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4-hydroxybutyrate E-Biosynthetic pathways
(3HP/4HB) :

2. Qi} CO,/CO 173 YR N=SHIY OIYE AR 1mw)

= AHEET 28 74 dddE

Lo

Y5 AL B A A




F-freh
oA K" T4 sstRr|Artd S s A9, Ry -Proterobacteria

¢ —Proteobacteria®ll X3=™ symbiont=Z o] &&A U5, 2007d= 5714 Feldd
UuA Yoz Ag3t= L7 ATVE ek v EQl Marprofundus ferroxydans 37}
RIaElo] N2 ¢ -Pproteobaceria 7152 g4 ¥ (Nakagawa & Takai, FEMS Microbiol Ecol
2008).
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FEHEAE

3} 8} %-7] 27} 4 2 (chemolithoautotroph) 714 &

TR XM= Aquificales, Desulfurococcales, Desulfurobacterium group,




Nautilales, Thermodesulfobacterales, Archaeoglobales = X%+ gt 1A/
A FstE7 A 7EE oF vl Eo] X g (Nakagawa & Takai, FEMS Microbiol Ecol 2008).
3}stet A FA P A& (chemosynthetic symbionts)Eo] F& =3 373 YA EH FAHDA
E o|Fa glom, of 7 FE(phyla)el sl AoE SAIEACH, T fFY=lA 3
St 71 A7 g oF ml A Eo] &<l (Dubilier et al., Nat Rev Microbiol 2008).

FAYNELS BT BLAW S okl A2 WBFY SYIYYES V252 o

[e]

=& o83 BAAS (F), NHF A7V 4354 S

e S92 5S /IR A= Acetobacterium woodi 52 739 o)A E A9} F£AE o
83 Ho £330 oM EAF AP (HY 35~43 g/L, @9 Fuw: 0.18~0.24 g/L/h) ¥

AR SR sk CO7F B3 v EQl Actinobacillus succinogeness o] -&ahe] thok
= % H7IEES ol&st sAlAE A4 (Yu et al, 2013; Li

et al., 2011

Lanzatech, =< Evonik #Au]Z Fo] 4 #H7tso]l & &4 A4k AbE EaL

Ralstonia eutropha ©1&€ <49t o|4tslElAZ HE Hlo] Q& gk2~Y polyhydroxyalkanoate

(PHA), vA g9 wEgAE A4 (Yu et al, 2013; Miller et al, 2013). #x7] &2 /A=

o|AREE WEREE A4k (Li et al, 2012). VA E A7|S02E 5 Al=doz YA

H 45 0|83ty polyhydroxybutyrate, H-&-&, Al (farnescene), IALE &7 A4+

(Hawkins et al., 2013)

Clostridium % ©]&3} COZHE olNEAN, wers A §31x 229 Clostridium %

(C. ljungdahli) ©)&3t] FA7I~2ZHE Bek2 A4k (Ampelli et al, 2015). 5 Evonik 7

H 23| AbE oM ELE A o] &3t AFY HIZFAZRE oAl ES A4

F% 404 Agets LAFS o8 Ba AW ATRE WY Aol D W A
A

A, ZaA Tl 9% PHA (polyhydroxyalkanoate) A 4to] Q1S

Fa-2ksl AlFEo] o4tslEr A TAHA FAE HQRF Sle Al HbEl, & AT A
(sulfide, thiosulfate, nitrite)E o] &3sl+= A= A77F 388 (Hu et al., 2009)

v]=- DOE°| A+ non-photosynthetic microorganisms=S ZJFS Cl1 compound(COs,,

HCOs", HCOOH) ¥ %3t energy sourceE ©| g3+ Hlo|LARE Al
nas TASE 3 MFEL COel AESH Adste A3 438 7|2AdFE &
shod 2000 ™) FRbo] S WA 7] o] H}jo] &dsiA WP HI U+

O A7t EFAE #59 &8AT

A7rg ¥ ZRE FFEAY F&ATE 1) heterotroph => autotroph©. & engineering 3t
At 2) autotroph®} heterotroph®] hybrid system, 3) T3t oUA|YDS AZNAXNE A&
3= hybrid system® Ui 4 d-S(Claassens et al., Naure. 2016. 14, 692-706). 3} 3t 3j
27 FAlo ST YF FAE 7= AR
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\
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gufol ) 2, 3¢t §% & 2= diketopiperazinesth= =2 & A4k
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A2d | AT 3 WE ®H 2

L A A=A 5
7h AqEAE A R
O d714 2 /15899y S A g1

- 20194 Y] SRR UEA), SHE@UEADNA Lol HAHE B A5G 2F) ABE
2714 =

-3 RE FSEIEHIY nYEL 3ZFGF)OE BF Acetobacterium 49 ETE. 16S rRNA
gene A5A EAo) wp=w, 3 strains(YS1, ES1, ES2)& AlZFo 2 o=xlon, ES1 @ ES2
2 ES4+= ES13 53 o2 Add,

rlr
2
Ipr

(03
fru
2
AN
it
o
&
NG,
t1

- Phytagel 1 AR 2 HEH &

94 ¥
FAe] B 97% AER BoH RE M4 AFOE o2,

<E 1-1-1. 20208 = A9t @714 3 37589 nd e A g1 g2

AN Z
" E° AlZ | No. 3 name 2 () A 2ol FAE| Hlx
- \Acetobacterium sp. . .
1 | 2019 | o4 [YS001 Ns1 25T 135 |Acetobacterium bakii 97.23%
\Acetobacterium sp. ] . .
2 | 2019 | &&= ES001 S 25C PETC |Acetobacterium fimetariums 96.93%
\Acetobacterium Sp. . . .
3 | 2019 | &&= [ES002 Eoo 25C 135 |Acetobacterium fimetariuns |96.61%| autotroph
\Acetobacterium sp. . . .
4 | 2019 | &%= [ES003 ES3 25T 7T1la |Acetobacterium fimetariums [96.58%
\Acetobacterium sp. ) . .
5 | 2019 | &% [ES004 ES4 25T T11a |Acetobacterium fimetariums |97.04%
] \Alkalibacter
6 | 2019 | %= [ES005 |Alkalibacter sp. ES5 25C 135 96.86%
saccharofermentans
_ \Proteiniclasticum sp. . . .
7 | 2019 | =27 SCRO06 KCRE 25T 135 |Proteiniciasticum ruminis 97.63%
] Youngiibacter sp. .. .
8 | 2019 |3 ¥+ SCRO07 kcR7 25C 135 |Youngiibacter mulitivorans 95.12%
9 | 2019 |+ ¥FSCRO08 |Zissierella sp. SCR8 25C 135 |Tissierella creatininktrain 94.43%| anaerobe
10 | 2019 | &&= [ES006 |Paludibacter sp. ES6 25C T11a |Paludibacter propionicigenes [91.36%
11 | 2019 |£=3 ¥+ SCRO09 |Bacteroides sp. SCR9 25T 71la |Bacteroides ihuaestrain 97.25%
12 | 2019 |£=2 v SCRO10 \Maribellus sp. SCR10 25C 711a |Maribellus luteus 97.69%

_11_



- 20201 79ol& Al5F acetogens SHRFFIA FHTHADGA), FEl(AY), vHEHE) 2 &
SEE@EUFADAA ZHolE HAHE ARE AFHSIAL acetogen EolHQl 5 T/ HIAE AME
3l 255 T 55504 95 ea A B9

3R

obAb (IRSSTHR of2)

|

- 2 Core 3 Section - 2 Core 3 Section - lea Sediment - 2 Core 3 Section

-> 6Gea Slurry -> 6ea Slurry -> lea Slurry -> 6ea Slurry

- 5&&F HiX| - 535 HiX| - 55 F HiX| - 5&&F HiX|

-> 30ea Enrichment -> 30ea Enrichment ->5ea Enrichment - -> 30ea Enrichment
- I H[HY ¥ - DMEjE - DX HY 2F - HBEjE

O gHzg A5 8877 5P P F acetogen Pl ES] AFEFTH 4

- 2019-20200 B EE o7 FHIF acetogen FIBELS T 6FBF)E T Acetobacterium
&, 15+ Acetoanaerobium < Z£3H. I % 3F(YS1, ES2, ES3)-2 16S rRNA gene®| At
o] 97% oltZ AFoZ o5,

<E 1-1-2. 2019-20203 = 323 3}8t5-71 =YY acetogen ) 2ED

Ne  |zFus T A R Sk

25 A (=47 SCR2  |Acetobacterium woodii 99.5 H2/CO2

A =F(EE) JR2  |Acetobacterium carbonolicum 99.0 H2/CO2

BESHCED YS1 |Acetobacterium bakii 97.3 H2/CO2 AFE 4=
ZEA(E5E)| ES1  |Acetobacterium fimetarium 96.9 H2/CO2 A& o=
DN EA(L4E) EBS2  |Acetobacterium fimetarium 97.0 H2/CO2 A& d=
ZuUls5A(E&5%E) ES3  |Acetobacterium fimetarium 97.0 H2/CO2 | ES13} 5¢ % I
ZUlF5A(EsE) ES4  |Acetobacterium fimetarium 97.0 H2/CO2 | ES13} 5¢ % I

NEF(E= JR1  |Acetoanaerobium noterae 99.7 H2/CO2
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53ty ES2¢} ES3+= Acetobacterium3}y Eubacterium <

AEEICEEES

AE2 AEAo] 97% o|3t=2 4o Ao g o =5,

Acetobacterium woodii DSM 10307 [X96954]

Acetobacterinm sp. SCR2

Acetobacterium carbinolicion DSM 29257 [X96956]

Acetobacterium malicum DSM 41327 [X96957]
Acetobacterium wieringae DSM 19117 [X96955]
Acetobacterium fimetariton DSM 82387 [X96959]
Acetobacteriin bakdi DSM 82397 [X96960]

Acetobacterinm sp. YS1

Acetobacterizm tundrae DSM 91737 [AT297449]
Acetobacterium paludoston DSM 82377 [X96958]

{eudoar&m&aaeﬁ:m: sp. ES1, ES3, ES4
Psendonacetobacterinm sp. ES2

iEr{bac‘rer.fs.r};u limosum ATCC 84867 [M39120]

T Eubacterium callanderi DSM 36627 [X96961]
I Eubacterium aggregans DSM 121837 [AF073898]

L Fubacterium barkeri ATCC 258497 [M23927]

Alkalibacter saccharofermentans Z-T9820T [AY312403]

S [e]
| TE7SH4 £4<=
A&Eow FHIOH
0.0t
[
[
0.01

Alkalibaculm bacchi CP11T [F1438469]

el erobinm noterae JR2
L.—l cetoanaarobim noterae ATCC 351997 [GU362448]

Acetoanaerobiian stic dandii DSM 319T [NR_102880]
Acetoanaerobiim proryerse STOT-YET [KJ174056]

Proteacatella sphenisci PPP2T [AF450134]

NI 3 =9 9k acetogen FIAES HA A =4

Sporacetigeniim mesophilum ZLI1135T [AY682207]

EReE B

518177 =Y 9 & acetogen®] Al

AH
AN

o

0= WELE, 05% NaCl v =& Uehd. ES2 2 ES3e] HHA§x7

2 7y hE 2% ASRE, 0.5%2} 2.5% NaCl %, 183 7.8% 6.89] #ZA pHE e,
JR29] AN EZAL 37T= AF2%, 05% NaCl =5 e,
G 1-1-3. &R 3877 5H < acetogend] HA A& 231D

Strain (HZA%) HHLE Z 2 NaCl = pH Genome 4
SCR2 (A. woodi) 30C (15~36C) 0.5% (0~4.5%) Y F
JR1 (A. carbinolicum) 2 F
YS1 (A. baki)
ES1 (A. fimetarium) Draft
ES2 (A. fimetarium) 35T (25~40C) 0.5% (0~4.5%) 7.8 (5.5~8.8) Complete
ES3 (A. fimetarium) 32T (22~42C) 2.5% (0~5.0%) 6.8 (5.5~8.8) Complete
ES4 (A. fimetarium) Draft
UR2 (An. noterae) 37C (10~46C) 0.5% (0~5.0%)




O gr3 ES2 % ES39] Hlu -4 24

- ES2 2@ ES39] Als Alol2E A woodid4.04 Mb)$} E. Imosun(4.42 Mb) Rt} grhzloz zhe
24zt 3.46 Mbs} 3.39 Mb Atel=E uEbdl. ERE, ES2¢] protein-coding genes == 7l Ael
2 tiniste] A woodi Bod @& 5 7HA.

waradiit [imosun

Sequencing method PacBio 20K PacBio 20K TUnknown

PacBiwo
Method coverage 8780 2455 Unknown 2000

PacBio SMRT  PacBio SMRT PacBio SMRT

Contig number 1 1 1 1

Genome size (Mb) 3.76 339 4.04 442

N50 (kbps) 3.763 3.392 4.044 4423
3040 3564 087
1 16 16 1
36 59 60 61
D D 4 7
D D 60 50

G~+C ratio (mol%o) 40.7 396 393 472

o

<19 1-1-2. ES2, ES3, A. woodii R E. limosum -FA A EAD>

- ES2, ES3, A. woodi & E. limosum®) shared and unique gene®] #23Ax} ES2¢9} ES39| unique
gene = Z+Zt 5170, 2970 o, ES2= ES39} shared gene <7} 356712 7H8 =3kom, o]
= 7 JhE radAId S YERE.
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ES3 e 4. woodili

E. limosum

<19 1-1-3. ES2, ES3, A. woodi 2 E. limosum®] shared and unique gene #41>

- ES2, ES3, A. woodi 2 E. limosum®] synteny #4723}, ES2¢} ES32] HA|ZA<l genome
arrangement= E. lImosum®Eth= A. wooist FAMEES & AeH, o= Koz 1A
Ik BAYLES YR, =3 ES29F ES3+ genome arrangement”} 7Hd f-AFSHS UERY.

E. limosum

<18 1-1-4. ES2, ES3, A. woodii ¥ E. limosum®] synteny 49>
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- ES2 % ES3¢9] Wood-Ljungdahl pathway(WLP)= X5 conserved Ho QIlow, =ZA 3719
cluster(fdh, methyl branch 28] 3 codh/ACS complex)& A= o] AL I

o

Methyl branch Carbonyl branch

co,

Fd;o/NADH or Hy
:ES3 00728

Formate

ATP+THF <

-ES3 00676, 00678 ADP+PI
Formyl-THF

lcf“
. H0
+E83 00679 2 Fdost 2H

Methenyl-THF :ES3 (2348 C» Fd
<ES3 00630 ALy
Methylene-THF

J—— Fdes or NADH
:ES3_00682-00683 codh/ACS

Methyl-THF complex cluster

Corrinoid

<ES3 02549 THE = v

Methylcorrinoid

| acsB, acsC, acsD
'L ;EB3 02546, 02549-02550

Acetyl-CoA

<19 1-1-5. ES2 % ES3¢] Wood-Ljungdahl pathway>

- ES2, ES3, A. woodii 718)3. E. limosum® WLPE Blw 2243}

Codh/ACS complex clustere] 73-9-, ES29} ES3+= A. woodi®t E. limosum3} &3] acetyl-CoA
synthetase gene?l acsBe] F7F& S 2 1 copy¥ 7}X]J_ VA=, =S, E lmosums A
U 2] 3%-2 monofunctional codh gene?l cooS<S F718 o2 1 copy? 7HAaL U+

Methyl branch clustere] 73-%-, ES2¢} ES3= A woodi®t E. limosum¥ 2] formate
tetrahydrofolate ligase gene?l rAs7} 24zt 2 18]al 1 copyd F7FH S 2 7[A 3 AR =

3k, Eol3lAl = ES29} ES3+= clusteryloll &l== = formate transporter geneS X33}l )

oo
Y=

Fdh clustere] 7%, A. woodii= formate dehydrogenase(f@dhF)7} hydrogenase subunitsE3
FAE FAE. bkl ES2, ES3 18]al £ lmosume A. woodi®t €] hydrogenase subunits
So] Aoxo] 9l on, formate dyhydrogenase?} mobAS}y fdhD =& FEE T4,
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codh/ACS complex cluster
cooCl  acsV  ofi onf? asD acsC  acsE acsd | cooC2  acsBl c00S  cooF

Awoodii  NEEEDEE)-) EE)E) BN ) D

TV =
R T e

Preudoncelobacteriin gy sty By NNy D W) ENNN) 1) HENN)- B EENN)- )
sp. ES2 )

E. limosum

ESL A ot B2 e joazas.
Peeudoacelobacteriiu g sl - W) EENEN) W) NN/ -
sp. ES3 Esy s o asa sl e
Methyl branch cluster fdh cluster fdkD
sl fehd oD mfC2?  malV matF fdhF1  hyeBI  fdhF2  hyeB2  hycB3 hyddl
A. woodii

Twe_eto0s 1y T etans cnee
‘ j‘ hpdd JHIF mobd fdkD  hycB

E. litmosum
ﬁm-ﬁ‘\‘.-\\\ M
Pseudoacetobacterium g b I3 hyeB2  hyeB1 mobd hydd
sp. ES2

BN S '( e
Psendoacetobacterium " hycB  fdkD/ fillF hydA
sp. ES3 ﬂ 7 -— -‘d —

ES)_ WSS

ES e o Lt L) o

<13 1-1-6. ES2, ES3, A. woodii ¥ E. limosume WLP ¥l B>

ES2, ES3, A. woodi ~1¥1al E. limosum® energy conservationel]l #<j3}= RNF complex$}
electron-bifurcating hydrogenase complex’} 4% =504 conserved o] JRNoH, & zfol&
et A e

mfE
Rnf complex cluster WC D G mi mE

A. woodii —_—
Twe_ 2108 i Eh 2
E. limosum .-m 1ES3_01672-01677
AR we
Psendoacetobacterium _--“-_ 2Na*
sp. ES2 p— m—
Psendoacetobacterium
sp. ES3 O SN, OO . S nsn
Electron-bifurcating hydrogenase clusters
hydE
hydC hydD  hydB hvdd
A. woodii =
1Kb
p_cI W% 2
T
E.timosum - M- s |
 gnd 11
18
. 4H
Pseudoacetobacteritim m
sp. ES2 -y p—
Pseudoacetobacterium
sp. ES3 S A L A

<19 1-1-7. ES2, ES3, A. woodii ¥ E. limosume] RNF complex % electron-bifurcating
hydrogenase complex clustere] Hln &29>
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- ES2, ES3, 18121 A. woodi®] 7-%-, F-type ATP synthaseE R -f3slal U= whHol £ Jimosum
S A-type ATP synthaseE R FE. =3, ESolsiAx 4%

s 2T F7HH2E V-type ATP
synthase clusterg& R f3t= Aoz A5,

F-type ATP synthase cluster

E? apF
apl  apEl E3 apH atpd  apG  apD  atpC
o T’T ‘) \\ \ \ T N
Pseudoacetobacterium Mm
" T“‘ | \ \\ \ \ V
Pseudoacetobacterium m
sp. ES3

£33 5011

W

V/A-type ATP synthase cluster

BIMI3 17645

Votype T
Ipe i

E. limosum

Preudoacetobacterium . gyl B N W W)

sp. ES2

Preudoacetobacteriin Syl B W)

sp. ES3

ES3 00014

<19 1-1-8. ES2, ES3, A. woodii ¥ E. Iimosum®] ATP synthase cluster Hlal 49>

~

- ES29] 4%, A woodi?} E. limosum¥}t #+o] methanol thAlel] #HE FHATo] operon & E)
2 Z conserved Ho] &< A3

MHE =2

mita
mtaR mtaCl  mtaX mtaF mtoB  mtaC2 mind
Awoodii ) ENEE-SEE) BN —
Twe_c2I818 ‘ ‘ ‘ X748 1 Kb
E.timoswn )N} Y- )
Psenudoacetobacterium _-_-.._.-_-_
sp. ES2

<19 1-1-9. ES2, A. woodi ¥ E. limosum®] methanol thAF&4E mta operon Hlal £249>
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- ES2¢} ES39] A ARl o=

+ energy conservation Al2®lS ol ¥ I} TS

2 A

o] WL pathwaye] methyl branch A ©A?l CO,E reduction 3t= fdh cluster7} 7]&9]

A. woodii HDCR(hydrogen-dependent CO, reductase)®} =}o]Ad <

o] #e3l= eletron donorol

LERAH,

M= Uetd Zo 2 oFH.

2ol A &

:E83 00728 ;
CO, Fde
Fd,-edf’\ ADH (on CO) or H: (on Fdosi

ES3_02312-02316

l ADP+Pi
e

Acetate

L

<19 1-1-10. ES2¢} ES3¢] o=

- ES29} ES39] el ZH & tiaptEL
ek A4k, Idholl )3 lactate 4§24k,
gk, heterotrophic 74 1-

ob LY} 2.

L

propanol A4k 7}sAdo] o =9,
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Autotrophic Z7ANA aor-adho) ©] 3
alsS-alsD-bdhell &3k 2,3-BDO A4+ 7Hs/de] oS4,

o]+ CO, reduction

H 4/C09)
20, 2H;
Formate 2 formate 1
ATP+THF
-ES3_00676, 00678 ADPPI . NAD*
.
Formyl-THF -ES3 00131 mfABCDEG
o Fa,, [ES301672.01677
1ES3_00670 H0 o, Fdees Edasi
Methenyl-THF A
K’\ ADH CO:
1 ES3_00680 NAD”
Methylene THF Fdus 20"
J ;EB3_ 02548 Fdy atp ABCDEFGHI
metVF, mfC2 NADH or Fdre L
JES3_00211-00221
JES3_00682-00683 -
= ADP
Methyl-THF
| - 4Na*
+ JES3_02546, 02540-02550
Acetyl-CoA
ATP

¥]+= energy conservation system

of

=



SES3

JES3_

WL pathway

¥
V

Acetyl-CoA +-—» Acetate Mv Acetaldehyde M» Ethanol

por

il

cES3_00929, 01347-01348

Fdps Feoxi xADH NAD

aor

:E83 00326, 00300,
(0889, 01363, 03018

adh

;E83 01135, 02120 :ES3_00887

- NS * Pyruvate
>
pathway =
1
i |
1 J T
Vi AR l\ w
+ :ES3 01871 NAD™ - gs3 01614, 01513 2
Glycerone-P Lactate Acetolactate
k k
SES3 00104 ¢ T SES3 01254 02530 4> OO
Methyglyoxal Acetoin
NADH bdh NADH
LES3 02377 NADT 1ES3 03002 NAD™
Hydroxy-acetone 2,3-BDO

cd P
1@_@_

00330, 00922
1.2-Propanediol

bobmmde
00330, 00922 H0
Propanal
B |
-ES3_ 02363 NAD™

1-Propanol

<I1¥

1-1-11. ES2¢} ES3¢] oS5 thAteE &4

O gx3}k acetogens2] AEd 54 4
- ES2, YS1, JR1, SCR2 ¥ ZFHF A woodiell thsle] yeast extract 0.1 g/l Fx=olA 33 A
A F A% R OAES BAF SCR2 2 RIS A% REFEF A woodidh A 4%
58 9 acetate A4S yERE. =3 SCR2 @ JR1L yeast extract7} Qe ZHANAAE A%
s FAF
i <Growth and acetate production> <Residual CO,/H;>
1.0 Eiﬁ:e -f;
- 15;% g | =
g 0.6 - 10 g E
o4 4 . ;: E: L
- Awosdii  JR1 YS1 SCR2 IIS: I ! Control A!u:odh
<I¥ 1-1-12. ES2, YS1, JR1, SCR2 ¥ #FdF A woodi®l 0.1 g/l YE 274 A% 9 tAEE 4D
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O n3 ES2 9 ES3e) Aleld 54 B4

- ES2, ES3, A. woodi 2 E. Imosume HZA vz gL s 3FF(GA, DSM 135 % DSM
711a)2] acetogen HiA|ZS AF&3} ES29} ES3+= DSM 711la viA| oA 71 & Aa 2 acetate
AR S UEH.

<Growth> <Acetate>
06 40
- . CA
0 = ?; =3 Rm
=7 [ Tiia
] e 30 4 [=RE
04 4
=
=1 E
<) ] @ 20
[m] 8 E
o 8
’ <
0z
/ 104
014 H
ol I ; ]
Awondi E bmosum ES2 ES3 Elmosum ES2 ES3

Strains Strains

<38 1-1-13. ES2, ES3, A. woodi 2 E. limosume] HZA vjx] &A1>

- Heterophic growth conditionol| Al ES2, ES3, A. woodi 2 E. limosum 37 % acetate A4+s<
Bl 8BS A3 A2 E lmosume] acetate M-S A woodiZt 7V 548k oM, ES2
= 7P 92 A 9 acetate A4S UERE.

