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SUMMARY
Title

Large-scale production and Clinical evaluation of CPS (Cell-Protecting
Substance) from polar microalgae

Purpose and Necessity of R&D

O Securing Large-scale production of CPS (Cell-Protecting Substance)
developed from polar microalgae

O Establishing base for practical use of CPS as a cure material for skin
disorder supported by clinical study

O Clinical evaluation of CPS

Contents and Extent of R&D

O Securing sustainable CPS production
- developing technology for stable and large quantity production of CPS
(>10° cells/mL)
- set-up recombination system and cell-line for large scale production and
activity improvement of CPS
- set-up eukaryotic/prokaryotic recombination system for increasing clinical
activity of CPS
O Evaluating clinical efficacy of CPS
- obtaining natural and purified CPS
- studying molecular mechanism of CPS on skin cells
- verifying functional activities (e.g., anti-aging, anti-allergy and atopy
care) and clinical safety evaluation of CPS followed by KFDA guideline
O Studying the practical use of CPS
- establishing foundation of practical use and manufacturing test product of
CPS as cures for skin disorder
- evaluating application efficacy of CPS (Economical efficiency investigation

through productivity and the unit cost of production)

R&D Results



1. Securing sustainable CPS production

O In order to screen the conditions for mass culture of polar microalgae, we
searched for the mass culture conditions of polar microalgae such as
temperature, light and medium over 4 months with our partner BM Bio
Co., Ltd. The result was a successful production of about 30-50g / dw
per 400L of final product.

O A 20L lab sized culture system which was patented by this project has
been newly devised for the study of physiological activity of natural
substances and supply of highly active fractions.

O In order to construct CPS mass-producing strains originated from polar
microalgae, expression systems were constructed in yeast Pichia pastoris
and Bacillus subtilis, which is a GRAS (Generally Regarded As Safe)
organism. A mass production system of CPSIm with improved activity
and stability was established.

O A 200L lab sized photobioreactor was developed and a 27m® low
temperature culture room was constructed. These equipment has reduced
biomass production costs and using that enabled the study of natural
substance bioactivity and studies for highly active fractions.

O An integrated process system has been established for the cultivation of
polar microalgae, extraction of active substances, separation and analysis
using IoT.

O Cold induced expression vectors were constructed using a polar
microalgae-derived promoter, and a CPS1 expression vector was
constructed using the P9 promoter. A transformant capable of producing

cytoprotective protein in microalgae was constructed.

Screening of CPS candidate with activity

O Five polar microalgae with anti-aging effects were selected by applying to
human cell lines.

O It was confirmed that the anti-inflammatory activity of the three polar
microalgae was superior when comparing with the extracts of Korean
kiwi, Darae, as the skin atopic remedy. In particular, it showed six times

higher efficacy at 80ug / mL.

3. Efficacy substances separation

O Anti-inflammatory and anti-allergic activity was tested for KSF0108
solvent fractions among the candidate strains. As a result of structural
identification using NMR & MASS analysis of KSF0108 compounds, 10
types including cholesterol, B-sitosterol, hurgadacin and a-tochoperol were
identified. Compound 10 was analyzed as a new substance.

O After solvent fractionation of KSF0031 microalgae, compounds were
separated by various chromatography, and 8 compounds were separated by
using NMR and MASS. Compound 5 was analyzed as a new substance.

O As a result of evaluation of 7 types of compound in physiological activity
of KSF0031, it was confirmed that IL-2 mRNA inhibitory activity in
Jurkat T immune cells was showed as anti-inflammatory activity in new
substance (1) and compound (5).

O A single compound, Glyceryl Eicosapentaenoate, was isolated and
synthesized in bulk among extracts that inhibited anti-aging by UV.

O Glyceryl Eicosapentaenoate from polar microalgae was listed in the
International Cosmetics Collection (ICID).

O As a result of stimulation test (KFDA, CTFA guideline), Epi glyceol
passed the skin stability and that was not cytotoxic. The survival rate of
skin cells damaged by UV light was restored and it was confirmed that
the anti-wrinkle effect was showed by suppressing the expression of
MMP-1, that causes skin aging.

O Clinical evaluation of Epi glyceol was passed, confirming that the skin
wrinkles were reduced without skin adverse reactions.

O Eighteen extracts from polar microalgae were fractionated by solvent and
using various chromatography separate anti-wrinkle compounds, and the
structural identification of the compounds was carried out using NMR and
MASS.

Efficacy improvement, mechanism research

O Nineteen lines of transformed Chlamydomonas with 1,225bp of

low-temperature promoter, isolated from the polar Chaetoceros neogracile,

were obtained and luciferase activity was confirmed.

O From the genome information of ArM29 and KNF32 showing high growth

- 10 -



rate at low temperature, 7 low temperature promoter candidate groups
were selected and transformed microalgae showing low temperature
activity were constructed.

O The cell protective effect against UV was confirmed in the BuOH fraction
and the H20 fraction of KSF0006. In the H20 fraction, it was confirmed
that the cytoprotective effect was increased by 91.46% compared to the
control. The expression level of hyaluronan was decreased by inhibited
UVB and MMP-1.

O In CPS2 and CPSI1, the cell protective effect was confirmed. In CPS1, the
cytoprotective effect was increased by 95.47% and the MMP-1 inhibitory
effect and hyaluronan expression were increased.

O Three microalgae exhibited significantly higher anti-inflammatory activity
than Korean kiwi extracts and their anti-inflammatory effects were
confirmed to be related to the NF-kB pathway, a representative
anti-inflammatory mechanism.

O To carry out the clinical test of KSF0031 extracts from large scale
biomass, cytotoxicity, cytoprotection, and MMP-1 suppression were
performed to confirm the cell protective effect against UV.

O As a result, it was confirmed that KSF0031 extracts had no cytotoxicity,
restored the survival rate of skin cells damaged by UV light, and
confirmed the wrinkle line efficacy by inhibiting the expression of MMP-1,

that causes skin aging.

5. Pharmacological efficacy evaluation

O Three new anti-allergic single compounds: 5Z-nonadecenoic acid and
1-hexanoyl glycerol of Chlamydomonas sp. KSF0006 and &-carotene of
Chlamydomonas sp. KSF0100 showed anti-allergic effects.

V. Application Plans of R&D Results

1.

The new material was listed in the Epi glycerol international cosmetic raw
material collection (ICID,2019.05.24. Product: KOPRI-KIOM Eico glycerol,
INCI name : Glyceryl Eicosapentaenoate) and passed the skin stability and
clinical evaluation. The effect of protecting against cell damage by UV rays

and the suppression of MMP-1, a protein that induces skin aging, was

shown to improve wrinkles. In addition to the discovery of industrializable
materials, there is a possibility of generating benefits from various items.
Indirect economic benefits and other industry ripple effects are also expected

to be actively created.

IoT system able to monitor LED and temperature of polar microalgae
cultivation was installed and the equipment was externally controllable and
could be monitored at all times. It is expected to reduce polar microalgae
production cost by half by wusing optimized medium and large-scale

photobioreactor device.

. Three additional compounds with anti-allergic efficacy in polar microalgae

were additionally discovered and identified. If used, it can be developed as an

anti-allergic agent or treatment for atopic or asthma.

- 12 -
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Moxr 2L Q| 7|&7He &g a2 WEe FaAT DYATE 4G wsePedF] Ao Aoz P Folvh
wstA AL 2700 FHE Fa FEAY FFoR FAEAGA HFY ToE
A 71esF 4 o= 5 ik
1. 7N
PO B - ARAA AAgHLE sEAEEe] AAAE AdTE wHuA 25 EE Az AE
- Hlgel A U 2R Bdow IJ 47kA 2 ERuT Sol 4 EE Rdste] g E4sE olfA A A mAXRF Ee 277
(27 el 5/ Z2F VY 5/ F2H v/liﬂ’\‘j T/ FXW RIS 4%, thololE A, oA AR fgor AFHY) AR} AL FI HTolv, =3
- Z}% v (potassium, magnesium, calcium) ¥ HE}W C, A ¥ B-12 59 dY¢4LE F A F7] wipe] v Y, =g AAA, By AT viaa 9 S e
Rl gheel el FReel ¥ A%e BE wa, Hsk 5 ARvgdE GU HE RS s aud gld
3 Qe veh, M@ R s B, Aol B4 AMAAE FreA FHE
W ol AAle AstEER, A4 L el AY AN BL HESEH £ge] Arkn - vAERE SN, A, S, 8, HEE, 9, g, B, 24 5 ddel uh
a4 gtk sha gla olef gk g Age] IR REYA HFn Addn FFHA F5E /A

v v Al z=H
- W A% F (microalgae, HAIEHDT vih el AAsh: AnAA Z7le] G B 7k sl= T
Qe Aded wud araee Fgs Jou, A7 Adel FWsA Bxst S A Aol A BE AW v madE Qlv)sh tRe] SR FEEC e Wl
9= AEolt}h o 359 dA AP Hds] o|AtEAE E5E3 JUAFNP) Zolx i 9o IE YRAFReR Hojd IEuE qIt YFHAT
9} BYFS wol Alaxe ES HFAEE WEIY FHxeo AEA ot (Chlorella,
Schizochytrium, Aphanizomenon, Nostoc ). - 2u} AEIL vaIdE 5 Yty BT d2F FEEoIE L 715 AY brown algae,
red algae, green algae 5 YT 22 X3t A= UL

- A AA"eRE oF 250000 F, SElvEtdls oF 1,30001F 0] EAEH AE7F FoHAE i
skl 4] 2733] &4 H 2 FAAME FAE Aike] Thed AAA FAHe] v =& - T ozElE R 30T Fo] FHuE F9 Aotk
)52} 9 o] o} (1) o= ZxFoA F&3 ZEs ksl Agdioln, HEvIES] 5500 &3l= &
kst G371 Qi
- J1xFst @ A5EE AR, QA YR, Hol B AFE U oorEel dn APHZ (2) F3o)%: tAwl, WY F ZxFAT FHE nENES AR GAEe A4S
HE 5 O RoplAd B85 3 AkEIAZR B, 2014). AET Are £FAAE WAyt Az AAAHLR A4F A2 AeHH
#AAlo] molxa gt s GFEAtE 9 v A= nggo] ria diA drh
- A mAERE g4 vls ok AE Foln Y EokdA e ESMEA L AEY )
22 A4 dyA Holo A= npolodEe tA T8 Aasly] 9)F fuvow Alm o - 201172015 EA1E BigAS] AEY F 2%7F sxHF AR 4§ AFew AxH
AAA Ropol A R, off AR E: AR A7/ BOE, AE/FE Ropi Qur (Carweeds, Bladderwracks+ ) 22 224 whriAle] AFL 27 af AF4 v
AE, AARZAE, ok T M, AWt 58 ol&3sta glow YE #HeA, § aste] =A 37FA] 7] %5 (firming, slimming and anti-cellulite) 7%3tE 73S el
43, AFA R, YAbe 943k T T EokellA AREE AL At *Laminaria digitata extract (Oarweed)
xxFucus vesiculosus extract (Bladderwrack)
- olgg HARRE T2, gy g HH 2 A AYe AEHEH o o] FojA AL
At
- dA FAAEQAE MxFo FFE ALA L AFE FEA ARSI vk
0. A (1) ol HAAIE: 4=} MOUE 21 fx2fF T fFA4ds &8&38 sdF ML Fof
- AFEo] EAAQ nHSAYR HJAEWUA oA Fd2olE T IFFFS AEAN AT s
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@ vew: #9 Hx FEE f2 D) 5 EAYRE B FoIHREDE HEAR

2017.1.25.). - FEEREYUYE JEWAE Y AlzAbd o5ty 20050l Ago® A FE 2ZAN AF
@) WA Foigrel = : FHS SAE AR, Aol 300918 A= HWA HojAe] Hok tgom & Age] HIYL.

o,
N
=
K
ot
S

2 JF F2 FI7ER 2007d0= 6000 Eolde] Aol HRlaL, dlojAlel AES s
Aoz syt < 10009 & (1003&%1)&]%51;1 Z7he w3ty SFEAGS FA
Folvt 71 ojet ARG A& SIS /AT Ao oS

- MAZER SFES FAAA A Z dEA dA FAW, AT Afude vHAzF

29 Ay el A, BP, A4k Gol hitE FAE AZauA wAxRel @

i o1 AET} wolAA, gt 28¥E Aztel AAl =& FAEFLR A W 7%l
i 13

29 o] 714, Algears Ascophyllum nodosum= W%
71574 3% (AlgeaEsthe) S AJ4kstar gt - HAZFE o] &3 FE/T T LA MLFG ofefje}
| Z
- &3] AE 7|AHE algae AE A8 FEol= Ulva lactuca, Ascophyllum, Laminaria
longicruris, Laminaria saccharine, Laminaria digitata, Alaria esculenta, various (2) ‘& A

Porphyra species, Chondrus crispus, ¥ Mastocarpus stellatus s °] ST}

dA 9ol AxE FAstete] IRANE B Hx=2AE st
R (3) 2016 mpolemlx 7]l Pupol o (F)E Fude FEES Fo Arow EFE
- AASFE duRAe DAL w0 (anti-aging)dl HEF e BojFEThs Aplol = e A
S AAA A Aol A e dierow g dA i G AL, Bae] s Al @) 957 APAPBLE nAzF A xTPolEYE & PB-31 oF FEE ¢, It
FrrE AL A 5 % m9E FAste] do|mUrtel eEmoh(F)He] 7 kol Wobe AAHAL
o el F8skE AT g o] th(2016.11.12. 7]A}).
- FRAny 29 EYus AR FoR BE IAtdA AFeR EAS i, Fu ) HFT AFA} (NBAFFAATA) AAM W mgsw AAANE £
:jﬁ%iﬂ ;j‘ﬂ B R S BAHeR SE&ETF % vAERF A deetd] FETI YTh vMARTE
e AEAs gy 553 Axds Ve FAR 2R 2AE 4e 5 e
- mAzREY AR FRE AR NZANE E= ARLoR olfx= ZFzdd TN Aol MHE WX ko) A AW FHAVIYE ol &3t F

(Chlorella)e] 79 A7l Al7&e] 380

DHA (docosahexaenoic acid)&= 1009$

carotenoid®] A1 TRE 747k elge] et SEA AR R RasdA B AaEas EaSE Hpael diLh
Wk / vhol 209, olobE, H4F 5 A4 Folvh

~ Zzwale A9 19909RE Syl T3 guuol W AA Az Qe o (7) Zefxo] vl do] A= 2015 Aphanizomenon flos aquae®} Laminaria ochroleucas
500077000E 0] ol2™ & AE 1259%e] o= 3 9t} FEAdRoz X3l s MAE Zgvd gl EFH gy gds EAE
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- FYAAJA wlgutol () gl AA 2=, 9 wA 5 A vAxR{F o 97hel WA (pH 7+0.1)5 ZH2F whge] F dFE FEshe] 8=olA 253k wjdate] Al

W EAE set-up ¥ A3} HF 400LT °F 30 T 50g/dw ABitel AFsArH(LH IFE SASGTHIE 24).
23)
¥ 7. KSF00312} KSF0105 v S 918 BG-11 A9 T3 elemination 23
o, control 12 3 4 5 6 7 8 9
1 NaNOs3 + - + + + + + + + +
2 K;HPO4 + + - + + + + + + +
3 MgSO..7H,0 + + + - + + + + + +
4 CaCl,.2H,0 + + + - + + + + +
5 Citric acid + + + + - + + + +
Ammonium
6 ferric citrate + + + + + + - + + +
green
% 23, Hiulel e HA(LEFH: ‘?’1), i@t A seed culturing (&% O]'Eﬁ)y Z} 7 EDTANa; + + + + + + + - + +
400L i %F tube WolA M EFE MAZF 55 8 Na,COs + + + + + + + + - +
9 Trace metal + + + + + + + + + -
solution
- AXRSTER AAE 3 $R FAeAEFA KSF0031, KSF0105 AX258 284
oz WoFss] sl oldel PN L AT AP 4PS sgim, Adg
Ao 248 delste] R T widel HHstE wAE HAQlsk T
- el ALg&E SA F KSF00319] F&olA BF7bsA 2 £=HeE 5
7t o A7) Qe 12%, 18%, 2%, 27%9] 2=x7o s wigstda, o1 Ay
A W ollE FEAAE G LUAY A4H0E APARHAY 1,
.—.14DD
E o | # 8. KSF0031¢] BG-11 WA 744 elemination 4% 2
el Cell 10° cells/mL
£ g0 | o o Variable Component els  (x10° cells/ml) o QK
E T . 1%t 2K 3% 4%t
% BO0 =8 13T
_-E % = =i X1 w/o NaNO3; 1350 1600 1590 1350 1473 142
£ 400 | = e X2 w/o K;HPO4 760 860 800 600 755 111
= 200 == w/o
g G : . . . X3 MgSO4- 7H,0 960 940 850 700 863 118
o 5 10 15 20 25 w/o
e X4 CaCly-2H,0 1040 1360 1800 1950 1538 416
X5 w/o Citric acid 1000 970 1600 1380 1238 305
1% 24. KSF00319] A= A3 X6 w/o AFCg 1170 1010 1650 1670 1375 336
= - ~ ~ ~ X7 w/o EDTA-Na; 1300 1520 2170 1750 1685 372
— nlo] @ uj} ~ =9o o o = — i1 =X =t
Felewle §5E A% KSF00312 12718% BG-11 "X, KSFO1052 8712%s X8 w/0 Na,COs 1280 890 1500 1700 1343 347
BG-11 ajA]oll A AFo] 71 wE Ao & ey, 8% A BG-1181%42] AES 3 X9 w/o Trace 1270 1450 1440 1580 1435 127
All 1480 1410 2340 2100 1833 459

Hglate AP APSATHGE 7). BG-11¢] 949 Fa744E 5 /AR AAE
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KSF0105

a9 25 BG-11A &S 283 wixol A KSF00313% KSF0105¢] A4 &
4. 2713 %E KSF0031 1.2x10° cells/ml, KSF0105 3x10° cells/mlE )

- KSF0031¢] wiF #HAshs 98 BG-1191A elemination @A 7ol A v A A &5
Significant factor’} 57HZ YElsa, o] K,HPOs, MgSOy4e 7H.O, Citric acid,
AFCg, NaCO; = positive factor %t} Non-significant factor™ NaNO;CaCl, *
2H;0,EDTA » Nay, Trace SITHE 8).

¥ 9. KSF00312] BG-11 ¥iA| 744 elemination® @ 7% 42}

Variable ~ Component _(\r/7a1:\l/JI;3 J'(Vmall\%)e Effect T statistics P value
X1 NaNOs 0 17.6 360 1.69 0.102
X2 KaHPO4 0 0.23 1077.5 5.05 0.000
X3 MgS0O,-7H,0 0 03 970 4.55 0.000
X4 CaCl,-2H,0 0 0.24 295 1.38 0.177
X5 Citric acid 0 0.031 595 2.79 0.009
X6 AFCg 0 0.021 457.5 2.14 0.040
X7 EDTA-Na; 0 0.0027 147.5 0.69 0.495
X8 Na,COs 0 0.19 490 2.30 0.029
X9 Trace 0 0.058 397.5 1.86 0.072

- KSF0031¢] BG-11¥]A] elemination’ &< %3] A2 significant factor? &%= $](7]
E T2 164 (-), L.1d] (0), 28] (+)E EEste] wixE A Zstar KSF0031S Wl

FatA AExFE FASATHE 8 X% 9).

