z &<l
= Ao

®) @A, =W rAERFE 83 7154
o

kb~

Portugal France Svatreriand Nethariands Sweden Garmany
N. Companies. 1 N. Companies; 1 N. Companies: 1 M. Companies: 2 N. Companies: 2 N. Companies: 3
Food Feed
Feed Food Food Food Food Feed Dried algae Dried algae
Dried algae EPA/DHA EPA/DHA Dried algae Astaxanthin Astaxanthin Astaxanthin Astaxanthin
Agquaculture fead Other dietary EPA/DHA EPA/DHA Aquaculture
supplements B-carotene B-carotene feed

Phycocyanin

Canada

ey = Mongolia
N. Companies: 2 - N. Companies: 1
S - < %, Ji¥s . o | | roed
Dried algae — e . Dried algae
Algal paste ~ 7 e % e = % 3 -
—_— . Y "‘-\ Japan
usaA = i il \ 8 N. Companies: 6
N. Companies: 11 ol /. ,,.// g \ Q\ .
P / 5 S [ ~ P /r\ \ D\ .| Food
Food 1 - b _>f P ST NN Dried aigae
Dried algae e 2 pd / . R Astaxanthin
Astaxanthin /s : - S \ E B-carotene
EPA/DHA 1 e’ sV ¢ S/ 2l AN Phycocyanin
L / -~ - A / . N\ L - -
— / Jrs ~ - / 4 LN _—
Mexico / S o . ¥ / ) N\, | Taiwan
N, Companies: 1 A -~ - - / 4 4 "‘\ N. Companies: 2
¥ - o e v\ 1
Feed P - Yy / / \)f{ Food
Dried algas - 4 P y 4 V4 PAN Dried aigae
. ~ : = T Z v \‘ | china
Israel India Myanmar Thailand Australia New Zealand N. Companies: 5
N. Companies: 3 N. Companies: 2 N. Companies: 1 N. Companies: 1 N. Companies: 4 N. Companies: 1 ‘\ Food
Food Food Food Food Food Food \ Dgef‘t;"_‘.g“
Dried algae Dried aigae Dried algae Dried algae Dried aigae EPA/DHA EPAIDHA
Astaxanthin Astaxanthin B-carctene L B-carotene
B-carotene B-carotene

<ag72> o|M=& 7|gt Jts

0z
>

AlE MM FHE (Vigani et al. 2015).

9 vAIZF 2W713 Ao -5 2012\def 82million E#1E oldsl o™, Reportlinker.com(2014)
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A= 20133 71&E B3], A, RFERE g owr3 A& 271 USD 2.3
billion©. & JEGTH

(10) HZ 537 2 AS2RE ALE ovrl3 AlFS 55 A7F AAEHL A
FE 27 A vlFo] g Aolgt AHTH

(1D 3HA, welFIEH, ol 2l ZEHJIS T4ASZ 3 ZEolE EZL2 201038 7]+
1.2 billion €& #E2Z e}

(12) vhol oA ) Hope] AAARE HAGAA, vlol 22, AANFE D 7154 AF
oz TAHe glor, o F 2012-201747MA AAEL ARV ATlA

13.0%2 F=AA JER T

=9 Hlo] @ AlaA) Eoke= 20129 HH 201737HA] AASAE A L AT A

A7y 22k 1229 5,700 2 629 4,600% €= JHE =2 ¥lF= ARk
= AR A= v fAkske, 2017d70A] 37158 el A SRR
H} 127 Z 60%(eF 32 9,7049 9) o] A4S FAE Aolgt AWEH 2012~2017d
o] 45 =S 194%2 v E=A JERTh

(13) =

o > &
__ELn{m

to
>,

SRy

o} 71

D &2 AFgelA mlejsl 7, A5, 24F, 2o 59 Hol, d&¢H} A M & A%
S A 7MA| 2 Tetraselmis, Chlorella, Spirulina, +Z&F S°] °]&F1 Jom AA
4,000 8 A&e FAsta AT

Q) E=EA 2 AEHE AAFS 20179 1039 9HE Fxo]w Chlamydomonas, Nostoc,
Anabaena, Tolypothrix 5o] &85 it}

(3 ARHTIA AFEE 20161 S5EolH HAA ALEE mA [T 30%0]de] T
HEEAER AP%—QU% TEARRT 39 o] arfolm = % nio]lr]A AY4lol
83t ZHAL (biomass residue)oll dol A& FHI @Eo] wigis HAES £
< g o] &2 F Uth