<Fructose>
X .1
N O
254 ) &0
204 - 40
-
= =
Sha £
154 -3 =
E =
< :
-
1.0 4 20
0.5 4 - 13
LX) o
ES3 ES3 Awosds E Iimosum

<1% 1-1-14. Heterotrophic 2z olA ES2, ES3, A. woodii 2 E. limosume] 737 % acetate
S R

- Y3 C1 compounds(CO,, CO, formate “18]3l methanoDeoll 4 ES2, ES3, A. woodi % E.
limosum 3% 9 acetate AAHAS W EAS A3, ES2= CO2, CO, formate 18]l
methanole| Al 47 2 acetateg A4Hst o™, ES3= COp CO 18]aL formateol| Al 84 4
acetateE AAHHS &<13
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=CO2/H2> <20% CO=>

B 40 2
E O =00
s [ =Y 0.8 . At e
e [ formate 2
r = 0.5
D4 E *
2 =
o = o o4 E
B .. E @ i ®
= L2 S & z
] 2.3
= = o 93 .Q
o
5z 4
5 § 0.z
7 i
o g
ES2 ES3 A woodi E_limp sum ES3. A woodi Edmosm
<Formate> <Methanol>
025 . .
BN oD M o0 )
- Acetatn | 50 TR | - At R
o | | =2 Formate
020 '
ac 4
— o =
= 12 Lag
2 —
045 - = =
: £ g8 ] £
g o (5] o
o i O os _®
O 41 30§ LR ) §
0.10 2 o
2 a8
i 20 <‘J
065 24 L
e 02
000 3 T ! T o oo - " a
ES2 ES3 Aweodi| Elimosym  Contral A woodi E kmosum

<9 1-1-15. ©haFslk C1 1= A ES2, ES3, A. woodii 2 E. Imosume] 473 2 acetate A42HA>

- O3k C1 compounds ZFHCO./Hs, COs/H+CO LE]al COo/Hy+formate)oll 4 ES29] A7 2
acetate YAHAR L BX3 Axl, COlHy+Hformatedl A 7F8d 943 A& 2 acetateS A 4H43(140
mM)S JelE. A& &8 $ pHE COy/Hy+formate 27S A Q)sla 5 o]st2 Ve,

<Growth and metabolite analysis of ES2>

140
20
oe
o o
o CO,/H, (pH 4.79),
o2 . CO,/H,+formate (pH 5.23).
. . CO,/H, +CO (pH 4.88)
HJCO, HJCO+Fommate  H,/C0,+CO15%
<Residual substrate; CO,/H,, CO,/H,+formate> <Residual substrate; CO,/H,+CO>
- nr‘z
= -w
z ERT
E E

H,/CO, H,/CQO,+Formate Control

<™ 1-1-16. ©hefslk C1 7138 Z3HCO9/Hy, COs/H,+CO 1813 COo/Ho+formate)oll A ES22] X
acetate AJAFAID

O.L;
oN
S
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20 mM HEPES buffer&
COy/Ho+formate)oll A1 ES22]

H7Fsk kgt Cl compounds
A7 9 acetate A4S

Z3HCO,y/H,,
w23 A3}, CO.H,

2 37 9 2ART NALRI B A0R U,
<Growth of ES2> ES2 H,CO,+15%C0+20mM HEPES
i - (residual substate)
]
12 i -2
25 e
140 = N CO
10
120
= b
o 084 1m E
g — 80 % g
C o
| s0
0.4 M
40
024 20 I
00 H
HACO,Formale  HJ/CO#+CO15% ¢ i
<a1¥ 1-1-17. 20 mM HEPES bufferg % 7}st E}%‘E??}

g a

- thekd Cl compounds
acetate AJ4HA &

COo/Ho+formate)oll A ES29] A

Z3HCOyHy, COo/Hp+CO 18] AL
B3 A3}, COyHy+formated| A 7Hd -
Bl AtA oz ES20) Blwdle] mE Ao A AAo|u} acetate A o] Yoo

<Growth and metabolite analysis of ES3>
A R
5o 5 é £
i ;/f- ‘g T
%\
e HLICO >CO'—crna: 4» +CO15% :
<Residual substlate,(OZEH2+101mate> "“
; ormas
i £ : j-Hz o5
5w % : ' = z
% :.7.‘*3.55. ..Q“..‘.
£ w % : S g
i / : i
/ ; L2
20 A % -

Control - Fa

<19 1-1-18. ©}F3t C1 compounds ZFHCOs/Hz, COo/H+CO 18] a1

<Residual CO,/H,>

COy/Ho+formate)ol] A ES3<]
T3 AR 92 acetateE AY

COy/HA+CO a8
ZZ1el A buffering

compounds ZH(CO,/H,y, CO4/H+CO
9 acetate AY4AHAED

94 3
A4
<l

&

=i}

2

Ccrntml E':

I
== o2
- CO°

B cResulual substr ate COqu2+C0> N

Cantral

A7z 9 acetate A AHE>
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- ES005 straine A5 & 734
HoH, 97.5%2 AE5A4S YEH.

En

oo dcetobacierium wieringae DEM 1911 NR 026324
dcetobacierium malicwm DSM 4132 NE. 026326

deetobacterium psammolithicus CN-E NE. 114500
Aeetobacterium cavbinolicum DEM 2023 NR. 026323
-Acetobacterium woodii DEM 1030 NR.074348
Acetobacteriuwm fimetarium DSM 3238 NR. 026323
———dcetobacterium bakii DEM 8239 NR. 026320
100 66 _Fécero&aﬁerfm pafudoswm DEM 8237 NR 026327
100 dreiobacierium undrae Z 4493 NR.028934
1|3ﬂ|:E ubacterium aggregans SR12 NE 024926
Eubacterium barkeri ATCC 25849 NE. 044661
53 [E ubacierium callonderi DSM 3662 NR. 026330
100 Eybacterivm fimosum JCW 6421 NR 113248

Alkalibaculum bacchi CP11 NR. 116669

91 {.{Mibﬂaﬂ sp ES005
100

Alcalibacter saccharafermenians Z-19320NE. (423834

| Clostridivum eylindrosporum HC-1 NE. 026402
Clostrichium bowmanii strain A-1/C-an/C1 NR 114763

- ES005 straine 33-37%, pH 6.5-7.0, NaCl 1-2%°ll A =22}
catalase activity, oxidase activityoll thste] S4-S UEeRd.

Ho
P
Ry
o
AW
o
oE
A
e

, Gram test,

<% 1-1-3. Alkalibacter sp. ES005 strain®] Ag]d EA4 vlu 4>

Characteristic Alkalibacter sp ES005 A. saccharofermentans DSMZ14828%
Temperature (°C) 8-41 (33-37) 6-50(35)

pH 6-9(6.5-7) 7.2-10.2(9)

Salt (%) 0-8(1-2%) 0-10(0-4)

Gram test Negative Positive

Catalase Negative Negative

Oxidase Negative Negative
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- SCR0O06 straine AZERFAo T 71 B1H Proteiniclasticum ruminis &3 374 123 5
o, 98.3%2 AEA=

lﬁﬁ[Chﬂ.ricz'fum subterminale JCA 1417 NR. 113027
Tosividinm thissulfaireducens LUP 21 NR 042718
———Clostridium huafuii LANMI030NE. 134006
Clostridium vifuris TMB-37NR. 148266
Clostricium fundense DSMN 17045 WR. (43233
Clostridium atagii CK.38 NR 023352
Clostridium acidisoli CET4NE (023808

1[:|}|:Prmeinﬁdamcum ruminis D3IRC-2 NE 113873
Proteiniclusticum sp SCR006
100 Toungitbacter multivorans DSM 6130 NE. 104783
WLY&W@.‘?MW fragilis 232.1 NR 118108

100 ostridium beiferinciii McCovA 67 NR. 029230
100 Clnstridium diolis SH1 NR 023542
Closiridium saccharoperbutylacetonicum N1-H{HMT)NR 102316

——————Clostridium cavendishii BL-28 NR. 113711
53 1 DGI:C!a:rria‘.‘um amylohticum SW408 NR (44386

Ipsiridium polynesiense WMS1 NR 144690

64| Clostridium polvendosporwm P5-1 NR (026496
ﬁbﬂrﬁa‘im putrgfaciens JCM 1431 NR 113324
1 Tosiridium algidicarnis NCFB 2931 NR. 041746
—Caloranaerobacter ferrireducens DY22619 NR. 133860
100l Calsranaerobacier azorensis MVI08T NR 028918

100

Lh
Y

0.02

<18 1-1-20. Proteiniclasticum sp. SCRO06 strain®] A E&Fsha FA)
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2. 7t=R8rle 1x3)
7t ARG WA 718 g AR

2]

=]
Rt

O A¢HHE B ohES YA 25

M
N2
[

- Clostridium sp. AWRP+= 2015 <4 ZdiGA| A A E2lst 72 1849 CO 2 olA

gl Hsd 5L 7ML e,

- E3 AWRP ¥+ CO2¢ H2%E 7| = Algo| 7hs38tH, A 50l vl 55 WA =&
A3 £ 5 7Aoo, B AT FAANA 2 HEZ F83F Qe

- B AFA = AWRP FFE oM E4to] H7ME HiA| oA ¥HE Al wjgs 33t oM E
Aol S FFE BYsta, WHolFo B B4 S S

- WA w7 E o] gl CO29F H2 (1:4) a7 ZAANAM Clostridium sp. AWRPE- 1.6L 8} %] ol A
7182 EAS g5t Wl viAEE CO ¥ syngas vl F =7 o] AH8-=+= RM A <] yeast
extractE 2 g/lLE H7}ste] ARE3)H

- W7l Ml 25 37° CE Aol en, wixe pHe 7.5 N dEYol9] 3 S8l

500 RPMO. &2 2|3} .

- o 120A13ke] vlgkol AYHYES W, 7)Aol 28 B o) YolubA wstom, o,
bEEst BE 8 gl £70E $U5e(Y 2-1-D.

Acetic acid = Ethanol oD

12 25
g " 2
=2
2 s
[l
= 15
1
=
£ & D§
b o
= 1
=
o .
2
-y 0.5

2

0 (]

0 20 40 60 B0 100 120 140
Time (h)

<™ 2-1-1. COy + Hy =ANA Clostridium sp. AWRPS] A& =4 2L thAl 2HED
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ARl HES 938l microspargerE F3l 80 mL/min®]
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- f7l4ke] FHOR QS| AWRP FFe] sl ARt AsHE o wHstel g s A
L Bol oMAES Yol PP FF FE A=HAL.

HS-7]o A 9] pH Alo] =43 FAE =718 2437 98]l Ammonium acetateE pH 52 =%
A = 5 g/lLY =& wiA o] H7Iskal serum bottled| A vigstAA wHEAH] AHE 3y 5}
Re(1d 2-1-2).

1. Serial fransfer under acetate conditions 2. GC measurement & transfer

Acetic acid § glL / H,:CO,, 2 bar

#1T 23T 12T @137 24T #34T 44T & 46T

7
5
£ 1
El A {;
2 120 B &
g o o i
E . -"Om
5 s v ot
8 80 . 11T
g ol
§ 60
S @ ? f g
pr K Ky 4mmmm Shortened lag phase
) © wn /e s
3. Isolation & Culture y/ o
2
0 50 100 150 200 250
Time (h)

RM (YE 0.5 gL'+ 5 g/l Ammonium acetate)
Substrate: 20% CO; and 80% Hz, 100 kPa

GEHUA Jha AR SE7b BeE 21 SAsG O, 46T HFNM 1
A WAL olgs) wU Fzuel FeE wstel, 89l colonyE Hes) wlFSHA-S(Y
2-1-3). SHAIEA 5 glL7h H7bE MAAA PP oleol AHHA gtort WelF 87
T oolRe Ayshe ol ey,

3J3}H A Gas chromatography® CO2¢} H29] A% A& #23 Ay}, 30T o]
|
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10
B Acctate

— — Ethanol
= g
Bl
o
—_—
=2
g 6
=
5]
=
g 4
g
E..
B2 1
i

]

WI(SAOH) = b c d & £ = b
Strain

<19 2-1-3. 5 g/L oA EAF "7} viX| oA Clostridium sp. AWRP oA & 3} ol E4F WA

Mol o] A g B4

- 46T Wikel A ZRUZ WA folakA ool 8709 2R F a ZRU(]3 6T-)S W
z2A FT AP A4S

%

- olEA sEol wE WA RS A S8l 0, 5, 10 glle] ohAEA H7F ZzelA
46T-as} kWY 77 MFS AYSFALTY 2-1-40). FYF ] A9 10 gL ohHEL 7}
204 of 12047k] A@7] ol F Fhx &msh AREY O 46T-a) A5 oF 6047 o
3 7o 227} AZE o), opAE oul ol EA WHo] FTled e Bl

No supply 5g/L Acetate 10 gL Acetate
20
m WT
s = =S O 46Ta
= = — 1=
g g g
2 2 2
&' &' &'
o o o w
£ L L
2 2 2
& & by
k- 2 2
e e a
=<} o =<1
]
0 0 40 60 80 106 ] 0 100 150 200 250

Time (h) Time ()

<1F 2-1-4. S}MEZ wxo| w2 ok & Clostridium sp. AWRPS} 46T-a HolF9] 7~ A& R
H] 1>
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- 1-L serum bottleS %3l|, o}AEAF A7) wiA oA ok} vjof EALS vlwdt Ay, oA
Eq A7 2HAAME 46T-a 71 ok din] AR 2 oA} 4AHE Ao S71Es &
15l E (2 2-1-5).

RM (YE 0.5) + no supply acetate + H2-CO2

z
=
-
=

= i
z m wT e WI | & Acemeqwn
ok 10 0 A6Fa A5 A Acetule (46T
',‘_-:I" [0 44T-a i ek » Ehmd(WD
= 150 50 30| - Ehma{46T)
= 05 E e
g 3
o 100 S 06 = 10
s 8 =
=] i
=N el 01
E 0.4 2

50 £ 10
g s S 1
g 02 e
u L]
=
= W o0 a0

0 20 1 50 80 w0 120 0 20 ] 60 50 w00 120 0 20 40 60 50 00 120
Time(h} Time (h) Time (h)

<13 2-1-5. o}NEA FH7} WA AN A Clostridium sp. AWRPS} 46T-a Wo]Fo] A% 2

A3 FAo wslel AHE Asi PE] H3LE 3kolslr] 93 HiSeq systemS o] &3l 46T-a2]
As Ads E4% 23, T 409 FAAd A WHolZl gl AS.

= B4 1A HAZAA Jfv]ik Aol FoISt= formate dehydrogenasee} &g
o] &= 43} dA(hydrogenase)®] subunite® BlEdom, dnaks ©wd df‘%‘%
chaperone®. =4 Z~E# 2~ YA #Ado] Aol dHA As. Wb, o3 HolEo] 4
AN Aol oA EL WA S}
F7F 97 228 Ao

_1_, rﬂ El‘ﬂ i
o P S

o ZI9side Aoz F5HH, A&t 71 5 &3 EHH
=2 A,

< 2-1-1. 46T-aclA &lE A2 ®old>

o ; Amino acid
Locus tag Definition Mutation

change

DMR38_03370 NADH-quinone oxidoreductase subunit F (NuoF) G1261T V421F
2Fe-2S iron-sulfur cluster binding domain-containing
DMR38_03375 , C422T T1411
protein

DMR38_03380 4Fe-4S dicluster domain-containing protein C365T T1221
DMR38_03800 molecular chaperone DnaK G67T D23Y
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T, A FFEolA 46T-a #5292 WH3E FAst7] S8 oA E 59 Tl #idr] 4
S 3sle] BlwIYS. HWjoke oA opgaoa +F Wiy 59 Ao =Z pH 5.0, 37° CollA
gstdom, 7t~ Fg2 CO2 + H2 (1:4) €% 712~ 80 mL/ming fF&FoE Fg3tal 500
RPMO. 2 w342

2

Serum bottle Ad = D] wjdr] ZAAE oM EA BE9} Aol & xo]E HolXA
ko) ok #F Uin] Y ZANA ME BEE 92
4 2-1-6).

RM (YE 2.0) + H,-CO, / pH 5.0

4bT a pH 5 D start

500

g TaD | B VT
5 Ot 617]3 mmal/L
E 3264 mmollL
g
g
112 149
pis)
gIL gvT
hi B6T-a
i3
{3
]
: i

h
Vohmuetric CO,

<19 2-1-6. 1.6 L v F7]ol A ok Clostridium sp. AWRPS} Wol3 46T-a2] njeF 4>

- Al FE7F S7HR 8/le B48h] fle) A FEolA 46T-a w5 WMEkE Felshr] 9
s oRE TFst A W] AFe st vwsdlE. 4 dFe 29E Wi ddS

7)
%3} exponential phase/stationary phaseol 4l Z+zt i RNAE F=31% <.
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- RNA FZ&A AAA 9 ¢kA3 S 9 Ao RNAProtect(Qiagen) AA &S AagPstgon, A4
3 A S sl lysozyme A7 F HFFH o2 TRIzolg o] &3] k@9l total RNAS A=A
SIS e

- 329 Total RNAE= DNase 2] & Agilent BioanalyzerS o]83] qualityS 2e1sta o,
rRNA #|7 & Illumina Novaseq A]Z2ElS o] &3] IS ‘:““3}9?\—2 s wd AR
(DEG) 44 93] raw readE Tophatg ©]-&3l Aol mapping ¥ Cuffdiff 2.2.1& o]-&3}<]
FPKM 2 DEG #4< J¥stA(T™ 2-1-7).

£

l. Raw Data Source type: mRNA / Total RNA
Sequencing Platform: Novaseq

[' Mapping | Tophatvao13

abundance calculation FPKM

cuffdiff v2.2.1

‘ DEG selection : Differentially Expressed ‘ Fold change (2fold)

<719 2-1-7. DEG &4 #AH Q°F =A%)

5 7} FAAe FPKM % E 7z}7} density plot®} box plote & EA3le] DEG
Aol 7hsdk Y ¥ o = library constructiono] HAs& &A1 H 2-1-8).

variable
B X46T_1_st_Drase

variabk - 2 B3 X46T_2_s1_Drase
48T 1 9 Diase -E . B AWRP_WT_1_sxp
o F46T 2 o Enass = ::::E_:}f_;w
WP WT L e - -
5 KAPE_WT 2 2 a1 B AWRP_WT_2_ST
3 AWRP_WT 1 ST B3 X46T_1_E Drmse
A WT 3T . ) ' B 2467 _2_E_Drmse
X4E _nass .
XAST 2 E (mame
- - - L] . -
> ) x 3
E : = = ¥ : E %
3 2 3 3 ] 3 5
. S-S - O
E % . - £ = m m
[ i | i ~ — M |
=] -] - m | Iy iy 1=}
; : g g K] 2 [ e 8 g
z 4 - - H = = 4 -
Wl condllon

<19 2-1-8. Clostridium sp. AWRP ok & 2 46T-a 7l & Wo]52] Transcriptome Mapping quality

_31_



B4 (3 4 B=9 +314 FPKM 3% (%) Box Plot £41>

- DEG #4(FPKM W3} 2u] o)A, p-value < 0.05, FDR < 0.1 71%) A3}, & 4028712 wz
A2 T g AR7AAE F 82U, BAZIAAE F 994709 I e &
TFY Zol7t S FAstAe. ol T 7P WstEre] & 20009 FHAE ofw ol

<GE 2-1-2. A5 AA7VNA Clostridium sp. AWRPS] o8 w52} 46T-a Wo|5=9] DEG 4 A3

gene_id log,(46T-a/WT) Definition
DMR38_17345 | 7.372734949 DUF4364 family protein
DMR38_17875 | 7.003012098 CPBP family intramembrane metalloprotease
DMR38_10785 | 6.236567601 Lrp/AsnC family transcriptional regulator
DMR38_06990 | 6.212532379 hypothetical protein
DMR38_08390 | 5.856362613 hypothetical protein
DMR38_19350 | 5.80027296 PadR family transcriptional regulator
DMR38_18095 | 5.684068149 bacteriohemerythrin
DMR38_11630 | 5.26025306 hypothetical protein
DMR38_05485 | 5.259541836 type II secretion system F family protein
DMR38_19455 | 5.156610796 hypothetical protein
DMR38_11060 | -3.065124942 aspartate aminotransferase family protein
DMR38_11070 | -3.289851711 glcféltr;(l:ggggeras eglufgg?te N-acetyltransferase/amino-acid
DMR38_02005 | -3.395400938 amino acid permease
DMR38_02010 | -3.487930255 amino acid permease
DMR38_12610 | -3.501056719 hydantoinase/oxoprolinase family protein
DMR38_12620 | -3.548352605 cytosine permease
DMR38_07060 | -3.691973016 oligopeptide transporter, OPT family
DMR38_07025 | -3.826201573 sodium:solute symporter
DMR38_12625 | -4.263094946 carbon-nitrogen hydrolase
DMR38_12615 | -4.446347511 DUF917 family protein

<& 2-1-3. BRA71NA Clostridium sp. AWRP ok & T3¢} 46T-a2] DEG 4 Ax>

gene_id logs(46T-a/WT) Definition
DMR38_08565 | 9.584289621 MerR family transcriptional regulator
DMR38_10895 | 8.1858446 RNA chaperone Hfgq
DMR38_18095 | 8.016825592 bacteriohemerythrin
DMR38_11630 | 7.744655625 hypothetical protein
DMR38_12515 7.485469219 L-aspartate oxidase
DMR38_12505 | 7.32051833 hypothetical protein
DMR38_01400 | 7.177979889 hypothetical protein
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DMR38_06990 | 7.084443858 hypothetical protein
DMR38_12520 | 7.053767416 quinolinate synthase NadA
DMR38_10845 | 6.913392802 MES transporter
bifunctional diaminohydroxyphosphoribosylaminopyrimidine
DMR38_11385 | -4.386576682 deaminase/5-amino-6-(5-phosphoribosylamino)uracil
reductase RibD
DMR38_12930 | -4.412376277 amino acid ABC transporter substrate-binding protein
DMR38_11380 | -4.475073239 riboflavin synthase
DMR38_01805 | -4.577065488 4-hydroxy-tetrahydrodipicolinate synthase
DMR38_04365 | -4.890749923 ornithine carbamoyltransferase
DMR38_07025 | -4.958374365 sodium:solute symporter
DMR38_11065 | -4.988769425 acetylglutamate kinase
DMR38_11060 | -5.094091359 aspartate aminotransferase family protein
DMR38_11075 -5.351864114 N-acetyl-gamma-glutamyl-phosphate reductase
DMR38_11070 | -5.504108445 ggéltr;lcgriggg%eras eglugaggte N-acetyltransferase/amino-acid

- 7]1¥& Type strain®] A7 ZAFNA dZFHe ZAdes D8 46T-a WHo|FAA= ofr4l
[oligopeptide %A 2 AFAH FAA FHAEC] downregulationFH = AEFS Rl HbA,
nucleoside =43 % salvage @A HZ FHAAEL upregulation™ = FFS RIS

|

- o= 7t~ 4% W% *379}01] 1o A %— s ﬂlt?} 2l }7} nucleotide A&7} FHo] U
F N A FNAde] {8

& NG o, HAAA G E FEe] B "yt ol S1FES]
o, o] FF CO, 18 mAES A& wWiddA 5 A5 2 AL WHslel BAEso A
P o

- DEG #43 t&o] HAAS WstE Az thiter doA|o] siAstr] 98k Novaseq w4
raw dataE KallistoE o]&std e @id I9 {2 Transcript per million reads(TPM)
S B3R . 4% TPM $X|= Clostridium sp. AWRPS] A thAl 7 2ol mappingsle] o}
A 18 2ol YA
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- Mapping 23}, 46T-a #FoA= AHEAH o2 &43A =29 Wood-Ljungdahl 4= #H

Azl "Wrdo] HHFAH O R 2~30% AT T4 Ao=Z SRIEHAOH, 1 2o AxZe] building
block A4 7 A& gluconeogenesis AE FAAE 2% 7143 Zlo =2 FEL.

o] = yeast extract®} £ f7] AAYE MUt H-& FSA] ATPE 4227}
o] de novo BEFHL JASHHA
58 Folgle WFeE 33

Hir

< nucleotide
FEA AR upregulations E3] A &% 2L A

9
2 A,

i

[

Clostridium sp. AWRP2] 749 auxotrophy”} A= AS=Z FRlF
o] B7Hs3A &= methionine @jollE A=A ekS. o
?#o9 5g 7171 é/\%a A sk 72 g E%Ol o S7tste ek

e AR NAE §24 24 FF AL

I4EE P58 444 27 toolbox® B3] 24EEAA AEF 67, TS YA F3
A Y FF2FE ARHYo, TFY F2e obg Fol kYL

<% 2-1-4. Clostridium sp. AWRPS] & FHx ALEFD

Target Gene Definition H] 3

DMR38 05640 sporulation transcription factor SpoOA Sporulation &3 A

DMR38 12410 glycine cleavage system aminomethyltransferase GevT Glycine synthase role <1

DMR38 18565 redox-sensing transcriptional repressor Rex Metabolite profile 3} of F &2l

DMR38 15645 [LysM peptidoglycan-binding domain-containing protein

DMR38 15690 (capsid protein /Active prophage cluster

DMR38 15710 PBSX family phage terminase large subunit

<% 2-1-5. Clostridium sp. AWRPS] & H#5>

Target Gene Definition H| 3L

DMR38 08915 laldehyde ferredoxin oxidoreductase
DMR38 10295 laldehyde ferredoxin oxidoreductase

Ethanol production
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O Phage 32 d&F A&
- S Clostridium sp. AWRPS] HAMAl 4 Aol A prophage® FH == cluster 5 Dl
WA} BRe BT e Ao FANAL.