¥ 10. KSF0031¢] Plackett-Burman design (BG-11 stock % %)

g;ﬁ ?\o NaNOs K.HPO, M@gQi Ca  Cle  apcg  EDTA Na;cOs Trace  DW
1 1004l 2004 20u 1004l 20p 2004l 100pl  20u  1opl 9230yl
2 1004l 2004 200u 1004l 20p 20yl 100pl 2004l 10pl 9050yl
3 1004l 2004 200ul 1004l 200p 20yl 100pl  20ul  10pl 9050yl
4 1004l 204l 2004l 100gl  200pl 200yl 100p  20ul  10pl 9050yl
5 1004l 2004 20ul 1004l 200pl 2004l 100pl  200ul  10pl 8870l
6 1004l 204l 200u 1004l 20p 2004l 100pl 2004l 10pl 9050yl
7 1004l 204l 20u 1004l 200p 20yl 100pl 2004l 10pl 9230yl
8 1004l 204l 20u  100gl  20p 2004l 100pl  20ul  10pl 9410yl
9

100u! 110ul 110ul 100yl 110ul 110ul 100u! 110ul 10ul 9140ul

% 11. Plackett-Burman design for KSF0031 A% v% =4 ZAy}

Description Cells (x 10%*cells/mL) | o=

Run# =2 X3 x5 X6 X8 1% 23 377 g =
1 + - - + - 1570 1560 1365 1498.3 66.7
2 + + - - + 2495 2040 1860 2131.7 189.0
3 + + + - - 2565 2400 1995 2320.0 169.3
4 - + + + - 1235 1025 1185 1148.3 63.3
5 + - + + + 1370 1275 1285 1310.0 30.1
6 - + - + + 1405 1335 1165 1301.7 71.3
7 + - + 1235 1360 1300 1298.3 36.1
8 - - - - - 1160 1410 1200 1256.7 77.5
9 0 0 0 0 0 2735 2500 2150 2461.7 170.0

- KSF00312] BG-1181#] & Plackett-Burman design? @& %3] ¥ significant factor
= positive effectE® YEFN K2HPO4, MgSO4 » TH20 ¢} negative effectE eI
AFCg Aot
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- KSF00312] Plackett-Burman design %74 #4 Z3E nlg o2 Box-Behnken e Trace
g B ° RUN | NaNO | yhpo, | MgSOs | CaCle | Citric | Apcg | EDTA Na; | Na:CO; | metal | DW
designg 3}t Positive effect factors: (+)& BG-11 wj#| 7]&F%=2 249, (- } e 2 solution
. . B . - 1 100 20 20 100 100 55 100 100 10 9395
(+)9] 1/10 Negative effect factors: (+)&= BG-11 ¥ix] 7|&¥ %, (-)= (1) 1/10 &
2 100 200 20 100 100 55 100 100 10 9215
= 3 = . 1tri 1 .
2 39y, "2 factor (NaNOs, CaCly * 2H,O, citric acid, EDTA » Nas, 3 100 20 200 100 100 o 100 100 10 9215
Na2CO03,Trace) = dil T== FAFATHE 12). 4 100 200 200 | 100 100 55 100 100 10 9035
5 100 20 110 100 100 10 100 100 10 9350
¥ 12. KSF0031 wix] & A 3}= 93 Box-Behnken design 2| significant factors®] &%= H$] 6 100 200 1o 100 100 10 100 100 10 9170
7 100 20 110 100 100 100 100 100 10 9260
No. Name ST=HL (mM) H[ 1
X2 IGHPO: 0046046 STE e 150 O T 0) 20 (O 8 | 100 | 200 | 110 | 100 | 100 100 100 100 10 | 9080
X3 MgS04-7H,0 0.06~0.6 7|1E sZ2o 1/581 (=), 1.18H (0), 2uh (+) 9 100 110 20 100 100 10 100 100 10 9350
X6 ___AFCg 0.0021~0.021 ___ 7I& == 1/108f (=), 0.558f (0), 18 (+) 10 | 100 | 110 | 200 | 100 | 100 10 100 100 10 9170
11 100 110 20 100 100 100 100 100 10 9260
. _ N . 12 100 110 200 100 100 100 100 100 10 9080
- KSF00312] Plackett-Burman design &4 ¥4 ZA3Z wlgo & 13 Box-Behnken design
) 13 100 110 110 100 100 55 100 100 10 9215
A 3 22 v E AASATHEE 13). Positive effect factors: (+)= BG-11 #}#] 7]&EF X2 9] 14 100 110 110 100 100 55 100 100 10 9215
28, ()& (+)2] 1/10 Negative effect factors: (+)= BG-11 wj#| 7|E&%, ()= (1)< 1/10 15 100 110 110 100 100 55 100 100 10 9215
o7 BFIYtHE 14). Y2 factor (NaNO;, CaCly s 2H,O, citric acid, EDTA ¢ Nay,
Na2CO3 Trace)= 9@ 52 FA3ATHE 15). AAE wiA o KSF0031E HEsti 257% ¥ 14. KSF0031 ==& A 3}= $3 Box-Behnken design ¢ significant factors
AEFE ZAHSL(E 16), oS 7|Hre 2 KSF031M %S 13 wjx & 232 A sk Description
’ Run#
X2 X3 X6
1 - - 0
2 + - 0
3 - + 0
4 + + 0
5 - 0 -
6 + 0 -
N o N - . 7 - 0 +
¥ 13. KSF0031 #iXH A 32 93 22+ Box-Behnken design (% e$):ul) 8 0 n

©

—
o

+
'

==
=

==
w

N
N

v ~
oO|0o|00o|lo|o|o|+
oo o+

oo o+ |+

¥ 15. KSF0031 wi#] ¥ 4 3}= 9|3 Box-Behnken design 2| significant factors®] &% H$]
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No. Name SZH2 (mM) H| 1

X2 | K:HPO, 0.046~0.46 71& 5= 1/5H] (-),  1.1HI (0), 28 (+)
X3 | MgSO.7H,0 0.06~0.6 7|1E 529 1/58 (), 1.1Hi (0), 28 (+)
X6 AFCg 0.0021~0.021 71ZE 5529 1/108] (-), 0.55Hi (0), 1Hi (+)

¥ 16. 22+ Box-Behnken designg 53 KSF0031 Al ¥ =4 (¢$]:x10" cell/mL)

1% 2%t 3%t o 2%
1 1185.0 1130.0 875.0 1063.3 95.5
2 1115.0 1135.0 1280.0 1176.7 52.0
3 995.0 1145.0 1140.0 10933 49.2
4 1115.0 1710.0 1585.0 1470.0 181.1
5 960.0 1260.0 1130.0 1116.7 86.9
6 1575.0 1970.0 1980.0 1841.7 1334
7 1165.0 1295.0 1060.0 11733 68.0
8 1115.0 1515.0 1820.0 14833 204.1
9 1170.0 1575.0 1490.0 1411.7 1233
10 1655.0 2000.0 1855.0 1836.7 100.0
11 1240.0 1160.0 1305.0 1235.0 419
12 1630.0 1585.0 1530.0 1581.7 289
13 1270.0 1830.0 1800.0 16333 181.9
14 1190.0 1740.0 1545.0 1491.7 161.0
15 1245.0 1975.0 1525.0 1581.7 212.6
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Surface Plot of Cells (x Contour Plot of Cells (x
08 T
L A | y 1200
PO I A A f e 1300
£ { —— 1400
- o ! { —-— 1500
1 & o4 [ 1600
00| z b
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- oos— 4N
o0 3 ; %
1 E N <
Cells (x10°4/mL) yyq, 1 0z % i s o
11004 e s o
] o1 AN .
™~ e NN
— /;M MgS04.7H20 T T T T
o | g 008 015 025 03s 045
K2HPO4 ET K2HPO4
Surface Plot of Cells (x Contour Plot of Cells (x
0020 — e
,,,,, 1500
—— 1800
o0t ‘ e
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< 0010 — ,/'
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0005 — /
/
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008 015 025 038 045
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Contour Plot of Cells (x
=1
1600
—— 0
0015
1800 3
2
< 0010
1700 /
/
1600 'y
0.005 // — e “
Cells (x10°4/mL) 150 B
1400 T T T T
01 02 03 04 05 08
100 MgSO4.7H20
s 1 g3
MgS04.7H20 04 05 g

19 26. ¥l A= (MgS04 7TH20, K2HPO4, AFCg)oll w2 three-dimensional response plot

A5 UAe

o] 023 mMelA 04 mMZ F7Fs 9131 MgSOy4« TH.O A w53

53] w591z modified BG-114] %]

A=
w4

ERE A8 K HPO,o| 3

3 mMelAl 055 mM&E

0
S7Feksinh ¥kl AFCg®l -9 0.021 mMelA 0.0021 mM= 2= A eHE 15). modified
BG-11vj#1 9k 7] =ui Aol KSF0031E HFdted 56 &t Alxse] msts 4% g7

Zrol wheb Ao 35% FFE AMEFE BATHTH 27).
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4500

2500 4

10" celkfmL

—4=—normal BG-11

=f—optimized BG-11

Incubation days

50 60

a9 27 HAskE BG-11w] A ek 7] En) A ol 4 KSF0031 9]

3 17. KSF0031 wi kS $1ah A #uf~ A&Ex

A% v

Component Bg-rﬁi(nnﬂvl) ngqi{:gn)
NaNO; 176 176
K-HPO, 023 0.4

MgSO4-7H,0 03 0.55

CaCl,-2H,0 0.24 0.24

Citric acid 0.031 0.031
AFCg 0.021 0.0021

EDTA-Na; 0.0027 0.0027
Na;CO; 0.19 0.19
Trace 0.058 0.058

O Lab scale 2088 A4 wAlZ=F vl A=t

-ET AER ddede Aegd Ay ngdAd 230l U

e dddelA 28T F e 2R wWFFEE FHSAT Lab sized low

temperature culture systems 19+38lal 53] 5 =3
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of
o

- 2088 HigEl == ZY7lEUo]E (polycarbonate) A = T AlF ARE, 4H]
300 mm ©]3}, ol 530 mm °]ste] AV|E VAL Latel] HEE &AlE At
&3 B, FEAde] ¥, Ef2as AT F UES
FoubA R 371F d:ngr AlzAAT, FEETE
el e E FAste] g7|dF7I2FEH R TE F

AEAo]l 5ol7ke= g AT 8749 LEDWE vAzR 54 ULH] A, g

A Ao g A 4 low FFE EEAY Fol7] 8] ¥ LEDHY A5
2 243 v MgxAe 25, FFS 80 umol photon m %!, FF7]E 16:8h

light - dark cycle, 60RPM x1k, E]
ml F 1.05x107(£50)¢] AlE4 E W 1.15g(x0.1)2] Hlo]emjAE B watdrh e
29).

g 280 9y a1k A ZF Lab scale vl g7]

—=— 0L ZH{2 Y|
400 == 20m T-flask

[

Totoal number of cells { X 10° cells/ml)

o

0 10 20 30 40 50 60 70 80 90
Incubation days

Iy 29, A4 wARF{ gl A wAxRF ZEv =Ry~ (KNMO0029C)
ME A 2=
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- FANAZF dEge Y3 A 3 Eu 7] (tubular photobioreactor)E 50 AL9] filter columng AFE3&A T
B R A ASte] oF 23g9] KSF0031 vlol eml~E AJakalsdeh o] A -2u) g2 - olE vl Ayt AFE S ul 37CoAA 24435 X AYS B of

1002161 Boldrloh g Baae] Ag AASUAAZ 2 nEEBAL AH Sz 44" Bwde] L% stability testS A SFAHLH 30,
o A H o sl W8S ALAAHEAW 10069 HowaTA o — T
135%+el o 2 A 7h). (4°C,24h X2]) (37°C, 24h X 2])

e, B RENRAE obe SAnAER € aa deuatd A0 So e
% Wl S0eIE AR S i A% DAL E o8B ATFH, AAFE A
2o §% 2% CPSEAAA BFA A2 TEHAAG. FAATLE JeA9 o mus
Heow T ABALUS o] 88 2vks WRN2e PEako] wAzF W el | o
97 BUHA/LED Ao N2ue Analglt AdE viAzF wede] LEDZY, 24 w3l
S U AEES 2EE 9 PCA 93] APsahEs Avakathe 30).

RN asacres
c0000000000&" e B (O e e
a9 31. CPS1 AAl & %W stability teste} &572 Aws}
24
SROHER st 5
- 37CelA 24h HstE Agol Al T7 AFP 2% &4o] Zaste Ao &2l
DY sYHI=0tE T ;"A'ﬂé‘%ﬂ /\}\-__D:“ COI’ltI‘Ol \:HH] 0~25(y 7]].;{] LE]O%‘/‘(]‘—‘ 7-] o] ‘V %H S\)v]*]q_
| meen - 53], CPS1 isoform (ChAFP isoform)2] 74-$- protein aggregation®] ol = A 3
™" 25 = Ao 2 Mol structure stability’} AtiA o2 v+ FHow o
(“}‘Wl"lﬂ)
O CPS29 #AzF aizd A cell-line Fxr 2 diaFA4t 53

- pET32a (+) 2awWE o] CPS2 # A XHNCBI accession number, KC707921)S Z 3
A A el A CPs2 @A S HAdsts i d Iy 758 3ti (2 6).
AAFA 3 ToT 2vfE YA 28 =2 % - 500 ml LB brothel &% ImM IPTG (isopropyl B-D-1 thiogalactopyranoside)Z
A7bste]l FAAEE pET32-CPS2 AT @i JA = AxE 257 34 A
95% oo &<& wMA FRFGTh 33 Ni-IDA  (Ni-iminodiacetic  acid)
, AT d9E AA dAA ZAzbe] FrHel ¢ 500 ule]
-3 wuRgd sxEtel Bt CPSL AXY WUAL FToRtY waA %% o139 BAZE Hd AT FE 5 mg/ml (n 1 xbA AAR A=

o)

12 gt s A% A2 2d A=

wa
[}
S,
=
(¢}
4l
4

l—J

O CPSI A%F wud G4 tFy 7 purification <33}

1o 3]
Hsonication & &N EstE &34 @A (soluble protein) WHE PET32-CPS2 &S Srushsivt.

24 #e AFEslE 8k a2vtE s Wy (affinity chromatography)
B gAES AT
- "ol wet 20mM Tris-HCl ¥ ¥ S DPBS ® 3 & ul4o] & 4 2121 Amicon

9
=
2
ol

tlo
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54—
42—

Y 32. pET32-CPS2 Alx% ¢
WAool wktd 2 A A (M, protein
marker; 1, crude extracts; 2,
soluble  fractions  after the
sonication; B, binding
flow-through in the purification
steps; W, washing flow-through
in the purification steps; E,
continuous eluents (approximate
500 ul of each tube)

Ak WA A, B gelo] BEst waksd o

oo} g om Ao FAH B Aol

ol

H
ozrio
>t

19 33 AAlE pET32-CPS2 @A o] A AAd A +3

O A" pET32-CPS2 Ax3 duide] vig wgk 9 A4 24P ¥

- AA " pET32a-CPS2 w9 A o]
(phosphate-buffered saline) 2 =] 3+
-1 mle] GAlE @9do] oF 10 mle] PBS H# & i

3}

(e}
A&

Z 53l AA F#d ¥, HAF 1 mle] PBS ## 7Rk AA gy g

4E5o = Wy (20mM Tris, pH8.0)Z PBS
A17171 91384 centricon AF-&3FA Tl

5500 rpm o= Y43t
=

FAAZE (Freeze-Dry)E F83lo] viHo| &5 AHA dwlzds oF
FEHE HF 5 mgo 2 HESIATH LR 34).

- 67 —

A5 A4 & e (dendritic morphology)
)
=

SRS Aol aA gdo

a9 34
- 100 ulel PBS Mslel FAAZE AA wulde] ARE §AAA wulde 44 =
HA, ok 04 003 Tl o= A Aet@gel ZHHUAOw, 6 W] xR B
7 ehbe Aom pasel, 5AAx wud
]

2

v~ 19 % $A1% ¥ PBS

N/ wolol gaE WA wu
— o mad By =7

O ARoAM CPS2 @z 1ty
A E gz w A el 07X ER Pjchia pastoris (P. pastoris)=
AE eFZ 2d guds BujA7E

A e A CPS2&

o

A4
a-mating factorE $H7] A7) o2 A

A% 4 Q%S pPICZaA ME A CPS2E Wa s,

- pPICZaA% multiple cloning site®l 4] EcoRI¥} Xhol $1#]o] CPS2 #HAS At

FAA

¥ DHb5a witel FAHEste] CPS2
36).

Fepav e A Ae ok

20—
15—
1.0~—

9 36. pPICZaA WEo] 3% AOX forward®t AOX reverse Zz}o|HE AF-&3F
DH5aol dAAge daAWy e CPS2 #dxk £33 &9 2% (M, DNA marker;
1- 16, DHb5a transformants)

- pPICZaA-CPS2 Zet2v= CPS2 A7 Well |71A<E #el7t fl&

o
o
o,
ol
o
32
o

,68,



- P. pastoris &FMES X-33S #HF 500 ml YPD wj ]| 30TCoA vjkst & 01

il

Q

o] THFE 23 A, YAEHE AEA 1 mle] IM sorbitolg ¥l =3 &
2 FAERZ A3 Sacl AFE A= Add pPICZaA-CPS2
Z A= 10 ugS FAASNE SFAE €& F A7 AT (electroporation)&

. FAARD Zeocine]l H7FE YPD A WjA el =

-gA4" F2Y W pPICZaA-CPS29 X-33 AdoFE F2d3t7] 93ste] AOX
forward-AOX reverse Zglo]HE Alg-3le] PCR =3I tH 1y 37).

19 37. pPICZaA ®WE E3E AOX forwardQ‘r AOX reverse Z#}o|HE A&
X-330 FAMgE dAWE o] CPS2 Fdx x3 el A (M, DNA marker;
1- 16, X-33 transformants)

- AdAH o R pPICZaA-CPS27F A9l E transformantE o= gad 2y 3.
BMGY (Buffered Glycerol-complex Medium)®ll transformantE % &3le] 147+ )
¥ owMigE AEES dAEYstd sttt BMMY  (Buffered
Methanol-complex Medium)oll 3|55 A¥XS HHA171 F 2423 vi}p HF 5%9]
methanols F¢ate] A&How oy By f =383t

2 fele] RO e wud wd
sol A3, AE 9¥E Bl CPS2 wEAWW e YAHA stk Ak A A

5=
=
av)
=z
iy
rlo
B
[\
=
-]
Q

=)
~
ol
=
-]
o

{

4

rl

o
>
o
o
WE

3@ wu see] sHelsglch

®) 9 38 pPICZaA-CPS2 #d HAE ((A) crude
a_ E extracts; (B) culture media; M, protein marker;
1 1, negative control, 2, 6 hr induction; 3, 12 hr
- induction; 4, 18h induction; 5, 24 hr induction; 6,
36 hr induction; 48 hr induction)
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- 47) F5E lbrary® Dol $AARD F Ak w2 91998

- 48AIZF LAAIZ AIEE 25T T T A O dde] fiys A4 A9, ¢
42 kDa® 70 kDaolA] 73 weld wi=7} gy, His-tag primary antibodyS Ab

&3 Western blot 418 S g CPS29] wd dwldS H33 A7 70 kD
a7]e] d@FoA M=yt FHXFAYE CPS2 ¥wAe] =77 oF 35 kDadl H&
7hete W), CPS2% P. pastorisdl A dimerE dAdtes Aoz FAddch(2d 39).

M 1 Z 3 M 1 2 3

75—

54—

22—
35—

9 39. P. pastorisol A 2HdE CPS29] ¥4 ((Left figure) Coomassie bands of

three lanes from soluble fractions after the sonication; (Right figure) Western blot

bands of three lanes from soluble fractions after the sonication; M, protein marker)

GRAS (Generally Regarded As Safe) A& 7|5 CPS2 whuld wkg

- pBE-S ¥ (Takara)ol CPS2 ##AAE AZdste] )&t DH5aol &2 A 3AI#A
GRAS A=<l Bacillus subtilis| ] CPS2 @& & A3 vH (2 40).