2. #¥ A=

7k, =8 HAE o4EFH #E A=

(D (=d) 20008 HE A128445 5 AAStA "HAENGFATFMNLZAH, & Al

A DL et At

(LA

ol

(2) (m]=1) 1994d DSHEA(Dietary Supplements and Human Education Act)S A|gste] HA=
2 NS AAAIFR o™, FDA7E #4 ZholEgijlS AA st HEA dFstel AlF<
A7 MAEHL e, AE, 27/, VAT F 55 EPske A=< ek (botanical
drugs)s &8l = AREstaL A FA7EA] 20 Fo] W= FAAE JNEds] 2o

3 (FY) "ELFFHAMG 1)< ABstd AFsetar Ja, 3 =7helA+= Herbal
Medicinal ProductHMP)& HAE FF JFFo= BHH

(4) olelell T=3 dEANME HAF oJofF Mol w77F A=4o2 Adsta o

N

b A7 5N %E B A

- 146 -



ade ARl e D QB Vs Bel AAeT om,
QA WBSE FEH YDA A DG A5 FA} Faol
@ Hel2 71-‘5—% WAHEATe AL soleniel AUEIA B 1, 2 I5Fo2
AN GAGT THA AFHY & At BAHOD, B
B AsE 5 AFHE L sk o] 1 s1Fel AFs
A3 Sl

@ MAZR B SFL AFL, HEFUL 2FAY NEAZR) F2ES G4 A
A4 S5 1539 A4AF 2oie ¢ SARUD, BUSTE SR Fa
SvZ13E ol gdtel AHBA A% 25T APSAES Bty Yok,

15y 88 I8 WE UFNE

71 A742S Fo AesHe L £& 7|70 BEsh
glgelojor st ARY Yk vholoutA ) AHAT chig
A A HoIH s ofof 3

e

b A2 B

o

ut
#
7l

!—.
o

o

Ay B ol ont# 9] gl
7 AFARE B4 Belotd mY wk 7|40 BYEA 4B
siolol o Y4 9= ol octziel Azt 4] oA
153 | ©00ol 588 F | A8AWIA Hrsolor ¢

. A B oholene) 2

2y 75 A2 E 56 7 e AR 239 B 71RES

4 od 528 2 & FE% 4 UeioF stal LA Sle vro| ok of AU AT}
258 | UM EEEET | g0 12 oo ANABARAA Srsolo ¢

7] AT

5 g2 B solonte) 3

3% | 9o #e

o A7A4EE B 49949 B3 BE 7S 25T 5
7] £
AAAEABO| B FT =
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2012 14,091 34,599 13,507 33,735 584 864
2013 14,820 31,446 14,066 30,490 754 956
2014 16,310 30,545 15,640 29,500 670 1,045
2015 18,230 34,568 17,326 33,016 904 1,551

EX: sYMY 2017(KREI)

(\h) @ebA, CAGRS whgsl 2 ALY 9
TEE FAsH OWQP 2

)

o] WA7|ZER] 2028\ FH 20351 d =2 m AR
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<¥E 62> He| LU o[efA| TR FEA|

Al (k)
AL
UVALEE 2t&& ghitet AE A
2030 2,532,480 623,918 3,156,398
2031 2,629,929 644,285 3,274,214
2032 2,727,379 664,652 3,392,031
2033 2,824,828 685,019 3,509,847
2034 2,922,278 705,386 3,627,664
2035 3,019,727 725,753 3,745,480
2036 3,117,177 746,120 3,863,297
2037 3,214,626 766,487 3,981,113
A 22,988,424 5,561,620 28,550,044
@ 871918
Ob Ad7leiEe] FHL FAAE B Aol Jlo] bsE fAF ATALALS shofsol
shol, B N AFALALS NTIS DBE B3l A3
I 9 AYAE BE ATAIAY S AT A3 THY fA4