- Phagee] S4j& 7] vigA 2452 Qsf A 5&< ‘i‘é‘ﬂ“ﬂﬂ‘/‘r A APER QI Al
Fs dod 4 o], bacteriophage FHAl MAAHJA FHA 3Fpeptidoglycan- binding
protein(DMR38_15645), capsid(DMR38_15690), terminase(DMR38_15710)2] Z2<3+5 A 2512

15645 15710 15690

15645-1nd— — 15710

O Clostridium sp. AWRP9] xylose-inducible & A ~® = Y mazF counterselectable marker 7l

- A F=" FdA =F toolbox 9l  theFd  chromosomal manipulationS 9l
counterselectable marker& 7|3z} 1S, o2 gk vpAHE o] 8 A single-crossover mutant
o] colony®] ®jA|7} &olal| A mutant 75 AlZte] @=E T U=

- Gram-positive #F¢] 749 counterselectable marker2 A& 7Fedt FAA7F ©A gof A
oA RNAE 33 3F= toxin FHAR] mazF fAAE o] &3} 2™, inducible promoter?] %
B2 X xylose operon®] promoterE o]-&ataA}t dtFS(18 2-1-1D).
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CDS1 CDS2xyl  xylA xyiB cDs3 CcDS 4

p ) ) 5

AWRP xylose operon
6902 bp

<% 2-1-11. Clostridium sp. AWRP<] xylose operon>

- Clostridium sp. AWRP] xylR -5A=HDMR38_09125)¢} xy/d -5@A~HDMR38_09110) 499
promoter A|€& FZ2Y3te WA Zt2u|= pKLIM0503 7)o thad+2] mazF 2 A71A]
293 pKLIM054 E=t=r=F AZela(19 2-1-12)

iR xy IR

; pK LIMDSA
=yl
Bamdll [ty AP
wha'l i sy
] (1783 F[BL.GTJH
Era iy pay
Amad L1l Mg w1
it il
ar (e

st

.......

<29 2-1-12. Clostridium sp. AWRPS] xyIR +Z A<} xylA promoter7} 23d iy Fgn=

il

pKLIMO50(zhH et oA 7)o mazF toxin FAA7F A49E A @ E pKLIM0S4(--)e] 224 %>

- Clostridium sp. AWRP®] xylR AxDMR38_09125)%} xyid £AZDMR38_09110) *+$] 2
promoter A E& &2t ¥ kv = pKLIM0503 o 7)ol tha+ 2] mazF F 2714
ZF293% pKLIM054 EetAv =8 AZed (2 2-1-13)

- 22pd %o /NSt mazF counterselectable markers 71 A Z2F toolboxs} A &85}

=
of tALESHY = Fe U &xE 8T £ JS ASE 7|thEH, % inducible
promoter?] engineeringS S WdE ZrF U 97T RAE JPE o Y.
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{1¥ 2-1-13. Xylose 33} wjR| oA E. coli mazF toxin A AFe] Wd o FH 82l
(F) mazFry AJEA Ee 2T () mazF A4 ZFeh2v = pKLIM054>

. 7k A wig =4 A
O Clostridium sp. AWRP2] COx+H, A&+ ALnjof &2

-7k A ﬂw 544 82 HHOJEE}—E— A% Wope] PR LAsHE Ao EEHo| L
4= d
han ) A

d
i)
rii

0
Q
§
q
S
S
wn
o
= !
av}

i
Obo
o)
re

, RM wjj#]ol yeast extract 2 g/LE F7}3to
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HHES 003 W12 W& F 24 WEsk 13744 gsos Zrhse e waAstgoL
)% FASA Zastt AL FANRL. T FATE Fashs PN BN 5
TE= 9F 12 gLE AWE JYERA KLY 2-2-2), o|F #A FA ad wet FAHe) 7+
Aot FAE YEM SIS
D= 0.05 !
Continugus — 0-03 b pH 6.0 —5.5
3 4 1 3
T.Dr_'\ 100
D, m pH
6.5 [ ORP 2200
z _ g
g 60 Hposem an o o 0 300 5
/ T om-ag 3 3 G
55 ™ —m 4 400
2 50 100 150 200 s

P
4
E
\ ‘;\""\
>
Acetate and Ethanol (g/L)

g v
X F v vrv ‘u_'p._' W, L L 0
100 150 200 250

Time (h)

<19 2-2-2. Clostridium sp. AWRP2] CO, A& dA&ujeF 23} >
2001 2t ol pHE 5.5% wFo FAoU Hjdko] 3 EEHA S st F533A=.

pHE 6.00% ZF7IAIA oM EALL tigt 2EH 27t ti ¢stE Z1o =2 7|gisigon, A4
Nl

MM EA BEE £Z FUleta, e FEE Fadggol 3

T2y pH 6.0014 HA AL 7k~ AR £E= pH 5.
A= A& 58 AA= w4 wso] FAHAH, FF wdA o= 60&@ e pHoll A
b3t AARE o & o= HY.

=R, QWA Ak st el @A "AEsh Ao FAHA R A& HAs
<. o]& stationary phaseol|A] sporulation FAAEY WHOZ cell lysis7t Yol Ao R
FZ5HM, ol Aol =2 M EANNE TAS=AY AFRE FUHHQA Ao H8Td A
o2 #ekE. Sporulation ¢je= prophage &3 <o ®AZF J& F JorF I A=
AZE FAA 22 dFE 83t vl £40] dod Zloew HS
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O @& 7lx AL &xo| M Clostridium sp. AWRPS] &4 71~ A3 EA4

14 10
/v Batch 77 Batch
12 A Continuous 8l v Continuous
10 - M‘?'V‘-r/'
3 o M = J
= y S 6 :
Z 8 FA = /f
] A = /
= = £ V4
- el
e | S : :
] :
A
2 f
Y

L " A L
0 A
0 50 100 150 200 250 0 50 100 150 200 250

Time (h) Time (h)

<E 2-2-3. wiAIf I A&l wE A= At BlaD

o

L=

Jﬂ%‘

Clostridium sp. AWRPS} 22 oM EA #3522 CO X3 7t~ 7[Z=E2 A4S & = 9oy
B4 A2 &4 F 32l formate dehydrogenase-hydrogenase &-3tal|7F COol A&|& o+
of #=3F CO9 FwAl L3l A4 Asl alew 283t

Clostridium sp. AWRP2] ¢ CO &3 &=l wetA wjx]2] ORPS} 4HE AYAF gjElo] Fols}
A Wslet= E40] A5 T8 72 FFS ATS FEjoA s AL S e 4=
N MEzFZ7 71 A7 E CO FFol o3 ogre Aol WM QA=
gAskA] e

&

Clostridium sp. AWRP 3ol CO°l| 2|3k
AE 5 34 CO T35S 58 F
<2 A8E F A=A st A

A E A AAsEA SyngasE % & H =2
R o, WAl FHE o ELe] EEHoR o

7N 7ta2eE FA T2 =S 2ARSE £ 712(CO 50%, CO, 10%, Hy 10%, N 30%)E
AHESER e, pHE dEYolso T3S 53 552 FA8IYS. 7129 33 33 whk &
S+ headspace®] GC ZHS &3 CO9 #HAZEo] 50% ol Y wl F7/HAA FRen, COd

AF £ ANHA @A 2HHLS.

COel Aol ATH FRFoIAE oHEMN] F HEE YT AL
2 FARFoIA HAE AAY Furie] AmE AVOE AT ABHAL Wk,

CO A&7t & A9 Atz el Wood-Ljungahl A &9 flux7t £718te COS &2alA E53
S R YA e AAEE AL F9l

£3] 84~108A12F TRt A = obAEALS] =3t A4bdo] 9 g/L/d7kAl F78keE AS ER15HA
o, HZF oMEA T=E oF 26 g/LE SJAHAS. I wiF 28] CO A E B+ A
4L oF 38 g/L/d2 Huo) AP F Ao
TR, AR A oA ELL F

)
o
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pH control start COshock Automatic ORP control

800 = 1 200
— Agitation —
EE&DD- —— Flow rate -150%5
L | E
O .75 T
o 200F — 50 3 E
o U : . : . ; . . . 0
o] 20 40 &0 a0 100 120 140 160 180
6.5 -10
= °
6.0 1 -z00 %
- o | 1
L 55 = -300 =
T r—— I
50F 1400 O
45 | . i ; i ; . : 500
0 20 40 60 a0 100 | 120 140 16D 180
;] 0 20
—a— 00,
=0 Aretate
—8— Ethancl 125 _
6| —e— 23Butanediol = sz
120 E 3
: | 2
= 15 % ti02
o & =
[ 2
10 g <
05
15
. - 0 - 0.0
0 20 40 60 80 100 120 140 160 180
<% 2-2-4. pH, ORP 24-& %3 CO shock ¥ H7>

ME FuHel 1AdEe] ARE ORP A|oI(-360 mV)E A=stgsd, A4 froe & §
ARE e FARPO MY 20k G2 FARME ORPE % Fol= Fugd
Warol TWIA WgkE. o)t ohAEMNC] o] LR Ao} Axe] TH A R
7 WEow 4.

Sleo, AlZs=rt ¥ vjef 2ukA] COoll thet A sjdo] Tad Zloem HY diHo
2 A AE-3tE autoclavable w72 749 723 HAAE stainless steel - Z AL

Zlol E7Fsske] 4 At fdEHE ?7*01‘11 CO Asllz A3k A Aol 28 A
2 Q3 Ayt 45 a2

A7) EAE afdsta, o3t 2APH, agitation S)olA #F9 wjek kS FHelsta FH 3
Wik 21 gdste, g3 dAxd Az gdst Mg #79 #E AT HUHE AAE 49
A.

O Acetate #7V2 &83 Clostridium sp. AWRP2] Z4¥F CO A3 744

oAl Aol A AFHAECl, COZ AR Ml 7bg 2 ofelge 2w ve @A UE
oA COol 3 ANz Aol AAHE @Y. G5 YA WP 28 AL o)
§ A A Yokl WA
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285 s AV A5 WA, wiAe g a7 HUFste 4A o
2 Hets WY EC] ATEHIL o, gAY AR wjF Ado] dstE AR &
HA A=

- W =1 HHFE 9% serum bottle A AHAES FIsI B3-S ul, sodium acetates
&g A7ks] 95w, CO 257 WE2A dojves S &l a, /Mrsta A wjgF A
A M &5 FAASA S

A7l 3+ EZoly COoll 2lsl formate dehydrogenase”} A& ==
Hj ek Aol Athe Aol d¥A Us. Ty opAEAF A
7he] A 7tz Ag mAEdA A" TS sh=A AgshA ¢ bk §ls.

- WA, 20 mLe] ¥R & o] &3+ serum bottle WiY¥S F3Pstal GCE o] &3] CO 2EHS =4
FoEM AH ARE FUstAS. 7 49 &olE A&l 71E A 72 Al 100% CO
£ 125 kPaZ FH3te] vjtS FaSFAS(1H 2-2-5). Sodium acetate?} Sodium formates
pH 5582 =4 & H7lstglen, o529 7t W& =x7] wjA] pH W3 J3Fs g<lstr] 9
st i 2+ 24 2-(N-morpholino)ethanesulfonic acidMES)E 713k =A% Zo] wjoke 2

A8 =

- 1 A%, sodium acetate H7} AT AL
formatee] 7<% vk 13U}l = S2H3 CO

400

300 |

200 ¢

100 +

—

o 2 4 6 8 10 12 14
Time (d}

CO consumption (mmelL culture)

<1¥ 2-2-5. Clostridium sp. AWRP2] wj#] H7}&o] W& CO &=2% Hln A3 W : 40 mM
sodium acetate, & : 40 mM sodium formate, O : 40 mM MES, @ : A7I&E 2>

- EANE tix7e A9% syngasstE 2@ CO 2%7F dojux EFEd), ol 7]&dd CO2
7F siAlg o= wiA o] pH7F A Th: viSFARTE E3k7] Wi o R F=9. A4 MESE A
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7hel 7] pHE Y59 & dxaodAe W 9La7EH CO &57F M=oY, sodium
acetate H7F =7 oiv] "Wl X o] A YeERG Ao = FlH.

=
o] pH W35 Hxg sl 98] e 27dA iAo 40 mM MESE 7}stg e, of7]el 40
mM sodium acetate H7} 5o W& AHR}E vwdHF (2 2-2-6).

G000
—— Tk
500 4 —o— 125 ws
—— 200 WPz
400 +

300
200
100

0

CO consumption (mmol/L)

Time (d)

<19 2-2-6. Clostridium sp. AWRP2] CO &<t wE nljFA] CO &5
(#) 40 mM MES A7} =4 (%) 40 mM MES®} 40 mM sodium acetate 7} =4 >

F2 CO EHNME a7 o] Fle o], wjd]

= =
3T =

d 2-2-7). W7y =19 A5 CO sF< Hass FU
u} H

=

500
400
E_:o:ac
=
=
Em:.
100
B S S S
0D 20 40 B0 20 100 120 140 160 120 0 20 40 B0 20 100 120 140 160 120

0 20 40 &0 A0 100 120 140 160 180
Tima [}

Time i) Time (k)

<13 2-2-7. Sodium acetate M7} ZHANA Clostridium sp. AWRPS] 3|82 wh&-7] njek Az}
n 7 248 CO Ag =0l wjeF A, >
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- §7] WE ARl A ZWRE owol FANA FHAE AL FAT F gor], GC BHL

G IRFAER FYEH+ CO9Y &R oA EARY] o AMEH &= CO9

Mgo] S FAUHYL. olHF ANE PO ofg) 21U e CO-MAEA BF Bl
< AAER e, F7F AFES AP A<,
a ZH “H h 2H =H

artEkle 'J_\ ol kle I’L‘ I'_l_\

ATP ATP

Rnf Rnf

-A5E -ase
oytogol /_':-—t‘\‘ oytosol P
Fd*+ NAD* | Fd+ MADH ADF+F,,  ATP Fd* + MAD [ Fd + MAOH  ADP +F ATP
v
ZFd* oo, s W
L ATE' sym!hes_m WJ_JT _nd OCEUY Ea g MADFIH MAD(F)
Ll NA D 5 aelelizec! W A " -
2Fd 2C0 Foefate - = Ethanaol
J‘ co ZFd 2c0,  Respirgtons metabolism
C couiect with acstate kedction
2 Fd- zco
£ HCOO ™ =2 fpatyb C o J_
O5(Fd>+ NADFPH) 0.5 (Fd+ NADP*) @@ Co
. HCOO — =2y fretd-Cof

05 (Fd* + NADPHY D5 (Fd+ NADP )

<18 2-2-8. Clostridium sp. AWRP2] CO-oMAEA & =dl,
(&) oFME4E mHZIAIY CO A3l H () oA EAL H7TE CO-otMEL o2 HSdE A

- ol AFE Ryt oA EAL HIUME T CO mlYg Aol UiF @2 = JSS A
Row, FF wWEA wiF =1 HHSIL bed AR J|ogk 53], 1 st CO 7k o &
Al AEeS AJ™ 7= F3F 2 agitation =1 APo] TS foldld oz HolH, oekE
A = &&o] 7hed ZoE JiE

N

ki

ey

A

al

ik

o
o

|M=F diZFugF
O 5= 198EFE 283 Dunaliella salina ¥F A7-200 L 7=)

- 2wk Aol A8 Dunaliella salina LIMS-PS-1511 &2 ‘23l S| SFASEA oA Bt
Rom F 4719 200 L #E FAE ¥-S7I(ROSE max)ollA 99 &<t v A5 P21

- M ZF vlolul 2~ SR E Q3 Dunaliella salina v)eF 23](1x}, Lot #1; 2%}, Lot #2) X3y,
ol A W F22 BCE AAH, FE FEo o3 d& FVle §5E5 332N £

Aol M7t T S P A AT
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- HAEF wlFS 33 psuziiel ks 1 8a=(MS), 65 psuzzle] &9s)4+NaCl
(MS+NaCl) & 2 EFHSMS)E 7|vro g ste] W3 s

i
z,
2
ik

- 9 Y 71A Ao f*1.5 MA(FE 3-1-D= gdggoz 3= 200 Lo wmjoklz 5 L] nmazE
seed7} & A E W7o 4 FFE

' ‘\‘\I'

T e 4
T T --_EF :

=N

L e . W S S—— Y
T e T T T A 8

e IR W'r v

i ‘H‘ "‘ ¥ --'-r'

t""l =
e . et e

<28 3-1-1. Dunaliella salina vR<F 45200 L 32)>

<G 3-1-1L s 71wk Al 2R wi kg vl =4 >

f*1.5 medium

Component Amount (g/L)
1 NaNOs 0.225
2 NaH,PO,.H,0 0.015
3 Na,Si03.9H,0 0.45
4 NaNO; 2.5
9 FeCls.6H,O 0.00315
10 Na,EDTA.2H,;0 0.00436
11 ZnS04.7H,0 0.000022
12 MnCl,.4H,0O 0.00018
14 CoCly.6H,0 0.00001
15 Na;MoO.2H,0 0.0000063
16 CuS04.5H,0O 0.0000098

O Dunaliella salina W37 2200 L %)

ps)

pH

M
Ll

- W FEE S wieFol I E= 99 FF YSI 556-01 (Nist, USA)= ©]&3to &, ¢

- ks BA Ad 13 wigolA S HE 26.14+19C, H 29.11+0.32C, HA

S HJoem 2z widelME HT 2651+1.9C, FHa 30.22+0.23C, FHA
24.41+0.18C 9 &8 7|23 244 £5(25C)E FAGAoY Y A 2 7]1& xfo 9
3 Ho) 6.15+0.44, 5.81+0.41C 9 F& HIE BRY
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Biomass(g/L)

HES LFY =AMHSMS, MS+NaCDolAl 1z} v eFel <+ 65.39+£0.2 psu, il 65.71+£0.12
psu, #HA 65.11£0.11 psus BFom, 22 vjeFol A H+ 65.00+8.13 psu 2 FH Il 66.98+0.24
psu, HA 65.14+0.15 psuE 7]=3F 33 psu ZZANS, MS)o| A= 1k H++ 33.47+0.21 psu,
31 33.89+0.14 psu, #HA 33.13+0.16 psue HPOomH, 2xto= H++ 33.99+0.65 psu, FHar
34.65+0.16 psu, #HA 33.30+0.12 psu= 7] =%

Dunaliella salina 2§ A & Hs 2200 L 75)

A EF AAE dsts vAEF g 20 mLe HojevAE AT RN F4T WY
2 AEF WYY 20 mLE #Ha 2 AFHGE/IC AFA] o] &)dte] 244 3HE<F 50T ol Al A
7S

= % TAS AT AAZ BAL uY 99 B 3Y AR AYY

Dunaliella salina 12+ wjoko] Z7]AA &S 0.22+0.03 g/LE 4719] 200 L Fx9 FJAHE Wk
7] (ROSE max)el FdatA HEFHUS. 12+ w71zt St HSMS (65 psu), NS (33 psu), MS
(33 psw), MS+NaCl (65 psw), Z=xelA z+zF Ho nlo] Qujx~ AY4keF 0.68+0.01 , 0.53+0.01,
0.47£0.01, 0.58+0.007 g/L & 7I1&EstFoHlYd FT5 AR, H+F AAZFS 051£0.13,
0.48+0.06, 0.49+0.08, 0.49+0.09 g/L (¥ 9¢ 7HS 7|EHH 3-1-2)

|

22k Wl 27IAAFS 0.24+0.02 g/lLZE 4719 200 L F2¢ FAE ¥-7](ROSE max)ol &
A3HA HEEHAL. 22 wF717E B HSMS (65 psu), NS (33 psu), MS (33 psu), MS+NaCl
(65 pswEolA Z+zt Ho wlo]l w2~ A4FF 0.42+0.01, 0.44+0.07, 0.58+0.05, 0.50+0.03
glLE& 7IE3lg o, B AAFL 0.35+£0.09, 0.39+0.05, 0.43+0.06, 0.44+0.06 g/L (Wi<F 9
d HE 715 E 3-1-3)

13w opell Al who] @l e HSMS ol Al feltl Eghor], 23 Mk s fold
dlo] Qu) 2 A4k Aol S HolA (1Y 3-1-2, 3-1-3)

1.2 1.2
104 -=— HSMS —= NS — MS - MS+NacCl 104 = HSMS -= NS —-— M5 -+ MS+NaCl
0.8 = 0.8
?"‘.”
w
@ g6
E
=
@
0.0 T T T 0.0 T T
i} 3 [ ] [i] 3 [
Time postinoculation (days) Time post-lnoculation (days)

<19 3-1-2. Dunaliella salina A% HIHYZ; 13} wjF, LEZ,; 23 )
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O Dunaliella salina &% nlo]l v~ £30200 L 7+5)

- Dunaliella salina vBlo)l v~ FHE 3] E&7FA(Pore size: 10 im)ES o] &5ty o3 2 435
SRS FEELS H0CAA 48417 W5 B g on, o] FAAX Y. Ax Ages T

AL o g3t e s, AzE H9T ARt ABE ATHA 2

- HF vlolomjx S8R HSMS (65 psu), NS (33 psu), MS (33 psu), MS+NaCl (65 psweoll A 1,

22} Z¥z}, 34.37, 19.22, 23.74, 20.79 g 2 33.85, 21.0, 27.66, 30.47 g= H < (& 3-1-2).
- 25 Fol@ vhol ol A Aol & MolA| YA HF mpol ol I 3

b ool A
£ 89l Zle 1o ZAMHSMS, MSHNaC Wil & FASE sl4e] 2718 Faatolw A
=]

f

{3 3-1-2. Dunaliella salina v}o] Qv 2~ G2

No. Sample name Dry weight(g)

HSMS 34.37

- NS 19.22
E

12 i MS 23.74

MS+NacCl 20.79

HSMS 33.85

- NS 21.0
\3

27k Mg MS 27.66

MS+NaCl 30.47

- fAMx 2A7] (Flow cytometry analyzer, BD Accuri™ C6 Plus)E o]&3te] mA|zFo
Fluorescent (FL1, FL2, FL3), Forward Scatter (FSC) % Side Scatter (SSC) £4& 53l M=
“~(Number of cells), M3* AJ=&(Cell viability), A& AJ4keF(Lipid accumulation), 7F=2E]x=o]=
A 24 (Carotenoids productivity) W 3&-= &2lsH( 1y 3-1-3)

- Chlorophyll-a2] auto-fluorescence2 o]-&3le] wlA|ZF Al
1989), vl 717H&<F 488 nme] FL3-H #olAE F3l AlxX

I
olN

N

- it
ok

rO

& Unstained 465 | BODIPY

‘Yellow Channel Intensity
Q

W 1 ¢ i CNT T T AT
Infrared Channel Intensity Infrared Channel Intensity

. Machado et af, 2012 L. Brennan er a/, 2012

<198 3-1-3. A

ke

22 (Flow cytometric analysis>
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- Dunaliella salina M3 <
fol® AE F 37hE B

e w1y 3—1—4)

H3H200 L #32) :

124, 22+ wj kA3, 33 psu (NS, MS)ZZ ol A zHz}
AeH, 65 psu (MS+NaCl, HSMS) Z7 A= Atz oz od A%

- 9ol =dNX Dunaliella sp.2] AE 7k YA S7bske A5 237F 2 v lem(A.
Rad et al, 2011), 71482 AX B8-S 53 A8 2E# 2o g A A Fd 2 A8
H3} vloto] ot

Lot #1 Lot #2

. 250,000 250,000
4 -« HSMS - HSMS
E 200,000 @ NS o000 ™ 355 a
s : m:ﬂu cl : MS+NaCl
@ 150,000 4 150,000 b
]
Pt a
o 100,000 =4 100,000 = C
= b
a
§ 50,000 c 50,000
=z