M 1-8

kb

10—

19 40. pBE-S¢ dAZ® CPS2 #x# &< (M, DNA marker; 1-8, DHba
transformants)

- 173709 A& t©}E signal peptide library®t pBE-S-CPS2 W3 Zglxn=2 473
A7171 &l Fgan=E Miul 9 Ecod2l AdFaars Algste] dukdt $ signal
peptide library mixture @ HD In-Fusion enzyme (Takara)E AF&3le] A2 t}h&
signal peptideE 77 pBE-S-CPS2 W& ZElan| =8 %351t

I & 70709 2 E=H9 signal peptide’t 23¢H 2E Zelan = 3135

- Z7}e] pBE-S-CPS2 Zet=wW|=F B. subtilis 77 RIK1285°] @A X3 Fh319

th RIK1295 #5E& LB brotholl H&ste] 37T 1€ Y widstdot 200 ule]
5 5 ml® SP1 medium (SP1 salt + 50% Glucose + Casamino acids/Yeast
extracts)oll HZ3dte] 55 A|7FEQE 37T, 180 rpm o= w3k 1 mle] wj s
TFE 4 ml9 SP2 medium (SP1 medium + 50 mM CaCl, + 250 mM MgCly)el
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15 Al7H&< 37C, 130 rpm 22 Wi, 50 ule] 100 mM EGTAE ¢
< § 10%3F 37C, 130 rpm 22 wjgste] PAAI-E RIKI285E Al Zetdvh. &
1E Zgav=gE 95he] 300 ul¥ FH 73S RIKI2HE £33 F 1 ugd

By Zelav=g =9kt 45 #37F 37T, 130 rpm & wikd 5 300 ul9l
F 1 AZE FF agsianh. AR e st wdE ArsEs &

100 ul-% LB broth® F&A171 3 3AA7F H719 LB agar plated] =%

¥ a9 43, "EE yybN-CPS2 ©Hy)
A= Ao dd d544 g4 34 O,
FA ¥ B. subtilis transformantsE FAAA7F =J ¥ 10 ml LB brothell HE3d F protein marker; 1, negative control

(vector only); 2, 2 day incubation;

1917+ 37°C, 180 rpm ©2 W FaHRTh 6000 rpmo 2 20837k A4 F w4 3.3 day incubation)

2 el 33 g de] £ fF¢ A FS Western blot 402 &A%

tH( ¥ 41).
M 1.8 _
T
35— i -_—— "
i 9-16 __ 1% 41. signal peptide’} AAE
75—h 7 ‘ pBE-S-CPS2 whald uhe (RIK1285 O GRAS 3 A28 2 cell-line 7-%
o T transformants) - GRAS w529 Bacillus subtilis 71%+2] CPS 2&d #52 A zsl7] $l8, &4z ¢k
_ Aol MFE CPSIm ©WEAL 13YslE insertE FWEUIL, B. subtilisol A
a9 169 29 transformantE thd o= @A SwFS F7HA717] 8 1 L LB sty G A S #H]E= vector®Z pHT43S AFS3FGtH 1™ 44).
S

brothell 2, 3¥ 7+ 37C, 150 rpmo. & A% Wi 3 20 uls A7) F3te] =
W@ el Ay Western blot image “doll A 73 @i =7k S Qo (2d
42).

cm

ColE1 ori

pHT43

19 42. 029 signal peptide’} <172 8057 bps

H pBE-S-CPS2 i
(yybN-CPS2)¢] 1LelAe] gta (M,
protein marker; 1, negative control
(vector only); 2, 2 day incubation;
3, 3 day incubation)

9 44. B. subtilis 914 CPSIm< 2&d 3= plasmid

S A~ XuE (nanoliter-osmometer) S AM&3lo] AHekzow BAs Au -3437C A - pColdI vector © 4t¢1¥ CPSIm insert ¥$1S Xbal ¥ Smal® ZTAHAGH7E £
HEAol F4¥AaL, -380T l‘f— AA dEAA ] FFEr] AlAEE B gl FE =5 PCRUHS 3 SE3tA 5. 41X insert 9 pHT43 vector® F &4E A
o] dd HH"JHHX]% F%3% 5 PBS T AYuAZ vy wd FgA o= g 7 gt HPHFNE wEL, ligationdte] Ecoli DHba el  FAxd &3}
st Aol 719 Aow AdHT(Y 43). pHT43_CPSIm & @&3lE= Ecoli DHSa #52 #1&8t9 L, colony PCRS 53|

insert® 3k th

—~

19 45)
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1kbp

700bp
500bp

a3
@5

- pHT43_CPSIm&

sequence’} 4714

45. pHT43_CPS1ImE
9] colony PCR

w3

;1
o
=

1o

Wo

}

1__
.

]

8l

ol

a T 7,8% sequencingdF % L

A2 5

_73_

3}
=

stATHH 46).

8wl T

9] insert

- pHT43_CPSIm< %d&d3lE E.coli DHSa wWFZHE plasmidE XA, B
subtilis 7521 WB80ONE 40 ml LB(+sorbitol) vi#]ell 37TColAl wgkst & 0=l

4] Wash Solution2. 2 43] A2, ¢A&eld Aol 1 mle 1M sorbitolS Yol &

i

el & ol2 FAMINE SFAER AFEEA T pHT43_CPSIm plasmidE 50 ng
S FHHARE sFAE ¥ F, 171 HFY (electroporation) & AHE-3Fe] &34
Foll Adstdct. @A chloramphenicole] H7Fg LB AujA o] =23 3

12¢ 3 224 dAL &98932 7t colonyS wid¥stel DNAS 5% PCREZ
ato] insertE FIstATHZH 47).
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I 47. pHT43_CPSImS Wdst:= B
subtilis 52 colony PCR Az, M,
marker; C, positive control; 1-8, strains.

- Ao Z pHT43_CPSIm7F A Y% transformantE thd oz chiia dhe S 93|
2xYT (16 g/L tryptone, 10 g/L yeast extract, 5 g/ NaCDdl transformantZ 3%
sto] wjekEk 3 OD600 0.7-0.8¢] AXs=S B uwf | mM IPTGS A st 0, 4,
8, 12, 24, 48N witk wjFA S It A5 AT AEdA THE wHg
SDS-PAGE® #7199 %393, Coomassie blue stain A 2FS 3] A3t tH2d

ol
1 kDa H xmai

= ) HT 8N A& H A
xﬂ:wvgow e zEds zhdow odd the wudel AAZkA kAol
A Q% Zal et

l
o
Bt
[
=
fo
lo,
M
o o
[o
L
i
:;

o
c
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O At CPSAA AZF AL WHA2H

9 48. pHT43_CPSImS a3t B, subtilis 752 izt AU
Sl A S F A (A) Supernatant of culture medium. (B) Crude extract
of pellet. M, marker; 1, 0 h induction; 2, 4 h induction; 3, 8 h
induction; 4, 12 h induction; 5, 24 h induction; 6, 48 h induction.

- ARE B subtilis TFE HERESF 0, 6, 12, 16, 20, 24, 28A3bwit}t 3] F3}o]
CPSIm vl 43S Western blot MO & elatgdtt, duldo)] Eojxoz AF
st A S o] &) wdASdo7RE CPSIme WES A&l 49).

kbam 1 2 3 4 5 & 7

98 49. CPSImS 23sl= B, subtilis 752 vl %45 o] Western blot 2
3} (His-tag protein antibody). M, marker; 1, 0 h induction; 2, 6 h induction;
3, 12 h induction; 4, 16 h induction; 5, 20 h induction; 6, 24 h induction; 7, 28

h induction.

5

iy
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Score Expect Identities Gaps Strand
1402 bits(759) 0.0 759/759(100%) 0/753(0%) Plus/Plus

Query 1 CACCGTCAGGAGAAACGTGGAGGTCTTAGGCGTCAGCTCGATGACGAACCACTATCTGET  BO
LEEEERLELLEEE TR LRy
Sbict 93  CACCGTCAGGAGAAACGTGGAGGTCTTAGGCGTCAGCTCGATGACGAACCACTATCIGCT 152

Query B1  GICAAGCTACTCACAGCAGGAAGGTTTBCCATTTTGACAAAAACTGGTGTBACGACCACC 120
LEECECERELELT LR R LR Ee e
Sbjct 153 GICAAGCTACTCACAGCAGGAAGGTTTGCCATTTTGACAAAAACTGATGTBACGACCACC 212

Query 121 GGTCCAACAGATCTGAAAGGTGATATGGGCACGAGTCCTATCACAGGCGCGGCCATCACG 180
LLLERRLLLELLEE TR L L LR L EEEETL g
Sbjct 213 GGTCCAACAGATCTGAAAGGTGATATGGGCACGAGTCCTATCACAGGCGCGGCCATCACG 272

Query 181 GGATTTGGTTTGATTACGGATCCCAGCGATACCACTTTCTCCACATCCTCCCTTGTGACS 24D
LCLLEECCEE TP ER R LR EERLERRRLLLLE Lty
Sbjct 273 GGATTTGGTTTGATTACGGATCCCABCGATACCACTTTCTCCACATCCTCCCTTGTGACA 332

Query 241 GGACAGGTATTCGCATCAGACTACACATCCCCCACACCCAATATGCTAACTGTAGCAGTC 300
LLERRLELEREEEE R LR LR
Sbjct 333 GGACAGGTATTCGCATCAGACTACACATCCCCCACACCCAATATGCTAACTGTAGCAGTC 392

= HrF& =l 1= 3T = Query 301 CTCGACATGCAGGCCGCATATGTTGATGCTBCAGGCCGCCCTGACCCCGACTACGTTGAG 360
% 50. CPSE Aol T@se Zetave 75 CLCC LT LT
Sbjct 393 CICGACATGCAGGCCGCATATGTTGATGCTGCAGGCCGCCCTGACCCCGACTACGTTGAG 452

Query 361 CTTGGTGCTGGAAACATTGAGGGCCTCACTCTTGAACCTGGCCTATACAAGTGGGGGACT 420
LLREERLELLEEE LR LR L EEEELLL g

_ 16]__3_ .SH_/':O“ }\1 HE]_ ‘_% ‘:H'ZE%' Cbaetoceros HengaCj]es)’]' :}::li_% %5’: U] /H] i‘ﬁ’ Sbjct 453 CITGGTGCTGGAAACATTGAGGGCCTCACTCTTEAACCTGGCCTATACAAGTGGGGGACT 512
sttt .
B H ol S o S ml=

Chloromonas sp. KNFOO32ZHH AdAddde <1s9gshs CPSenst CPSck Sbjct 513 GATGTCTACTTCACCAACAGTCTCACCTTCGATGGTTCTGACACTGATATTTGGATCTTG 572
o A A A BuE T o Bz ZE3 B3 ol-AMo] AEEE 2O W Query 481 CAGATCGATGGGGATGTCACAGCAGGAAGCRGTECAMAAGTCARACTCATTARCGATGEC 540

FAAAL S Fuetgla PCRE §3 S5 243 Ml Add A wd CECLLCCLCCL LU EEECLT LTI EELE LTI
wl o] = & 2~ ESR=ES 74 ¥] v} z] ¢} vl é o = = 17} ALOl 5 3T Sbjet 573 CAGATCGATGGAGATGTCACAGCAGGAAGCGGTRCAAAAGTCAAACTCATTAACGATGCC 632

E = A? 3] s Z 2= 3 =

Niseandtiieninaiiinigiy’ 4 W W e e
ganes FHsta AT FA Ecoli BL21 3o HF FH A3 (19 Sbict 633 AAGGCTGABAACATCTTTTGGCAGATTGCBRECAAGACTGATCTABGCACCACGTCCOAT 692
Query 601 GITGAGGOTGTGTTCCTCTGTAGCACAGCAATCACTTTCARAACTGOANGCAGCATGAAT 660

50). LT EEEL T T LT T
Sbict 693 GTTGAGGGTGTGTTCCTCTGTAGCACAGCAATCACTTTCAAAACTGGAAGCAGCATGAAT 752
" ASUHARE pold 9] CPSensh CPSCkR SUSFE TRE sellieneirT 23 T e e
insert sequence”t @71AE Belgle] AXHASTE FlatATHH 51, 19 52). Sbict 753 GGTGCTECACTAGCACAGACAGCAGTCACGTTGBATTCCGCTACGATCGTBAKGGAGTCC 812

Query 721 GTATGCGATGTGGATGTTGGGTGTGTGGCACCARACTAA 7539
LEEEELERLRLLEL DL LLEERER LT
Sbjct 813 GTATGCGATGTGGATGTTGGGTGTGTGGCACCARACTAA 851

19 51. CPScns 2338l Ecoli 759 sequencing 2
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Gaps Strand BHOC}:'\%—‘J:—% 150(:-'?’— 17/%_2!‘11] 1 mM IPTG% 7‘(43]6‘]—01 ‘:/_]_"11147\‘5‘1 %ﬁ% %Eé}g\ﬂ)\ . t\!?].—

23(100%) 0/1023(0%) Plus/Plus )
AHE AN F AL WG QYRSte] Al e AT ALE 555
ko

re Expect Iden
850 bits(1023) 0.0 102

=

Query 94 GCCGAGGTCACGTGCACGATGAATGCCATCTCTGGGGTACAAGTCAGTGGGACATGCTCE 153
CLLLELEEEE P L L LR L]

Shict B4 GLCGAGGTCACGTGCACGATGAATGCCATCTCTGRGGTACAAGT CAGTGGGACATGCTCC 143 lysis buffer (50IT1M N3H2P04, 300mM NaCl, 5mM imidazole)i 63*1]'?:"1' KA i%—‘j}‘
Query 154 GTCAKGAATGGCACGGTCGTTGCATTCATGGACTCAGGAGCTGGCAGCTACCCACTAGEC 215

e 1t AN A A NG s WAkl WAR A7 o 30kDa, 0KDa 719] &1 (soluble) DS i3kl
s st il e HHE 5, 50,

Query 274  AGTGAGGATGACGTCTTAACCATTGATTCAGCCGTATACAGUGGGCAGACCATCGACAAC 333 kDa M ], 2 3

st . A A G =

Query 334  TGCGACCCTCCCCTACTGGAGTTCCGTGGCTGCAGCAATGCAGCTTTGATCAACACGACC 393

i o i o i ol . B

Query 394 TTCACAGACATCACACGCAGCAATGCTGCACCCAGCAACTGCCAGCTCAGCCAGTATGEE 453 32 - e «

s 500 MO e “ -

Query 454  CCGTGCGTTGCTGTCATTGGAGGAGTCAACCAGGLTCAAGACTGGATGTTTTCTATGTCA 513

i il i i iy L e - .-

Query 514 AAGAGCACCTTCACATCAGTGATTGTCTCGTCTCTCCAGCCCTCTGRAATATCTCGTCTT 573 -

s i gl

Query 574  GGTGGCGGTCTTGCAGTCTTGAAACACGAGTCAGTTGGTGCAGTGCAGACCATTGTGACA B33

ki ot i i L

Query B34 GRCGGETCCTTCACCACCACATCATGTGATCTGRGCGGTGCCATCCACACCACAGACGCA  B93

oo 111t 91 53 pCold LCPSen Walshe BL2L @3] A£@ & AL @A duais o

Query B34  TCCCTGAAAGTGCTGGATACCACCTTCACGACCAACACCGCAGTGGATGGGRACTCCATE 753 = - = . . . .
CCTCU LT TP iy 30kDa Z7]¢] CPScn %&lo] 2<l®. M, marker; 1, Whole cell; 2, insoluble protein; 3,
Sbict AB4  TCCCTGAAAGTACTGGATACCACCTTCACGACCAACACCGCAGTGRATGRGRECTCCATC 743

o ittt . Sbigple-protein
Shict 744 CAGTTCAAGGACACCACGGCTGCTGCTGCTGRTGCCCAAGTCAAGCAGDTGTTTGTGCAG  BO3
4
|
A

¢

kD
Query 814 CGCTGCACTTTCACAACACAGAAGGUCAATCTCAATGGAGGGTCGATTGCAGTGTACGRA  BT3 ¢
CLLEELEEEEEEE LT LR L LT

M
[[]] -
Sbjct B804  CGCTGCACTTTCACAACACAGAAGGCCAATCTCAATGGAGGGTCGATTGCAGTGTACGGA B3 == i
Query 874  GGCAATGTGACGATCTTTGACACTGACTTTACTTTCGGACGTGCCACCGAAGRGGACTGC 933
[ AN AR RN R AR AR AR ARARN
Shict 864 GGCAATGTGACGATCTTTGACACTEACTTTACTTTCGEACGTGCCACCEAAGRGGACTGE 823 22 —-—
e S0 TR T o s - -
Sbjet 924 GTGTACCTAGACTCATGTGCCAGCTATCACAAGGACCAGATTGTGAACAACAAGTGEACA 983 p
-
ool i -
,
Shjct 984  AACTGCTCCCCTGAGTTCACCACCTTGTGCTGCCCCGCCAACGGCAATGTCTGGTCCAGE 1043
- “ “n

ot it A .
Shict 1044 TGTGGCATTGCAGRGLCTGCCGAATGTTCAGCGGCAGTTCCTCCTGLACTCTGCCCAGEC 1103
Query 1114 CAG 1116

|11
Shict 1104 CAG 1108

1% 54. pCold I_CPScks W&l BL21 #59 A2ty 3 Az Gl durd 24 of
19 52. CPScke &3 Ecoli 759 sequencing 2 ¥ _ )
K - T seaencng = A0kDa =171¢] CPSck #do] 1. M, marker; 1, Whole cell; 2, insoluble protein; 3,
- 471 d Wol glo] CPScn®t CPSck7} 4 ¥ transformantE uldo= oz vt

3 3 gal, LB ¥iA(10 g/L tryptone, 5 g/L yeast extract, 5 g/L NaClel
transformant®& & 3ke] 37Col A w3 & OD600 0.7-0.8°] AMEFEE Y o

soluble protein

- CPScn¢t CPSck7F 2d® &alld dMARES w584 &2 ZHlA dde
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dHoly IS g EH-22%21E (nanoliter-osmometer)E AF-&3lo] &4, o - ZA MAERF FHY ZTEREE o] L3 WY AlA

w9 Aol dAEH YEue E5EAGE AR AH(LH 55).

iU

o

FEs

ﬂ_u
o
0l

(A) (B)
_4 03]
B c g s
23 2
s 221
= 5 ’—x-‘
= E
a9 55 ALwd §E ¥ AabE CPSen, CPSck @#d &9le) A4 Ad. (A) o =K
CPSen, (B) CPSck, (C) 20mM Tris-HCI buffer as control el e i

13 24 AFE 98 A2zZarg 2d Axd 35 (Fgd 98 % 57 FEF fUle PO ZREEHY 2% wE sH.
O ALoA =& HAES Boli ArM29, KNF329] Al Awolr 7esy Zzwe ((A) RNA 24, (B) Luciferase €4)

FHEaE TN AE (F 2

=

- pChlamy3 GLucE WEHe FHoz 3= A wAH F2F<A  Chaetoceros
| we fE d

2 FA HES FAsArE. 2"l (A)E mRNA 2@ FEH, B)E
Luciferase &4 %& Yekdth P9o] A3 i120]A negative controlql 25T
Aol HshA mRNAS Tdo] < 20 o] F7hat= A& #eletith. Luciferase
assay 23, 2uje] W&o Frtate FAME HHS sl

- ArM29, KNF322] gDNA, cDNAE 93] vl S o™ NCBI searchEs &3l Alx A
B} Ry & nAZF S A homologous sequencesES Hlal #2139t}

- SA Chaetoceros neogracileol Al 23] W A28 L2 RE 1,225bp7} A€

neogracile®] antifreeze protein ZEXE (P92 HH)e 259

2 A% Chlamydomonas 1970 line (A &% 50%)& R 3A L luciferase &4
< st (19 56)

1.2 34567 8N

: Ps Full length
[ r T shortened 1 [ 900

[ P9 [EEEN shortened? 600
— P3_ [IETE shortened 3

1% 58 AN AR we g 2719 P9 WE F2d

Az dde FFS v A= AARIAE 2] 9EA POS thgd 2712 ZHA F
29 gzsdrh 919 a¥olA Full lengthts AAZole] ZR2RE, Shortened
length 173& 7tz} 900bp, 600bp, 300bpE AHE ZE2WEE oujstm 7zt Alo] o
webA E3E = AR RV vhaE, doj= dew A

% 56 FA MAEFAA ALY ZEREH - Abol =z mEbA AL BFHARE ERIstH =, 53] 7HE #A &Y S39 A g-el
= was = o 5 A 7] 3} %
f‘jli e = AR g8 #ddo] FUMH= gode] FIHA FstT). ofnl dld FiEe] A&
ol JIFS FE FAREAJAAE S RAoR o dHrtHARIS 7]Ed wo] A}
0 AeBA ugzF RAATA A2 45 ZERE, FL full length promoter, S1, S2, S3i= Z}Z} shortened
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promoter 1, 2, 3).

A o, AP 8 s = P
g!