2Ae® 7+ °] 7}“6 /\P/‘P‘ﬁ% A=
- SAARE] AAlE 20391 dolH, B ALY E AMGHIE 10099

<E 63> RAMIY 25

of i
sajpn | SEE
At 72|12+ (84 ahe)) FdH|
(e bel)
42 anMzel N2HS JIs FE -
el S 201472016 9,455 3,152
=X 1FME 7ol A A& A7 201172013 4,041 1,347
o x2 = % oF ZHS 230 ~
=% Z'FﬂﬂIH;ngé%.”'gi Z == 201772018 1254 | 62704
2xxg neME Sl tiARel A=l
S e 20172019 3,113 1,038
AHMICH ARA J|=S o[8Et
sheraxo|MzRel X ZMEA 2Hal HAL 201272016 740 148
tfeels % Jlswe o
K| Z A &b Al AR S M 2o 2| st -
SISt axIIME Rl XA e of 7 201272015 480 120
SXME 7eil 72 A 2E7(8F 75 2016 1,199 1,199
20,282
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MRS A=d ATHE Festel, B A
R 7&?% 749 %1% 45 Ude
& AR AR ol DA 20 169 FR AFALEA
1ZHEoF AF7NHEAH(539,524.79 ) vl &<l 3498 A &35+
ALARIRI(2039) st B AInI(100%] 2] Foll 3.49%

@O R AT H]%
=

- A T °jH‘L7H H] =
1,057 ¢ 072 =434

n:{-,] Ul

S}
1_.

o 4o

<E 64> AtH7IolE FHZAD

T o

T = % Ateil (e etel)
TARAE A 20,282
=AA 10,000
TAE QIZF AT (20,282+10,000)+3.49 = 105,684
=AM 7|01z 10,000/(20,282+10,000+105,684) = 7.4%

(3 ATAL 7ol &
0D A3 HE & BAY A A HolEE el AEA TH ATANL 7o)
& 35.4%F AANE o7t e, KISTEP ole} AlFAZ A% 354% AHES daLsta
e Hh B ATNAE ol F 28T
O &, A B EA RAG AN AT Sl S 0% 2R ANFAE

4 A7ME AJEETE
Oh 70T AhE T ES AES] A e dd AFEY AEE A ofFol '
AR, B FAREA DTS AHEY AHE AEE A= ”ﬁo}b} A5 8
of @A A=
O wepA 2 dFolAs 7T AdSEETES =71 ZIE7/IER&DE Hd A
FTES T83t] 228%0F AHFste] EA4E

-

=
=

e
ot
oX

(5) FpHA &
Ob 20149 T AQABEQOG) AFHENF AT HFF A FoHAE
& AR
O AFRENE AU HFF Y F AFAL BPHYOE Yo RN ES
pEsson, AREAE A0 FANAEE 5.2% ARE 492 A&
26.8%= At= =

- AR RN FNY E4E9: 2,64595495H, Frlrbx| 9 668,053 wH
- SIAFEANY TAFEY: 8,219,415 Rk, U EA Y 2,206,282 vH

>,

8) 2017 =AZAL (“19F 18497 Al 5 270370 Al A3t A3)
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6) & HY W&
Oh & Adel R 3

T
rH
19
flo
)
(3
2D
iy,
s}
rlr
9
=
1o
i
alfe

SENES = AN | ArdE =7}
oz Hol
72 Jldg | Jlodg | N3 | e

2028 3,156,398 7.4% 35.4% 22.8% 26.5% 4,957
2029 3,274,214 7.4% 35.4% 22.8% 26.5% 5,142
2030 3,392,031 7.4% 35.4% 22.8% 26.5% 5,327
2031 3,509,847 7.4% 35.4% 22.8% 26.5% 5512
2032 3,627,664 7.4% 35.4% 22.8% 26.5% 5,697
2033 3,745,480 7.4% 35.4% 22.8% 26.5% 5,882
2034 3,863,297 7.4% 35.4% 22.8% 26.5% 6,067
2035 3,981,113 7.4% 35.4% 22.8% 26.5% 6,252

. AA4 B4 2d%n

(D A4 &4 AA
Obh A7 EA Gl e BAAE 42 A A Hst A E RS thde® " A

S
ol e T AL Bkeks] A8 B

O AY FAo) 2aHE A 28 FHE W TS 95 288 BE g
L E

@ Ao FFEANLY A WG AAHow FAF o] 22 ML DL A
oo FFPHS B AA Foo] okl AaF HYL ov|F

@ Ao Ao FAAAT B Aol AXFA %] WE H G} B
A A FAEES A gIte] B4 JFARS BAXNE Bl BAL AAF

(h Bl&3 "o me) 2F< Hlwstry] 95t AHgHE 2AdE2 Ao 7134 g

%, FALe B4 A ASH Aol B E4 A AEHAL AP A &

A= A AAAR] 7HAE YERY

@ A& Mde Agol JoAX= B olfde] oy HEA o) FEEH= AMYEY A
T AHE A A& MES A&sta, AR i FHEE ALY A5 AlAo
gl AT AFH ElEs H8F