0 3 6 9 0 3 6 H

<9 3-1-4. Dunaliella salina A=~

- Dunaliella salina M= =&

Time post inoculation (days)

H3(200 L 7F5)

Hj ek =71,
(33 psu), MS+NaCl (65 pswE7ANA 92.8+4% 2o AE &=L XY,

#H3H200 L)>

HSMS (65 psw), NS (33 psu), MS
Hj ek 3-6L Ak 7HA|

65 psu ZZ(HSMS, MS+NaCDellAl 33 psu &S, MOl HI3] fFolatA =& AE &S

BA(HE 3-1-5

- NZASEL AT 55 4 B4 wHoER A Aol Za3)
100 -
= 80-
2
= 60-
= -+ HSMS
Z 40
= -/ NS
[ ]
20 4 MS
- MS+NaCl
E‘] || | | 1 1
0 3 6 9 12

<19 3-1-5. Dunaliella salina A% A=

lime postinoculation (days)
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- Dunaliella salina A& A4r=F ¥3H200 L F5) : #j¥E7]zF 5<¢F HSMS (65 psu), NS (33 psu),
MS (33 psu), MS+NaCl (65 pswZzzelA A& AikeFo] F713h o] A vk 99 Aol
© 65 psu 7oA 33 psu =319 ATl Bls) FofsiA w2 A AAFE HA(OH
3-1-6). MS =xol A= vl 6LdAF 7kA] A A AakgFo] Frbstl oy wieF FEA A A st

£ P4 1y

rlo

- Q8 2EUXE AF Dunaliella sp. AZE O AZDFFe] F7p7F Bag vl lS(Takagi et al, 2006)

Jxd0

T = HEMS BT NS B M5 Em MS+Nacl

-

|

LL

= w10t

= a a f

L r I

§ b

8 =104 T T

m EE | St

- P |

= ns b B

* s il .
i : IE?E{I;l L T

D 3 B g

Time post inoculation (days)

<2198 3-1-6. Dunaliella salina A2 A4+ H3H2x} v oF)>

- Dunaliella salina 7}y2F¥]xz0]= A4 WMSH200 L 7F52) : 33 psu NS, MS)oll A #jF7]3t

B ALEH R JHEHEO|E A4kl F7HE vl 9 Atell= MS (33 pswE7 oA 7HEFE
SHAl 718 S718k o™, HSMS (65 pswZz7 oA FEE o= A4HAd o]
B4 3-1-7)

wol= FFo| Fo

FolA e %

Lo
ol

N
o

A i3

N HSMS HE NS B M5 Tl MS5+NaCl

RES TR 5!

ps el

1=104 a be

Carctencid productivity (FLEFL4") {FSC- 55C)

Time post inoculation (days)
<29 3-1-7. Dunaliella salina 7}2E] o] = A4 WH3H22} v d)>
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O Dunaliella salina W A7-(2E AHE 1025 W=z

O

)

=)

Dunaliella salina W¥AT+E 10 ton F+29 28 A]~=(Open Raceway Pond, ORP)oll A 15
o FF JPFH1E 3-1-8)

ol T G¥ Bt BEE FIFOZH 2ol

44 W oo BTE AH, £E
g0 A

M7 B Y B 27

A 25 vl gL 65 psuzde] APEFHSMS)E 7Rt R st P E

LFEFHMS 1.5 WiA(E 3-1-DE JFUS2 sh= 10 tone] #iFd} 200 L] mlA =
2 seed’} 23 A 2Ho| Z3E

S

<198 3-1-8. Dunaliella salina 10 #& wjF A>

Dunaliella salina " ¥&7 410 ton 7+%)

o
==
o0
b
}L
rlo
o
=
2
_0,
>

& 159 &2t YSI 556-01 (Nist, USA)<S ©] &3}

=

T, 9% ¥ pH

HjoFsld B Axp, 58 Wi 29.3+29C, H1 31.93+0.60C, HA 24.28+121CS =Y
= A zAME 9 71 o o) Ho 7.53+1.14C 9

QRS W 68.49+56 psu, HI 78.81+0.04 psu, HA 63.87+0.12 psud HGOom, o
Qo] npeh o] 713

- PH 43 W 9.37+0.72, A3 10.17+0.02, HA 8.28+032¢ 1Y

O

Dunaliella salina A A= ¥HW3H10 ton 7+X)

A2 A s D]Ai].,_w sk} 20 mLe| Hpolemj2E SAHTFo=N E4F WO
2 vAZF g 20 mLE H5 2 o IHGF/IC AFHA o] )3t 24A7HE<QF 50T oA 1
z 5, FAE ZA4sen, g 159 ¢ 3¢ Ao E JYP

1

¢
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- Dunaliella salina®] Z71AA &L 0.12+0.02 g/L2 =23 A]2&(Open Raceway Pond, ORP)ell

HEHN=.

- oW g AakA(Areal productivity)> Dunaliella salina®l &3S WH o2 Fibste] A4l
3t oW, Dunaliella salina® 1WA A2k (Areal productivity)2 ¥k 2 AH(05Y =P
of 48.0+1.2 gim¥/d& 71&3st] AF EF SAHY 3-1-9)

-+ H5MS5

@
(=]
|

Areal Productivity{AP,g/m"/d)
&ah
(=1
|

I
(=]
|

2]
(=]
|

P
[=]
1

-t
=
1

=

T T T
i) 3 [ 5 12 15 18

Time post-inoculation (days)

<29 3-1-9. Dunaliella salina S+ A 24>

O Dunaliella salina #% vlol v~ &% =410 ton 2)

o

141#2] 71(CROWN MACHINERY, USA)E ©]
B sty om, o]% FAHZ7](OPERON,

WA APE o] g3te] ) srlon, X

- Dunaliella salina ¥}o] 2
&sto F53 FEES
KOREA)E Al&3te FAAZRE JPg. Ax A=
z9 990 Ase 2FE 4CdA YAdRAg

r.{

- FF vlo]luj~ F&=F : 610 g (DCW/10 ton)

O
off

Ll

Z DAEBFE B83) Tetraselmis sp. ¥l AT

l.,

- B g Aol AM88 Terraselmis sp. KCTC 12432BP &2 &3l S| FATEA To| A HoFubs

- ZF 4719 200 L 2 JFAE REZ7IROSE mawelA 99 &< vl A8 P

_51_



- A ZEF e 33 psuxdel IdEINS) 2 SdE|=(MS), 65 psuzzde] &<l <=+NaCl
(MS+NaCD) % a7 HEFHSMS)E 7|wto 2 st s

- 9 ul 7EA 2ol 1.5 mA(E 3-1-DE Lo E = 200 Lo] wigA ) 5 Lo mMzF
seed’} F A E W7o Zt2 ZEE

o — -._ s —_-'—" i

- e EEmes 0 i
Ty e o i

'4°E't¥

<18 3-1-10. Tetraselmis sp. ¥iF (200 L F=)>

O Tetraselmis sp. W27 4200 L %)

- S AE B A, Tetraselmis sp. %9 28 H 27.35+2.5C, Hi 29.91+0.12T,
Z 21.96£0.15C S HHPor, 44 25(25C)E FASIF oY Y A 9 7] Aol 93]
Ho 7.95+0.27C ¢ & HIE Y

oL

- P2 a9 ZHMHSMS, MS+NaChollA ¥+ 66.60+£4.21 psu, Hir 70.89+0.14 psu, HA
62.4840.23 psue H@om, 33 psu FANS, MS)OlAE HWF 34004070 psu, HIL
34.64+0.22 psu, HA 33.14+0.13 psus 7] =3

- pH $%& W 9.66+0.14, Hi 9.93+002, A 95040012 RA 0w, wFo] 3
of Wz} pH o] S713

O Tetraselmis sp. A= ¥ 4200 L %)

- AR AT Wk AT WG 20 mLe) vlolenlaE ZHTOEM BAF. B
2t vAZF %) 20 mLE A% 9 AFGFIC A ol-8)she] 24AHESE 50T ol A
= % PAE ZAR AAT BAL g 99 Fo 3U Ao AT

Al o

- Tetraselmis sp.8] Z71AAZFL 0.22+0.03 g/lLEZ 4719 200 L =2 FAE H-g7] (ROSE
max)ol| SdsHA HEFHAS. HSMS (65 psu), NS (33 psu), MS (33 psu), MS+NaCl (65 psu)z=H
oA 4zt Hol uwlo]l w2 A4FEF 0.54+0.05, 0.46+0.04, 0.52+0.08, 0.67+0.019 g/LS 7=
StF oMY FT5 AA), B AT 053+0.10, 0.43+0.04, 0.44+0.05, 0.55+0.13 g/L
(g 9¢ DS 71EHE 3-1-1D)
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1.2

so] —= HSMS = NS — MS - MS+NacCl

2
&
]

e
&

Biomass(g/L)
=
=

0 3 & 9
Time post-inoculation (days)

<18 3-1-11. Tetraselmis sp. B A =& W3}

O Tetraselmis sp. F vlo] w2~ 33200 L 1 5)

- Tetraselmis sp. vlo] v 1 E & Z7}A(pore size: 10 um)E o] &3] o3} 2 43835}
Fe. TEES H0CoA 48AF ¥F B stdon, o] F41x 3. Ax Alge =X
AES o] 83t w3 sl o, AxE 39U ASE 2FE 4TCoA B

- HSMS (65 psu), NS (33 psu), MS (33 psuw), MS+NaCl (65 psw), &7l z+z 13.0, 13.7, 14.4,
14.6 g (DCW/200 Y AN 5E FHIGEE 3-1-3)

¥ 3-1-3. Tetraselmis sp. &% vlolem~ 33

Species Sample name Dry weight(g)
HSMS 13.0
) NS 13.7
Tetraselmis sp.
MS 14.4
MS+NaCl 14.6

O #FA=Z 24

- Tetraselmis sp. ME 4 W3H200 L =) : #viF 9¥ o] &4l 71¥ke] MS (33 psw),
MS+NaCl (65 psuw) Z7A Fg AEZ F 2olE BA(TH 3-1-12)
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1.6x10%
-~ ¥ HSMS
L
2 - MS
o 5
o ™7 o MSHNac
2 b
@ T5x107 -
(5]
-
o
i 5x105m
ai
£
E 2.5%10°
el -
=
] 1 1 1

0 3 6 g 12
Time post-inoculation (days)

<19 3-1-12. Tetraselmis sp. ME < W3

- Tetraselmis sp. ME &4 W3H200 L 7=) : ¥ 717+ <k HSMS (65 psw), NS (33 psuw),
MS (33 psu), MS+NaCl (65 pswZz7 A 99.2%0]42] ME FE=&S BA(1H 3-1-13)

HoggoEs b9l Bao] Bad

A

- AZAEES AT =5 =44

110-
100 49 = 2 —a
E--E-» 90 =
%3
=1 h
© o HSMS
-
= 204 & NS
a
O -+ M5
10+ - MS+NaCl
0 1 1 1 1
0 3 6 9 12

Time post inoculation (days)

<% 3-1-13. Tetraselmis sp. M E =& A3t (%)

_54_



- Tetraselmis sp. A& A4z W3H200 L 7+%) : HSMS (65 psu), NS (33 psu), MS (33 psuw),
MS+NaCl (65 psw)ZzdolAl viF7]zt &<t A& Aitego] Fristg o, mlYg TEAHAE 33
psu (MS, NS)ZzellA 65 psu (HSMS, MS+NaCl) 7oA Bt} FostA =2 A& AYitFe
HA(1d 3-1-14)

G101

= HS5MS == NS @ MS == MS+NaCl

Ji =
;_.Hn.:

b

4x1011 ]

He

x40

Lipid accumulation (FL1- H)

ns b a ab C
L] 3 9

Time post inoculation (days)

<19 3-1-14. Tetraselmis sp. A& Ar-eF W3

- Tetraselmis sp. 7}YZE|xol= A4RA W3H200 L %) : woF 3-10¥ 5<F 33 psu (NS, MS)=
Ao A 7LEE o= AL o] FostAl S wlE 71%F 5<% 66 psu (HSMS, MS+NaCh=7
NA ZE2E o= Ma Lol Frkskd e, 33 psu (NS, M)zl Hlsll FolstAl w2
FFE BHY(ad 3-1-15)

5x10-7
== HSMS mm NS mm MS mm MS+NaCl
4%10-7
Ix10-7 -

20107

1%10-7

Carotenoid productivity (FL2FLA ) [F5C-55C)!

()

Time post inoculation (days)

/\
[
uich

3-1-15. Tetraselmis sp. 7}2E] ol Ak WH3L>
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O Tetraselmis sp. AHILE AE 1057 jd=x=d g9)

- Tetraselmis sp. "i¥ATE 10 ton 722 =23 A]2~=l(Open Raceway Pond, ORP)o| A 18
¢ XAHIH 3-1-16)

- A W Fee BCE M, FE L T G¥ b FHE FRVORM 2450
>0 S

=
HiF717E Bt it A S dASHA A
- FAZ2F o2 65 psuR Y THETFHSMOE 7Hte 2 3to] X3 H

dokdoZ 3= 10 tonel vl 200 Lo WA ZF seed’}

i

A& HSMS) e £*1.5 vj =]
K

A
G2y Azdel 239

<19 3-1-16. Tetraselmis sp. 10% F5 vjF A

O Tetraselmis sp. w374 E2(10 ton 7F5)

- WS £ A, 2 W 27.12+£2.37C, HA 32.98+£0.54TC, HA 24.38+£0.61C<= H

94+1.43 psu, #HL 70.11+0.84 psu, HA 65.34+£0.42 psus HFH o, HjFo]
AEo] Z7Hg

- pH &2 H+ 9.92+£0.15, F 31 10.08+0.03, A 9.64+£0.12& B

O Tetraselmis sp. A= W3H10 ton &)

- MAZF AAH Hele vMEF gl 20 mLe] vlo]louj~E AT EZAN EAF wHo
2E 0 AzHF dlgY 20 mLE Ha 9 oAI(GF/C oA o] &)dte] 244752 50T oA A
Z % FAE AP oH, wef 15 &2 3¢ (tFo = 233

- Tetraselmis sp.o] Z7|AAFL 0.05+0.01 g/L=2 2% A]2=l(Open Raceway Pond, ORP)]

HEEHA=
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604 HSMS

th
=
1

[
=
1

Areal Productivity(AP,g/m/d)
Padt o
= =

1
(] a 12 15 18 21
Time post-inoculation (days)

=
[

<18 3-1-17. Tetraselmis sp. SR YA-AD>

Tetraselmis sp. % vlo]l v~ 42310 ton 72)

Tetraselmis sp. ¥lo] Quj 2~ R E 8] =dld YA E27](CROWN MACHINERY, USA)E o] &
st TR, FHES -S0TAA 48A1%F Ws By st om, o] FZ2%1x7](OPERON,
KOREA)E AMg3le 527AZE YT Ax Ases HxANES o] &3te 93 stgen, A
zd 990 AsEs 239 4CAA AR A

HZF vlol w2~ S8 : 284.4 g (DCW/10 ton)

U | Z25-n|PE slo]BI T HjF AT
MAZF-H AR Stolne s ug £

n A Eo] oghe TEA AEE olitgas
o= mAEFY WY dVHE Eola AMAEE

AR o2 &gt
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FRS oA A7 o = Dualiella salinas M-85t oW o]qbsgha A4k
< H 3} of gt —% i v\ EZ Saccharomyces cerevisiaes Ab-&

- Saccharomyces cerevisiae A A2}y o|qtslebAh HAS 213 &S I go] &o]3 fed-batch
kg E 9)5lo] Saccharomyces cerevisiaeE ™S 2 3lo] calcium alginate 1243 GAE A
2. b mLel S. cerevisiaeE 2L¢] potato dextrose broth (PDB)oll 3 3 25T ol A 484
b FF g wjeF ka1, o] & 3500 rpm, 4C oA 15&7 A st F5HS AAT 60 g
o] &% pellet2 1% glucose, 1% yeast extract, 0.5 % peptone, 0.5% malt extract’} H7}&
£ 300 mLoll #AFF AlF. o]E 300 mLe] 3% alginate €43} 1:1 HIEEZ & 4oFE & o]
& Ay F=ZE o] &3l 0.05 M2 calcium chloride <ol "@ojrmed A] calcium alginate bead&
A 2rslHth. Al #E calcium alginate bead= 4°C <] 0.05 M calcium chloride &< A 24A17+
QA EE AA L o] F AP AE

- AW W Fee 28 TE MA, FE F AT A /M UFE FHYOEH Yol
Wo71ZE ok Mok Be QA KA

- oAl 2F wlokS 33 psuzde] &9a4 (MS), 65 psuzA e TFES (HSMS)E 7|Hlo 7 &}o

- 9 F 7HA 2ol mAE(ER)0) s AEHE CO, U AFE 2y st WAH

- F v kA 219 A :rLoﬂ f*1.5 A S JIFPdoz 3= 5 Lo v 10 mLe] vMZF
seed7} & A& WHS7]o 242 52

1025 Ethanol fermentation

<29 3-2-1. MAEF-1ABE stolBa= v A+ GL F2)>

O Dunaliella salina 23 A & W3}

- MR AAF dite rAERF fE 20 mLe] HlolemjAE SAHFoEN E4FE W
2 AER WY 20 mLE FHe 2 AIHGEF/IC AHA] o]-&)dte] 24AEE<E 50T AlA A
z &, FAE Ao, Wi 129 st 29 Ao Ay
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<9 3-2-3. v 79 v, F THET-fLOERA], - TP BEF-fL5-BEEER Y 9% CO2E =

- Bl & 1280 F<t Sl B3 psw), &S @E3 psw - ol HE =(COEH) 3ol ut
ol uf 2~ AYAkEF 10+001 1.43+0.06= Yebfo] om, Hy A FS 0.66+0.3, 0.81+0.4<
UER S (2" 3-2-4).

- AGESFO65 psw), ALGEFO65 psw-slol BHE=(CO,&F) A= ZHzE At 0.98+0.01,
1.32+0.01 g/Le] Hlolemj~ S 72y on, HF AL 0.62.+0.3, 0.77+0.4 g/L
S 71238 3-2-4)

_59_



20
18
16
<14
2

w 1.0

o 06
04
0z

0.0
o 2 4

o M3 == BME002 -+ HEMS 4@ HSMS+CO0Z

B 8 10

Time post-incculation (days)

12

<71% 3-2-4. Dunaliella salina ¥}o] Lwj2~ AL H3E>

O Dunaliella salina A= 4 W3}

- Dunaliella salina®) A% 4 W3l= vjok 0YFE 129717 29 7HASE §4

cytometry analyzer, BD Accuri™ C6 Plus)S o] &

Mo 17 B9 SUshs §UAF-StolnE 2 3} nPRS

- U5 == MEC07
12 (00, 000

10,000,000

8,000,000

000,000

4 000,000

Number of cells (Cells/imL)

2,000,000

[ 2 i

shel w43

- HIAS - WEMS-0T

L 11 0

Time post-inoculation (days)

<9 3-2-5. Dunaliella

Sdaliret Lol MG Tl sk
A=1

g, 19 Ry-3lo|Bg e A 2HA ME F= oF 28] 2o|vtes A}
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- stolHY E A2l AL O 7 Q34 Dunaliella salinad] AAEo] &Ho}lx
j 9] F7HETE ol FAHXE BEA4E& F3ke] stolH E] Al2dl A

4
E YEE EF T oY ZAAE ARE FASFGE

=

Ase Agom, oo

Al Dunaliella salina®] Al

ofo rlr

O 19 & vAHAER-vAdE solid= F A =" A

[

Ol 8S HeAAE

Ol H=R A2 A

{1¥ 3-2-6. vAl=/-mAE stolBal= & Al 2=8" AAI(A; 200L, B; 10ton)>

- Lab-scale A7+23 7|¥F v ZF-v|AYE slo]| B = njdA| 28 A =&

- 200 L % sto)B gt YA 2~H(A), 108 X5 3to|BE = tfzF v kA 2~=1(B)A A
- AAE 7R mMZF-rAE SlolBElE tiEF vl Al ~E" 5 91 A(2021)

1M AFYE FE2E D VM E AX/ASHTL
Zh g mAzF FEE A 2 253}
O Wizl W& Dunaliela salina2) AN E, FEAE 2D ISR 24
- D. salina®) @3t=, ©id, A4, IJ&, 7/ FEFS s s
- D. salina®] Chlorophyll a, b, Protochlorophyllide, Total carotenoid 3+&-& B2 3l32.
- D. salina®) ofv|x=4ka A Ak S ¥k

<% 4-1-1. Dunaliela salina®] L¥+dE >
(%)
Carbohydrate Protein Lipid Ash Moisture
NS 20.88£1.06 19.49+0.67 15.2820.16 39.6110.14 4.74£0.50
Ms 26.4410.11 16.2+0.50 10.08£1.35 43.00£0.27 4.19:+0.22
MS+NaCl 22411026 14.6810.54 8.99+0.26 51.0210.19 2.9£0.55
HSMS 21.4710.67 12.48£131 12.58+0.64 48.8010.06 4.67£0.43
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- wjepze] gglel o
- NSOl @43, W,
sa dgor, MsE

A1

AR 4

jﬁ
St
A

A

0

9 RSB o st
Z

!
A4, B, SRIFE 747

0.9%, 19.55, 15.3%, 39.6%, 4.7%<= ==
26.45, 16.2%, 10.08%, 43.1%, 4.2%, MS+NaCl 22.4%, 14.7%, 9.0%,
51.0%, 2.9%E, HSMS& 21.5%, 12.5%, 48.8%, 4.7%2] ¥#H< UetHE AS S0 F+ AU+

{3 4-1-2. Dunaliela salina®] #-&4E st
Contents (mg/100g) NS MS MS+NaCl HSMS
Ch}l:lrophyll a A71.81 £ 2285 34444+ 151 386290+ 2,79 363.00 £ 10.74
Ch}orophyu b 207.85 + 20.40 247.52+ 0.20 313.09 + 0.12 288.18 + 8.09
Protol:hlm‘ophy[lide 3734+ 205 3051+ 1.22 2478 +2.35 2012 + 1.50
Total carotenord 169.05 + 8.99 164.81 + 1.67 17287+ 1.88 173.63+ 425

- D. salina= Chlorophyll

o] Eolde AT

- Total carotenoid 3=F&+
mg/l00ge) EE BFL

{3 4-1-3. Dunaliela salina2] o}v]| =% k>

(%)

NS MS  MS+NaCl HSMS

Asparticacid  10.59 10.26 92.31 10.07

Glutamic acid  16.11 16.52  15.60  16.83
Serine 4.97 4.90 5.00 4.41
Histidine 1.76 2.06 2.13 2.01
Glycine 5.67 5.58 5.62 5.66
Threonine 5.38 5.06 5.43 474
Arginine 9.06 10.11 9.75 8.89
Alanine 7.74 7.81 8.05 7.40
Taurine 0.76 0.93 1.70 1.33
Tyrosine 2.64 2.82 2.92 2.77
Valine 5.95 5.72 5.74 5.73
Methionine 2.07 2.42 2.05 2.33
Phenylalanine  5.36 5.06 5.48 4.92
Isoleucine 4.32 422 4.19 4.09
Leucine 8.28 7.79 8.16 7.79
Lysine 4.70 4.78 452 5.41
Proline 4.65 3.96 4.33 5.63
Total 100 100 100 100
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- opu| Ak B4 A¥ Glutamic acid, Aspartic acid®] o] oF 10~16%% %A A8t Ao
H, TS =2 Arginine, Alanine, Leucine®] gtaFo] oF 7~10%E =A|sta AR, wFz79
wet \u gk ek Zpolzt Aoy, A BlES Bl AoE SRIEIE.

<& 4-1-4. Dunaliela salina®) A*}2¢ 3rek>

(mg/gl
NS M5 M5+Nad HSMS
Palmitic acd (hexadecanoic_acd) Ci6 0 64 659 655 565
Oleic acidt Cil8idc 279 263 281 237
Linoleic acid Clgabc 3T 343 428 33
Gamma-finclenic acid (GLA) C18 3n6 05 043 0B 026
Aipha-finlenic acid (ALA) C18 3n3 198 3M T 265
Ficosencic acidt 0 1 076 082 05T 048
Ficosapentaencic add (EPA Timnodonic add)  C20 Snd 11 13m0
Total 1873 1872 1827 1566

- A B4 363 A

(.