219 59. Chlamydomonas reinhardtii &2 232} colony PCR 23}

- 52F R9FQ  Chlamydomonas reinhardtiiol H71H3Hoz FAAZ Fo
antibiotics?] 50 ug/mL% HygromycinZ} Z3te iAo ZAtolyki= &2 2 3A)

SRS 13 478 WE(ARL, 300bp, 600bp, 900bp)ol A Z+Z; 24 colony® X
A THE 96 lines). Colony PCRS %3l thfst 7] PO E o] 4bd]o] Eeld &
AASAE 247 5 lines o HF AEsAh

3l
7]

vl
=

-
i

D25'C
I |oewc

-
=

Relative expression level
&

=
2

ARY FL £ 52 53

Y 60, thE Az F29 ®@ P9 FAAZAE AL, AL (100)d =&
AET} AL (25T)0 =FH AZ9 4ud mRNA 28 3 gl

-P9 ZEREo FAASANE ggez 25T & MEF 10T & AMZo AUz
mRNA 2d4&FS . 7] a9™dA AR1S negative control, FL2 full

length promoter, S1<> 900bp2] shortened promoter, S2= 600bp2] shortened

_83_

promoter, 221 S3< 300bp2] shortened promoterE 2]v] 3t} Negative control
Ql AR1Y S3 FHAZAE AL (10%)oA L&l F7skA ke, FL, S1, S2
113 o]

Ao A K A 207k Z7here )

rir

A WA xR Tzuest 4dd 9E 258 Agsac
““promoter region”

Ve P1(460bp)

GlLuc

s romon [ KET
I )
\‘. | g
pChlamy3_GLuc g |reme
4318 bp \/

P3(1,199bp)

ampicilin & Hygromyein R

% 61. P1, P3 ZEREH max 9 F2y A}

pChlamy3_GLucE ®E 2] FPo & st =4 ujA] H3{F<d KNMO0029C strain 3
ZRE  # (Pl, long—chain acyl-CoA synthase)¥ ZZRE #3 (P3,
ribulose-1,5-bisphosphate carboxylase oxygenase large subunit)®] ZZ X E 9| &
245 stk

Promoter #1

Promoter #3

Illlllllllllllﬂluuh
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8
o
—_—

)

8

g
o
w

100 A

=
28888

mRNA expression (A.U.)
2
=

- 8 &8 8 8
mRNA expression (A
303

o

4 8 12 16 4 8 12 16

Temperature (°C) Temperature (°C)

Awata Aol A4 colony® PCRE Bald 27ke] Wzl Ald @24

A 370 line® &x}SAT]

o
5]
o
2
o
ki
9,
=
i
it
ﬁ

Z5 PL, P39 AARA W 3 v

- A7 270l Z2RH B A8E fa SAAT el Aled2 RNA seq. 23S 2=

0,000 2 Fd% A3 P13 P3 2% U] 7HA] 2% 4 (4°C, 8C, 12°C, 16°C) T 4°CollA 7V =
e & AL £ e A% $U% 5 YATHAY . ol Z2e) 2w 2ol FE
2 om0 mRNAZ IO ® RNA seq& Fal4 & RPKM#S A2l golth dlojele] 273l
g z&zj i & 5 gl AUk o= p3o] HAl 0] o B Aoz dldat 5 gk
3 40,000
E Z:;:z - P13} P39] 4§ ZRREIZA HF t& vAxR{ Foll a8t 52720 Chlamydomonas

0000 reinhardtii WA FE3] e BAS B Ao diwn)

KOPRI promoter

O FA HAl HxF ZzwHd 4 fES 31 FCIA 10°C Az

19 63 227 FA HxHF ZErE FAASAY luciferase G4 A3}

25
- A AEA 9 Luciferase assay d#E T3 Ztzte] L2 RE P, P37l %% 2dF
2 g
. .. o Sy .y = ®
Q' Chlamydomonas reinhardtiiol A A4 o2 #5sl= A &34 H E3 ¥
Las
t
O RNA seq2 vlgre2 3 P1, P39] AAM #d =5 A 2 4
2
@
@ 05
0
oh n on an on 2n
P1 P3 PO
After 10°C treatment

a7 65, [EFOA FEldh Pl, P3 Z2RES; FEFHolA e P9 ZRRE ] AL(10°C) Aol
= mRNA level H|aL (P92] ZAiji= o] ol ®a1dh Z1S thA] AR
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- HEFOAM dojdl Z2RE P13 P37F 47 AFlE SFEviERus FAXSAE e
2 25°C, gzl A1 F 10°C, dhxzzdell ATsilS wie] mRNA Ui HluE v
F (=2). TEFIA ol ZmEE P9e] ZHik= wi|l nuE fls I #1seic
(n=6). P1, P3 5% P9gt wU3HA 10°C Aeellx dddo] Sriehs 43S Rolu (118 2),
Fo] Aox F7b gklo] ardh. ¥ 29 Aibe I3 19 Ao} niA R A
A mRNA 2do] zollth= 21& vehith o= Pl, P3, P9 25 A2 f=4 I3 wE
Azl ol-gd 4 S TFs S HolEh

B Il AL FEA R AsY NS BEE &) ulie] $41 P3 gl

AHgEtel AAM AW Fstgon), TR, FFO AL wuY WAL F
FNANIA @ ) P3G ol §3 WA MEE AGHH o R Tud HAS A

& Aol ot

O 2F°] =7 vl HxfF ZaRE (P, P 159 A fFe] Z2RH (PI)°] 25°Ce}
10°CellA 9] mRNA 2 4= 1]l

=]

o =
s &

o
4

Relative mRNA level
e o
B 8

o
2

°

a7l 66, FxFolA frefg Pl P3 ZRREL qrRFolA] fEle P9 ZEREH| 4225°0) % A
(10°C)ell A 2] mRNA level Hlal (727 29} 2] Z}2} wjofst Alsed)

- m2FIA Qoldl Z2RE Pl P} 242 ARl FehlErus ARAE o
2 25CS 10CAA 242F 12470 o MeFalele wlel mRNA 3@ vwg $asilc
(n-2). MRNA % Aol AES] 44 £7lo] Bebd 25CsH 10°C Aol] At ulae @
4 glox), 25°Csh 10°C Z2be] 2ol P3e) mRNA W] 7H ge o] Hsgih

v
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(79 3. ol 79 19] A3sh fA1E shReln, P37 Al BRe) Zemy oA

mRNA 2@Fo] & 7FeidS RolEth AN A&H s 24 Tdsls TERHE

= P M AR Ro 4rE, B e $A50R Adekn e fER =

- Y =xF Z2REQ P3E dido® Wi AlxES st vE AL fe4d2 P9
o] mla|X= BAut 7)1Edl Chlamydomonas reinhardtiiol <] AF&3kal 91 ARl R WE

B
(&
o
m
o
i3
&
N,
N
B

0 37 nlAl Fz

7] 913 mVenus =9 FAH3A ] AL Fe v 54 <l

mcs2 Promoter CnAFP promater
(full length / short length)

mVenus Spel

4847 bp

Ampiciin

Hygromycin R

T G e

12 3 45 6 7 8 9

. Kpnl PUC orl. /""—~ mVenus
/ S /
bia promoter |  bla promoter [ 54

pChlamy3_Empty_mVenus “=‘*I -:j-'

'\ "'\ IUTR

P9_mVenus U=
Pa_full length (6,172 bp)
Pa_short length (5,547 bp)

pTus.
| promoter

Hygromycin R

T

12 3 45 6 7 8 9

mVenus @4 i g FAAgA A= (A)

WE 225 (B) S| =R gAHsA|e] 24 PCR (Hygromycin 7-%1); (C) SR~

AA3A 9] 21 PCR (ZZFE]+mVenus F-9])

- TrEFOlA fFEle ZERE P99 =i S Q] 1Apdwe) 22
Gaussia luciferase ¢Jell Th2 2]2E A2 T2 REHO 248 F7} glskqin) 34 o

N2 0 WE = g B mVenuse] SO Z2REE Xgsle] AZsEAth o]
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= 71%9] Gaussia luciferase®} A3 3ol F2AE gepxl Aot (1@ 67A). Positive P9 P9
(Full length) (Short length)

control 2 7)E0)] FEu| e A AElo) A AREEE ARl ZEREE AL S

TERUs FEARAE F2Y PCRE ol&alld HEH Mde] A4S ddsila (7H

378, 67C), L A3} P9_full length, P9_short lengths 27} 371 lines ©)d ER3}3Ith

P9
B (Full length) _ (Short length)

N w6 e
n s & oa

Relative mRNA level
28y

o
> s

05

A FAE 2" 63Be] @ A o]m]X))

Oh 2h 8h
P9_full fength

Oh 2h 8h
AR1

Oh 2h 8h
P9_short length

7] 68 P9 ZRNEE ¥ mVenus B4 ©F i WEZE A SEbe ke g

- P99} mVenus7h A72€ WE7E A9lE GEAFAE W= 10°C AP Fol 2h, 8hel

A. (A) mRNA 2d 2 (B) % dv)d o|v]A]

mRNA 23 o] F7lshs AES Btk o] Gaussia luciferases AHE-F 37134

auto-fluorescentS YER =

oA Belg 4 19tk
g% glem, o Fold 7t el AEWE 19 63Be] EolskAh 19 69l el
S Qi AAY B AZ FoH A4 mVenus 257 BAAE AL v]§ o] B
o, ol MlAERIA £3 WARE A $E WY el Aold] e Aoz nel,

g

O wA|ZFrol A CPS1 WES 3% P9 ZR2REE o]&sh= e W A2
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217 70. PO:CPSL ME7E Al FAARA ] =Y PCR 23

- P9 ZEREd] CPS1¢] CDS7h 2% WEE Po:CPslelztar & wf, o] WE7}h 4M9ld
AA2AE 1870 line AT (27 70)

-
n

Absorbance (750nm)

05

P

-

€

o

- AW SRR CPSIe] BANY AL (150) dAE & A% 4 9g Aol 7
1 AES FANGS W, oRY} 2 Aol wolA WAL U ke AS el
GEH1g 7D). obohE CPSL7F 2 ~Ed|2eo] thet 2% /14o]7] o= sk

_0|L

_91_

1% 72, AHEA crude extractS O E 3 ice crystal formation 23

€. nevgracite . neogracile

#HE M5 #1483 CWIS Exirast Toml #iE #5483 CWIS Extrect Totab

1

1
st
W pHOn
oo TR oo B ]

a9 73 FE A ] A vkg gkl (2} SDS-PAGE 23} 9 Western blot 23}

- A (15°C) oA Ak FAASEA 2] biomassE sonication -2 ¥l ko] - o]

Stel AEnks Adojujar FAZANAL ice crystal formationg BEEIS W, UEH o]
A deloll A ojust e M3} glo] ice crystale] A= BSA9R= 22 crude extractoll

A B4 A4S 7HE Aol ERIEATHZE 72). Wbk Western blots F3l A
a2RsHE CPS1e] wdo] dojuar e FRlstd o), target sizedllA]l band7t ER1%]4]
QESITH 2™ 73). ©] A= ¥ 9ollA Rojxli= 5A ice crystal formation®] 927} &
Al713zt & CPSlell o138 Zlo] opd, #RollA Frtele Sl ©lsiA Jg

9eg ovia,

mlo

3
pas
o
4
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FEE10, 20, 40, 0ug/mL)S A glg 5 20-24A1F v g3 ot
() MEATFHH2 CPS &5 w4 - ols HASTAH AFlEANRISE HAE S oA ELISAY (Mouse ELISA kit ©]§)2
21 RuEAR B4 2aggow A5 CPS Fn SR A
O AR A A - UAZF 165 FEEY FEY AT vhsA g AT RAWLTS o] &3to]
_ =435l ).
@ Nitric oxide(NO) =4 438l Atk
o N - 7} A %F 5«'\%‘39 X _\Ji_!f.‘/ﬂ_% =z ori= H = (F3HA _‘% —é—;l. ‘5" [SIR=2
B %% G HAZE 165 92FF 7 1209 0%EOH %3 % vacuum dryer 4 mAzR{ FEFY Al 45 LERIA HAols=(GFEA)s 73 F, °
B} JFo 7 BOo ok "oﬂiauq =35 AT
NE olgste] NEAN F AZY VAEF pelletd DMSO o] 20mg/mL 1Ee2 R TR 2R SARA
_ HBE =>4 5O \ 2] 0 z| =3
stock solutiong RHE T FHEA S YA 18). i FEE Fm Aug/mb £& 80ug/mleldel wmdlA 548 Bty
74).
E 18 /H]fli_ :2/\3 /\E]g,]‘j _‘_g__ ‘(H §J_ _3_;(] \3] Aﬂi%‘ﬁ_zr‘ 9] oﬂ ‘1__% _‘T_%%‘q Line 99 Line 100 Line 101 Line 102
— R T T TP W R TR R R
Zj'(’j‘ao]: €08 & s 08 0z
L o f . - i
Polar Dried extract Polar Dried extract 8 2 i
microalgae (mg) microalgae (mg) _
KSF31 20 KSF220 14 ST ST
KSFSQ 8 KSF221 20 : 8 Line 105 Line 108 Line 110 Line 112
KSF99 8.6 KSF222 25.1 - g g ’ FRRNFINN- B SN S P d FRNFI R I T
KSF100 12.8 KSF225 8 ¢ o ¢
KSF101 8.8 KSF226 15.6
KSF102 28.2 KNF4 19.2
KSF105 13.5 KNF6 13.1
KSF108 4.6 KNF8 9.8 _ _ -
KSF1 1 O 169 KNF22 97 . tine 126 - Line 207 . Line 211 . Line 220
KSF112 201 KNF24 10.2 - EINF S S . IPST R z B B & I ® B . Lz g & 8.
KSF126 46.8 KNF28 1.4 I i
KSF207 6.3 KNF30 7.8 - Y PPN ‘ 6 5 16 20 4 & 160 320
K S F 21 1 3 . 1 KNF 3 2 8 7 \\\,&\ ug/miug/miug/mivg/mlug/misg/mi ug/mlug/mi
- LPS/RAW264.7 cell system< o] &35l LPS A 2] Al ti4 4 X RAW264.7 cell . ke . e
- . R [P S T T T
Al AYE= NO AR gk nAzR{ F559 JALES gelstart o8

04

o
- A5 A LPS(0.5ug/mL) S 74315]' RAW264.7 celloll %3 Fro wAERF
FZ=2(10, 20, 40, 80ug/mL)<= Ak 5 20-24A1 3k w3t ‘
- A ekl 100409 1000 1@]2~ A9k (Griess reagent: 0.5%¢] sulphanilamide, . S

9 74 G vAHAZRF FEEEC U g1y Axsx Ay Ay
2.5%¢2] phosphoric acid 2 0.5% % naphtylethylendiamide) & <33 % 540nme°l A L A E RAW2BATS o 83te] AEEAS mold i izl GAAYS
o] FHEE 5439 NO AA SHsAh

8 AN 5
= omo =z
@ 9% #FEUAA Cytokine(IL-6, TNF-a)¢f =% W AIZF TE(H99, £100, #105, #108, #126, £220, #2210l A EE& FABHL weld
S EA= Eg]:q/q 72 4Z 5129 TNF-ast QB F71-6(IL-6) =A st (29 75)

-3 FoA PAZRR{F 3F#HI00, #105, #126) ©E WAZRFEAH e sk

%%%°ﬂ4u8®&@mmw ARl RAW2GAT cell] thet Fimel vlAzi (10ug/mL %< 20ug/mL)ANA %€ FY 84S Yebieh1g 75)
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ssorbance (540 nen)

e (540 nm)

Absarband

Absorbance (540 )

Line 99
2
"
- - - 1
0
.
Line 105
2 = 15
" )
; ) .
.
R L 20 gl 20
Line 126
X ;
- .
1 B
: o
. .

CTRL  CTRLELPS 10 ug/mi 20 ug/mi

Line 221

CTRL  CTRL:LPS 40 ug/rml 80 ug/mi

a9 5.
@ 95 5 "AEF
- Hod FAEH S Kol
A AT
-3 A% FEE B!

Line 100 Line 101 Line 102
25 25
_ 15 15 5 -
- 1m - - 14w
25 as
° o
CTRL CTRLALPS 20 vg/ml 40 ug/m CTRL  CTRLLPS 80 ug/m 150 ug/mi CTRL CTRLILPS 10 ugiml
Line 108 Line 110 Line 112
- 15 = =
- - P = - s 3
0s !
os
o o
CTRL CTRL-APS. 40 ug/mi 50 ug/mi CTRL CTRL+LPS 80 ug/mi 160 ug/mi TR 20 ug/mi
Line 207 Line 211 Line 220
35 3
- ~ : A i
- 25 N
- - 15 -
1 1
os o3
0 °
CTRL CTRLELPS 40 ug/mi 20 ug/mi TR CTRL+1PS 50 ug/m 160 ug/ml CTRL  CTRL+LPS 80 ug/mi 150 ug/mi
Line 222 Line 225 Line 226
25 25
1s 1s =
- - 2 1 = = 1
s o5
o o
CTRL  CTRLILPS 40 ug/mi 80 ugimt CTRL CTRLILPS 4C ug/mi 80 ug/mi CTRL CTRLILPS 30 ug/ml 20 ugim)

FAE Hol IF MAERE

. -
we gl
3T FEE

F FdEd 2 ovAYE 71 Hlad Y

2
)
p

A 2R 3F#100, #105, #126) FEEo| o HlaEA

NO production(uM)

12.66

|2

ZEZ NO A4 vl 24

249 IL-6 % TNF-a 44< Z4sarh.

Ao Fasts AL woew g vAEFRY

- 95 —

- AR TNF-a A7 izt vAxR #2389 ade e AZEZNO, IL-6)
i ZIET SEeH(2™ 77) .

-OeoE 457188 vl FAaAEe] HdS RT-PCRE o] &8t 483l

- G371 &E FAA(COX-2, TNF-q, iNOS, IL-6) mRNAS] @do] F&E9] Fk
of wlasiA #A38] FasATHLH T8).

1L-6 (pg/ml)

2500
2000
1500
1000

500

TNF-o (pg/ml)

Lps

* COX-2 mRNA level

COX-2mRNA level

* TNF-a mRNA level

TNF-a mRNA level
H

TNF-a mRNA level
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* iNOS mRNA level

INOS mRNA level
H
INOS mRNA level

* IL-6 mRNA leve!

IL-6 mRNA level
IL-6 mRNA level
TL-6 mRNA level

A o) FERE AR ARolEAARAR AFIHE ] AW 1 Yo}

95 5 AT o FEED GIBY vad TN vAEF 28 P

Qagol cheliet 453 Holehay 79).

15 Bl RE 49 wEoN WARF FEEY 39 By eu Egov
5 EPRIEL .

a9 79, v A ZF(#100, #105, #126) FEE At o FEE B
ek NO A4 2822 A9k (Griess reagent) w41 H
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NO assay

[y

of NalOZ

Con.

100 105 126 E el

mControl WLPS ®10ug/ml W20ug/ml W40 ug/ml W80 ug/ml

Cell growth

Coll giowth

100 105 126 ek Hcpey

mControl WLPS ®10ug/ml W20ug/ml W40 ug/ml W80 ug/ml

a9 80, WAEFS v FEEe FARA wnRA

SR A KSF0006, KSF0031, KSF0041, KSF2022 %8 55 /MAdAe] =& 2

B>

o

- KSF0006, KSF0031, KSF0041, KSF0202 Ztztell w8 100mls ¥ A4 4
¢ FE QU F FEES o wFVE eSS AT F SF
(M5 F 1:99]8) 200mlo] dErgh o] dgdo Fsk(hexane) 200ml 4 3L
AZF Y (BWHE), T EZ o o dolA gl o] E(EtOAc) ¥
dEelAEH ol EF £ (3uHE), Al F2 EF Fg

=3 e GuE) & g2 BN 5 &

=

RN

7 l°1

19
= ]:‘
=ToRR

to

=

= 5 B3R
(butanol) ¥ &3 ¥
Sk E 81).

- TLC & normal phase silica gel TLCE A}g3tdom wale 9o @A 7 254
nm® UV 3743 10% i &H4S AF&st vkl 82).