Q@ As|H & BT AlFoAERY @ FFOoE AAHHEEH, I olfe AFFEY
= 5 = =]
FA7 F

N
2 ARola AEAZNA mHAd e Fodol ¥ wA HIiEoloF & 2
27F 7] WEdd
@ hE-Ee] I7hs FAAY S mE ElE&s A= BANEE, =7MITE,
BAA FAeY & st A&
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- Ak oz I ARSIZEA AL 7-8% ©17%e] dlEe, AT A=
HE 56% vFo IlE= 489
- 3= A A=ANEAT dHed A 2=AL Ao Ak 45%F HEF
(th £ 7= NPV, B/C, RR= &dll & ARie] BA4 gdds 4sta FrhHem £
A HAHMY =Fdde aRs] A AR BHe s
O & A7 AFA Gl met 20208 78 202437bx] 2] 59 ATFNERIE AW
<=3

o2 5%

@ A9 RO A+ 3713 e Fr|E 183k 2028F HE] 2035W71A] H Q] o]
A stE ASR 1A

Q@ B A AR BAAAE o)A sl 20199 12€S VEoE EE HE¥ He
o 45% A3 &S H L3l AAVIAZR A=

@ )

2 Ao Hg FAI = AAHAA A5 A ¢ FHA TOo=E dAHoRE FHA
&0 O‘Pr EA5] wi e, HY FAHA HIHIHA=E 7HADE 53 UEE B4
S FrHH oz st BIAA EAE NAEAS

© AAP A4 l A= NPV=0, B/IC=1, RR= A AEAER A5 gutd o= 33 At
Aol AAGe] Atk A3

AAH Wolgh wlge 2019¢ 1298 71Fo2 A3 A WAL 45%E
A 55 2 &

g3kl dAZtA|stetR om, W] FAHA FFH-20~+20%) wE 57HA AuE s
oz 74zt AAAL B AT
O ®A, kdoA FHF B AR Hol @& AAA &4 A, NPVE 16,0635,
B/ICE 3.45, RRS 11.58%2 & Alglo] AAHCZ gydS ek
<E 66> ZMA 2o A (H 52 0%)
H| & Hol
o et = -
- ofioi = JHx| S| 7}l S AT T ERES
2020 1,500 1,433
2021 1,500 1,368
2022 1,500 1,306
2023 1,500 1,248
2024 1,500 1,192
2025
2026
2027
2028
2029
2030 4,957 2,987
2031 5,142 2,959
2032 5,327 2,928
2033 5512 2,893
2034 5,697 2,855
2035 5,882 2,816
2036 5,697 2,604
2037 5,882 2,568
A 7,500 6,546 44,094 22,609

9) 2017 elpEbgA AL 8 FEA RO whet, 2017 99 8UN-E AL A LS 7] 5.5%004 4.5%% HHA A&
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Wh B A HY FAAE 20% ZaAA BAAY 4=
u} %

9< 9 Az, NPVE 11,4004
9, B/CE 2.74, RRE 9.31%2 B Algjo] AAH o2 BIge

u| 2 Hol
HE

Sl T 7] #3Y 7x| Sl = 7hx| EVPIEY
2020 15,000 1,4,33
2021 15,000 1,368
2022 15,000 1,307
2023 15,000 1,248
2024 15,000 1,192
2025
2026
2027
2028
2029
2030 3,965 2,390
2031 4113 2,367
2032 4,261 2,342
2033 4,409 2,314
2034 4557 2,284
2035 4,409 2,111
2036 4,557 2,083
2037 4,705 2,054
A 7,500 6,546 34,979 17,946

- 167 -



B Aol Mo FHAE 10% AaAA AAY B A% A3 NPVE 13,6437
o 2

9, B/ICE 3.08, RRE 10.47%% £ Aol AAH o2 B3-S e

<E 68> ZMA 24 ZI} (Ho ZZ -10%)

bR Hol

o ol A It CRVPIEY Sol 5 7| SRVPIE
2020 1,500 1,433
2021 1,500 1,368
2022 1,500 1,306
2023 1,500 1,248
2024 1,500 1,192
2025
2026
2027
2028
2029
2030 4.461 2,688
2031 4,628 2,663
2032 4794 2,635
2033 4961 2,604
2034 5,127 2,570
2035 4,961 2,375
2036 5,127 2,344
2037 5,294 2,311
A 7,500 6,546 39,351 20,189
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B A W) FANE 10% FAA A BAL FF A3 NPVE 18,1209
gl 2