= D. salinac= % 7€2 A44to] AEFH o™, Palmitic acidd:
Zo] 71A =4 UEdS A £ dAe. Lo Z ALA, Linoleic acid, Oleic acid, EPA,
Eicosenoic acid, GLA &2 <sollom, wjgkzxAd wet vn g st xtol7k o, 74

H]&-& H|=%k Ao 7 3IEQS.
O wjkzAo W& Dunaliela salina Carotenoid F=&9| 34+3} &4 €A

- NS, MS, MS-NaCl, HSMSel| svj<er3t D. salina Carotenoid F=E2o] 4 44 A2A% &
Hydrogen peroxide &A%< %3 =439 2.

% =
80 -
= T
y 3
TF o0
g?: 50 4 [0.15 mg/ml
E]%ﬂ 40 - Bl3imgml
5 E’ 20 | ; =0.6mg/ml
= 2 20 -
10 -
0 : - -
N§ MS MS+NaCl HSMS
NS MS MS+NaCl HSMS
(o
il 0.41 001 044 £005 030001 034 x0.02
!

<21¥ 4-1-1. Dunaliela salina Carotenoid %% 2] Hydrogen peroxide 475>
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- Hydrogen peroxide &% &< A3 2+7+9] 1Cs#k2 NS 0.41 mg/ml, MS 0.44 mg/ml, MS+NaCl
0.30 mg/ml, HSMS 0.34 mg/mle] #%< & + glgen, 1HLFE 27 %0 534S &

AT = ARS.

- Hydrogen peroxide &A% & MS+NaCl > HSMS > NS > MS =902 el

O W=z Ad W& Dunalicla salina Carotenoid F=529] v|IdZA AW A &A1

- NS, MS, MS-NaCl, HSMSel| wjk3t D. salina Carotenoid FZ&&2] HepG2A4| Zo A 2] MTT assay

£ 5% AE54H 24 2 Ollred-0 A4S B3 AT 2439

120 -

100 -
£ 6.
;’_ he 025 pg/ml
% 60 - = 50 pg/ml
[
2 H 100 pg/ml
= 40 A
5 B 200 pg/ml

20

0l

[ o i & o L

Control NS MS MSNaCl HSMS

<1¥ 4-1-2. HepG2M El X Dunaliela salina Carotenoid F&&2| MEZSAD

- NS, MS, MS-NaCl, HSMSel| ®j<%F3t D. salina Carotenoid &2 200 £ g/ml7tA] 228l S o
AFoA 80%0]ste] AEES Ho] A= 100 £g/ml T4 AEHS Y3

Comrol M \l S+\a(l HSMS

4.5

]
Wi e

Lipid concentration
(fold induction)
!\J
mn

™~
L T

=
n

-

FEAs ImM

<13 4-1-3. HepG2AM| Z ol X Dunaliela salina Carotenoid F&&9] W& &

A%

- FFAZ f =3 2 =28 NS, MS, MS-NaCl, HSMSell kst D, salina Carotenoid F&E&9]
Z2E AAAIFHL™, HSM > NS > MS > MS+NaCl =22 X4 =3 AAA 7| AL &<l
g AR
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Wk A0 W2 Dunaliela salina Carotenoid 359 T AAYE A A

- NS, MS, MS-NaCl, HSMSel| ®} %3t D. salina Carotenoid FZ&&2] MG-634 342 MTT assay
E 53 AEEAY, AZAHES =4 9 ELSA kitE 53 IL-644F S 4340

120

100 -
80 -

H 50 pg/ml

| B 100 pg/ml

40 - = 200 pg/ml
20 -
n -

Cmtml NS M5 ’t{S-NaCl HE:MS

Cell viahility (%)
2

D. Salina acetone extract

<19E 4-1-4. MG-63X| =EN Al Dunalicla salina Carotenoid =52 A|EZ=AD

- NS, MS, MS-NaCl, HSMSel| w3l D. salina Carotenoid F+Z&E-8 200 1 g/ml7A] A 2]slH 2

E4do] FAE R ol AgoE 200 4g/ml F=ANA AES F3Ys 2.

120 - 120

100 - 100 =
- B3 -~
£ s0- £ 80
é‘ @50 pg/ml g B 50 pg/ml
E i B100 pg/ml E @ =100 pgiml
= 40 =200 pg/ml g 40 =200 pg/ml
[ ]

20 - : 20

= - 0o M : : T : -
Control 0 MS MSNaCl HSMS | Control 0 NS MS MSNaCl HSMS
I-1f 10 ng/ml + D. Salina acetone extract I-1f 10 ng/ml + D. Salina acetone extract

<198 4-1-5. MG-63X|Z A Dunalicla salina Carotenoid &5 MZTAHAZE 2 [L-6AZ>

=

- L-182 AHgstg-S Wl NS, MS, MS-NaCl, HSMSell v k3t D, salina Carotenoid &9 A=
AEg FFE vAA o, IL-6 A AHF S 27 HMS s =ollA ¢ 25%2] IL-647

A A
o 3olg} 2= 9y

Eo]:% 71:}'5\—}‘]7]*‘5 7)'1‘%‘ Rl AN -

O wjekzxAd W& Dunaliela salina Carotenoid &9 3td= A €A

- NS, MS, MS-NaCl, HSMSel| wj oSl Tetraselmis sp. Carotenoid F&=2] RAW264.7A4 Z o /H
MTT assayE 53+ AEA =8, Griess reagent assayE 53+ NO A=, DCF-DA assays
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- o - _ o e
gk ROS A& 2 Western blot2 53 o d HdHFS 4392
120 250 pg/ml B100pg/ml B 200 pg/ml 140 -
@50 pg/ml =100 pg/ml m200 pg/ml
100 - 130 -
s B %
o H —~ 100 -
e 5 &
- E 80
w60 H
! £ 60
40 - sy
Z 40 -
20 -
20 -
0- T T A 0 S
Control 0 NS MS MS+NaCl HSMS ——— 0 O A —

105 L gl + D salina CE. (ngful) LPS 1 pg/ml + D. salina C.E. (ug/ml)

<18 4-1-6. RAW264.7M ZANA Dunaliela salina Carotenoid F=&&9] A|ZAHEE L NO A

&
% =43 NS, MS, MSNaCl, HSMSel A 557} 27h84% NOWA %
12 A 5 dgen, 2ABHE HET Ao FAsA L.

LPS 1 pg/ml - + + + + LPS 1 pg/ml - + + + +
NS-CE. 5 S e MS-CE & 3
(ng/mi) T T (ng/ml) = =x 2 58 1M
. : R
iNOS ‘ﬂ - iNOS . *
Cox-2 ._Q-v- ] Cox-2 m -
Jlactin pactin ——— ——
LPSlpgml - + + + o+ LPS1pgml - + + + o+
MS+Nacl-C.E. 4 HSMS-CE. 55 £
(ngfnl) . 35 50 100 (ugm) - - 25 500 100

S O R R T S
os “M: Nos s e
T sl 2 S — e

= _—
f-actin

— f-actin —— ———

<13 4-1-7. RAW264.7X| 3N X Dunaliela salina Carotenoid =529 iNOS, COX-2 Tz =13

- LPSE A &3tH S w INOSeF COX-2 ©@aid o] dA s F7ksl o™, NS, MS, MS+NaCl,
HSMSE A3l W 557F S71EE dizd a3 S A= AS 0T
wreb A D, salina Caroten01d FZSEL INOS, COX-2 gl A S ZHAAA d9= 8§58 e
< AT F A2

- LPSE Azlstsle o ROS A4d ol S7hskaler, NS, MS, MS+NaCl, HSMSE A 2stsls o

=7F 7185 ROS AR EFE JAAMNTI= AS AT F AR+
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- we}A D. salina Carotenoid FZ &2 ROS A3 E dA sl ddZF %< Ve
A3, olF FWH] As) F& A B ATE AY Fof 3L
120 -
= 100 - Ea
E 80 -
b B 50 pg/ml
€ 60 -
g B 100 pg/ml
8 40 - B 200 pg/ml
P s
0 ; . ; - ;
Control 0 NS MS MSNaCl HSMS

LPS 1 pg/ml + D. salina CE {pg/ml)

o
J {
rO
off
i

<19 4-1-8. RAW264.7A1 3N A Dunaliela salina Carotenoid F&&2 ROS A% >

gars) 2
A4 ¥

- % 9 AZ2 Phenol sulfuric acid assayS % ZAH3stH L.

By 2z 2%

S

=

Hydrogen peroxide &A%< &3 =4339 °2H, Vero

MTT assayE 53l AZAAE=ES =35

Hydrogen peroxide scavenging activity (%)

120 -

O05mgml Blmgml ®W2mgml =4mgml

i

MS+NaCl HSMS
NS MS MS+NaCl HSMS
Hosyralne 2744011  2.85:0.10  2.97+0.09  2.72+0.07
(mg/ml)
Carbohydrate o415, 13 gsg1s 467 5745: 414 73.01:323
(mg/g)

<1¥ 4-1-9. Dunaliela salina 85 F=%2] Hydrogen peroxide 4~74-5>
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- NS, MS, MS+NaCl, HSMSE& €4 F%3lo Hydrogen peroxide &A% <1 23} Z+2be] ICsk

2 NS 2.74 mg/ml, MS 2.85 mg/ml, MS+NaCl 2.97 mg/ml, HSMS 2.72 mg/ml®] < &3 4
ARoH, HjFEAER AAFo] BlSkA R HSMSAA] 71 e Gyt UEE S &0
T AN+

of

T FF S8A7 NS > MS+NaCl PDHSMS > MS 9] & FAT + AU+

Hot water extraction

(121°C, 20 min} Yield (%) 39,50 + 0.87

i Ca’?ﬂ‘i‘;‘{g)’“e 58.19 + 0.07
Centrifuge

(3,000 rpm, 20 min) Sulfates (%) 2.10 + 0.02

|

Freezen drying

|

Crud polysaccharide extraction

Centrifuge
(3,000 rpm, 20 min)
vield (%) 12.09 + 1.72
Residuum (Freeze drying)
Catiotpidate 370.99 + 28.49
i (mg/g)

s Sulfates (% 13.45 £ 0.01
Crude polysaccharide i i

<19 4-1-10. Dunaliela salina V35 £ ZAE 2 &, T o, 327 5

- D. salinas +FF 39S W &, F
3

2 Uggen, 4% 9 o , e s wEe 247 121%, 3710
mglg. 135%2 Uehlol, 1 gee] B3 FA7E wadew YE AL FAT 5 AANS

. T0-
S —
Z 60
=
z
"
o 50
i m0.25 mg/ml
E 40 m05Smgml
L
b @l 1
g ¥ .
3 E2mgml
g 20 O4mgml
=
En 10
8
I ;
E xtraction Crude polvsaccharide
Extraction Crude polysaccharide
ICs0 (mg/ml) 172 £ 0.07 1.46 + 0.04

<18 4-1-11. Dunaliela salina 32| Hydrogen peroxide 475>
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- D salinas ¥4 FEE2 Hydrogen peroxide2] ICsake 2.72 mg/mlolRon, thdF= 1.46

mg/mlE Hydrogen peroxide 2 %o°] $Fallde & &+ AAL.

- Hydrogen peroxideZ #=3 AEAIES D salina®l O37F FEE0| 57 F/1E5E A=
AEES TTHIIE 2E S F AdS

140 -

120 -
_ 100 -
=
;" 40 025 pg/ml
= w50 pg/ml
& 60 - B 100 pg/ml
= 200 1
LT e

20

o — T - T —

Contrel i} Ext. cr

H;0; 0.5 mM

<19Y 4-1-12. VeroA|ZNA Dunaliela salina ©V352] AlZHEE >

- D. salina®l 379 3 st B5S Gt ¥ ALT|d FA AFE 38 ol 9
O wjkz7o) W Tetraselmis sp.o] Wb E,

- Tetraseimis sp.o] ©3lsE, @9, A4, 3&, & FFS v+

- Tetraselmis sp.2] Chlorophyll a, b, Protochlorophyllide, Total carotenoid &&-< Bl W3} <.

- Tetraselmis sp.2] o}v] =4t} A W4k kS Bl w32

(X% 4-1-5. Tetraselmis sp.o] L¥+AE 3k

(%)

Carbohvdrate Protein Lipid Ash Moisture
NS 23.52+0.16 34.87+0.13 7.15+0.29 22.61£025 11.9510.08
MS 26.20+0.36 30.77£0.15 11.5310.99 22.4610.04 9.38+£0.06
MS+NaCl 18.53+1.12 19.44+1.03 12.4410.75 38.85+0.54 11.00+0.08
HSMS 19.81+1.31 34.7410.34 6.85+£0.07 26.71£0.34 11.87+0.16

|
=

52 o2

Aol Aol AngE B4 A g, 3

wa

grshE ol

=

Hir
o

o
=]

g

do B
A

s
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- NS¢} MSe] dwHgdi

oolen,

Bl g vl 34.7%, 30.8%,
FE 11.95%, 9.38%2 UEhE AS

3B.9%= =7 FAHHYNLH, s

A& 7.15%, 11.53%,

- MS#NaCle Sol# oz 3% aaol

SHrslE 23.5%, 26.2%, 3% 22.61%, 22.5%
FAG F UAE

2 o 19.4%, @

3t 18.5%, & 11.0%E Uetd = 2s FA0g + A=
- HSMS& ©aid 3lafko] 34.8%% 7Fd =4 UElwtoH, tggo 2 38 26.7%, ©53E 19.8%,
i 11.87%, A2 6.85%5 UYEtlle A& AT + AL
<& 4-1-6. Tetraselmis sp.8] FE8A4E I
Contents (mg/100g) NS MS MS+NaCl HSMS
Chlorophyll a 30147 + 14.43 420.61 % 2.15 320,54 + 16.79 394.25+ 10.98

Chlorophyll b

189.52 + 19.42

426.47+ 19.54

21657+ 22.58

380.94 + 23.18

Protochlorophyllide

3221+ 351

11352+ 6.03

56.63 + 14.00

7543+ 8.54

Total carotenoid

47.54+ 2,02

77.31+ 1.85

78.73+ 1.85

7482+ 3.27

- Tetraselmis sp.©

& FFe UEisls

- Total carotenoid 3¥eksleol

Aol A NS 47.5 mg/100gS MS, MS+NaCl,

Chlorophyll &) =A Yebwtom, MS > HSMS > MS+NaCl > NS¢o. 2 =

HSMS+= =5 70

M5 o

Z gelE

A
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mg/100g ©|’¢ o2 Tetraselmis sp.2]l 745 MS, HSMS, MS+NaClol| 4] f&4d & 5o =4 et
4 FAT 5 AN
(% 4-1-7. Tetraselmis sp.o] o}v| x4t k>
(%)
NS MS | MS+NaCl | HSMS NS MS | MS+NaCl | HSMS
Aspartic acid 9.36 9.22 9.46 9.32 Tyrosine 3.24 3.32 3.25 3.13
Glutamic acid | 14.09 14.79 14.41 15.19 | Valine 5.52 5.81 537 5.33
Serine 5.31 5.35 5.39 5.53 Methonine 2.72 2.66 2.73 2.57
Histidine 2.14 2.30 1.93 2.31 Phenylalanine 5.50 5.77 5.61 5.63
Glycine 6.15 6.44 6.37 6.74 | Isoleucine 3.86 427 3.91 3.89
Threonine 5.17 5.41 5.33 5.37 Leucine 9.12 9.42 9.14 9.16
Arginine 5.90 6.24 5.88 6.27 | Lysine 6.34 6.04 6.37 6.30
Alanine 8.04 8.40 8.63 9.03 | Proline 7.55 4.58 6.22 4.22
Taurine Total 100 100 100 100
- olm| 4k B4 A3} Glutamic acid, Aspartic acid, Leucine?] &aFo] oF 9~15%% =4 A5t
Ao, o5 0= Alanin, Proline, Lysine, Glycine, Arginine, Phenylalanin, Threonine®] 3+
of o 5:9%F AAFHT UYL MEzel me} vjEld FF Holsk Aok, T4 ML



(3 4-1-8. Tetraselmis sp.o] A4F sk

(mg/g)

NS MS MS+NaCl HSMS
Myristic acid C14:0 0.19 0.21 0.18 0.15
Palmitic acid C16:0 13.23 15.06 11.88 10.28
Stearic acid C18:0 0.26 0.28 0.24 0.23
Oleic acid C18:1 n9c 2.82 3.08 2.26 2.09
Linoleic acid C18:2 nbc 7.19 8.60 7.43 5.85
Gamma-linoleic acid(GLA) C18:3 n6 1.76 1.91 1.52 1.12
Alpha-linoleic acid (ALA) C18:3 n3 21.30 24.03 20.73 11.76
Total 46.56 52.96 44.05 31.33

- Apak B AN 365 AWl = Tetraselmis sp.e F 7EF9 A WHito] AEEQom, ALAASH

A=A JegS A3 $ 9. &9 2 Palmitic acid, Linoleic acid, Oleic acid,

GLA, Myristic acid & ¢ollon, wigxdel met vn| gk 3&F Aol7t Aoy, 74 1
[e)

id
&2 HE ez S

O "z w2 Tetraselmis sp. Carotenoid FEE9] 34k3} &4 &4

olr
ro

_l (

- NS, MS, MS-NaCl, HSMSel| w3t Tetraselmis sp. Carotenoid F&E2 &4 44 47
< Hydrogen peroxide 271 %5< B3l SA3tA =

" 00.15 mg/ml
B0.3 mg/ml

G =0.6 mg/ml

20 |

E’ -

‘\I S—VaCl HSMS

L]
=

Hydrogen peroxide

scavenging activity(% )

NS MS MS+NaCl HSMS

ICzp
(mg/ml)

0.55£0.04 0411004 021002 0371012

{19 4-1-13. Tetraselmis sp. Carotenoid <& ¢2| Hydrogen peroxide 47 %>

- Hydrogen peroxide &7% &< A3} Z+2+9] 1G53k NS 0.55 mg/ml, MS 0.41 mg/ml, MS+NaCl
0.21 mg/ml, HSMS 0.37 mg/mle] #kS AT 4 Ao, 1FYFE &LAF0 78S &
A F UM+

- Hydrogen peroxide 2A% <& MS+NaCl > HSMS > MS > NS «2.2 vebd.
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O Wiz HAol| wE Tetraselmis sp. Carotenoid FEE2] (tHE & A ©A

- NS, MS, MS-NaCl, HSMSol| v kst Tetraselmis sp Carotenoid F=+2] HepG2A|Z oA 2] MTT
assayE % AEFA B AEZYEES SN

100 -
2

— Eu -

& 025 pg/ul
E 60 850 pg/ml
= ® 100 pg/ml
Z 40-

g B 200 pg/mil

0+ T — T T -

Control NS MS MSNaCl HSMS

<19 4-1-14. HepG2A| 3ol A Tetraselmis sp. Carotenoid F&&2 AEX 54>

- NS, MS, MS-NaCl, HSMSell 8%t D. salina Carotenoid F+E&< 200 g/ml7bA] A EstA < o
MSiLgoll A 80%clete] HEES B AdFPol= 100 xg/ml sEolA TS WY+

120 4

100 -
2
= 0125 pg/nl
5
60 - B25 pg/ml
[Z]
E 50 g/l
2 40
4] 8100 pg/ml

20 -

0 ot
Control NS MS MSNaCl HSMS
H;0; 70010

<19 4-1-15. HepG2A 3£l A Tetraselmis sp. Carotenoid =& A EZAYE=ED

- Hydrogen peroxide2 HZAE-S FE3t =] NS, MS, MS-NaCl, HSMSell w3t D. salina
Carotenoid F&E0°] AZAYEES S7HA7IA Zafl (1R S G4 o] FAHA Ad+.

O wgzHAo| W& Tetraselmis sp. Carotenoid F=&9 @4y 4 @A

- NS, MS, MS-NaCl, HSMS®|| w3t Tetraselmis sp. Carotenoid <=2 MG-63A4] 342l MTT
assay S 53 AEEA, AZAYEE =4 L ELISA kitE 53 L6 FS =43 A
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3

120 -
=
= 100
% 80 - B 50 pz/ml
E 60- B 100 pg/ml
= >
3 B 200 pg/ml
U o4p -

20 -

0 . . . ; |

Contrel NS MS MSNaCl HSMS

Tetraselmis sp. acetone extract

<19 4-1-16. MG-63A|Z A Tetraselmis sp. Carotenoid FE&2] AlZX 54>

- NS, MS, MS-NaCl, HSMSel| w3t Tetraseimis sp. Carotenoid F&&-2 200 ¢ g/ml7kA] A 2] s}
Qe w S4o] elHA ool Aol 200ugml FENA AL WAL,
140 149 -
120 - 120 -
= 100 - £ 100 -
£ 80 ESOpgml & SO @50 pg/ml
E & B 100 pg/ml E i E100 pg/ml
E 40 - m200 pg/ml : o m200 pg/ml
20 4 "0 -
0- 0 . . . . .
Contral NS MS MSNaCl HSMS Control 0 NS MS MSNaCl HSMS
I-1p 10 ng/ml + Terraselmis sp. acetone extract 1-1f 10 ng/ml + Tetraselmis sp. acetone extract
<13 4-1-17. MG-63A|E A Tetraselmis sp. Carotenoid F&&2] A|ZA=8 L IL-6AA T

- [L-12 Ag3AS o NS, MS, MS-NaCl, HSMSel| w3t Tetraselmis sp. Carotenoid
o AZAEE YIS VAA FRor, IL-6 AdF A ZAH IL-6 A Fo] HAas)
=G Ao FAFHA k=

58
A spol

O wl¥zHAo) W& Tetraselmis sp. Carotenoid F=E9 A3 4 &4

- NS, MS, MS-NaCl, HSMSell w3l Tetraselmis sp. Carotenoid FZ&E2] RAW264.7A ol A
MTT assayE &3+ A EA =8, Griess reagent assayE &3+ NO gxg %, DCF-DA assaygs &
3k ROS A& 2 Western blot-g £3F vz w3 ks =%

0_1_,
ol
_|_,
>..
U[o
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120 - 120
§ 80 - o & 80 .
& Syl ¢ @25 pgiml
E 6 @50 pg/ml E 50 850 ug/ml
[}
7 B100pgml £ B100 pg/ml
= 40 -
v m0pehil .0 ke H200 pg/ml

- 20

0 - T T - r n ~ 0 ; ; T - ™

Control 0 NS MS MSNaCl HSMS Control 0 NS  MS MSNaCl HSMS
LPS Ipg/ml + Tetraselmis sp. C.E. LPS 1pg/ml+ Tetraselmis sp. C.E

<19 4-1-18. RAW264.7H| oA Tetraselmis sp. Carotenoid FEE2] AlZAEE 2L NO A

- LPSE =% MESAH &AdZA7 NS, MS, MS+NaCl, HSMSell A4 200 xg/ml &% 7kA] FAdo]
o

=437 NS, MS, MS+NaCl, HSMSoll A s=7F S71&45 NOAA =

Al =
e} =
S AT 4 AHoH, LATHE 2D AR .

LPS 1 pg/ml = oW + + LPS I pg/ml ER— + +
T-NS-CE. . TMS-C.E. % S
(ng/ml) F 8 ol A (ng/ml) -
iNOS R w . iNOS a Y
Cox e Cox2 -—e—
B-actin = & B-actin SR e
LPS 1 pg/ml - + + LPS 1 pg/ml -+ - +
T-MS+NaCl-C.E. T-MSHS-C.F.
(pg/ml) - - 50: 100 (ng/ml) - - 50 100
iNOs -““ a— s cntpiad
s 2 A—— e ———
P-actin SEE— B-actin ST

<19 4-1-19. RAW264.7A| ol A Tetraselmis sp. Carotenoid F&&2] iNOS, COX-2 w2 H-d>

- LPSE Agstds W INOS9t COX-2 ©izd wgdo] &
HSMSE Aot e ul HE7h 2745 INOS @l Hde Barsle AL zmz o
91g. AW COX-29 BHFL 71247 D

A ks na
gl d S ZHAAA NO AL JASY 9= 852 JEIE S Qdf‘é} F AL

- LPS= 130}%1 o] ROS Aol F7Fstd o, NS, MS, MS+NaCl, HSMSE *J 2|3} & o
S #old 4 dYPon, E3 MSS HSMSol A

=
O 42—
%¢'LR S 4Awe 4T 5 A31E.
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O
=
O
wn
e
X,
b
mlm
£
ot
g
olN
ko
olr
ftlo
i
o
e
o

- kAl Tetraselmis sp.Carotenoid F&&2 g
gletda, olE FHetr] Hsf e g4 dA+E 9 %*01 A=

120 4

g 100 e
-E 80 1 025 pg/ml
€ 60 | = 50 pg/ml
o B 100 pg/ml
5 40 |
2 m 200 pg/ml
20 -
0 ; ; ; ; ;
Control 0 NS MS MS+NaCl HSMS

LPS 1pg/ml + Tefraseimis sp. C.E.