- AF2 81j= H (hexane):E (ethyl acetate)-7:3, C (chloroform):M (methanol)-9:1 %
829 &mjxAdE& A&l

- Chlorophyll & =M o8 HAZH 1, steroids & HEfMor AEFFgon 53] et

)
-z

4o
)
o
2

PN
ob

I

=

e

& T zEHRol=Eo] bt FiEe AT
- E% o & mono-, sugar, oligomer B AEE°] 2 TfF FHAASS & 5 AUTh
- FEE U A7 EYEEL @4 AEE s FF, AEvIEd AFEA

AL EA M2 AXEE G50 e FAFH FH CPS W
- Al Ef %2 HaCaT (human keratinocyte) Al 35 V= A5 23] (American Type
Culture Collection, ATCC)oll A kol DMEM (10% $-efie} &3 71 1% &4
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KSF006 (2 g)
| Extacton oy ethane 3smen. 100 mt
MeOH fr. (180 mg)

Disoeia 0200 and e
Pariton by Hasana 00, 2s)

Partiony Bt
e )

Each crude fractions obtained
G v Al EF KSFO06L =58 &
A3 9 9

« 2 Chlorophyll

1 Steroid

W
Detected in UV (254 nm)

Detedted In 10% H.50; 5ol
a9 82, 7 2EEE TLC Y 4

E3) wi Xl #Esle] 37C, 5% CO2uF7]olA v
o TR LA AMEEALE Belsta
292} (UV Crosslinker, Ultra Lum)& ZA}gk
st ATH Y 83).

X]"4-7“\01]/‘1 ARt 20 EF F ALl o Ax
o159}

BEE 4AT T,

ol

_99_
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FHeAE

H3E F%o0

24X 7F A
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e
B
it
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)

2l

2473k A2 g
o] del o3 AE HEE

olr

Cell Viability (%)

o | B
AP R e DDA N e

Cell Viability (%)

a9 83.
O TR AAS MMP-1 ‘Z}Zﬂ aF

=SASF A 2 A

KSF#
37

- MMP-1& 33
F7tehe AoRE %Hﬂ%iiﬂ 2 AF
9 04111 E%S SA4s7] 918 HaCaT AlXE

MN, USA)E AH&3tel MMP-1<
- A3723, UVBE

A7) &wol 9= KSF w55

o o
»
°
13

MMP-1 (ngimi)
€ 1
MMP-1 (ngiml)

MMP-1 (ngiml)
MMP-1 (ng/mi)
o |
2 &

°
®

- AERZE5I MMP-1A48 &% 22
£ ¢] CHCI3, EtOAc, BuOH, H20 ¥ 2
o &3 AE B3I A%S FAst

- 100 -

Bolt wuAE 49 ds} 2

o
== Ju=e T

Sample: 5 ug/ml, 10 ug/ml

z asHt

S Axr

rlo
>
l°.£
2

Me AbshA & Liil?—ﬂ =¥ MMP-1

= w)gsle] T B2 A2 A

3t % Quantikine ELISA human pro MMP-1 kit (R&D systems, Minneapolis,
ZR e
ZAEE MMP-19] 28 o)

Z7}sl=dl MMP-19] 23 &%
AATHZHE 84).

o
= #

AP P PSS e

g KSF0006¢] =&
AE 54 9 A4



- A% A3 o} FAL Ay A &= control LE ¥ BluEle] 10 ug/mle] FEFA =
AE 545 YeplA 293 A2 FEE 1, 25 5 10 ug/ml ¥ HdA4354 A
o] o A HE F%S FASFATHE 19).

3 19. KSF0006 ®¥ &9 Ax=s4d A

MMP-1 (ng/ml)

control 1 ug/ml 2.5 ug/ml 5ug/ml 10 ug/ml 50 ug/ml 100 ug/mi

CHCI3 fr. 100 94.92 9517 98.06 944 89.03 85.06 ' TP 0O P2 a@@&s&; (ug/m)
EtOAc fr. 100 99.45 9394 10405 94.29 9346 79.49 CHO,  EtOAc  BuOH HO

BuOH fr, 100 95.66 97.6 98.14 98.29 91.56 89.87 o

H20 fr. 100 104.57 108.08 1108 11061 1103 11145 19 86. KSF0006 &8 &< MMP-1 od =

) #p<0.05, con vs vehicle, *p<0.05, vehicle vs samples
- KSF00062] #lg-&-2] CHCI3, EtOAc, BuOH, H20 & &S 25, 5, 10, 50 ug/ml &

=2 24AZ A & AdHS FA8 A3 BuOH £33 EH H20 EFEA Al
_ S B Do
¥ HE F5S Fosgdon H20 RIAZOAE ol 2ALE AHEetx] & controld KSF00062] wl €22 CHCI3, EtOAc, BuOH, H20 #3& &2 25, 5, 10, 50 ug/ml 5
Mmste] AERE Tiol 9146% 7HA F/tekE AL FASATHLE 8). =R 24N AE F A4S 2AEke] hyaluronan®] WRAFE #91¢ A BuOH
B EY H20 8 EA UVBel 98 723t hyaluronan®] @& o] F 713}
€ AE gelstdnk(zd 87).
e o
i H 40
: . s 30
S e S 8 gm) °°5<. & 5 S 6 lgm £
uve uve E 20
o
<EtOAc #+3E> '_5‘ ©
3

g < 0 E
2z ; AP OO P10 OO P0 0P 0P ugm)
% ;é CHCl; EtOAC BUOH H,0
3 E uvB
S S S S 8 g 19 87. KSF0006 +# 3 & ¢] hyaluronan 24 k.
- W #p<0.05, con vs vehicle, *p<0.05, vehicle vs samples
<H:0 8 &>

29 85, Ao Mol o3 ATRE TS - FAAF LA ATLE 2Al F CPS2 (protein)®h CPS1 3% (CnAFP, CnAFP

- h=4 g S = = R O .
#p<0.05, con vs vehicle, *p<0.05, vehicle vs samples isoform, CnAFP mut3)& Al W2k olo] Az 54 3 Ao o3 Ax BE

_ &0 lolalal
- KSF0006¢] ®l€&2] CHCI3, EtOAc, BuOH, H20 %822 25 5 10, 50 ug/ml EAS I AL s
EE A AL F A 2ASe] MMP-19] W@A@E 1§ A3 BuOH - AY A obRAE AeeA @ control g Mlatske] 200 ug/mle] A

BEEY 20 B3 2o MMP-1 o4 £5& Folsdui(1d 86). = AE 5A4E YA @ AE w=E 10, 50, 100, 200 ug/ml ¥=2 A A
ato] Aol el g AE WS §5 FASATHGE 20).
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3 20. CPS1, Cps2atid o] Al x=4d A3

control 10 ug/ml 25 ug/ml 50 ug/ml 100 ug/ml200 ug/mi250 ug/mi

protein 100 95.89 9337 98.71 98.77 10155 96.28
ChAFP 100 10778 11019 1011 99.2 109.24 94.91
ChAFP isoform 100 100,54  100.24 106 96.87 98.97 10112
ChAFP mut3 100 85.84 93.75 10426 10213 102,01 98.22

- CPS2 (protein)®} CPS1 3% (CnAFP, CnAFP isoform, CnAFP mut3)2S 10, 50,
100, 200 ug/ml =2 24A17F A2l & e FARSE A3 CPS23 CPS1el A
ME BHE 35S s o CPSIdAME olF A% A A &S controlZt H]

7 7

wete] MERS G0l 9547 % 744 F7hetE AL FASRATHIY 88).

Cell viability (%)

N R )

uve

& &S e wym & & S & & wm)
uve Uve
<CPS1-isoform> <CPS1-mut3>

19 88. CPS1, CPS2etiid el Ao o RE AEHS J

L

[s)

- CPS2 (protein)2} CPS1 3% (CnAFP, CnAFP isoform, CnAFP mut3)< 10, 50,
100, 200 ug/ml FxE® 24A12F Al F S FAlste] MMP-19 &S
13k Ay CPS19F CPS20l A MMP-1 Al £%< <1383t
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e
£

0.6

0.4

MMP-1 (ng/ml)

AR @@m S @3§§§ ’9‘:“@@“ u(,§§§ (ug/mi)
CnAFP  CnAFPiso CnAFP mut  protein

Uve
19 89. CPS1, CPS2¢] MMP-1'%4d &
#p<0.05, con vs vehicle, *p<0.05, vehicle vs samples

- CPS2¢} CPS1 3% (CnAFP, CnAFP isoform, CnAFP mut3)S 10, 50, 100, 200
ug/ml FEE 24A47F A3 F A9 AHNS FAEFe] hyaluronane] HE S el d
A3 CPS19F CPS291 4 hyaluronan®] @& aFo] F71sks glatAcH e 90).

@ IS
o o

Hyaluronan (ng/ml)
N
o

ATCELS OSSO SRS RS o/mh
CnAFP CnAFPiso CnAFP mut  protein

uvB

213 90. CPS1, CPS22] hyaluronan Z& 2
#p<0.05, con vs vehicle, *p<0.05, vehicle vs samples

O FH w59 E23& 32 7% F4
- KSFO108% KSFO006°1 41 A€14 4= ¥4 (UV), 494 5 ¥4 (R), 2%
- ¥4 (Mass Spectroscopy), #77] &% ~2FEH 4 (NMR

A WS ol &3 AYAA e F2E LU

Chloromonassp.
l were extracted with MeOH

Spectroscopy) 5

o

MeOH Extraction

suspended in water ( 200ml)
paritioned with Hexan ( 500mlx 3)

¥
l Resjdue
Hexan Fr. (7.0 g) paritioned with MC( 500ml x 3)

3 Residue
MC Fr. (1.0,
r.(1.0g) paritioned with EA

(500mlx 3)
! palmoued with BuOH
EAFr. (0.7g) 500mlx 3)

BuOH Fr. (0.4 g) WaterFr. (5.0g)
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O M Al 257

1% 91. Extraction and partition fraction from Chloromonas sp. KSF108

Chloromonas sp. KSF0108° 4 &4 &24& #e37] fsted A8 50 g& MeOH=Z
A3 MeOH FE5ES Zo dgd 3 #7]8 v hexane,

CH2CI2, EtOAc, BuOH= %8 ate] 7t7ke] B8% 70 g 10 g 07 g 04 g 9 50

g& do] B4 FAL sk

Chloromonas sp. KSF0108 " AlZF S MeOH F% 92 hexane, CH2CI2, EtOAc,

BuOH &2 &S RAW264.7 celldlA] NO A4 &S A2, 100 p

g/mL FRolA e 4 A ot

ztzbe] goli8) % o] RAW26AT cellol @ AE=4e 100 ng/mL FwolA oka

%do] #A T

rii'

PMA+ARIST
e e o
C M HX MC EA BU H.0
Ir-2

caror

*Jurkat cell number: 1 X 10°
*Fraction concentration: 100 pg/mL
*Stimulating time: 6 h

*PMA con.: 100 nM

*A23187 con.: 1 pM

29 92. IL-2 inhibition of fractions from Chloromonas sp. KSF108

d
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- 95 JAANES Fdsy] Hste] d&H 2AY=R Xﬂf‘i?l Micractinium  sp.
KSF0031 Extract 219 AE5A 2 AM¥xrus MMP-1 Z2dz AdS s

t}.
- AlEZ %2 HaCaT (human keratinocyte) Al 25 DMEM (10% -$-eleo} &7 7}

= =

1% A 23 wiA]el Agste] 37°C, 5% COM &71oll A i dstaL, 24A17F A&
& A8t

- FRaAY AEEYS Fddm SRS AP

HAAE 24X AT F

o
o

)

- 105 -

2] X (UV Crosslinker, Ultra Lum)S ZAF3E 3 ze] Ao o3t AX B3I & 53
MMP-19] @&y} v 5 1 %212 (Hyaluronic acid, TGF-B)E <13 th

APA3 KSF0031E AMEEA] fAFE FAsAIL, Aol A &
FAEZS] AEES IEAZHY. £ AFFES st @M Ed MMP-19] 2d

& oAlstel FEAN Riol Aee FASALh

~ 100
2 «
2
3
S 50
K
o
0
é‘é N ° K & o N (ug/ml)
&

19 93. Micractinium sp. KSF0031 4

Aol AEZEA. * p<0.05 vs normal

group
|5 ®Fel Al hyaluronic acid®t TGF-BE I F-A| oA xAd oa) 7HAa3d
=g KSF0031o] 98] Z718S #olgtozam ¥ Bio g5o] 9&s sy

t}.

A AFAoNA 3PS H5te] AFTLdE KSF0031 Azt vlarslte] JAFA|
S P57 Y8 NEFow AXH Micractinium sp. KSF0031 Extract 2~ 2]
E5AEEA, MMP-1)o] 553S sttt
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210 s
2 - ,
3 %, 1.0
£ 50 £
] Sos = . X
) H ﬂ
0
& ¢ o ®  §  (ug/m 0. ’—‘ T - T .
& & S & 6 s & Lym
KSF0031 B
uvBe UVB
28 94, Micractinium sp. KSF0031 =¥ 9. Micractinium  sp.

29 Ape)dedel] oF AMEns § KSF0031 &Alef AejdEsdel 9

A

o

3 MMP-1 9#| &5 # p<0.05 vs

# p<0.05 vs normal group, normal group,

* p<0.05 vs vehicle group

1% 96.

* p<0.05 vs vehicle group

60
E -
> T
=0 k-
kel <
o =z
L] ['4
2 (=
< =1
g 20 %
= F
I
0 ] > ® © S (wo/mi)
> ® B 8 & (ug/ml) s & EE—
& AL & ¢
& g KSF0031

KSF0031
UvB

UvB

Micractinium sp. KSF0031 &A1 ¢] #Fe] iAol <3t B 3535 # p<0.05 vs
normal group, * p<0.05 vs vehicle group)

~ 100 .
= IS LB
§ <

>
z £
3 a
o S
s >®
5 o
3 o

H
H
0 HHoH =
) :‘\&@ NOONNOSN N O IN N 9O (ug/m)
s —
¥ No. 6 No. 7 No. 8 No. 9
uve uvB

|

% 97. Micractimum sp. KSF0031 3}3tE9] #pej A=At o3t AI¥XH T ] 5
# p<0.05 vs normal group, * p<0.05 vs vehicle group
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- Micractinium sp. KSF0031 Extract Aol A E&¥ 979 3adES A zwgton
5 9 sEECA UVBel 93t AlX BE F%F° i 3, 5 8 9welA

MMP-19] o4 &5 9% Flssin.

5 5+
44
= =
£ h £ : |
. 23 =
* - L
a £ o 2 S .
) A EEEE—E—E—E
0- L s S B B e B s
St N OO N O8N N D8 N O N 0 (ug/mi) ,\@i@“ D NOSPNOSN N OON N (ug/ml)
S &
& TNo 1 Ne2  Ne3  Noa No. 5 e No. 6 No. 7 No. 8 No. 9
uve uve

19 98. Micractimum sp. KSF0031 3}5tE2] #poX&2dol o3 MMP-1 94 &%.
# p<0.05 vs normal group, * p<0.05 vs vehicle group

- IRAE BE 553 MMP-1 oA &5 gRl% 3§E 3 5 8 9He IHHF
E5S A8 A3 5 000 EFol g TLL FAAT

&o\_ynf"‘"\“g’-‘“"x‘é‘“ SN0 (ug/ml
S —
o3 No. 5 No. 8 No. 9

%Y 9. Micractinum sp. KSF0031 3+gH&E 2] #pejAEAte] o3 HA $3 &%,
# p<0.05 vs normal group, * p<0.05 vs vehicle group
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- KSFOO41¥ ¢ W&t 55 Ax 5 i+ 7FEdd A
- KSF0031¥ 9] Mlgtg &8 Az § 47 84, ddotAeelE, a3 & £3&8
Az R AN AL aAESE A G

OCPS $HEA #38 4 vz 54 (W77t
- Chlamydomonas sp. KSF0108 v Al ZFol A 1152 #el3sdsE AP 7S st
— Chlamydomomas sp. KSF0108 v A ZFolA 23 1158 E
7FE 918l RAW264.7 cellell LPSS &3 & NO A d=&
B 2R o] NO A A &Ado] vt

o
mlo
O
2_‘1‘
38
i)

ERRLHAL AL FES

a9 100. F22F AA 2 QA
Hm_%m uew\é&

WW
4 R=C,Hs
5 R=Cl

Ha

10 H 11

29 101. Structure of compounds from
Chlamydomonas sp. KSF0108
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2% 102. Inhibition of NO production of
compounds from Chlamydomonas sp. KSF0108

- 23 SIFEQ, 59 SFE Aol s FLHAE Hrsr] Yske] Jurkat T
cellol A IL-2 A A &Ado] 100 M FXolA 1, 7, 8H 3gEollA et
PMA (100 1M = A23187 (1 pm)
dM 13467809101

L2
RSN s s s st 2. s i |

19 103. IL-2 inhibition of compounds
1-11

- BAE A Micractinium sp. KSF0031 vl A ZFolA &2 2 3253

- Micractinium sp. KSF0031 vwHZFe &v &3 F 7t%
3to] ghetE HEEekda, NMR 2 MASS 52 o] £35t9 ﬂ—?j—%g} T% A4S 3
At

OH
*' om0 ‘4
OH OH
HO o oH )% 0.0
’\Oc\o\iw HG/E/\OH /\é:\ M.
HO H HO
2.lilioside D 3.8 mg 3 glycerol 5.1 mg 4.lilioside E 6.6 mg
____________ &
- ¥ COOH TN Co0H

1

ST L Jacid 7.0 mg 6. 42-heptenoic acid 55.0 mg
2 om

m A)%\)\/OH

I

8.: : Ldihydroxypropyl ester 3.0 mg
i
Ly

19 104, KSF0031el4 &2 ¢ 84 s3teE +x

A
A

SA vAEF AR FASEELRPACID) 24 SA 1
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#* [CID (International Cosmetic Ingredient Dictionary): Y= 3}733% ¢ 3] (CTFA)ol A
st stEAEAIHOR FEI HadAod AHETHEE dRYZES AT
1) &A1 ICID #d AFE EHlste] 238t 55 $48(2018.05.17)
2) ¥7 : KOPRI-KIOM KSF0031, INCI "% : Micractinium sp. KSF0031
Extract

@
Personal Care @ Products Council

On-Line INFOBASE >> ingradiont Database PCPC APPLICATION NUMBER: 20176768

closs window [ TRADE NAMES WITH ASSIGNED INCI HAMES
Chlorelia sp. KSFOD31 Extract Tradename: Kopri-Kiom KSFO031
Assigned INCI Namefs) MongiD: 33030 Chicrelia sp. KSFO031 Extract
7 ANC1 Marne: Chiacila <p. KS7001 Eract
INCI Manograp!
« Definition: Man ml\ nr—n Topmaint = pogress
Trade Nam. ere 1o view full lis of Trage Name
* Mtsmational Buy Guide
< INCI Y& Micractinium sp. KSFO031 Extract> < 2HEY  KOPRI-KIOM KSF0031 >

= CTFAT AAAY shdFAzd4 2 froda, daddad 3 g52, S92, 7gadad4 5o A7
Yoz 7iEY = v FEEIEZA AHUTAE http//www.ctfa.org

# ICID (International Cosmetic Ingredient Dictionary): ¥ = 8}3-3% & 3] (CTFA)IA L3l g F AR AR
FEI vadAold AR AR AES AT

a9 105 ICID 5A 1

O 4 Amel W% A (FFEAE) Hob (KFDA, CTFA 7he]=ehel) (dholstal
)
- Hal ARA 494, HA A" 214, A A= 37.584£9.69418] F 317 A7
5 AGNF RS BPATE QA AY AAAT APl HelsAL.
Bglol APEAe LEa A7 F AA UL HE AA 0¥ o} 2443

off

=~

5 #2349 Frosch & Kligman methodoﬂ o3 3 7}0}°§u°
- HEFTE 025%9] AlF A 48AZE F 11, 72A1%F F 2 o] I RoA Aud 2=
S By