9, B/ICE 3.77, RRE 12.48%% £ Ardo] AAH o2 B3-S e

<E 69> ZHMA 24 ZI} (Ho! ZZ +10%)

bR Hol

o ol A It CRVPIEY Sol 5 7| SRVPIE
2020 1,500 1,433
2021 1,500 1,368
2022 1,500 1,306
2023 1,500 1,248
2024 1,500 1,192
2025
2026
2027
2028
2029
2030 5,452 3,286
2031 5,656 3,255
2032 5,859 3,220
2033 6,063 3,182
2034 6,266 3,141
2035 6,063 2,902
2036 6,266 2,865
2037 6,470 2,825
A 7,500 6,546 48,096 24676
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(v £ AFGe] He] FAXE 20% SVHANA AAAR E4E A3 A, NPVE 20,3739
T, BICE 4.11, IRRE 13.37%2 £ AHdo] AAZ oz eldgS Ueld
<E 70> AMAM 24 2z} (Hel B2 +20%)
H|& ol
A
Sl o 7}x| S| 7| S oI Tx| S| 7} x|

2020 1,500 1,433
2021 1,500 1,368
2022 1,500 1,306
2023 1,500 1,248
2024 1,500 1,192
2025
2026
2027
2028 - -
2029 - -
2030 5,948 3,584
2031 6,170 3,551
2032 6,392 3,513
2033 6,614 3,471
2034 6,836 3,427
2035 6,614 3,166
2034 6,836 3,125
2035 7,058 3,081
A 7,500 6,546 52,468 26,919
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4o 27 Adele mReld B oAge AAA Bgye 2

@ NPVE 11,4009 9kl ol A 20,3739 9k, B/C& 2.74901 4 4.11, IRR-2 9.31%° A 13.37%

2 BT AAH By 202 BEHGS
@ WA, & Al Bolo] Tl F& Fa FAHYL ASNE FED AAA B

HelS -20% -10% 0% 10% 20%
NPV(&4 2k3) 11,400 13,643 16,063 18,129 20,373
B/C 2.74 3.08 3.45 3.77 4.11
IRR 9.31% 10.47% 11.58% 12.48% 13.37%
o, &4

Oh ® AYE FA FPAER AU 3§88 D, fHYR AU, 2
A% AQsh &4 B2, DUAFE D QEDBTE I ARG AN

O FAPFYEFE A #F B2, A6, AP, FAER B0 (=F 2 2F 55 )

D WS SAYE HLILE ALING AN 5 AP1E AW (53 )

@ 2%} 24 VEFE ABAGBAAA HME W] AT AT L 24 JEold 4

14 ol

b B AIME A FAE B8 2AT £ Y WYL 4EAD oF ANoE Y

re 1>

Fg 2a B3

NPV 11,4008 2H4 ~ 20,3734 2H@d
B/C 274 7 411

IRR 9.31% ~ 13.37%

() &4 FAoA e Eddde ud3t NadE 4 23, & Ade FA4 Bede
SHEEA =
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A 14 SAAE A 849 71d IS o] &3 {82 M
1L AF Alite] AFER

=A] FH=d HPaLE S8 AEAL A FREL

o
- 3R
=

I
N,

A At FAEE AirlE o)A 1 o4
= 2. =) 874/54, =4 374/24
- =% ¥ SCIE) 409 (mrnlF 70 o4 6% % gh

2. HAE Ex

O 197: (2020-2022%0) A ABHel GA4BQ W] Bolshs WMPas Fu
- SAAE g gAAe vud AR o e MFas 222y
SR WY EL i oA

O 297 (2023-2024') M A A9 A $REF 270 o] g5 ¥ =4 HH3 2
TRRE
- HyH JAA FREH 4 23849
- Wy aaet Mg FAELY F2EH
- FAEH FxHAHE T A4 ¢ AR A (53FF 31 o)
3. 47 Ug 2 ¥4
7F SAREAY 71 FAED A¥FEL A
D FAYE Fdf FAaAet did AR 79k JAED AFaL ~389
(2 H¥as G4 FAEHY 72 18T B 52-FAAEL AE A
Q) FAELD HPFL: FAAY SJgFEE vt 40 dFS FE AE 54 4R

AEZE Hydroxylase, Glycosyl transferase, [somerase, Acyltransferase,
methyltransferase, Sulfotransferase 5°| A=