<18 4-1-20. RAW264.74| 2\ A Tetraselmis sp. Carotenoid FZ=-2] ROS A #>

O wigzdo W Tetraselmis sp.o &= A w4

- 1z d =0 HSMSO| wj k3t Tetraselmis sp.2l 70% F+A3F=E2 NO, 9354 Cytokines XA &
< A&A171H, INOS2F COX-29] TS At AS U=

24bd =0 MAPKs, NF-kBS| 2187147 Aness mdose] §93 552 3598,

RAW264.74) 32| 4] Western blotS T3+ iz W3 ZFs =AHs1H L.

Zebrafisholl M o] AlzAEE, Auts, FEshAJdAZS dnA@ oA 438k, Acridine
orange AMHS 283 Cell death, DAF-FM-DA g4H & &83 NO A HFS A9 S

T-T0%%E(OH
{pg/ml)

LPS 1 pg/ml - + .3 + +

<19 4-1-21. RAW264.7TM| 2N A Tetraselmis sp. 710% FHZE2] MAPKs, NF-kB e+ & u-&)
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Sk oA,

- LPSZ Aalstde W MAPKs 919l ERK, INK, p38e] wh#a wrdol
Z-23ked, INK, p38

Tetraselmis sp. 10% FHEEE Ast9S = INK, p38e] Tejddd o]
= B3 295E dASE AL AT F AU

=

- LPSE A=3sti<S W cytosole] 1kBe] e ol @iﬂﬂ-pp%A g o] Frhskal =,
Tetraselmis sp. 710% FAHEZES AY3sAS w kB w@do] Z7}slar, p-p65e Tz o]
asiol, NFKB 7148 59 432 oAk AE 3T + AAL.

4»

Ul

- webAl, Tetraselmis sp. 70% FAZES MAPKsONK, p38), NF-kBe] z&7]H< E3a iNOS,

% <
COX-29] W3S AAAA, G54 cytokines L NO HAHFS TFAAA F9= 852 el

00
D50 pgiml
B100 pg/ml
200 pg/ml
ol 400 pgiml
. ;
etraselmis

<= S8+

- Tetraselmis sp. BFE 83 710% FAHEES 400 pg/m7kA] HEsA e o 70% FAHEES]
SEAA AEE 9 ATt dastglen, FHSHE #EdqAE AL ETE =9 Zlo] &
Hol 2% AF-2 200 pg/ml o3t A T3y 3}S =

A

[F]

120
Control E
~ 100 - 2 16
| E=]
- 7
£ o £
~ 80 g
E o | W = )
LPS 10pg/ml [
E | =4 =
E 40 =
: | 3 os
@ a2p -
e 1+ T-70% EtOH 100 pg/ml [ERSHNEL
(,omrol 2
LPS 10 pg/ml + T-70% EtOH 0 - i i
‘ B Control D 100 200
LPS i gn}l+'[-'?0‘!--h EtOH 200 pg/ml T ————

LPS 10 pg/ml + T-70%6 EtOH

<1 4-1-23. Zebrafishol| A Tetraselmis sp. 10% F4Z&E2] LPS A= 2]& cell death>
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Zebrafishol] LPSE A g]sle] 5L F =31

ru[o

o] =L 80%E iSO, Tetraselmis
3B AMES =3 Cell death Ao

st wetdl LPS Aol o@ ns

LPS 10 pg/ml + T-70% EtOH 200 pg/ml LPS 10 pgml + T-70% E¢OH

sp. 10% FAZEES A stI & HEEo] F7IstF o,
< Aty s Cell deathE 7H4s

PN
g = U

A= 0% 4

z
o] 9ee

h=
=
2l
AN fE

NO production (%)
3

LPS 10pg/ml + T-70% EtOH 100 pg/ml

Control

<19 4-1-24. Zebrafisholl A Tetraselmis sp. 710% F3Z&E2] LPS &=of o3 NO XA =

Zebrafishell LPSE A gl3te] 435S F=339S Wl NO Al o] Zr1st o, Tetraselmis sp.
0% FAE==S Agssd™ NO AAdFe] Zastds. weka] Zebrafish modelol A=
Tetraselmis sp. 10% T+AHZ==Y FE5 S4& &2

TEETE 83 QI EY 7 gAs 3 vARFRI wudel HESAR 2 2F
(Dunaliella salina, Tetraselmis sp.)o} ANZzF Tz, ZH, $E7HA 3% (Uva sp.,
Eckilonia cava, Gelidium amansi) 183 3SNFvAE 2%  (Bacllus aquimaris S2947,

[¢)
Zunongwangla atlantica S6003)<= &3t 7|54 S4& 24 AN

FEF NS ES G843 FE A BAEE 3H7]9F 2ol UeS

S Fu A E 2590 52947, S6003 TF2| 739~ biomassZ &3] 98] 7L 0= A wjkst
o 7}z} 1.211 g/L, 1.900 g/Le] AAES BPom, 747y 7.27g7 13.3g2] biomassE =3
Ry sFuyELS biomassE 8] BEE APsigon], sUdrso AL ng 433
MES R Azt Ha AHESHA S

TEFYU RIS A9 54 AYE FUHE APt Tao vAe TS USRS
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Bacteria

¥

Culture

v

Centrifugation rpm=8000, 20 min
I

v
Filtrate Filter cake
Biomass (10 g)
- Solvent 200mL (DW ar HSW), Sugar 1%
B.S Inoculation —— Fermentation
Sonification 42kHz 3h
Centrifugation rpm=2000, 20 min =
| e
¥ R g
Filtrate Filter cake .
Freeze dry ;__'
&

Final product

slrzfol sl ge] WA 240 B MR cell growth® ZA3st7] 98]
248 ZR5 OWS TURF HWE 712 wjA 2402 APHAS

it
oX
iU}
=
=2
>
Dl
ofo
ol
ol
32
dlo

(a) (b)
1.60E-+09 3.00E+08
T3 e
71 T =
B e A
1222 A S . . so—
2 2
g S.00E+08 o e e
(@) I
o
T T e i e e
(e RO . —
400EH08 L L
) s00E407 4o
0.00E+00 : - : & :
0 12 24 36 48 60 72 0.00E400
Time (h) 0 12 24 36 48 60 72
~~Ulva pertusa Kjellman DW —e-Ulva pertusa Kjellman HSW ——Ecklonia cava DW Tome ()
—cdonmeaml oW ~*hundiclasiinaDW, M Dunaliclz sl ESW, & Zunongwangia atlantica 221114-10F7(T)DW  ~e=Bacillus aquimaris TF-12(T) DW
4 Tetraselmis DW —=—Tetraselmis HSW
2 A-9- k== 2@ (h) ]/\g‘:' =z ] H ] =z X] ] tq.E_ ]/Kg‘:' /\g%]-/ﬂ =3 A3
KI¥ 4-2-2. (@ s|F=F 2 () 7AE E iR 24 0& mAdE 4 54 23
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P 2R L uyEE 1] A IE uAE AFE SAHAFHRZE (4-2-2a)°] 7
< HURF (4-2-2b)= v ES biomassE ] dolz AFHE JEYARS

NY2FE W BE 4P A THLANA YE HH0] BE HFmFol vl
SR R

1.47x10° CFU/ML2] AAA S B
oA AS gRlsldorn, dutxo=z
A] A3

st A Wl 4] %3

g 712 Az 289 A
#93HA 10° CFUMLe] %<&

o
°
= 9
¢ B4H02 10° CFUMLY =

2 8383 Bada nYEY A HEZHAU 204 DWS 7|2 ujok
gk 108 CFUML7IA] AR 2AS g8 9L

N

g, Zeel Fudele] A9 27 HF =< 10° CFUMLAA A9 Wyt glo] dA3HA

N v AWE Zunongwangia atlantica S60032 biomassZ &3+ A7 A HFHo=
2.78x10® CFU/mMLE 42 AAAS Bl v Bacillus aquimaris S2947= %7] HZ w2l
1.58 x10° CFU/mol| Al 48417 7FA] 7.00x10° CFU/MLE A4 A8ty 7247 REE vy E

TEYWF AEHA de AS Fdsd=

5.00E+08

T U UN——— .
BO0E+08 S
3SOBH08 |- LA NN

CFU/mL

Z200E+08 oo e e e i et e e e i e i AN e

0.00E+00 £+ i f T T T
0 12 24 36 48 60 72
Time (h)

Gelidium amansii DW ~+—Gelidium amansii HSW
~#-Gelidium amansii (Enzyme treated 1ml/200ml) DW Gelidium amansii (Enzyme treated 1ml/200ml) HSW

¥ 4-2-3. SE7WAVE(Gelidium amansi)e) &4 Ao wE nAyE YA =AH Ay >
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g2 dIdzFU S ER= 24 wE v|AEQ] Bacilus subtilis subsp. inaquosorumel
il e d G4S Bole ZoE Ao vAE Lo HIsHA 2= biomassd AL
2 304

AA A o2 RE AP 48AIF o] mdE A& BAZIVE o+ Ao ﬂ‘ﬂﬂﬂﬂ, THE

87 A TR SRV E 28T e 8 ddE, Re A¥Te] WA =49

FHER ol FAsHAl AAste Ae FAsw

At

SEAANYE F83 471A] AF Tl 1.10~1.50 x 10° CFU/mLe] A& Holx= AL 8l
53], $57142 ) 2 ATE ANF IS YATE, Ea AP FF) B FolF
9 Afoli= gl HOE Ty

7)) BE 4PTe BAARS] dold HiUe $22 FHRYOM, I ARE 10

AE + £ T T& %)
_ . DW 58.5
Dunaliella salina HSW 171.8
‘ DW 53.3
Tetraselmis sp. HSW 174.6
DW 38.2
Ulva sp. HSW 108.4
) DW 28.7
Ecklonia cava HSW 127.7
. .. DW -
Gelidium amansii HSW -
Gelidium amansii (Enzyme treated 1mi/200mi) }II)S\)\(,/V :
Zunongwangia atlantica 221114-10F7(T) DW 24.5
Baciillus aquimaris TF-12(T) DW 49.0

A3 A Fo A F8o] 100%7F FA
2l

§ sool F7HE Hom

18 &9 45 2% EF DWE ARERE T as 50%0l 3 o2 & Ads B B

o

S, AdzRel FUsh o) wae e A% Fgol 27 38.2%, BI%E FFE 5
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o] grEs Ae #AAF
S AYES S8 BaN| AP Bacillus aquimaris®] 75 49.0%2 = HE F&S IR

3} o™, Zunongwangia atlantica®l 73-%- 24.5%¢ 2w & —r-gOI Uos As gstA

7] AFETE GET A=Y 7T BNE A dE A3
Bl Egbd v~ 25 (Dunaliella salina, Tetraselmis sp.)S} Atz

3% (Ulva sp., Ecklonia cava, Gelidium amansi) “1&]3 3j&Fv]Ay
Zunongwangia atlantica)g& Z43 vAE AFHS FAA S
O A3, FEZAIE (Uva sp)7F 7F8 52 mAdE A3 S Rol= AS gl o, sl
N A&l Bacillus aquimaris7t 74 @& H|AE AAAES Holx 5}

v M| 25 (Dunaliela salina, Tetraselmis sp.)2] WE &2 &4+3} &4 &M

WA z5 (D. salina, Tetraselmis sp.)e] W&z W& HaE DW, HS &4 44 &A%
3}¢1-S Hydrogen peroxide 2A% & Sa =A43

7}, DCF-DA assayS %3 ROSA A

m{o

Vero Mo A MTT assaygs T3+ MEz=4d 2 AxzAYE
Fe SAHA =

70 - 60 -
-E‘
£ 601 2 s0-
& g
B § ~ 40
£ £
B _ 40 00.5 mgiml =% 00.5mg/ml
5 & B1mgml g 30 B1mgml
ks =ap mg/m E."E mgm
= B2mgml = 8 oap B2 mg/ml
& 20 mo
= 2
E 10 - i g 107
0 + %-_n_ 0 - _Ei__ ‘*L
IDW THS DDW IDW THS DDW DHS
TDW THS DDW DHS TDW THS DDW DHS
ICg (mg/ml) 1.42 % 017 >2 >2 >2 ICs) (mg/ml) 2.08 + 0.05 =2 >2 >2

{18 4-2-4. N ZF2 ¥&E2] Hydrogen peroxide &7 %>

Tetraselmis sp. &&= TDW<e] DPPH radical ICsak-2 1.42 mg/ml, Hydrogen peroxide®] ICso%t
2 208 mgmlE 444 2A%S AT F YIS

Tetraselmis sp. W& E THS®}, D. salina®l W& E DDW, DHSOI A& SA4A &27%

>~ o
T AE

o
_l {4
rO
mgl;
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120 -
e

E 100 4 & Edis == E= i
= 050 pg/ml
& 80 - 5
g E 100 pg/ml
£ 60 ®200 pg/ml
& B 400 pg/ml

20 -

0 - ; . . e

Control TDW THS DDW  DHS

<1¥ 4-2-5. Vero A|XoA A z{F HFEES MEFAD
- TDW, THS, DDW, DHS =% 400 pg/mls=7tA] MESA0] Holx] e Zoz ElFoe] 4
Holl= 400 pg/ml FEA4 AHES Y3 =
120 - 140 -
100 { & 20 =
g 0 & 10 - & {
;’_ o050 pg/ml E g0 1 o050 pg/ml
ﬁ 60 - 0100 pg/ml é 0100 pg/ml
E 2200 pg/ml g 60- B200 pg/ml
CHE B 400 pg/ml é 10 - B 400 pg/ml
20 20
° Contrel 0 I TD“’I Ti-IS IDD“'I DHS i ° -C_c:nmll G_FTD“’T_THS TI_);)“'T_I;HS !
H;0; 0.7 mM H;0; 0.7 mM
<13 4-2-6. Vero AlXEo|A mAZF HEE HE AEE U ROSHA >
- Hydrogen peroxideZ #A=FAIZ1 AE AMES TDWS F=7} S71EFE AlX AEEE F7HA
71 TDW+ Hydrogen peroxideol] 2|3+ A3 Rs&Ao] A2 s & AL
- Hydrogen peroxideZ At=A1Z1 4FstH ~Eg 2o 93 ROS F7HE TDWE w27 S71E+%
ROSAH A &S Z+aA#A TDWE Hydrogen peroxideo] 23k 4312 ~Eg 2~ g4 Ao &<l
g T UA=
- mebx, TDW+ Hydrogen peroxide 47%s°] FF381™, AZA 9 A H3BA A, 453
2EdY 2 A o] FRlHo Hitst o] ¢S Fd T g UM
- 8}A¢, THS, DDW, DHSel A& &3} Z4de] A=A ek
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O wM %7 (Dunaliela salina, Tetraselmis sp.)2] WEE2] A= A B4

- UM Z5F (D. salina, Tetraselmis sp.)e] Wz & daE (DW, HS)S RAW264.7 A Lo
A MTT assayE &3 Az 2 MEAYEEF, Griess reagentE &-83 NO A,
DCF-DA assayZ %3 ROSAHAI #HS =H3A2.

120 -

100 | =
S s0-
E B50 pg/ml
= 60 -
g @100 pg/ml
2
= ) 200 pg/ml
z 40

20 -

i) T = ) o 1

Control TDW THS DDW DHS

<I¥ 4-2-7. RAW264.7 M Zo|A mlMZ=F/ EE=Y Mz

- TDW, THS, DDW, DHS =5 200 xgmls=7tA] MEZdo] HolA] b= Ao Z dlxof A
Holl= 200 ug/ml BEoNA AFE AYP3HA S

120 120
00 | I 100 -
e 80 g 80 -
£ D50 pg/ml £ @50 pg/ml
E - El00pgml aa B100 pgfml
E b ®200 pg/ml éﬁ. 4 - 8200 pg/ml
20 20
0 T T T T o x| 0 T — T —— —— T 1
Control 0 TDW THS DDW DHS Control 0 TDW THS DDW DHS
LPS:1 pg/ml LPS 1 pg/ml
<19y 4-2-8. RAW264.7TA| A v ZF da=E2] AZA=E 9D NO A=
- LPSZ F&3%F Alx54 &AZ3 TDW, THS, DDW, DHSoA AEZRE Ao S s}
oj o
A=K
- LPSZ %3 NO A= =423 TDW, THS, DDW, DHSolA NO S ZAaA7]A o}
FA% Bl gl Ao FRAFY,
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O "M zF (Dunaliela salina, Tetraselmis sp.)2 Wa&2 dd= &4 =4

- WA ZF (D salina, Tetraselmis sp.)] Wiz & A&gE (DW, HS2 « -glucosidase &

4 oA FHe FAIAE

(=]
=

n
=

.
=

=025 mg/ml

[
=

a-glucosidase inhibition activity(%%)
[ [T
= (=]

=

TDW THS DDW DHS  Acarbose

K19 4-2-9. vMZ2F Ha&E9 o -glucosidase &4 A 43>

- a-glucosidase &4 A A AZA3} THS, DHSI A oF 10%2] A Al o] F0E ) o, positive
control2 ARg-% Acarboseste] &S HIWSIHNS W FF S0 fle A=z

O YA ZF (Dunaliela salina, Tetraselmis sp.)e] Wra&o| a9 &4 &

h= ¢}

=

- A ZF/ (D. salina, Tetraselmis sp.)e] &z 2 AaE (DW, HSW)Q] Vero AlEof A
MTIT assays &3 MESAHS SHSAS.

- S HAAME (AS49, H460, H1299), oh-<dAMlz (HCT116, SW620, CT26), XAl
(HCC38, 1419, SKBR3)oll A} MTT assays £33+ A|ZHEES =A4H3H LS.

K

120 -
o
100 - T
-

= so- i
= = SOug/ml
';-
ﬁ 60 - H 100pg/ml
£ = 200pg/ml
S 40 - 400pg/ml

20 |

a -

Con TDW THS DDW DHS

<19 4-2-10. Vero A EoA mMZHF daE AEXT=AD
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- TDW, THS, DDW, DHS =% 200 xg/mls=7tA] ME=Aido] Bolx| e AR gRlxof 4
Holi= 200 gl FEANA BHPe QWAL

s0 _ i ~ S0 giml
=100 g/ml
407 < 200p g/ml
20
° . : ;

<AS549>

Cell viability (%)
3

DDW DHS

< H460> so.]

80 -| I
40 -
20 -|
0
" DDW DHS
< H1299=
3 = T -
re .k u Shugiml
: i #100pg/ml
T 200pg/ml

TDW DDW DHS

=50ugiml
=100 gml
=200p g/ml

Cell viahility (%)
2

b
]

Cell viahility (%)
52

I
&

o

<9 4-2-11. A LM EAA mMZF LEE] AZF4D

<HCT116>
— 100
i 80 T
£ T =Song/ml
£ 90 . = 100pg/ml
5 200ugim1
E-11]
o T T
T Con TDW THS
< SWea20=> i
5 80 " o
£ = SOnginl
2 I . . e
% 40 - - 200pg/ml
< 20
0 T
120 Con TDW THS
<CT26> — 100 T
&
£ ¥ T = Songiml
:E 60 = 100pg/ml
2 1200ug/ml
& ap 4
o T
Con TDW THS
(1Y 4-2-12. DAY AToNA HAEF BEE] MTZH>
- AAAZAAN FA4o] §le T=oAA PSS WA A, VIHNZF (D salina, Tetraselmis sp.)
o] Wiz WmE LREE DW, HOS ol tigt 482 thds dAxzgA 9 &4& e
WA= SHAN G Ml SKBR3 A4 DDWollA] Eold oz M A 4
e 4 A S
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<HCC38>
g 100 4 =
=~ 80+ L 5
£ = 50ug/ml
E 60 = 100pg/ml
g 10 - 200pg/ml
3 ap
0 - :
_ Con TDW THS
<1419 120
— 100 - s
g
=~ 80 T
B = 50ug/ml
g 60 =100pg/ml
2 40 N
= 200pg/ml
o2
0 :
i3 Con TDW THS
< SKBR3>
~ 100 -
s
=80 L
B = S0ugiml
z 60 = 100pg/ml
40 .
= 200pg/ml
3 ap 4
0 .
TDW THS

Con

<IH 4-2-13. 78 A XA vAz? TaE] AESAD

O wN =% (Dunaliela salina, Tetraselmis sp.)2] W& Ee Fe14 FAS5E =4

TaEe] T dA85E &US fdl collagenase A& TS A

10mg/ml &%=olA 2% RE5 collagenase A& S UEFNA Ze

v X 25 (Dunaliela salina, Tetraselmis sp.)2] W& & 2]

HEE BEdS #9038 98 Hyaluronidase #aig4d =4,

10mg/ml %A 2% =% Hyaluronidase A&j&4d<S JeER A 22

lzR(FEaae, depe] Taso 4kt 4 B4

2R (TP, Zepe] wtzdd e HEE OW, HSWe &4 A4k a7A% &s
Hydrogen peroxide &A%< %3] =A3IA 2.

Vero M|3ZolA MIT assayE 53 MESA Z HEZAYEE3}, DCF-DA assayES 53+ ROSAA
Fs S5 E

AT & 9

Ty Zdae] W& Eo| A= DPPH radical, Hydrogen peroxide®] &44t4 £2AFS
A

_l 0
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100 g 1m0 -
£ o E 90 -
i :
g 80 - g 80 -
g B oy
E’ﬁsg _ 0025 mgiml E’ 60 - 0025 mg/ul
S s - D05mgml & 30 m0.5mgml
'E 40 - Blmgml 4 40 - Blmgml
i ’
g 30 - B2mgml g i - B2 mgml
E 10 - o 20
A 10 - _3" 10 - i

0 . — ﬁ_ ﬁ. 0+ ;
DW HSW DW HSW
THZafy THZO
& 100 1 < 100 -
P £ 90 -
£ 80 T s -
fﬂ 70 | g 70 -
£ 60 | 00.25 mg/ml E’ 60 00.25 mg/ml
£ 5 O05mgml I sp - Q0S5 mgml
z 40 21 mgml 40 - 21 mgml
5 30 E2mgml % 30 - B2mgml
- B 20 -
& 10 & 10 -
B g
0 ‘ £ g 0 =
DW HSW DW HSW
Zej 2
e DW HSW TER DW HSW
ICsg (mg/ml) 0.21 £ 0.01 1.89 + 0.01 IC5p (mg/ml) 0.14 = 0.01 233+ 019

<8 4-2-14. VA 2/ HEE2] Hydrogen peroxide &A% >

- Z+e) W E &A= DPPH radical IC5%t2 DW 0.21 mg/ml, HSW 1.89 mg/ml, Hydrogen peroxide
o] [Csp7tS DW 0.14 mg/ml, HSW 2.33 mg/mlo.2 &Qix A7%S &g 4 9gl<

140 - 140

120 120
o & § i -
= 100 - ] = 100 -
S 0125 pg/ml 5 0125 pg/ml
£ 80 - -E‘ 80 -
= B250 pg/ml = B 250 pg/ml
= 60 = a0
. B 500 pg/ml 5 B 500 pg/ml
& 40 - B 1000 pg/ml 3 40 B 1000 pg/ml

20 - 20

0 ; : . 0 ;
Control DW HSW Control DW
+H Loy

<% 4-2-15. Vero M Zo|A s/ LdaEo MESAD

- Y, e HEE 2T 1,000 yg/mlEE7MA HEZEZAo] Kol gkE RHo R FQlE
o] AgellE 1,000 «gml F=olA S JY3HA 5.
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120 - 170 -
e, ~ 100 -
- 2
S | e T
< 80 - 0125 pg/ml g 2125 pg/ml
A .
2 60 250 pg/ml E 60 - B 250 pg/ml
[} & =
£ ® 500 pg/ml i @ 500 1
= 40 - ng/m 2 40 Sectn
3 B 1000 pg/ml & H 1000 pg/ml
20 P ap -
0 . 4 0 - L 2 5
Control 0 DW HSW Control DW  HSW
Hy0, 0.7 mM + THZtm}ay Hy0; 0.7mM + 72T
120 - 120 -
100 = ~ 100 -
==
g 80 A £
= g - 0125 pg/ml g 807 D125 pg/ml
= 2
Z 60 0250 pg/ml E 50 B250 pg/ml
L] =]
= B 500 pg/ml : E500 pg/ml
= 40 - refm 2 40 S
= B 1000 pg/ml @ B 1000 pg/ml
20 - E oap -
0 ; - 0 - . -
Control 0 DW  HSW Cuntesl HSW

FH
Hy0 0.7 mM + HEN H,0, 0.7mM + ZHEQ

<18 4-2-16. Vero AlXo|A slzFe HEES ME AEE 2 ROSAHAH DT>

Hydrogen peroxideZ A=A1Z1 Al AFES FHESRY DWE 571 S71845 Al A
S F/MANF LY, sty ~Ed s 2d ROS F7HE w571 S71E4E ROSAAFS
glo) 3}