O FA "AzF AR FASFEFLSZACID)A &4 A 2 (ghxgolstd 7¢)
1) &A1 ICID #d AR{FE FHlste] 2138t 55 $5(2019.05.24)
2) A+Ew 1 KOPRI-KIOM Eico glycerol, INCI M3 : Glyceryl Eicosapentaenoate
#* JCID (International Cosmetic Ingredient Dictionary): V= 3}%3% ¢ 3] (CTFA)e
A gste sPEEARAIH R SFES Hagole AMeTtsd AR 2ES
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A&

=
Personal Care & Products Council

Trade Name:
KOPRI-KIOM Eico glycerol

On-Lina INFOBASE >> Ingradient Database
clonn window [©

Glyceryl Eicosapentaenoate

Assigned INCI Name:

+ INCI Name: Glyceryl Eicosapentsenoate G|ycery| Eicosapentaenoate
+ INCI Monograph ID: 24123

« D it Monograph de: tin progress

+ Trade Name(s): Click here w full list of Trade Names

- Intemational Buyers’ Guide

< INCI % #:Glyceryl

. < 4™ KOPRI-KIOM Eico glycerol >
Eicosapentaenoate>

O A adAT-HMESY 2 FEMLD B2
1) W
- AN E S F3str] flste] HEF 2AYE A ZFH Glyceryl Eicosapentaenoates:

A NEEAN 2 AERE MMP-1 2d8% Ad& 133

- Al EZuj %2 HaCaT (human keratinocyte) |5 v = AEF 23] (American Type
Culture Collection, ATCC)oll A #<&Fwol DMEM (10% $-eio} &3 7} 1% A
A E3) Ao #ekale] 37°C, 5% CO2uM 7 ol A kel 2447 Al2S A2
3t

- TR AEEALS ZRlst TEE AAT ¥ FERAAS 2447 A 3
2+9]’4(UV  Crosslinker, Ultra Lu <]
MMP-19] dt&gke gelsh
2) A3

- A3 A7 Glyceryl Eicosapentaenoate> AE5do] ¢SS ERlstdar, zpedel

A B FRAEY AEES IEAAS. BF 9P rests fdste gad

Q1 MMP-19] @@dg oAlste] 5704 el d&S FATh

L
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Coll viability (%)

120
100 | |

Con  100nM  1uM  5uM 10uM

20

Pro-MMP-1
Concentration {ng/mL)
=
=)

0.5

Con UV 1000M 1M 5:M 10,M 20,M

MEST

19 107. Glyceryl Eicosapentaenoate2]
A=A

1% 108. Glyceryl Eicosapentaenoate2]
MMP-1 oA &%

# p<0.05 vs normal group

* p<0.05 vs vehicle group

o\
23
N
il
o
oo
_0|L
92
ofo
=}
il
2
Y
_0|L
)):8
=
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F 21 FVAER AE FEYUSE

Sample name | HZANE F7/(9) == 20 =2& SAH((mg)
KSFOO01 1 Methanol 226
KSFO003 1 Methanol 268
KSF006 1 Methanol 177
KSF0013 1 Methanol 128
KSF0015 1 Methanol 186
KSF0019 1 Methanol 190
KSF0032 1 Methanol 224
KSF0037 1 Methanol 183
KSF0041 1 Methanol 229
KSF0044 1 Methanol 89

KSF0048—3(A) 1 Methanol 221
KSF0086 1 Methanol 205
KSF0092 1 Methanol 146
KSF0100 1 Methanol 225
KSF0108 1 Methanol 271
KSF0221 1 Methanol 251
KNM29C 1 Methanol 268
KNF008 1 Methanol 170

O @zt =5 Nl #st=e] feA ¥4

- 3}3+%& 1, 1-Eicosapentaenoyl glycerol (1, JY01-1934, CASNo0.140670-39-9)¢] 34

1Step HO . HO
(0]
o
EDC o
4-DMAP o
[¢)

2 Step acetic acid : H,0 OH

=4:1(viv) HO [¢)

O

2% 109. 3+gE 1, 1-Eicosapentaenoyl glycerol® 34 (Reagents and Conditions; 1 Step :

a dry MC, solketal, Eicosapentaenoic acid, EDC, 4-DMAP, room temperature, overnight; 2

Step : acetonide, acetic acid : HxO=4:1(v/v) NaHCOs3)

- 3gkEe] A1) 1 @A solketal (leq, 0.165 mmol) & <43} Eicosapentaenoic

acid (leq, 0.165 mmol) &% EDC (1.2eq, 0.198 mmol)¢} 4-DMAP (0.2eq, 0.033

mmol)& H7bete] 2ol Hgste] FAE gt £
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Normalized Intensity
e o
5

n

-2 @7 AcOH/H,O (4:1,v/v; 25 mL)°| ¢l acetonide &
ES

e

rlo

ol 48} %3 F(30 mL)E ¥eF, EL0E W3 FESHUCHIXI0 mL). f7]%3
il anhydrous Na,SO. & 21 71x%. o] §ulE A9t =
A

sFar A g7} AAe A chromatography (HEX/EtOAc=8:1)3}o] B A

A

2
o
w
S
it
=2,
R
w
=
M
=~
2

g3ttt NaHCOs(saturatedag.;5 mL) #7138t & 557
< EtOAc(3X30 mL)& o] &3t F&3Frh
anhydrous Na;SO,712%. o] &ulE AAFF715 o] &3] AAs L AespAatel

] chromatography (HEX/EtOAc=gradient elution to 1:1 from 3:1)3}e] A A&} At}

F71FEES brinel® FAFL

- 1-Eicosapentaenoyl glycerol (CASNo0.140670-39-9): Yield = 52.19% ; colorless oil;

—7.28

|YS-0640-1H.ESP

R=0.28(1:17-hexane-ethyl "THNMR(300MHz,CDCls-ds):6  5.38(m,10H),
4.20(m,2H), 3.93(m,1H), 3.69(dd, J=6Hz, 1H), 3.65(dd, J=6Hz, 1H), 2.84(m,8H),
2.37(t, J=6Hz, 2H), 2.11(m, 5H), 1.72(m, 2H), 0.98(t, 3H)

acetate);

VerticalScaleFactor = 1 %
I

3208

~2.085

——
~~2.03

29 110. 3}5HE 1, 1-Eicosapentaenoyl glycerol®] 1H NMR spectrum.

- 3}3& 2, Decursinol + EPA (2, JY02-1935)¢] &4

- 115 -

a1y

111. 3E 2, Decursinol + EPA°] g4

OH

(Reagents and Conditions; a dry MC,

Decursinol, Eicosapentaenoic acid, EDC, 4-DMAP, room temperature, overnight)

Normalized Intensiy

e o & 5 o ©
2 5 & R & &

1Y02-1936.010001.1r.e8p VgrticalScaleFactor = 1

- 3}§HE 9] A (2): Decursinol (leq, 0.165 mmol) ¥} Eicosapentaenoic acid (leq,

0.165 mmol) &o EDC (1.2eq, 0.198 mmol) ¢ 4-DMAP (0.2eq, 0.033 mmol)=
A7betar Aol stFEe NSAIIE TR EFTIE ol&d FHEAT =30
mL)S ¥S%, EOE 93 F%3AUTHEX30 mL). §71FEES brinee 2 A4 38}
1L anhydrous Na,SO, 5 Y1 71%3. Ze SujE AAdsH7]E ol &8 AAST

A 2] 7} A Aol A chromatography (HEX/EtOAc=5:1)3}o] A A

o

i

o

ofr

- Decursinol + EPA (2, ]JY02-1935): Yield = 648 %,; Yellow oil;
Ri=0.34(8:17-hexane—ethyl acetate); 'HNMR(300MHz,CDCls-ds):6n 7.58(d, J=9Hz,
1H), 7.15(s, 1H), 6.80(s, 1H), 6.23(d, J=9Hz, 1H), 5.35(m, 10H), 5.05(t, J=3Hz, 1H),
3.19(dd, J=6Hz, 1H), 2.83(m, 9H), 2.34(t, J=6Hz, 2H), 2.06(m, 4H), 1.68(m, 2H),

1.37(d, J=6Hz, 6H), 0.97(t, J=6Hz, 3H)

£001

5 858
i e
2 ‘“
gg [T | 8y I3 8
L T [Fsre
L L e
Uk /S
101 100 097 099 10.16 1.02
o = b _
B‘O 7‘5 7!0 6‘5 E‘D 5‘5 E‘U

A
Chemical Shift (ppm)

19 112, 3FgE 2, Decursinol + EPA] 1H NMR spectrum.
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- 3}3FE 3, 4-Isopropyl cinnamoyl glycerol (3, JY06-19328)¢] @A
(0]

0 EDC o

1 Step on + o ° i sowae o

Acetic acid/H,0
2Step  _4q (i)

OH

9 113, 3% 3, 4-Isopropyl cinnamoyl glycerol®] &4 (Reagents and Conditions; 1 Step
a dry MC, 4-Isopropyl cinnamic acid, solketal, EDC, 4-DMAP, room temperature,
overnight; 2 Step : acetonide, acetic acid : H.O=4:1(v/v),NaHCO3)

- 31gEe] AW H@G): 1 A solketal (leq, 0.263mmol) T} 4-Isopropyl cinnamic
acid (leq, 0.263mmol) &0 EDC (1.2eq, 0.316mmol) <+ 4-DMAP (0.2eq,
0.053mmol)E 7tttk d2eA stFEet B AITI I AR EFIE ol & w5
3 EGmL)E ¥eF, EpOE ¥ FEIATHEX30mL). f71FFES brineo =
A8k anhydrous NaxSO, & ¥ al Axsta o] §ujE AHeH71E ol &l A

Azt Azl 7} A A chromatography (HEX/EtOAc=8:1)3}¢] esterE A A3l A th.

- 2 @A AcOH/H:O (4:1,v/v;25mL)oll =21 acetonide &S 50%=A 30837 &
3k, NaHCOs(saturatedaq.;bmL) H7Fet & ZFH¢ (16mL)E ¥, £
EtOAc(3X30mL)S o]&3te] FE3. F7I1FEES brine®E F A8t anhydrous
Na,SO Azt th. o]l &uls AUsH71E ol&3 AAstn deztadelA

chromatography (HEX/EtOAc=gradient elution to 1:3 from 5:1)8}%] 4-Isopropyl

el

cinnamoyl glycerolS A Al 3} 93 t}.

- 4-Isopropyl cinnamoyl glycerol: Yield = 63.2 %; colorless oil;
Ri=0.13(1:127-hexane—ethyl acetate); 'HNMR(300MHz,DMSO-ds): 6y 7.64(dd,J=6Hz,
3H), 7.31(d, J=6Hz, 2H), 6.565(d, J=15Hz, 1H), 4.945(d, J=3Hz, 1H), 4.64(t, J=3Hz,

- 117 -

1H), 4.105(dd, J=6Hz, 1H), 4.02(dd, J=6Hz, 1H), 3.715(q, J=3Hz, 1H), 3.392(m, 2H),
2.915(q, J=16.5Hz, 1H), 1.205(d, J=9Hz, 6H)

Y05.010.001.1Resp VerticalScaleFactor = 1 Z/wmirl [DnsO §2 [Mg
T

010

Nomalized Intensity
|

576

B EEARARMAE ¥ A" S A oo

19 114. 3}5tE 3, 4-Isopropyl cinnamoyl glycerol®] 1H NMR spectrum.

- 3}3HE 4, 4-Methyl cinnamoyl glycerol (4, JY08-1944)2] A4
o) (6]
(o]
+ o © oy EPC o}

1 Step OH
4-DMAP

(0]

Acetic acid/H,0
2Step 41 (i)

OH

9 115, 3+E 4, 4-Methyl cinnamoyl glycerol®] ¥4 (Reagents and Conditions; 1 Step :
a dry MC, 4-Methyl cinnamic acid, solketal, EDC, 4-DMAP, room temperature, overnight; 2
Step : acetonide, acetic acid : H:0=4:1(v/v) NaHCO3)

- 3lgEe] FAUHG: 1 GA: solketal (leq, 0.617mmol) ¥} 4-Methyl cinnamic
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JYOB0100011Resp  VerticalScaleFactor =
I

acid (leq, 0.617mmol) €] EDC (1.2eq, 0.740mmol) <+ 4-DMAP (0.2eq,
0.123mmoDE FH7FstA et d2elA aFF 5t wEA7I AL A EF7E ol &dl vF
stttk EB0mL)S ¥

2 FAska anhydrous Na,SO, 5 YWl AZsG. e &uE Ads=718 ol &
& A A A7t AA A chromatography (HEX/EtOAc=5:1)38}9] esterE A A3}
Atk

% EpOE 931 FEEX30mL)3til f7]1FE &S brine2

2 @A AcOH/H,O (4:1,v/v;25mL)ell ¢l acetonide & & 50=e A 3043t
3}9lth. NaHCOjs(saturatedag;5mL) #7Me & ZH4 (15mL)E& 23, &%
EtOAc(3X30mL)S  °o]&3ted =

anhydrous Na,SO,A 238 ¢th #o] Ul 72472 o838 A A 2a]s}a

ol chromatography (HEX/EtOAc=gradient elution to 1:3 from 5:1)3}¢]

Lo
o oft

o
fd

E3t9tt. F7IFEES brinelZ A

i

4-Methyl cinnamoyl glycerol& A =3} t}.

4-Methyl cinnamoyl glycerol: Yield = 780 %; White solid; mp : 665C;
R=0.13(1:1-hexane-ethyl acetate); "HNMR(300MHz,DMSO-ds):6n 7.64(d, J=18Hz,
3H), 7.60(s, 2H), 6.575(d, J=18Hz, 1H), 4.94(d, J=6Hz, 1H), 4.675(t,J=6Hz, 1H),
4.165(dd, J=4.5Hz, 1H), 4.03(dd, J=6Hz, 1H), 3.72(sept, J=4Hz, 1H), 3.39(m, 2H)

.DMSD :cr." mw—%!

—233

—660
655

I

001
[ oo

Jbumﬁ JJ

] l "
P e—
506
=
——5.45

092 093 096130 096 1867 ano
[=] T oy ey |
T

T T T T T T T T T T
70 65 60 55 5 40 35
Chemical Shit (ppm)

1Y 116, 35 4, 4-Methyl cinnamoyl glycerol®] 1H NMR spectrum
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- 3}gE 5, 2-Fluorocinnamoyl glycerol (5, JY10-19410)2] ¥4

0
on o EDC o
+ HO o 4-DMAP

Acetic acid/H,0O
2Step  _4q )
(0]

(6] OH
OH

F
¥ 117 %% 5, 2-Fluorocinnamoyl glycerol (5, JY10-19410)¢] 4 Reagents and
Conditions; 1 Step : a dry MC, 2-Fluoro cinnamic acid, solketal, EDC, 4-DMAP, room
temperature, overnight; 2 Step : acetonide, acetic acid : HO=4:1(v/v),NaHCO3

- 315t Eo] A (5): 1 @Al solketal (leq, 1.204mmol) ¥ 2-Fluoro cinnamic acid

(leq, 1.204mmol) & EDC (1.2eq, 1.445mmol) ¢+ 4-DMAP (0.2eq, 0.241mmol)
S Hrkstn Aol aEEet WA AREETE ol&d wHIAT B
(B0mL)E& ¥&%F, EtOE ¥ FE3ATHBXI0mL). F71FEFES brinel 2 T4
3} anhydrous Na,SO4 S Y3 AZgH do] Sw|E Ags=7]S ol &3] AlAS

A 2] 7} Aol A chromatography(HEX/EtOAc=5:1)3}9] esterE A A} t}.

o

- 2 @A AcOH/H:0 (4:1,v/v;25mL)ol =<1 acetonide &S 50&=°A 30&3+
3}tk NaHCOs(saturatedaq.;5mL) H7F3k & FH<4 (1omL)E Y, &%
EtOAc(3X30mL)E  ¢]&3te] FEaAdrk F7IFEHES  brinee®  FAEIL
anhydrous Na,SO,A4 %38 o] SulE s 75 ol &3 Al At el spAasdd

4] chromatography (HEX/EtOAc=gradient elution to 1:3 from 3:1)dt%] 2-Fluoro

2
tlo

cinnamoyl glycerol 7 Al 3} 9t}

- 2-Fluoro cinnamoyl glycerol: Yield = 71.65 %; White solid, mp : 517C;
R=0.13(1:17-hexane-ethyl acetate); 'HNMR(300MHz,DMSO-dg):8 7.885(t, J=7Hz,
1H), 7.74(d,J=20Hz, 1H), 7.51(q, J=6Hz, 1H), 7.314(q, J=9Hz, 2H), 6.70(d, J=20Hz,
1H), 4.964(d, J=3Hz, 1H), 4.69(t, J=5Hz, 1H), 4.19(dd, J=4Hz, 1H), 3.72(dd, J=4Hz,
1H), 3.41(m,2H)
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JY10.010001.1Resp  VerticalScaleFactor = 1 Water] [omsol 9\-}1\ q.

] - 2 @A AcOH/H:0 (4:1,v/v;25mL)°l %91 acetonide &2 50%=°A 3023+ W&
g“—‘* 3til  NaHCOs(saturatedag.,5mL) 7t $ ZH/HF (15mL)E 91, TFIE&
{l EtOAC(3X30mL)& ol §3te] FEath. #715FEL  brinec® AL

: : I anhydrous Na,SO, 123, 2te] §lE 7#hsE71S o g8 AAs L Ael7hA 4ol

A chromatography(HEX/EtOAc=gradient elution to 1:3 from 2:1)3}%] 3-Methyl

——5.757

cinnamoy! glycerolS A A8} 9t}

Ghemical Stift (ppm)

- 3-Methyl cinnamoyl glycerol: Yield = 745 %, White solid;, mp : 8557T;

a3 118, 3+gE 5, 2-Fluorocinnamoyl glycerol ¢ 1H NMR spectrum.
R=0.14(1:17-hexane-ethyl acetate); ‘HNMR(300MHzDMSO-dg):6 7.64(d,J=19Hz,
1H), 7.53(t, J=7Hz, 2H), 7.29(m, 2H), 6.62(d, J=19Hz, 1H), 4.945(d, J=3Hz, 1H),
- 896, 3-Methyl cinnamoyl glycerol (6, JY05-19326)¢] %7 468(t, J=6Hz, 1H), 4.13(dd, J=45Hz, 1H), 4.04(dd, J=45Hz, 1H), 3.72(sept, J=4Hz,
o (o] 1H), 3.41(m, 2H)
O
oH + o © on ¢ o}
1Step 4-DMAP N
IYOS(JEV010.001.1R.esp VeerticalScaleFactor = 1 ;Til }@l
Acetic acid/H,0 = 2
2Step 41 ) .=
(0] §n,15:
0 OH 1s
OH U? 2
|
29 119. 38%E 6, 3-Methyl cinnamoyl glycerol (6, JY05-19326)2] ¥4 (Reagents and et s ) ' ) )
Conditions; 1 Step @ a dry MC, 3-Methyl cinnamic acid, solketal, EDC, 4-DMAP, room a9 120, 382 6, 3-Methyl cinnamoyl glycerol 1¢] 1TH NMR spectrum.

temperature, overnight; 2 Step : acetonide, acetic acid : H-O=4:1(v/v) NaHCOs3)

- 3lgEe] FAWHG): 1 GA: solketal (leq, 0.308mmol) ¥} 3-Methyl cinnamic
acid (leg, 0.308mmol) &°o] EDC (1.2eq, 0.370mmol) ¢+ 4-DMAP (0.2eq,
0.062mmoD)E 7t ek, G2l A sHFEt WAL AR EHTE ol &l 5
3t E(B0mL)S ¥2F, ELOE ¥ F& }"EEP(SXSOmL) 71558 S brine2

Han Azssinh el §9E FYEFIE o) &

- 3}8+% 7, Trans-Cinnamoyl glycerol (7, JY12-19410)2] <4

"

2 FAstal anhydrous Na,SO4 =
a AAs AE] 7t Ao A chromatography (HEX/EtOAc=5:1)3t4] esterE A A5
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- ‘\ V‘O’\+
\PU 0

Acetic acid/H,0
2Step | _4.1 (w)

O
@MOGAOH
OH

a9 121, 3§E 7, Trans-Cinnamoyl glycerol (7, JY12-19410)¢] ¥4 (Reagents and
Conditions; 1 Step : a dry MC, Trans-cinnamic acid, solketal, EDC, 4-DMAP, room
temperature, overnight; 2 Step : acetonide, acetic acid : H.O=4:1(v/v),NaHCOs3)

- 3lgEe] SAWHT): 1 @A solketal (leq, 1.350mmol) 2} Trans-cinnamic acid
(leq, 1.350mmol) &4 EDC (1.2eq, 1.62mmol) ¢} 4-DMAP (0.2eq, 0.27mmol)E
A7ratAnt. deolA shFEd REEAZIL ASkEFVIE o83 wFsa =
(B0mL)& ¥&%F, Et,0E FE3 A HGEX30mL). F71FEFFS brine &2 FA]
3}al anhydrous NapSO4E Wil AZFsALE o] SulE AhsE7]E o83 #A1A
3la A7} Aol A chromatography (HEX/EtOAc=5:1)3}9] esterS % A &} t}.