. 3484 9¥Es 9 4y
) FA fo aadude] Bd 210
(@ ExwRd Y FHLS AT SF ALY o]F 5 W A4

o FYELD HPA A2t R Y AF
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LEAD optimization >

| Inaz2ox +3 |

N\ LEAD compound (M E £ >

orr lo4ire ‘>N lopXmn

ESEE0=
[ N HIT (REE2E 943) > #mﬂ At 2 Q7S
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- Screening 4
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SR SHEST Jfto] FQUAL J|E SME ol HAMSE AR (scaffold)
Of =X 4= Fef HI2AE 0|80 SU=H| Yot i1 HES S
o ed=E 1

i
& /
a l‘.”_.
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¢ ( ) L
o : z
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o0l b ] N
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- By \
L 3 7|E C
s 2 wusl ” 3
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{=xus gy wgassr oz a3 '

Glycosyl transferase L
Hydroxylase HI_:i cg En_l
Methyltransferase SLAH = K|
Sulfotransferase AI_IFIL %)l- Clbllﬁ =

Isomerase
Acyltransferase

4 A7 FA AF 4 AA

7h (AL A FE-IA) SARE Fdl & FAA g2 € S4EY

D & FHEZ HE a4 (Hydroxylase, Glycosyl transferase, Isomerase, Acyltransferase,
methyltransferase, Sulfotransferase) %2} ZA}

) A= INEHD Hygas 0d 9@ A

Q) IHEH HIFL FxEY W FA=H

HE Y

Y. (A2 AEIA) dPEL0) o) AFE A A FERED A
3

(D HP a0 23 TRED HY 3
(2 AFEAR FYEE F2EA
3) WA FRHEA oFa ~FY

4 FAA FREH T2 HH3 9 P A
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Al 28 A s FoiF ALY AFTbsR} B8 TleE

L a7 /NEe HFER

O FA #3824 718 A4 fFE &332 T=2* 2 75 A5 33 & 7S A
S, FA A ARE AT FAF FAE T
- =% 4xE  SCUE) 449 10% oW =+ 103 o]
- AEMe T FANYAE B8 FAE T FA oIF ATEFRAL 71& 53 5 ol
- FA o7 Fd & ¥ F&Ue i 8 WA 4% F N Ts 535 57
o| AF
2. GAE B8
O 197 (2020-2022d) Aol 7 AF3FTE A4 Al2d B {834 JA, HF Al
E
- A A7 R F FAVIs FHESTF 24 oD
- #4 FAAY g 2 A FTAE 7
O 29A (2023-2024:3) A o7 F4atoby 7 d 32 834 Ad der]s i
- 24 WA AR g e SHES TS 2 o)
- H83R A BEAZE TEHEEE 27 o)D)

3. A7 Wé 8 89
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Al S ES Ot 22 HIZ el il e
SR ALE Al 9 S AE | =2pAIE 9 ex|Ee] s
MEIE 7Rl O 0FE| S 100 300 / 54 Y AAE, SegE e
HY ALH, 32 =T,
AFSEHH S HEE,
SRR SHEUE ofRot2l S 200 1,500 / 5 SO TPAIAE (Y2 AR, He2L7|0)
gnsd ST, = E2AE 2LEE,
TEARMNL, S =MEAE
otz= OfF oIS 100 200 /54 iRk 244, < F D UE, FOIEA
g= X" M E AlgH| 51 EAH]| ==THAlE 9l R RIEE| =7t Ea AlE 3
A DSk E] oFRotele 200 300/ 549 sHod A|AEL DL EZ A
=T o A HE 2300
Q) AlFHe7]A] ofFotgFo] FA He 5S4 L% nlE T A4
(4) ZH7|x| 9] ofFrolg]w A4
(5) FA(D okFolel &L IR FAE AP Ao A4, BAZA AT 53 93
TR &% 9 AzE BHe e
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() FA gl F FuFA FAEF FHEA F4F 719D 58 v d9A FE
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- BESAA A G4, AT E dWd A A AR 5 s
- AR BAS mjgzd NS B3 dETFT A A

- A7 RS 7}

O 28] (2021-20244) S AARZEE TEI7bx] A8t A4 2F 9 287 A AT
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- Hlo] 75 &A (K A aA TE)
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- BESAMA, ALBY Ha AFFH B gA fHAAS0] B

o FAARERE IRV 4GS &4 dE 2 F871d AT
- 34 33 x=udd: iHTac, HPLC, LC-MS, NMR &&
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