A A T Zue] DW+ Hydrogen peroxideol| o]sh 4tstz »~Ed 2~ AA] A4S 8213

o
=&
5 Zra

- Hydrogen peroxide® A=A171 AE AAES ZHe] DW, HSW+ AME =SS S7HIAZHoH, 4t
A ~EH 20 o3 ROSHAEHFS 7+4AA 7He] DW, HSWE= Hydrogen peroxideol <|d+ 4F
37 ~Ed 2 oA BAo BAY 5 AL, 53], DW BEZo| P8} o] $5FL I
AT F 32,

ST ase, 2D BB FAZ B A
120 - 120 -
100 - = 100 -
f 80 - 0125 pg/ml §j 80 - 0125 pgfml
3 60 @250 pg/ml % - O 250 pg/ml
£ B 500 pg/ml E B 500 pg/ml
= B 1000 pg/ml = A= H 1000 pg/ml
20 - 20 -
0- o 0 -
Control DW HSW Control DW
Tz Ziel
<Y 4-2-17. RAW264.7 A Zo A sl z2Fe] HaE AEFHD
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- A ZEF(FEEIY, ZEDe wdxded wE HaE (DW, HSS RAW264.7 AMazo|A MTT
assay s 53k MESA W A EZAHEE3, Griess reagentE 83 NO A A=, DCF-DA assay
£ B3 ROSAEZFS SASA=

= =

- FHzate] DW, HSWel 139l 1,000 4 g/ml F=olA =4< Bgom, 7-e] DW, HSW]500~
1,000 xg/ml B 50X S4S Be] pHZute) 500 xg/ml, 2] 250 gg/mlolste] oA A
e Y3 =

120 - 140 -
100 - 120 -
= = |
£ s0 - i
£ 0125 pg/ml E so0- 0125 pg/ml
£ o =250 pg/ml .'ié 60 - =250 pg/ml
= 40 - E 500 pg/ml B B 500 pg/ml
] o 40
20 - = g
o - 0
Contrnl 4 HSW (fcmtlol v HSW
LPS 1 pg/ml + '3 Ztm}ay LPS 1 pg/ml + T HZ Tk}
120 120
100 - 100 -
= 5
£ 80 - = g0 -
= 062.5 pg/ml E C62.5 pg/ml
2 = @125 pg/ml £ o @125 pg/ml
= 40 - B250 pg/ml B 40 W 250 pgiml
5] o)
20 - = 59
0 +— 0 : i
Control W HSW Control D DW  HSW
LPS 1 pg/ml + ZHEN LPS 1 pg/ml + ZHER
= 57 = O
{19 4-2-18. RAW264.7TH| oA s/ da=E2 AEZA=E 2 NO A

- LPS2 753 Alxs4d gldx Fdue] DW, HSWellA Al 2x
o, NO A& A2 e A S 4]

NO A
- LPSE 53 Ax=A d4dx7 7He] DW, HSWollA MEZR S SAo] &S Felstgon,
NO A% =4 A7 DWolA NO AL 7FAAA dd= FAo) e Ao R Felxo)A,

80 -

ROS production (%)
a

0 +—=

Control 0 DWW

LPS 1 pg/ml + ZHE}

<Y 4-2-19. RAW264. 74| £ A 28] T =2 ROS AT
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- LPSZ §E% ROSHAZ 2445 DWolA ROSHAS ZaA#A 2H) DWE ROS #4358
3 = Aow FelH oA,

(G Eud, depe] HaE s B4 24
NZ=F(FHZaz, e wgxAd wE F&EE DW, HSW)Q] e« -glucosidase &4 A
& SAHSAS
80 100

g7 g 20

i

E 50 - ; 60 -

g 0025 mgml E O00.25 mgml

EE 20 B0.5mgml -E 0 B0.5mgml

@ 30 =1mgml s 1 =1mgml

3 2 a0

S 20 2

: z

S 10 & 10

. ; | B . ke N
DW HSW Acarobose DW HSW Acarohose
Fazaly 2z
9 4-2-19. A RFY TaE9 o-glucosidase &4 oA A

o -glucosidase &4 A APZA7 FPAIHY A= o -glucosidase B4 JA S-S &<
g 4 AR el DWolA positive controlZ AF8%F Acarbose}e] A4S v P S w

—o

T Ea A BEE Byl 9 4] FAdHAF.

ol

=Ry, de)e Tase] &4 2

S =F (T, Zepel mMdzAd wE dEgE (DW, HSW)S] Vero Ml ZoA MTT assay
=S esy

£ 5 AZEHS 57

iic]
o,
ot
2

O

|

Hl

FeEde HIAME (A549, H460, H1299), thaddA = (HCT116, SW620, CT26), FrH<Al=
(HCC38, 1419, SKBR3)AI A MTT assayE &3 AZHEES SAA=.

140 4

120 -

1 =125pg/ml
H250pgml
] m500pgml
40 - 1000pg/ml
20
0 -

T-HSW - DW 4-HSW

- i
g 8

Cell viability (%)
(=]
=]

a9 4-2-20. Vero AlX A =/ daES MEsA
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- Zrel DW 1,000 ug/ml =04 S40] JehgAw the A5 FAFA AnE A
A Y52

12
ot
flo

120
< A549> g 100
; 80 ®125pg/ml
2 6o = 250pg/ml
Z - #500pg/ml
S 0 1000ug/ml
0+ T T T |
120 FDW THSW “DwW Z-HSW
< H460> g 1m
L 0 ®125pgml
Z 60 = 250pgml
£ w0 2 500ngiml
g 2 1000ng/m1
0 .
160 TDW T-HSW 4-DwW A-HSW
< H1299> o140
S 120 -
£ 100 - - W 125pgml
E zg ! . = H250pg/ml
é i | B 500pg/ml
© o2 - . 1000pg/m1
o +— |
Lo FDW T-HSW ZDwW Z-HSW
<19 4-2-21. HALAZANA xR FE= AZ=4D
120 -
<HCT116> s
‘,; 80 - = 125pgml
ﬁi 60 e = =250pg/ml
; 40 s ® 500pg/ml
< 20 1000pg/ml
0 : . .
120 - Con T-DW T-HSW Zow ZHSW
< SW620= g 100 -
;’. 80 1 m125ugml
3 90 ES = = B 250pg/ml
2 = 500pg/ml
3 20+ 1000pg/m1
0 - : :
120 - Com Fow FHSW ZLow ZHHsW
< CT26> g 100 -
& 80 - - w125pgml
g 60 = 5250pg/ml
: o ﬁ e
S 20 1000pg/ml
0 - ; : i

Chal TDW T-HSW Zow Z-HsW

(¥ 4-2-22. HAFAZANAN =7 TEEY AEFAD

- THEYE, AdH BEECAM Rt SVMEsE A, R, 78 A= 91?%]%“3% LER
Ao, £3] 7He) DWellA] 500 «g/ml ©] } Lol A oF 40%0]"L FAZ AL S ALY F

A=



120 -

<HCC3gs 210 I .
Z. 50 T T = 125pg/ml
E : . =
£ a- = 500pg/ml
3 20 - 1000pg/ml
0 ! ; ! :
156 Cin oW THSW 1 DW ZHSW
g 100
< 1419> & e . m125pg/ml
E : | . .T Y =
5 4 I . - i ® 500pg/ml
3 20 1000pg/ml
0 - : : ; :
T-HSW oW Z-HSW
120 -
7 100 -
o : :I:. i
2 6 B 250ngml
s b #500ngml
ul=
o
TFHSW ZHHSW

(1Y 4-2-23. FHAAZANA sz TEEZY AESI>

O A=FEILo, gehel B ekl FH5Y 57

- g Eo FgHd gAY e 3l collagenase A3 FAHL =A

B

- Collagenase A& 0.1 M Tris-HCI (pH 7.0)9l Azocoll(Azo dye-impregnated collagen) 1
mgS =2 7129 08 ml @ A& 01 mLe EFgde] 1.6 mg/ml ¢ FEFE Ax3
collagenase type I &4 €9 0.1 mLE H7}ste] 43C oA 1A S HEgAIZl & Hlg-o]
5 =™ 3000rpmeol A 107 &+ YA E AlA AE5dS FHsk 540 nmolA FFE=E 4.

- A5= EF 10mg/mle] ==& *8]g. Positive control> Epigallocatechin gallate(EGCG)& A}
gstiom SAHAN FHdsy TdaEE DWOiW 34.5%% ZEHAlol=2 A FHOo=E
EGCGBl.8nEt w2 Al 45 YetldS. 7Haduz] HSWelA & 8.7% Asi&d-S et
WA e FaEANAE FAd0] YEUA ¢ %

100

80

60

2‘:':I I
o

EGCG

Collagenase inhibition (%)

T-HSW Z-ow Z-Hsw

<19 4-2-24 2544 A s
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O '5HE%1~(?U§7£§HH ZEDe] HE=e HedA

- BagEo HE S ZI3t7] 93l Hyaluronidase Aa|&4d =4. 0.1M acetate buffer (pH
3.5 =<2l HAase Bmg/mb 10ulS A& & 10ulet 3 A7l = 37ColA 2087 whg-.

HAaseE 43} Al7]7] fl8te] Egde 125 mM CaCl2 20ulE 7}1sF & 37Co A 2083 HF
<. Hh-go] By & (0.1M acetate buffer (pH 3.5 =<l 7] &9 hyaluronate (2.4 mg/ml)

S50ulE HE-gHo HUlste] 37ColA 4083 HEE. 7]1E-E4 HEE HAE 98] 04N NaOH
20ul¢} 0.4M potassium tetraborate 20ulE WHg-Ho| r}ste] 100C oA 3EZE WEEAIZL &
DMAB solution 0.6 mlZ H7}ste] 585 nmollA FFE=S =A.

Ag+= 25 10mg/mle] ==& A &lg. positive controlZ Disodium cromoglycate (DSCG)E Af
g3tdom O Ay, Fdye) ¥dEE DW 2 HSW, ZejdsE DW % HSW A& F-of A
hyaluronidase A& &4 o] Z+z+ 63.5 %, 54.9 %, 63.6 %, 65.6 %= YEFY} DSCG (66.3%)9F A}
g AR el

100

0 - I : I : I 5 I . I

DSCG  .pw FHsw H-Dw  Z-Hsw

<18 4-2-25. | ZF & E2] Hyaluronidase inhibition>

co
o

a
o

=
(=]

Hyaluronidase inhibition (%)

[
o

v AE BEE (52947, S6003)e] F4tst &4 ©HA
oAy E BaE (52947, S6003)e] A A4 AA% F<9S Hydrogen peroxide A£A% S E3
A A=
100 - 100 -

W 90 - - 90 -

£ 80 - 4 80 -

B 70 - Be 70-

Eg 60 - 00.25 mgml EE 60 - 00.25mgml

Ao 5 D0.5mgml g% 50 D0.5mgml

£E 40 - 31 mgml ¥E 40 - B1mgl

8 10 - -E = a0 -

E B | Blmgml &2 i BImgml

0 ; ' 0 +— ; '
52047 $6003 §2947 $6003

<Y 4-2-26. V| E T & E°] Hydrogen peroxide 445>
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- Vero M3 A MTT assayE &3 AEz=4H 2 AzAYEEF, DCF-DA assays 53+ ROSA A
Fs S35 E

- A& W8 Eo A= DPPH radical, Hydrogen peroxidee] &d4t4 AAF S1E

140 -

120 - T {
= 100 - :
e = 0125 pg/ml
-
= @250 pg/ml
= 60
2 B 500 pg/ml
3 40 B 1000 pg/ml

Control 52947 S6003

<19 4-2-27. Vero M XA A& HEFE=E2 AEZAD

- 52947, S6003 =+ 1,000 pg/mlEgE=7tA] AlZ=/do] HolR = AR ARIFo Add+=
1,000 £ g/ml =04 AES AP,
120 - 200 -
180 -
AIDO T =~ 160 -
F = 140 -
i B 0125 pg/ml g 150 0125 pg/ml
© = = :
Z 60 - B250 pg/ml £ 100 - B250 pg/ml
£ » B 500 pg/ml g 80 B 500 pg/ml
= m1000pgmt = 4§ 60 H 1000 pg/ml
20 & 40 -
20
0 +— . ; . 8 0 - — . . 5
Control 0 $2947 S6003 Control 0 §2947 S6003
H;0; 0.7 mM H,0; 0.7 mM

<19 4-2-28. Vero A ZolA HIAYE HBaFZSE ME &=L 2L ROSHA >

=

- Hydrogen peroxide2 AZAIZl AE AES S6003E= HE7F 71842 A AELS S

g\;‘o[q AL A A~E G 20 o3 ROS =718 5571 Z71E4E ROSAHAAZFS =7HA1A S6003
© Hydrogen peroxideol] th3t R3E &AL 9}21/}, ROS S AN A 23 d4kst A
9= Ao 7 Felxo]A,

fo rlo

O "AE TEE (52947, S6003)2] IdHE5 &4 &M

- nAE FaE (52947, S6003)e] RAW264.7 A3z A MTT assays T+ AlX=4 2 AXAYE
&3}, Griess reagent2 8% NO A%, DCF-DA assayES %3+ ROSHA ZFS =43
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140

120 -
= 100 H =
= 0125 pg/ml
£ 80
3 . B250 pg/ml
= m500 pg/ml
3 40 - B 1000 pg/ml

20 -

o -

Control 51947 S6003

<1¥ 4-2-29. RAW264.7 A=A mAd&E Ta=o Alz=54>

- 52947, S6003 ®=F 1,000 pg/mlE=7lA] MEZ=Ao] Holx| e A
1,000 £ g/iml =4 AdS WPstA =

120 - 160 -
140 -

100 - "
z . s _ g 120 -
< 80- 0125 pg/ml g 100 - & 0125 pg/ml
¢~y .
2 60 - @250 pg/ml E 80 - 0250 pg/ml
e - B 500 pg/ml E 60 - B 500 pg/ml
S m1000pg/ml O 40 - B 1000 pg/ml

o 20 -

0 — : 3 B ] b +— T T T gl
Control i 52947 56003 Control 0 52047 56003
LPS 1 pg/ml LPS 1 pg/ml

<19 4-2-30. RAW264.74| A mlAE HaEY AZAEE 2 NO A

o

- LPSZ 853 AXEA A3 S2947, S6003914 MEZRT o] gS&

[IJ (o3
FE
ol
o
2
(el

- LPSE F53% NO A= A A7 52947, S6003°4 NO A& S7HAA FEF A e

Ao BelE ol

AH
A

O PlAE TEE (52947, S6003)2] 3= &4

o

- MAYE TEE (52947, S6003)2] « -glucosidase &4 A A S ZAHFI L.

- o -glucosidase &4 A AAAF nAPE DEE (52947, S6003)o A= o -glucosidase T4

A Zdes gl & 7 A=
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o025 mgml
00.5mgiml
Bl mgiml

o-glucosidase inhibition activity(%)
-
[=]

0 T ——

52947 S6003 Acarobose

<19 4-2-31. Y& TaES] o-glucosidase &4 oA 43>

O P& TaEE (52947, S6003)2] 3¢t &4 &A1

- A= TEE (62947, S6003)e] VeroA|ZolA MTT Assays &3t Al

R

i

[e)
=g

I
o
ol

b

b

- FAgde HIAE (A549, H460, H1299), LM E (HCT116, SW620, CT26), <Al
(HCC38, 1419, SKBR3)oll 4] MTT assayS E3F A ZHELS =AH3A L.

f

140

120 -
_ 100 -
g
; 8O =125ugml
£ H250ng/ml
£ 60 - H500pg/ml
S il 1000pg/ml
20 -
0
{19 4-2-32. Vero A XA m|AY =45

- 56003 1,000 xg/ml FE=A o] YeptAwt & AEH A HAue=/A 4de A

Hsol=.

- mAE TE=(52947, S6003)2] (L, A, +EE) A =AY
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< AS409=

< H460=>

<HI1299>

<HCT116>

< SW620>

< CT26>

Cell viakility (%)
1=
1~

52047 56003

529047 56003

Cellviatility (%)
2

Cell viahility (%)
o ME g 2B
N N N
g g

52047 56003

Cell viahility (%)
2

52047 56003

Cell viahility (%)
g

Cell viatility (%)
%
o B & 288
- e} - I} -
H g

1% 4-2-34.

521047 56003

WAGA ZAA A= EaE] Al

_97_

= 125ug/ml

= 250pg/ml

= 500ng/ml
1000pg/ml

= 125ug/ml

B 250pg/ml

= S500pgml
1000pg/ml

= 125pugiml

B 250pg/ml

= 500pg/ml
1000pg/ml

= 125ug/ml

= 250pg/ml

= 500ng/ml
1000pg/ml

m125ugiml

m250pgml

u 500pg/ml
1000pg/ml

= 125ug/ml

= 250pngiml

= 500pg/ml
1000pg/ml



120

< HCC38> o
§_ 5o = 125pgml
=
E o0 B 250pgml
B iy = 500pgml
=
SEETE 1000pg/ml
0
120 - Con
= 1419> — 100
g
= 80 | = 125pg/ml
5 ng'm
ﬁ &0 =250pg/ml
2 40 B 500pgiml
8 o 1000pg/ml
0
Con
120 -
< SKBR3> _ 100 -
s
S w0 125pgiml
ﬁ 60 m250pngml
2
Z 40 = 500pg/ml
8 1000pg/ml
0

Con 82047

<19 4-2-35. RAGAZANAY mAE a9 A2

- 529477 S6003°4 FE7F S7HETE HY, AY, FHEAEZ dASHES Ve o, 53
S600391 A4 H LA E 500 £ g/ml o]k oA oF 40%0]d SAE JALH S &g

O mlAE TEE (52947, S6003)9] ZebA dA5EH =H

- g Eo S Y FAE H3l collagenase A S SA

- Collagenase A& 2 0.1 M Tris-HCl (pH 7.0)ell Azocoll(Azo dye-impregnated collagen) 1
mgs =2 7|29 08 ml @ ALY 01 mLY EFgde] 1.6 mg/ml ¢ HTEE A=x3
collagenase type I &4 €9 0.1 mLE H7}sle] 43T oA 1A1ZF Bk ¥H3A171 & HEgo]
ks = 3000rpmoll Al 108 &<t A4S AA Feds st 540 nmolA FFEE SA.
Positive controlS- Epigallocatechin gallate(EGCG)& Al&3t o =AHA3 S29470 4 12%,
S6003° A 7.8%= 72t e,

100

20

60

40

Collagenase inhibition (%)

20

I I

EGCG 52947 56003

<19 4-2-36. P& daEe] o g4
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O

o
m{n

1ME EEE (52947, S6003)e] HFEA4

hgEo] H&Gege #Fslr] 3l Hyaluronidase #3si&4 =4,

10mg/ml %ol A Hyaluronidase #3j&4& YelhlA] &S

=4 A QI E 2 2 FE2E A=
FoddE et = sldrgE =AY

HAAR vAELS AF WA vAE 4F(Aeromonas hydrophila, Vibrio parahaemolyticus,
Vibrio harvayi, Edwardsiella tarda) R <JA 3l 6F(Enterococcus faecalis, Citrobacter
fraundi,  Staphylococcus  epidermidis,  Pseudomonas — aeruginosa,  Candida  albicans,
Staphylococcus lentus)s Ao 2 g

colony picking methodE 433l7] 93l HYA vAEFG HAE vAES FA wjdsof go
2 BYA vAES vgste WX H2E HAES wWYdete WiAE L1E ERToEH

1
F & myEo] O YD F AL FHal

HEd eSS AAMN

F T zhztel mAEe] A FAMA =2e T 247 wgu]RE
H2E sguAE 111755

I A=E oA AE o] &3l picking & ¥ 30CoA 143t vl %
(G 4-3-1 skl A &2 vAE 111+

S UER rem 68 5 MEretEbs eentles
axor e EE EEEEREE

T
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[e] 3 =] L
- Colony picking method A& A3} AFHALT AAFallol &S 2t 18FF Fn
- E! . .
- G EZ AL PN E 187F(16) B4 (colony picking method)
3T A-Q- = ] ol ‘ AN
F 4-3-2. o F #Hdd E A Faol E4S el e A E
Fish pathogen L_ Human pathogen
Strain names e Similarities | Aeromonas Vibrio Vibrio Ente ccus| Citrobacter [Staphylococcu| Pseudomonas | Candida
(Stock no.) i i (%) h'ydraplﬁla h ticus | harvayi |  tarda faecalis | fraundii |s epidermidi rug Ib lentus
$5284 Bacillus aequororis M-8(T) 100.00 + & + - - - - =+ =
S7899 Bacillus pumilus ATCC 7061(T) 99.93 * = + = + » " N
54030 Bacterioplanes sanyensis GYP-2(T) 99.36 = + = = - - = - N
57903 Brachybacterium paraconglomeratum LMG 19861(T) 9979 * s * = = - = - -
$103 Celeribacter 96 = = = = - - + - =
57859 Epibacterium mobile DSM 23403(T) 99.78 - = 4 + - = . N -
S7706 (green) |Pseudoalteromonas luteoviolacea DSM 6061(T) 9918 + i + - + + + - +
S$1156 (purple) |Pseudoalteromonas luteoviolacea DEM 6061(T) 99.59 > + - + + ) 7 ¥ T
§2233 P: piscicida JCM 20779(T) 100.00 + = ¥ + & + + - + +
56516 (green) |Pseudoalteromonas rubra ATCC 29570(T) 99.86 + & + + - + + N 5 N
S7366 (red) Pseudoalteromonas rubra ATCC 29570(T) 9965 + + i + + + + - + +
56030 Pseudoalteromonas ruthenica KMM 300(T) 99.66 + % + + + . + + + +
S1131 Pseudoalteromonas xiamenensis - + = = ~ o ~ - ~
31389 Pseudomonas juntendi BML3(T) 99.84 - - - - - + +
51236 Salinimonas lutimaris DPSR-4(T) 99 58 % - = + 7
MEBIC06894 |Vibrio natriegens = > + + -
S1873 [Zooshikella ganghwensis JC2044(T) 9993 = + + * - + +
$6003 IZunongwangia atlantica 221114-10F7(T) 99.86 + - = -
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mm Similar strains mﬂ?;:;ﬁ“
S$5284 Bacillus aequororis M-8(T) 100.00 + + + + -+ +
57899 Bacillus pumilus ATCC 7061(T) 99.93 55 * * + ==
S7903 Brachybacterium paraconglomeratum LMG 19861(T) | 99.78 + £ + + + S =
57859 [Epibacterium mobile DSM 23403(T) 89.78 + + + +* + + | +

S7706 (green) [Pseudoalteromonas luteoviolacea DSM 6061(T) 99.18 + i +

51156 (violet) |Pseudoalteromonas luteoviolacea DSM 6061(T) 99.59 3 [ + +
S$985 [Pseudoalteromonas pisicida ATCC 15057(T) - + + + - +

S6516 (green) [Pseudoalteromonas rubra ATCC 29570(T) 99.86 + i * =

S7366 (red) |Pseudoalteromonas rubra ATCC 29570(T) 99.65 + L + i + =
56030 Pseudoalteromonas ruthenica KMM 300(T) 99.66 % - + + + + = =
S1131 [Pseudoalteromonas xiamenensis Y2(T) & #: i +
51389 IPseudomonas juntendi BML3(T) 99.84 + * + + + +
S$1236 |Salinimonas lutimaris DPSR-4(T) 99.58 + + +
S6003 ia atiantica 221114-10F7(T) 99.86 + | -+ + 5 = + + =

[ [— o ] ey
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P. rubra S65169] fAAZHE FFEZDQ prodigiosing A= FHAAES FHR-EXN%
A3} prodigiosing A gAs= 13719 FAAZ FAH 2H 2 32l

P. luteoviolacea ST7062] FZAAZHE] F#+EAQ] violaceine A= FHAAES FH-E
At A3} violaceing ARt 5719 FAA(VIA~E)E FA4E L9 E g4

P. luteoviolacea S1156 | P. luteoviolacea S7706 I P. rubra S7366 | P. rubra S6516 2 #F=
< 734 24 & §d13 AolE &Rlstal E coliel A 2 f-AAE &8st Tl dad A
g Y =

Pseundoalteromonas rubra

ey
‘\ﬂ‘{‘r ANRTS :.
e

N
] i\ -*.; %\
1 Genome size: 5.8 Mbp |
- CDSs: 6,816
GC content: 49.3%

R~
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<19 4-3-5. &84S 2t P orubra 759 FA4 &4 2 prodigiosin biosynthesis genes>

Psendoalteromonas (uteoviolacea

£
<
£

| Genome size: 6 Mbp |’ Violacein (violet pigment) biosvnthesis genes
CDSs: 5,354

a9 4-3-6. IHSHES 2t P luteoviolacea 752 34| 4 4 violacein biosynthesis genes>
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A5Za B FE GFE PINT YL BEH YT AP fASL Sl 5
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2 vy 2 37 psuE dEA Ue TS A4S H 60m A A 5~23C W9
2 1d F &5 7ol M 22 ARES HolH, 127 AEH} AF7|d ASAH
e AAES BY (F, 2002). =3k Park (1998)3} Chung ef al (2008)2 A& HAHF+2S
10~15C=E BRU3r| % P eBER o] T2 AT AP AHFggo] oA, ¥e &&
s TS s AoE dg4E
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T2 28T (HA T 20~23C)E 25T o9 L¢3 8C oJste] AFr|e= e 44 E
= B (&, 2002). =3 @EWste] At As Aol wheka o 3 cm Ax9 FEHE
Fota o7 FAHYUES A9, 1ddl oF 6~7 cmZ RS 3 & 5 e Aol AL
g g WA Pl (Halocynthia roretzhe =W & dAgte] B2, F2 Fal9}
wdafotoll ®ol AAlsty 4 20 m AF7EA] A2 AR AAF2E 5-24TC, £ 10C A%
9] 10¥ Tl At&sts A-SEAolth A2 2d Fo 8-10 cm W % 3 (f, 2000)

3 fFA4< Aol (Oncorhynchus keta)= 4F=tstz] 913l 9-10€el o2 A&y Sty A4S
22 2-13C =2 o534 20C o]}, A EE2 338 psu, 2FsHF2 5-8C=E &¢dHF (32, 1987).
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Buffer(Resuspentiob buffer)ell4] 1h ¥F-§-A]21 % Viral Gene-spinTM Viral DNA/RNA Extraction
Kit(Intron) ©]-&3to] wio]2] 2~ DNA FZ3t.