- 2 @A AcOH/H:0O (4:1,v/v;25mL)oll =21 acetonide &8 50%=A 30%7F &
stttk NaHCOs(saturatedag;5mL) 7kgt & FR/4 (15mL)E Y31, £3dES
EtOAc(3X30mL)S o] &3t FZ33 F71FEFES brine2 & FA3}3 anhydrous
NapSOs1z3k3ieh. ol s AstsH71E ol&s Az AeghA%elA

chromatography (HEX/EtOAc=gradient elution to 1:3 from 3:1)3}% Trans-

!
‘-\:
kd

cinnamoyl glycerolS A Al 3} 93 t}.

- Trans— cinnamoyl glycerol: Yield = 215 %; colorless semi-solid;

R=0.13(1:1n-hexane-ethyl acetate); "HNMR(300MHz,DMSO-ds):8i 7.71(d,J=19Hz,
1H), 7.65(s, J=2H), 7.43(m, 3H), 6.65(d, J=19Hz, 1H), 4.945(d, J=3Hz, 1H), 4.68(t,
J=6Hz, 1H), 4.17(dd, J=4.5Hz, 1H), 4.04(dd, J=4.5Hz, 1H), 3.73(sept, J=4Hz, 1H),

3.42(m, 2H)
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NY12.010.001.1R-esp VerticalScaleFactor = 1 %ﬂ

Normalized Intensity

—6672
6618
—5.757

016 o972 ogar \mz m 1031 2000
[ B

73 55 ) 55 5{0 B 30 25 20 s 1o
Charical S (ppm)

a9 122. 3% 7, Trans-Cinnamoyl glycerol®] 1H NMR spectrum.

- 3}3+E 8, 3-(Trifluoromethyl)cinnamoyl glycerol (8, JY14-19416)¢] $+A4
o) (6]
oH + o © , EBC o
1Step 4-DMAP o
CF; CF3

Acetic acid/H,O
2 Step =4:1 (vIv)

OH

a9 123, 3+gE 8, 3-(Trifluoromethyl)cinnamoyl glycerol (8, JY14-19416)2] ¥4 (Reagents
and Conditions; 1 Step : a dry MC, 3-(Trifluoromethyl) cinnamic acid, solketal, EDC,
4-DMAP, room temperature, overnight; 2 Step @ acetonide, acetic acid

H>,0=4:1(v/v),NaHCO3)

- 3etEo FAWHE): 1 @A solketal (leg, 0.925mmol) ¥ 3-(Trifluoromethyl)
cinnamic acid (leq, 0.925mmol) & o EDC (1.2eq, 1.62mmol) ¢ 4-DMAP (0.2eq,

0.27mmoD) & H7Fstsith. A2elA atFEet v ATIL ASEFIIE ol & TF
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i

3 &(30mL)S ¥F, EbOE %
2 $Astal anhydrous Na,SO4 5 %
& A Az A 7Aoo A chromatography (HEX/EtOAc=5:1)8}] esterE A A8k
=

o

FE3ATHEX30mL). F71FEE S brinel
Az

al
Q3 AZIAQ Ao} SWE AAEFINE %

S

- 2 @A AcOH/H,O (4:1,v/v;25mL)oll =21 acetonide &S 50=0lA] 30&7F Mg
<

3F9ith. NaHCOjs(saturatedaq.;omL) #7138 & F/H4 (1IomL)E Y1, &9
EtOAc(3X30mL)&  ol&3te] FZ3Ath R7IFEFES  brineo®  FA8IL
anhydrous Na,SO, A1 Z3 ). 2t} &ujE ZAdEFH715 o] &8) AAs 2 Aesta
ol A chromatography (HEX/EtOAc=gradient elution to 1:3 from 3:1)3}¢] Trans-

cinnamoyl glycerolS A A3}

3—(Trifluoromethyl) cinnamoyl glycerol: Yield = 62.8 %; White solid; mp : 51 C;

R=0.16(1:177-hexane-ethyl acetate); "HNMR(300MHz,DMSO-ds):6n 8.11 (dd,J=6Hz,
2H), 7.75(m, 3H), 6.85(d, J=20Hz, 1H), 4.94(d, J=3Hz, 1H), 4.68(t, J=6Hz, 1H),

4.20(dd, J=45Hz, 1H), 4.06(dd, J=4.5Hz, 1H), 3.73(sept, J=4Hz, 1H), 3.42(m, 2H)

[Y140100011RESP  verticalScaleFactor = 1 Water TOMsa]

13
g= B
it 8 ges
} | =y
) i o
3065
=]
" R

o]
o]
&

45 g
Chemical Shift (ppm)

a9 124, 3%E 8, 3= 8 3-(Trifluoromethyl)cinnamoyl glycerol®] 1H NMR spectrum.

- 3}§E 9, 3-Bromo cinnamoyl glycerol (9, JY16-19416)2] 34
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1 Step

on + o © EDC 0
4-DMAP

Br Br

Acetic acid/H,0
23tep 41 )

OH

Br

a9 125. 33E 9, 3-Bromo cinnamoyl glycerol (9, JY16-19416)2] 34 (Reagents and
Conditions; 1 Step : a dry MC, 3-Bromo cinnamic acid, solketal, EDC, 4-DMAP, room

temperature, overnight; 2 Step : acetonide, acetic acid : HxO=4:1(v/v),NaHCOs3)

s FAWHO): 1 @A solketal (leq, 0.881mmol) Z} 3-Bromo cinnamic acid
(leq, 0.88Immol) & o] EDC (1.2eq, 1.057mmol) ¢} 4-DMAP (0.2eq, 0.176mmol)
5 AR AdReA RSt RkgATIR AebEHTIE ol wFadth B
(B0mL)E ¥2F, EpOE ¥ FE3IUBEX30mL). F715EES brinee2 A
3}l anhydrous Na;SO, S ¥l AxsAr). 7ol §ujS 2AdsE7]S o] &3] AA
3l A7} A% A chromatography (HEX/EtOAc=4:1)8}0] esters % Al 8} 93t}

i

2 @A AcOH/HO (4:1,v/v;25mL)oll =521 acetonide &S 50=oA 3083 A&
a9tk NaHCOs(saturatedaqg.;5mlL) 7kt & SHS (16mL)E Y, A
EtOAc(3X30mL)S o] &3t F&3 7|5 E5S brine®& FA8F3 anhydrous
NapSOs1z3kgieh. ol s AksH71E ol &a] A7 deghA%elA
chromatography(HEX/EtOAc=gradient elution to 1:3 from 1:1)%}¢] 3-Bromo

cinnamoy! glycerols % A3} At}

3-Bromo cinnamoyl glycerol: Yield = 681 %; White solid;, mp : 685T;
R;=0.162(1:1n-hexane-ethyl acetate); 'HNMR(300MHzDMSO-dy):6n 7.99 (s, 1H),
7.75(d, J=9Hz,1H), 7.62(m, 2H), 7.38(m, J=6Hz, 1H), 6.74(d, J=6Hz, 1H), 4.94(d,
J=3Hz, 1H), 4.68(t, J=3Hz, 1H), 4.17(dd, J=45Hz, 1H), 4.05(dd, J=4.5Hz, 1H),
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nsit

alized Int
a
i

Nor

3.75(sept, J=4Hz, 1H), 3.42(m, 2H)

|/Y16(RE) 010.001. 1R ESP VerticalScaleFactor = 1 Waler]
;M@D
2 3
g @ |
T b |3 _3 3
Be | FEre 3
| R Ers s .
L I T (-
W (. M i / ) -
10711082360 1108 1099 1014 1012 18451 0*2 1069 1985
o ) Lk o
—
80 75 70 65 60 55 50 45 40 s 0 25 20

Chemical Shit (ppm)

9 126, 3§E 9, 3-Bromo cinnamoyl glycerol ¢l 1H NMR spectrum

(e F7HE )

.

=A vAER e FeEA AT 24 24 N

O WAZFANAN Chlamydomonas sp. KSFO06e A SAE4 He 2 7% 54

- MM ZF Chlamydomonas sp. KSFO06o4 E7d=d-& Felat7] Hgto] A= 110 g& e

o FEdo] MeOH FEFES 91, MeOH FE5ES Eo] &g %  hexane,
methylene chloride, ethyl acetate ¥ BuOHZ &uji3E 3ttt &oad <+
hexane % methylene chloride &4 silica gel column % RP C-18 column¥}
fr7)1&me] 2Fo R FFE 652 EEsHATh

Chlamydomonas sp. KSFO06
were extracted with MeOH

MeOH Extraction

I I | I }

Hexan Fr. (5.0 g)MC Fr. (0.6g) EA Fr. (0.5g)BuOH Fr. (0.6 gWater Fr. (6.0g)

l - C.CHXCEA (150:150:1) l C.C, MC:Me (150:150:1)

- RE Me:W (90:1 > 100:0) - RR. Me:W (92:1 3 100:0)
- C.C HXEA[150:1>0:1) - C.C, MC:Me (150:150:1)

2.7.6 mg 6.2.0m
3.3.5mg e 55 9
4.10 mg % 2 g
5.2mg

% 127. Chlamydomonas sp. KSF006 % % A4 &4 &
- " A Z5F Ch]amydomonas sp. KSFOOBellA] 2]t 632 33E2 NMR 9 MASS 59
71718M 0% Zbzke] 31gHE- butanoic acid (2), 4Z-heptanoic acid (3), 5Z-decenoic acid

- 127 -

(4), 5Z-nonadecenoic acid (5), 1-hexanoyl glycerol (6), lactam—F=4] ()= -

ek
=y PR |
O OH
2. butanoic acid 7.6 mg 3. 4Z-heptenoic acid 3.5 mg
HX3 HX4
ST AC00H = _~_COOH
4. 57.decenoic acid acid 10 mg 5. 5Z-nonadecenoic acid 2 mg

HX5 HX6

\/\/\H/(’\/J\/OH

HaCO
o
)

0
6. 1-hexanoyl glycerol 2 mg
i B55mg

19 128. Chlamydomonas sp. KSF006 #2] 3}3% 3}8k+-

~ Chlamydomonas sp. KSFO06eI A 228 652 3l5hE s ¢ e

% AT 24

NO A A A& Griess reaction assays %3l RAW264.7 cellZ 2213},

28]
2

A3} Chlamydomonas sp. KSFO06 2] 3 3}51E2 NO A A Aol A HRA &

ket

fo GG 24

Jurkat T WAz dAF= gdFEL 30 3 A3

nM)/A23187 (1 pM)E 3027+ wieksicl Agdal s 24 A7+ w)

Duoset Human IL-2 ELISA kit A #]&te] IL-2 AAJAES

Chlamydomonas sp. KSF006 2|3t 33E-2 Jurket T cell®] IL-2
57-nonadecenoic acid (5), 1-hexanoyl glycerol (6)oll 4] &A% o] 3Fatz]

et

PMA (100 nM) + A23187 (1 uM)

Compounds (100uM) C'LM 2 3 4 5 6 8
-2

o

- 128 -



2% 129, 100 M=ol Al AlE9] IL-2 A A &4

O WA ZFNA Chlamydomonas sp. KSF100014 A&7 e 2 1254
- WM Z5F Chlamydomonas sp. KSF100014 2AEAS E2l5t7] $lste] A& 110 g& &

Lo FE3d] MeOH FEES A1, MeOH FEES o] d¥ % hexane,

methylene chloride % ethyl acetate® &vi&3% 3stvl §vlE & F hexane & F
S silica gel column % RP C-18 column¥ {7]&uje] Z3gto =z 3185 255 &
2] &9tk w3, methylene chloride 2 ethyl acetate #3%S ¥4 silica gel

column 2 RP C-18 column® 7] 8w %x3o = 33E 43S eyt A
%5 Chlamydomonas sp. KSF100014 & 6%9] 3355 2)8lsic)

Chlamydomonas sp. IV (100.0 g)
were extracted with MeOH

MeOH Extraction

! l |

Hexan Fr. (4.0 g) MC Fr.+ EA Fr. (2.6 g) Water Fr. (5.0 g)
- C.C, HX:EA 200:120:1) - C.C, MC:Me (200:1->0:1)
l - RP. Me:W (90:1 2 100:0) l - RP. Me:W (92:1 2 100:0)
- C.C, HX:EA (150:10:1) - C.C, MC:Me (150:1>0:1)
4. 12.0 mg
1. 10.0 mg
5. 30.0 mg 2. 45 mg
3. 28 mg
6. 20mg

19 130. Chlamydomonas sp. KSF100 % 2 @A &2 2y

- WM Z5F Chlamydomonas sp. KSF100914 #2]3t 652 315E2 NMR 2 MASS 59

7171808 71zke] 3gHE2 S-carotene (1), y-carotene (2), eicosapentaenoic acid (3),

Ry

Z=

tetradecan (4), linoleic acid (5), p~hydroxyphenol (6)% TZ=& &lslith

- 129 -

A AR A A S N
1. s-carotene 10.0 mg
= o D N N N =

2. j-carotene 4 5 mg
14

N N N = = 000 J\/\/\/\/\/\

3. eicosapentaenoic acid 2.8 mg 4. tetradecan 12.0 mg

& linoleic acid 30 0 mg

OH
& p-hydroxyphencl 2 mg

19 131. Chlamydomonas sp. KSF100 ¥ 3% 3}s+%
- Chlamydomonas sp. KSF100014 #e]g 659 33t dds 2 ddax 249 37t
* FEsEd &4

A9

NO B4 IA Alg-2 Griess reaction assays 53 RAW264.7 cell2 EQlslm,
A3} Chlamydomonas sp. KSF100 #2]3 3E2 NO A A &Aoo HHFHA &
sket.

Yo FaeAgd F4

Jurkat T WA X dAF= FFES 30 B A 28l PMA00

nM)/A23187 (1 pM)E 307 Wt AFAE 24 AFF g & oS
Duoset Human IL-2 ELISA kit® A gste] IL-2 AAAAE FA4s3ch 444
Chlamydomonas sp. KSF100 #2]3F 31352 Jurket T cell® IL-2 mRNA A< §
~carotene (1)°] ¢ Alato] e =] o] &1, S-carotene (1] ICy @S 471 #I8k]

0 - 100 WMFESIA AT A3 10 L 100 M ©13AE 21 Shgek
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PMA (100 nM) + A23187 (1 uM)
Compounds (100uM) clm 4 5 6 b

120

_ 100 |
E
- 80
PMA (100 nM) + A23187 (1 M) K
5
1M o g 25 5o 100 ' £ ey
e
_ s
3
J
= 20
LT~ == e o ]
Bt T T T T i
Compound 1 (uM) 0 0 10 25 50 100

iy

PMA (100 nVl) + A23187 (1 uM)

ICs5 > 100 UM

9 132. Chlamydomonas sp. KSF100 3}st&9] IL-2 A gA &4

O wAZFANAN Chlamydomonas sp. KSFM41olA EAEZ He| 2 254

- WM Z5F Chlamydomonas sp. KSF0412] MeOH F55(21 g)ollA] EAEZS #e shich
MeOH F&5S o] &Y ¥ hexane, ethyl acetate @ BuOH®E &wj&3 3t}
|3 F ethyl acetate —Er-@.% silica gel column % RP C-18 column¥ 7|8
o] xgow HFE 3FE Rtk £, BuOH ¥ & R2FEE A silica

e 155 S vAERT

gel column ¥ MC : MeOH : H,02] =
Chlamydomonas sp. KSFM1ol- & 5%2] 3gHE-S |3t ch
MeOH Ex. (21.0 g)
| ] ‘
Hexan Fr. (13.0 g) EA Fr. (2.8 9) Bu + Water Fr. (5.2 g9)

- C.C, MC:Me (200:150:1) l— C.C, MC:Me:H20 (200:1:0.1)

! l l |

EAl EA2 EA3 EA4
(1224 mg) (425mg) (630 mg) (713 mg)

RP Me:W (90:1 = 100:0)
. 100:0)
- G C MC Me (180 1->0:1)

EA351(3.0mg)
219 133, Chlamydomonas sp. KSF041 & 2 $AEZ &g
- WA Z5F Chlamydomonas sp. KSFO41olA] #2]3F 4%2] 3}HE-2 NMR %2 MASS =

- 131 -

59l

OH
GH
P~ on
o g0 OH
1 3 H
18 Fa O/\]?\O 2 OH
o] T
Bu3d2mg CH

EA3.3 1 cholesterol 9.0 mg

EA2.2. e 30
4 HX2.1 50 m EA2.2.1 psitosterel 3.0 mg

O

» OH
H

EA35130mg
Ms

719 134. Chlamydomonas sp. KSF041 #2] 33+% 38tz

~ Chlamydomonas sp. KSFO41o4] #2]8 4%2] 35ts 9 2 ddeix] g4 Hrp) 218
Folth

O wAZFANAN Chlamydomonas sp. KSFOR9IA EAEZ Ba] 2 +254

- WA Z5F Chlamydomonas sp. KSF0599] S EHS Felslr] $18t AlE 110 g& vehe:
o] F&3le] MeOH FE5ES 91, MeOH FEES & dE $ hexane, methylene
chloride, ethyl acetate ¥ BuOHZ £vj#3 3F3lth. &ul&2 T hexane, ethyl
acetate ¥ BuOH # & o A silica gel column % RP C-18 column¥} f7]&we] %
o ztzhel ggtE 5%& ZEshiith

Chlamydomonas sp. KSF059 (110.0 g)

MeOH Ex. (22.0 g)
|
! ! ! }

Hx Fr. (120g) MCFr. (1.0g) EAFr.(3.09) Bu Fr. (5.0 g)
=LL IEEA 2001 20:) - CCMEMeQO0T50:1) | oo o y
B LR R

5. HX331 (42 mg) 2.EA2.2.1(5.6mg) isocractic (90:10)

3.EA2.2.2(4.2mg) 1. Bu2.2.4(2.8mg)

4.EA241 (57 mg)

19 135. Chlamydomonas sp. KSF059 % 2 @A &4 2

g
- WA ZF Chlamydomonas sp. KSFOR9eA #2]3 5%9] 313HES NMR 2 MASS 59

lo
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(o] OH
OH
1. Bu22.4(28mg)
CHO
G R OH
3 CH
2.EA221 (56 mg) 3.EA22.2 (4.2 mg)
/\M,\/a/:\/\HCOOH
m n
4.EA24.15Tmg
HO

5 HX33.142mg

- Chlamydomonas sp. KSFO390IA] #2]gt 552 3letE dels 9 delx] &4 7t 28

<ol

(th AF-A-533. CPS 83}

31 EAd dRAdgd A 288k =)

7h AR EEATS

O sz
- IRB : A1-220777-A-N-023.-DICN19106
- CRIS @ KCT0004021

O A&y

- AERER 2 F) PR AAgTIEl HihE oL, AevEd FaetA g 99
A2 AR FEl BEH AFEAY olv] AAE 38-56 Ale oA IFA 24
B A= 49.88 + 34 Aol WA AGdE7E FA s

- (37 1) 12 F

- (AFAF) FAvAZERF a4
D Al 4 0.1% T

P

- 133 -

(B7F BH) 2 AdEHd A gIAES AT T o)FUH A FAS Al
w2t Al Al 2t Eﬁixﬂ%% | 5-9fell AHE3 BHrbe ARE W3
ARG 4 F 8 F 12 F F AFNA S FE e 34 I d At 9
o AER7F 9 95 bdA HFrkE AAsATh