7FelH] &3k U] #lo]lE~9] DNA &8 fd 7igvle] &stide g & A3
AN v2g FEste] Hopd. Astwd W A2 homogenizerg Ab-§3te] #A3} A
Plant Genomic DNA Mini Kit (Qiagen) ©]-&3}o] nlo]2j2 DNAES FE3

s OL
Jor =

]
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- 3ot Tien] AIRERE F59 genomic DNAE XA A7|A44d #4(Next Generation
Sequencing, NGS)< &3l 34 BERE FH3I3 =

- S5 L sheulolA e S npolg e B % chepge Wik WES FeUshaA, 201849 39
220209 797A AE HolE & wlw B,

* 2020 8€~2] &l nlolz2 & 20200 TlEH] fIUEELS A BEHFo R AR e oA

O a5 2 slejul A FAAY 98] vl 2e) NGS 84 A3

- NGS 24 A3}, s5ol|A total reads= 6,381,627-30,117,470/0 2 eI, 71 & wlolgj Az
W H read® #HlE2 0.01-0.1%=2 dEbd T &3ld W&Eo Total reade
16,297,565-34,545,6337) = VFEREAL, 1 % Virus® w1 FE reade] ®&-2 0.002-0.009%F &<
of mls) ¢ W&Eo] vlmz e Viruse| read’t v A=,

(& 5-2-1. NGS E4S 53] 92 Total sequence read &t % virus DBoll x| read?] ®]E&>

Total Total % of Total Total % of Total Total % of
reads viruses viral reads viruses viral reads viruses viral
16,297,565 1316 0.008% 22,401,265
17,549,473 525 0.003%
FS-& . 19,657,095 384 0.002%
Fs-6 23,249.813 601 0.003%
 Fs-7 20,529,087 918 0.004%

17,268,922 10769 0.062%
MSP C0l FS4 | 25352476

31,940,811

20,034,635 12345  0.062%
6,369,931

= 11319816
FS-E 34,545,633 1420 0.004% : 20,607,618 13391 0.065%
SW-3 | 15867335 660617  0042% 13,730,506
SW-4 | 16314461 624467 0038% SW-5 15,517,601
= E— 15,134,523 9497  0.063%
SW-5 | 17,063105 601167 0.035% W 29,251,474
SW-B | 18652047  6480.00 0.035% W7 | 28309608
SW.7 17,664,634 11369 0.084%
SW-7 | 19192118 829775  0.043% 15750105
sw-s : I
W-8 | 18930373 591850 0.031% g
SW-9 | 30,117,340 1061838 0.035% 16,195,114 10336 0.084%

S 17,703,306
SW-10 20,075,728 872413 0.043%

A1 | 14617332

SW-11 | 22310283 967518  0.043%

= - 16,177,423 12423 0.077%
SW-12 | 16185690 973391  0.060% SW-12 13892724

- Hpolg 2 F A ES A= viruset WEIEotE ZHAI7]I= phage HlE&S 4%
100%
80%
60%
a0% m Virus
H Phage
20%
0%
o T wn o ~ -] [ 3 : u — o q (] l? ~ w [ E s ﬁ — o~ o q wn o ~
2018 2019 2020

<19 5-2-2. AEH 34 U Phage ¥ Virus >
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- 2018~20W@ 7k dla+u) wiolH 2 FA e 3WdZE WHEoA 2019 phage’l | =2 HIEE &
dAslAa, 9 phages} virus H1-&-2 Th2 3ol H]3)] 2020@ =0 A2 =ol7} Sl

- 2018~201d7bA € AP A A REZNEH HolH 2 Ao dd Wdte A YEhuA sk
S}, Phycodnaviridae= 129 @llFoll Al 66.84%% A3t AL, o]o wef 50 2/ HIE
o] oby. HkHol, 7tEnle] ¢ WEEZFH Hpol#ze 24 FHViruszt Bteu, 19
d= 7€) Phagedl S7H8 AT + A+ = HE Hold = 2= & 7 n]
A WE=ddMe FAFsER AFsES ANV AL vtolgl =7t =4 YErd.

100%
Adenoviridae
Alloherpesviridae
Ascoviridae

« Bacilladnaviridae

=Baculoviridae

=Caulimoviridae

80%

Hantaviridae
=Herpesviridae
wIridoviridae
uMarseilleviridae
mMimiviridae
=Nudiviridae
= Pandoraviridae
= Partitiviridae
= Peribunyaviridae
mPhycodnaviridae
=Pithoviridae
sPolydnaviridae
=Poxviridae
wRetroviridae
mTospoviridae
sETC <1%

20%

0%

2018 2019 2020

<19 5-2-3. A= 3+

=

A sdutelH = >

100%

80%, = Algae

= Amoeba

m Archaea

60% = Bivalvia

= Fish

= Fungi

=Human

= Invertebrate

20% = mimivirus

= Plants

= Vertebrate

0% = o @ B om N @ mUnclassified
555555

SW-3
SW-
W-
SW-6
W-
W.
W-
SW-10
SW-11
SW-12
SW-1
SW-3
SW-10
SW-11
SW-12
SW-1
SW-2
SW-3
SW-4
SW-5
SW-6
SW-7

2019 2019 2020

<13 5-2-5. d=49¥ 3+ Y Host>

1839 199 =0 AFA A FoA virus familye] T4 Rt 7hgnlolA 18 A4S

H

- 7HHlY] 9 W8EolA Virus vl &o] SHEA o =2 H&S AA

- 2019 s B ZbeiH] 9 WEEolA A HielE 29k O S £4F A3, 18d =4 A
%&}A  @lsolAE= Phycodnaviridae®t  mimiviridae7}b @@ o, JhEul A=
Phycodnaviridae®} mimiviridae7} & vl&2 3%

1 i

o
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53] 7tenlolA 18 d = E ) Herpesviridaee] Hl&©o] =4 YEISS. 5= 18d=9 FAFS
A srol A= algae vl&o] A UEtgom, ZhEvle 9 Wi EdeE FHF =59 FF &
S AEANE A9 vholgi 2Tt =4 UERE S
2020 @ sfigoll A TR wlolE e} O sFE BAS A, 19959 fFAHAl gl A
Phycodnaviridae®} mimiviridae7} ¢-H3stR oy, £3] thE W@ =of H|3| Herpesviridae2] H]&-9]
A UERg sl A BEA vlolH 29 55 B4 A Algaert 7 =4 UYERS D
I 2o 2 Amoeba’t 714 A YENGES
<19 5-2-6. 959 3+ % 7Fgl¥] W Phage ¥ Virus >
Wk - i g | Adenovirdse
- il
A0% ~ Baculovirdas
0% = Hantaviridae
e SN Fs W Fs BW Fa W F& W Fs aw F§ W .I::r:::::l.nnn
o0 o4 o on o7 o8 = Mimivindas
<ad 5-2-7. d=4 3 9 7igH 493 vlolg 2>
100% © Algae
i siniaoe
40% m Bivalvia
20% M Fungi
0% B ® Human
<1y 5-2-8. 454 &4 & 7+el8] W Host >
A s gutole 2 55 24
49} 7lglvlo|A] =33 Bivalvia, Human, Fish 7+ uwlolg]x B2 A4 Az = 13279
Z 0] dgﬂ"i , °] = gt rrEnld A BEF Edg vlo]lH 2= 85F 0|, 3FL sl
ATk, 43F 7}31‘1‘1011/‘1‘3 AZE A=
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- 59k JHguld 2% @3 vlolglx F F 3F2F9 wlolylx =, Cyprinid herpesvirus 1,
Cyprinid herpesvirus 2, Human gammaherpesvirus 87} =& W|&E UYElE3, Cyprinid

herpesvirus 19} Cyprinid herpesvirus 2+ o17F5 79171+ Alloherpesviridaeol™, Human

gammaherpesvirus 8- herpesviridaeoll 43l= A7HS FHA 7= vlol g 2.

<3 5-2-2 . ¢} ThefnlolA =3

3l Bivalvia, Human, Fish Z+¥ vlolgl A~ &)

Infectious virus Host Sample Infectious virus Host Sample
Abalone herpesvirus Victoria/AUS/2009 Bivalvia Scallop Human metapneumovirus Human Scallop
Adult diarrheal rotavirus strain J19 Human Seawater Human papillomavirus type 103 Human Seawater, Scallop
Amphibola crenata associated bacilladnavirus 2 Bivalvia Seawater Human papillomavirus type 16 Human Scallop
Anquillid herpesvirus 1 Fish Scallop Human papillomavirus type 166 Human Seawater, Scallop
Astrovirus MLB3 Human Seawater Human papillomavirus type 32 Human Scallop
Avon-Heathcote Estuary associated circular virus 13 Bivalvia ~ Seawater, Scallop [Human papillomavirus type 34 Human Scallop
Avon-Heathcote Estuary associated circular virus 16 Bivalvia Scallop Human papillomavirus type 53 Human Scallop
Avon-Heathcote Estuary associated circular virus 17 Bivalvia ~ Seawater, Scallop [Human papillomavirus type 54 Human Seawater, Scallop
Avon-Heathcote Estuary associated circular virus 2 Bivalvia ~ Seawater, Scallop [Human papillomavirus type 7 Human Scallop
Avon-Heathcote Estuary associated circular virus 21 Bivalvia  Seawater, Scallop [Human papillomavirus type 71 Human Seawater, Scallop
Avon-Heathcote Estuary associated circular virus 22 Bivalvia ~ Seawater, Scallop [Human papillomavirus type 92 Human Seawater, Scallop
Avon-Heathcote Estuary associated circular virus 29 Bivalvia ~ Seawater, Scallop [Human papillomavirus type 96 Human Seawater, Scallop
Beihai hepe-like virus 4 Bivalvia Scallop Human parainfluenza virus 4a Human Seawater, Scallop
Beihai picorna-like virus 111 Bivalvia Scallop Human parvovirus B19 Human Scallop
Beihai picorna-like virus 123 Bivalvia ~ Seawater, Scallop [Human polyomavirus 12 Human Scallop
Beihai picorna-like virus 50 Bivalvia Scallop Human polyomavirus 6 Human Seawater, Scallop
Beihai picorna-like virus 77 Bivalvia Scallop Human polyomavirus 9 Human Seawater, Scallop
Beihai sobemo-like virus 8 Bivalvia  Seawater, Scallop Human respirovirus 1 Human Seawater, Scallop
Beihai tombus-like virus 13 Bivalvia  Seawater, Scallop Human rhinovirus A1 Human Seawater, Scallop
Beihai weivirus-like virus 4 Bivalvia  Seawater, Scallop |ctalurid herpesvirus 1 Fish Seawater, Scallop
Bivalve RNA virus G3 Bivalvia Scallop Infectious hematopoietic necrosis virus Fish Seawater, Scallop
Black sea bass polyomavirus 1 Fish Scallop Infectious spleen and kidney necrosis virus Fish Seawater, Scallop
Bwamba orthobunyavirus Human  Seawater, Scallop [sfahan virus Human Scallop
Carp picornavirus 1 Fish Seawater, Scallop [Lymphocystis disease virus - isolate China Fish  Seawater, Scallop
Cercopithecine alphaherpesvirus 2 Human Scallop Lymphocystis disease virus 1 Fish Scallop
Cercopithecine betaherpesvirus 5 Human  Seawater, Scallop [Lymphocystis disease virus Sa Fish Seawater, Scallop
Chinook salmon bafinivirus Fish Seawater, Scallop [Madrid virus Human Seawater, Scallop
Cricetid gammaherpesvirus 2 Fish Seawater, Scallop [Molluscum contagiosum virus subtype 1 Human Seawater, Scallop
Cutthroat trout virus Fish Seawater, Scallop [Monkeypox virus Zaire-96-1-16 Human Scallop
Cyprinid herpesvirus 1 Fish Seawater, Scallop MW polyomavirus Human Scallop
Cyprinid herpesvirus 2 Fish Seawater, Scallop [Mytilus sp. clam associated circular virus Bivalvia Seawater, Scallop
Cyprinid herpesvirus 3 Fish Seawater, Scallop|NY_014 poxvirus Human Seawater, Scallop
Eel picornavirus 1 Fish Scallop Ostreid herpesvirus 1 Bivalvia Seawater, Scallop
Eel virus European X Fish Scallop Papiine alphaherpesvirus 2 Human Seawater, Scallop
Encephalomyocarditis virus Human Seawater, Scallop |Perch perhabdovirus Fish Scallop
Epizootic haematopoietic necrosis virus Fish Scallop Piscine myocarditis-like virus Fish Scallop
European catfish virus Fish Seawater, Scallop [Ranavirus maximus Fish Seawater, Scallop
Gastropod associated circular ssDNA virus Bivalvia ~ Seawater, Scallop [Rhinovirus A Human Seawater, Scallop
Guaroa virus Human  Seawater, Scallop [Rotavirus C Human Scallop
Hepatitis C virus genotype 1 Human  Seawater, Scallop [Rubella virus Human Scallop
Hepatitis C virus genotype 3 Human Scallop Salivirus FHB Human Scallop
Hepatitis C virus genotype 6 Human  Seawater, Scallop [Salmon qill poxvirus Fish Seawater, Scallop
Hepatitis C virus genotype 7 Human Scallop Sandfly fever Turkey virus Human Seawater, Scallop
Hudisavirus sp. Human Scallop Scale drop disease virus Fish Seawater, Scallop
Human adenovirus 1 Human  Seawater, Scallop [Short-finned eel ranavirus Fish Scallop
Human adenovirus 7 Human  Seawater, Scallop [Singapore grouper iridovirus Fish Scallop
Human alphaherpesvirus 1 Human  Seawater, Scallop [Sosuga virus Human Scallop
Human alphaherpesvirus 2 Human  Seawater, Scallop [Sudan ebolavirus Human Seawater, Scallop
Human alphaherpesvirus 3 Human  Seawater, Scallop [Titi monkey adenovirus ECC-2011 Human Seawater, Scallop
Human betaherpesvirus 5 Human Seawater, Scallop [Torque teno midi virus 1 Human Seawater, Scallop
Human betaherpesvirus 6A Human Seawater, Scallop [Torque teno midi virus 2 Human Scallop
Human betaherpesvirus 6B Human Seawater, Scallop [Torque teno mini virus 2 Human Seawater, Scallop
Human betaherpesvirus 7 Human Seawater, Scallop [Torque teno mini virus 7 Human Seawater, Scallop
Human coronavirus 229E Human Scallop Torque teno virus 28 Human Seawater, Scallop
Human coronavirus HKU1 Human Scallop ariola virus Human Seawater, Scallop
Human coronavirus NL63 Human Scallop alleye dermal sarcoma virus Fish Seawater, Scallop
Human coronavirus OC43 Human  Seawater, Scallop Wenzhou bivalvia virus 1 Bivalvia Scallop
Human endogenous retrovirus K113 Human  Seawater, Scallop Wenzhou gastropodes virus 2 Bivalvia Scallop
Human fecal virus Jorvi3 Human  Seawater, Scallop Wenzhou picorna-like virus 42 Bivalvia Seawater, Scallop
Human gammaherpesvirus 4 Human  Seawater, Scallop Wenzhou picorna-like virus 9 Bivalvia Seawater, Scallop
Human gammaherpesvirus 8 Human  Seawater, Scallop Wenzhou tombus-like virus 6 Bivalvia Seawater, Scallop
Human herpesvirus 4 type 2 Human  Seawater, Scallop Wenzhou vyanvirus-like virus 2 Bivalvia Seawater, Scallop
Human immunodeficiency virus 1 Human  Seawater, Scallop White bream virus Fish Seawater, Scallop
Human immunodeficiency virus 2 Human  Seawater, Scallop [Yaba monkey tumor virus Human Scallop
Human mastadenovirus 2 Human  Seawater, Scallop |Yaba-like disease virus Human Seawater, Scallop
Human mastadenovirus D Human __ Seawater, Scallop
<
O PCR 7|8k ZF A wpole] 2 7] 7id
=] A~ 37 = ==
- NGS 23 st 7ienldA F8d ez HEd Holgx F 7 S3NET £34d
.. . = < =
Cyprinid herpesvirus 1 (CHVDS] PCR 71§t AZ7]|&S Adsla G E A Zto)] 83
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zZroz uumad A4S FHSGoH, G
z of

tzFQlstar, o] & BLAST search 59| in silico 4% %

CHV1 RSIV VHSV EHNV |HNV ISAV KHV  SAV

a9 5-2-10. XZgolm e CHV1 FHdA Eeolx F& &<l

- AMEA CIAAG HolP s X Zejolnle] PCR 242 8sts] 91s) oY %, DNA §A4
Azt 2Ae H2ES (]2 PCR =4 WA - 95° C 30s, oJ<d® - 55° C 30s, T4 -
72° C 30s, 35 Afe]& HEZ)

50 54 58 62 66 (°C) 10 20 30 40 (s)

¥ 5-2-11. o€ ¥ &% H2E (F), &4 A7 HE2E(R
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EEEL 43 H4 58 dX
43 58 5 62 62 78

5m

20m

30m [§

(™ 5-3-2. 5ol F2d 2A o|F A= 7SS GL-54)»

30m Aol AE B SN AYHE RHAE Y Pl 5U o F A= 5Ue] A4
# BamolA 79 20m SAlA tETiel B3 b, HERFRe AAH A o
2wt EEst ksl vehd 9. 5o
2

SHA 3 RIAANE 7oy B4 0 39, 5¢ 9€0 Bdd BRI F 37F 49,000 7|A
(35.4 gWWte] HEo] 4 H. Caprella scaurax F4lo] ZoJALE ANAG7 Taste
< By, 53] 30mollA dAFow 7 H2 MAFE YERE. Aol ZHAAHA Caprella
scaura’t A2z Uit AE7}F B At Jassa slattery= B2 N FAo] QAAAFE A
7} ZAadtsE S HolA|W o E-HAE 20mol| M BE AfASFE 7R 30mollAE ThA
Aojzl. oAFH ZZTo 7M7hE dme 4 FAF Fo] W E5. AEFE Jassa slattery®)
E3x7) 20moll A 7 2e o g Rol WA o7 Ay, 30me Jassa slattert7} A2 s17] ol
U go son gEALSES JA. Stenothoe valida = EZo|E 3, 50molA X} =
AFoNA AFol AGFE MAF7F Tastes e B 2dBde 05 555 93

20mell #2sty & o Feolle A7 ol gA A Ae Kol Yoz ddH.

FEQ Kamptozoat ) A2jo] ABEAT obd H7|8 FUY BA-2AF AL FAlol
Aold5% A gol gash) olgde Salo] FoA5s el S BHel 1% ©
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Aol 85% AAF7 2oba,
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o] gty o Foll= 7kl HA &

62 24 2 24 8 24

5m

20m

30m

<IH 5-3-3. <ol F3F 24 o|F A= 7Fddd 62-84)0

GE5-3-1. 8 $HF BX ¢

$HF-AFA % A
Caprella scaura 5m 20m 30m
3-59 314 118 158
5-74 552 206 111
7-99 772 105 3
Jassa slattery
3-5¢¥ 758 268 215
5-74 39 168 42
7-99 37 142 57
Stenothoe valida
354 268 12 276
5-7 208 61
7-9 1 44 44
Kamptozoa unid.
3-5¢¥ 3952 1368 1368
5-74 1368 456 456
7-9¢ 608 760 1216
M. galloprovincialis
3-59 329 114 93
5-74 20 8 4
7-9¢
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=9A9) Aol 4 Smel ua AT AA HANAG. F2 FEBAS 5 62 Aol
oz Jgstn 79 8ol HEol HIUs FHNEA JTFS FAS (1
5-4-8). EF HlElEHle] FRERE 2L Y1k 9NURE FAF] ARy ETY Haw
Az AR EFS BEFEFO] 39.1g8 W AT F4 2mel A FAF slelns B
302 WS 2 4RE AolE HYEH ol AF Fews Zo] TA Gt Ao /AT
3 BeE (29 5-4-9)
E 5-4-1 $FFWE F4- Smol MY MBsteE 4FE 24D

€ Z}  ZHmm) 2} 3(mm) Z+  Z(mm) T 3@

9. Nov 42.43 42.43 13.07 14.04
Dec 54.12 49.67 15.31 21.66

20. Jan 98.15 53.81 16.82 27.66
Feb 61.49 96.05 17.65 29.36

Mar 63.28 58.52 18.45 34.79

Apr 66.21 61.23 19.41 40.04

May 68.64 63.85 20.47 43.09

Jun 69.10 64.52 20.68 38.05

Jul 70.60 66.94 21.76 51.29
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<19 5-4-6. 2019 11€ ~ 2020d7€ 4 -Smell A ] vigkrteln] Aa=4d>
GE 5-4-2. FFEO1G 54 -2mel A el Ml AE 24D
(9.3
.| zt ZH(mm) ZF  3(mm) Zt Z(mm) T F@
9. Nov 43.37 42.43 13.07 14.04
Dec 52.58 47.93 14.55 21.83
20. Jan 58.02 54.25 16.40 29.54
Feb 61.35 57.22 17.56 30.43
Mar 62.91 58.69 18.33 36.08
Apr 64.70 61.04 19.08 38.16
May 66.45 62.07 19.79 41.03
Jun 67.96 63.68 20.34 43.66
Jul 71.37 67.20 22.00 53.00
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Genome size: 5.8 Mbp
-| CDSs: 6.816
GC content: 49.3%

Na%i \M s 7
”o g | u«'
Human pathogen
Strain names Similar strains i i F I Candida Staphylococcus | Escherichia Kocuria Listeria
(Stock no.) (%) faecalis fraundii epidermidis aeruginosa albicans. lentus
$5284 Bacillus aequororis M-8(T) 100.00 + + + + + +
57899 Bacillus pumilus ATCC 7061(T) 99.93 *: + -+
S7903 LMG 19861(T) | 99.79 = 5 = + = + + + +
57859 i mobile DSM 23403(T) 99.78 + * + + +
S7706 (green) [Pseudoalteromonas luteoviolacea DSM 6061(T) 99.18 + + - +
S1156 (violet) |Pseudoalteromonas luteoviolacea DSM 6061(T) 99.59
5985 [Pseudoalteromonas pisicida ATCC 15057(T) - + - + + + +
56516 (green) [Pseudoalteromonas rubra ATCC 29570(T) 99.86 "
S7366 (red) [Pseudoalteromonas rubra ATCC 29570(T) 99.65 + + +
S6030 [Pseudoalteromonas ruthenica KMM 300(T) 99.66 + + +
S1131 [Pseudoalteromonas xiamenensis Y2(T) + + + + +
S1389 [Pseudomonas juntendi BML3(T) 99.84 + + + + + +
S1236 iSalinimonas lutimaris DPSR-4(T) 99.58 + + +
S6003 Zunongwangia atlantica 221114-10F7(T) 99.86 + + + + = + + +
= = = =
AR o Ao Y FFES WFer 53 Ed9A
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