EAZY)) FJR2FEe 7+ A AN A Visioline® VL 650 (C + K, Germany) %
Quantiride® (Monaderm, Monaco)E ©|-&3&to] 3% g =27} o|u A& A alo] 3
7bett. o] &4 7171 Al#eE SILFLO @l E271E 71719 framed] “2s)al
g =g gtel 35 9] Arw HE T3 A A omAE FFsAT G oln A=

SR JYATt vpasy, AsHoer FAskete] 5 /b4 F5 detvlE Skin

N

= -
N

B

—o

_15 q

>~

roughness Rt, Maximum roughness Rm, Average roughness Rz, Smoothness d

epth Rp , Arithmetic average roughness RaZ #2131t}

(I 5 AN Hr7h) I FASH~EE MFDSe CTFA 7hol=akele] o) Aste] 2
Al SA et
1) B

- A QA E AAAFAE (48 hrs Single Patch Test)

- g2k ARV ER AYrIEed EFEE AR 30 o)

- FHE Y 5 9 AEEAS 28k 48A7F § AA

- AR AHE AA 308 FoF 2447 §

- ¥ 7}7]5: Frosch & Kligman, CTFA guidelinesell 2]&f 7}

- AEEA F 32 Weol A HAel el gh

- IFEAE] Hit Jd#EE 3R00+5.18M e, FHal AFAE 49 A, HA AF

A= 25 AlY

F 812 F 5 A HdA

2 48 %
s 2ol FolsH Ban e (p < 005), 7 alm, AE S 8T B 125
]
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Seora (0~9)

e = =4 | +

emgem Tost group =@ Control group

Bazeline 1 weeks 8 weeks 12 weelzs

T 137 A giEzate) ekt A

- (AZFE o) FF FaEvd £4) Adwe] 49 Rt 2 Rp #2hr g7 A
FAHE 4 F, 8 F 212 F Aol Rm 2 Rz detvlg7t AF AHS 4 F 28
F 5 A Al A, Ra v E7F AFE ARS8 F & Al HAA FeoletA ZAaEAt )
< 0.05). EH w9 49 Rt, Rm, Rz % Ra J&tvE7F A% AFE 8 5 & Al A el A
Frelst A AAasArtHp <0.05). w3F Hla Al Rt 2R m SV E7F AE ARE 4
F,8F B 12 F AFelA, Rp S E7E AF AHE 4 F 28 F F AFAA,
Rz ¥ Ra wevEl7} AF ARS8 F 9 12 F & Aol Algdito] izl

& frelatA F2sthp <0.05).

|

<Skin roughness Rt> <Maximum roughness Rm> <Average roughness Rz>

Tt group == ool group

Sweeis JEp— Baselie e e JEp—

<Arithmetic average
<Smoothness depth Rp>
roughness Ra>

(Mean = SD, * p <0.05 after vs. baseline, T p <0.05 test vs. control group)

a9 13 RFE Shst A

- 135 -

- (AAARBI) 2 AP Fot BE d@A AN d R o] k2 wRE A %k

i, A F AT A A, 2 AR eElA A= whgo] e &gkt

T 22 Q1A I H ok}

N 48hr 72hr Reaction Grade
o, of
No Test sample d
FESPONCEr 4] +9 +3 +4 +1 +2 +3 +4 48h 72h Mean
it Eico glycerol(EG) 0 - - - - - - = - 0.0 00 00
2 oz 0 - - - - - - - - 00 00 00
3 Negative control 0 - - - - - - - = 00 00 00
O #Z&
- FAWAZEFAA FH B e ARFF ALES B2 A3 F497 45
Z9 FEIEH (Rt, Rm, Rz, Rp, Ra) oA 23 714 238 Ha BE 7

apo] A4 BB o] AukS o P A oF

o
=]
s AE ARFE A s FE o vEhd

|
re e
il
ro

32 A4 B A%
P SANAET WG S ol BEH AaA FAY B4 5
W) @Az FAATRY FAE FAAD BE NNEABAY ZAY B 3

e FASA.

@2 14 +4

0 2020958 AFAE 8-S FaAske] 20243704 Az 159 94 AA B H PR

TE 2020 2021 2022 2023 2024 A
Off &+
(o1 =) 15 15 15 15 15 75
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F 24 2 AR TleFE T

IPC Ay U | Y
TR YIS0 oJFt A2l HA; EIE £F2
AD1G e or Aol o m 30,920 | 10
Hi 2k, AS M ZHY Y
C12M A5 = OMESHS 98t FX| 8,364 9
NME £5 54; 1 AMS; OMB9 ZA 22
C12N e = T omrtasr 28,429 7
EE= 7/A; S¢H0| E= |HALIZE Hi K|
U4E = 545 MESIH Fote EEE E&=
Cl12P TdEg 2dste U E= 2REERH 7,892 8
HSO|8HME ZElote WY
4, WM EE OYES EESIE 5F EE
Al OAg /et D8 s £= AEX O
c12Q XA-IZqu ;Al—E —_vrx-l- _L/\C;‘:';LJH '—E;A;I-X-l 20,540 8
== —I—X'Ilol't 53 DloEc—’|—| E= 245
2o UM HEHSE HOf
Mzol sietd wE gald ol Ao g
GOIN | MEBo| ZA = BA (HAEA 0]Q/9] &4 EE | 249,302 7
nges Zatsts 28 £ AE YY)
H: 7.404
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44 AAH 2 24
ARFLFTREe NI 2ES BA0R at Be ATLAA AAY w4
of MEAoR HgHH, ¥ ATIAE o] T Hgshel AAH Aol Agserh
AFFLRTHANE NG ATAAA WO v A AFAA AEA B
L RAAAE Ao Blor Fan, olF AN A RN BE) 9
Fo vAE e wsrs aea
O B AFelA A4S 54 meste]l AF RAAAE mEs] Askel AAA AR

2 TFAE Aol AdEo] d&EE (
E A=) 3 UVAtd S35 dasAE S g3 s nfA g TREE 4
s} t}.
O UVAY S4E Ao A Fauxree 34E 7)|& 2o (2017-2019)2] A%
TR ARE &8st v AT EE F4sATH
-5 AEY FAE VFoE AGES FASe] 2035W7HA Y mHAIGTE FAHX BF
¥ 25 ARk SAE AR 2 AW (G winked)
e 15 16 17 18 19(p) 20(p)
After—sun 630,989 | 685,696 | 745,146 | 809,749 | 879,955 | 956,247
Sun, 451,776 | 480,418 | 510,877 | 543,267 | 577,709 | 614,336
protection
s 1,082,76 | 1,166,11 | 1,256,02 | 1,353,01 | 1,457,66 | 1,570,58
- 5 4 3 6 4 3
Z 2] http://smroadmap.smtech.go.kr/0201/view/m_code/A190/id/1717/idx/1717
- kst E A A, S EEAAATYEKRED Y AEoekEekdA Y] 2017
FYAT BaAo] WAE 201172015 71544 F At el ksl Fo] v (18%) &
T&ote] YA RE FA ST
- 201158 201567471 e] A AFES FASE] 20356719 m e AT R

FAshan.
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26 /1AAE AN A% E 28 fAA B

.| Buee | sune AT TR saem | o
e e = GARH | AR | Mol | Mo A 712t ey | At
o = (242) (E) CE) (=) B2 | wore))
2011 13,682 | 40,258 | 13,126 | 39,611 556 647 LD moMZol MemMS JIx 96T
2012 | 14,091 | 34,509 | 13,507 | 33,735 584 864 =7 J"T"iiy:;l S8R AEM | ahia20t6 | 9dss | 3152
2013 14,820 31,446 14,066 30,490 754 956 =o =
2014 16,310 30,545 15,640 29,500 670 1,045
2015 | 18,230 | 34,568 | 17,326 | 33,016 | 904 1,551 SX n9ME S CHAN A8 AT | 2011~2013 | 4041 | 1,347
A 94, 2017(KRED
© webd, CAGRE whedsl 2 Akle] We] walz|zhel 20285 E 208598 #)A A DM wel A MERS 2320 o1
B e oS i g A a5 24 1254 | 627.04
<] = T 7o pul =
IXMS NQMES S ChAKIS| A3t
R 27, 99 WA WA 34 =P ST | eor7-a09 | 3113 | 1038
- AlETE () XEATH AEY 7152 ol
- UVAEH SpRpE BEAlS AlZ 17 SIUIX|O|MERO| KRS T 2012~2016 740 148
HAH CHEFSlS 2 7|573% 7
2030 2,532,480 623,918 3,156,398 KA THAFK S A AEMSSHE & 0]
2031 2,629,929 644,285 3,274,214 olgt siAFX|0|MEFO| X|H Wt 2012~2015 480 120
ol g
2032 2,727,379 664,652 3,392,031
2033 2,824,828 685,019 3,509,847 SALE Fell 78 A 28712 25 2016 1199 | 1199
2034 2,922,278 705,386 3,627,664 20,282
2035 3,019,727 725,753 3,745,480
2036 3,117(177 746,120 3,863,297 O A}’CQ-O’] 71047} 7}‘—5‘@' o4 §¥7H%A}C§]%9] A ?j—,jtl]—% :1—'—‘—“;18]'0:], 2= A}’(}}:]
; Sy e o) AN A S-S AG AP 74%AL X 5 ALk
037 3214626 | 766487 3,981,113 O W AT WFE IS Am Fuol BAF ol 016 AR AT RE A
e 22,988,424 5,561,620 28,550,044 (154530691 €1)3} RIZHR-o} AT AT AN (53952479 9) &< 3498 A §HHATh

- A RIZE AT ARSI EI (20391 S5 B ALRI(1000 o] ol 349%
ap 7ol s 105799 0% A3}
O Ad71elge 4 AdAAE B Aol 710 5@ 44 ATARADE sotad
oF Sul, Bl AP ATALAYE NTIS DBE 53 44
O AT 1147 FAH T Y AFAE B ATABAGL AT 23, THY KA

)
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F 29 A7 & F4A

T2 SArIH|(HETHR)
FARAY AA| 20,282
2A 10,000
[AF BIZE Ao (20,282+10,000)*3.49 = 105,684
2AY 7|0 = 10,000/(20,282+10,000+105,684) = 7.4%

(th A7 71o&
O TAIBA HET|ETIRAY M AL velHE A8t MEA T AT 7
o1& 354%% AAIG o7t glom, KISTEP del A2l % 354% AHES Hal
st e vl AT M o) E853H

O &, "Al4zar #3rE7|EA Y M e AFME 1A 40%E FRAZ AASA.

a7l AsiM = d-d AE] A e A ol o

%
# AR, B FRREADTRE) AJEY AGS 4TE 427 Do, AR
3] [
A

o
H
)
N,
My
=
iz
=
@
o}
o,
o,
=t
>
2
ot
o,

% Mg,

O AZREAFE A
%o

o o
2

0o
<0
o
s

- AFREAFAY FAEL 2645954079, F7H7hA o 66805344

- SFEAY FAE N 8219415WWHY, KU bR 4 2,206,282 vk

1) 2017 =AZAF (“19F 18497] Al & 270370 Al A¢lsh A5

- 143 -

() % o) 2+

O & Aol #77hA 2

- AN Aibe ofEiel 2t

¥ 30 % 9o 245 4%
o | DRIAE A [ ATNE [ ARE | =9 ol
= A= Jofg | Jleig | 838 | mg =
2028 3,156,398 7.4% 354% 22.8% 26.5% 4,957
2029 3,274,214 7.4% 354% 22.8% 26.5% 5,142
2030 3,392,031 7.4% 354% 22.8% 26.5% 5,327
2031 3,509,847 7.4% 354% 22.8% 26.5% 5512
2032 3,627,664 7.4% 354% 22.8% 26.5% 5,697
2033 3,745,480 7.4% 354% 22.8% 26.5% 5,882
2034 3,863,297 7.4% 354% 22.8% 26.5% 6,067
2035 3,981,113 7.4% 354% 22.8% 26.5% 6,252
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7 A A T‘%/ﬁl 7&‘!
5) AA%3 7 A A
o

b AAR B AR O B Ao #Hols FAHs e FAHAA A7 A Y FA For AAHor FHY
O ATABAGS W AAY BAL ANA AR AT Y W e JPow AY A FHel AR TARI W2, A F3A ARQHA= NS TR WA= 2
Aol de Fabe) AAAE Frketr] sl FRHA FMeR fAse B8dy EAS AdsAE
O A FAol 228E AUlE B8 F4E W AL A3 2eHE BE NES O ZAA4 EAelAE NPV=0, BC>1, RR=A5HTA&A 35 dnHoz 8
B Ao 3 er) Atedel AAAel slrka Beg.
O YRR FIEAANLY A uge HAHOR T 29 w§L Wiy A
o LWL B AA ool ohd A3 A WL elvlwnt
O AwHoz Aol FAANT WA Aol AAFA 9] o] g3t Aol D AAE B4 w2
ALE A e A &ctel 54 TVEdRe AR Fiete]l BAe JAsAh O B AT RE A H g uLe 20199 1298 J|Fow A3 A Hels 45%
& Akl AAZASR 00, Wl FHA FIH207+20%)0] @ 574A At
O g3t Wlel e 55 M) skl AgEE FALL AL 7)) Gof 08 o 77t FAY BAS AdHt
e e gg ekt O WA, ¥AAM FHT B A W] whE AN BA A3, NPVE 1606379,
O F, dAE&L FA Aol AFgH Aol thE Tl Aol ALEEHAS A 48 F B/CE 345 IRRS 1158% % B Aol AAd oz g§wde ekt
Q& AZrel ABH AN E e
O #IE Aol Aol golMe B ool Yot ¥l 3 FEEE Ao 4 ¥ 3L AAA 84 2% @) 37 0%)
S A H @Qge] APS Hgata, wnRtEel o) FAHE Y A Aol z} i Hg Hol
gol 2AF ARY FALL g - gellels JH| | SRR | geieiE K [ SR
O AFEH UGS B AFolAgnrt Yo FEoR AFHEH, 1 oFE Al 2020 1,500 1433
FA7F F2 Arolw FRAFAA vl FoAol o ks BrHor & B 2021 1,500 1368
A 0 |t
O WRRe TrE FAAYe] S4el mE FALL AT FAYYE, BAYSE, oo 200 13
BAH ZASY 5 nelstel A gw 759
- dukH o s ARSIPEARE Y] S T8% ol &S, AH B9e= 2026
HE 576% T dA&S A&eh 2027
- @7 A dRALATY eI AL AR ) Ase] 45%8 HgAh2 2028
2029
2030 4,957 2,987
O & A€ NPV, B/C, IRRS F3ll £ 299 ZAA BdAds BAsta F718o= 2031 5,142 2,959
B el A BaddE mefey) fs) M A SR 2032 5,327 2,928
O & A9 A7AgA wet 2020975 20249 7HA] 9] 539 A ANLHIE AFGH & 2033 5512 2,893
o2 7rFEr) 2034 5,697 2,855
0 A FANAE AT NEFRFE nHste] 2028d5H 2035E7H4 W elo] 2035 >882 2816
MASE A oE FAsT) 2036 5,697 2,604
2037 5,882 2,568
2) 20179 AMIEFGARAL 8 FBA P W2, 20179 99 8UF-E ALY UGS 7189 55%004 4.5%2 FAN AE = 7500 6546 44,094 22,609
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© B Al W) FHAE 20% FEAA FAY B4 FAF Av NPVE 11400 © £ Aqlel We] FHAE 10% FAAA AAY BAL FaAd A3, NPVE
Wukel B/CE 274, IRRE 931%% £ Abglo] A48 o Bldehe vehh wlukel B/CE 308, IRRE 1047%% 2 Aglo] AAAow BEde Jeit
X 32 448 24 23 (A9 S -20%) 333 BAE A AR (#e] T3 -10%)
B g e b g e
il il
YO AHE ZHA| A7 K| ez THA| AT 7K YO HE THA| AT 7K YA 7HK| A7
2020 15,000 14,33 2020 1,500 1433
2021 15,000 1,368 2021 1,500 1,368
2022 15,000 1,307 2022 1,500 1,306
2023 15,000 1,248 2023 1,500 1,248
2024 15,000 1,192 2024 1,500 1,192
2025 2025
2026 2026
2027 2027
2028 2028
2029 2029
2030 3,965 2,390 2030 4,461 2,688
2031 4113 2,367 2031 4,628 2,663
2032 4,261 2,342 2032 4,794 2,635
2033 4,409 2,314 2033 4,961 2,604
2034 4,557 2,284 2034 5,127 2,570
2035 4,409 2,111 2035 4,961 2,375
2036 4,557 2,083 2036 5,127 2,344
2037 4,705 2,054 2037 5,294 2,311
7 7,500 6,546 34,979 17,946 A 7,500 6,546 39,351 20,189
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© ® Al A FAXNE 10% F7HIA AAY BAN& FF A3, NPVE 18129 © ® Al A FAAE 20% /A AAY AL FA A3t NPVE
wukel B/CE 377, IRRE 1248%% 2 Alglo] AAA o= ebdahg vebdic wvkel B/CE 411, IRRE 1337%2 2 Aol AAl4 oz eg3he vein
E 34 A $A A% (@Y F4 +10%) B AN B A% (@Y 37 4200
HIg H) e Ho)
% %
SOiOE Jpx | Wb | GelelE O | R YOiRE JpX | Wb | PRl g | R
2020 1,500 1,433 2020 1,500 1,433
2021 1,500 1,368 2021 1,500 1,368
2022 1,500 1,306 2022 1,500 1,306
2023 1,500 1,248 2023 1,500 1,248
2024 1,500 1,192 2024 1,500 1,192
2025 2025
2026 2026
2027 2027
2028 2028 - -
2029 2029 - -
2030 5452 3,286 2030 5,948 3,584
2031 5,656 3,255 2031 6,170 3,551
2032 5,859 3,220 2032 6,392 3,513
2033 6,063 3,182 2033 6,614 3,471
2034 6,266 3,141 2034 6,836 3,427
2035 6,063 2,902 2035 6,614 3,166
2036 6,266 2,865 2034 6,836 3,125
2037 6,470 2,825 2035 7,058 3,081
A 7,500 6,546 48,096 24,676 A 7,500 6,546 52,468 26,919
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(b AR 24 Az

O & Aol digk At AAE 24& AsiAe B8 AT AEE Ao, 34 A
AR, A FE olF el s To $5AT AR ol Last O B A Wele] mE A4 BA A3, NPVE 41383WuHel, B/CE: 258, IRRS
o & ﬁllloﬂj\i{’ Od;ll7H%7ﬂ§—]|/Hg] & A]—O]jlﬂ]% @@fﬁ Zi»o—i 7]'X6]6]'1 75‘%—“*3 'Er‘@[% 986% = = /\]_odo] 76]}%]&]‘—9‘; ﬂ'%@’% L}'E]";HE]'
Faare
q 3151 b o =S oA 2x] I ZE QAo gy 2 _ e =
O E]_E]' Zogvtx’; U]BH }‘]Zo :H' Oﬂ—vv__ ‘V’]°H}‘1 "v/‘] o’{lo TI’TI‘OX]'\_O] o= T JSQ E‘/\]'Oljl 76]/;”,\3 ‘E‘Q Zgi]_ (\Lg} “6‘%}0%)
Sl Ak, AE, A 52 nd Wil Awss Aol Basu, oF N i -
4% 42Re Wesl Ao Ao aray r e
B - o yS ‘] S 2 s 3
O B A FE olF THE 34 FFYEF YUAL DB, vpoleviz So 49 B CE o P I A
e = - o s s bag o o) sl A SHAE | simpopx |SHE= (mrpin |SE= | sxoix
B A wg 9 gele] WA & Jow, urh 4% AA4 BAL AAAE A | Stxl @ S |
ole} #edE g B Helg FUHAH R nHT dark Yt 2020 6,000 | 5,730
2021 | 6000 | 5472
(7 BAR &4 & 2022 6,000 | 5226
) 2023 | 6000 | 4,991
b AA H& F4
2024 | 6000 | 4766
O %A #AAN FE e AFE A A7 FA P4 597 3009 Al F
2R 4TRES FATG =
O FAWAHEF wWIrIEME} FAARE FEF A4 FAATE A 159 9 2026
S 57 F9jste] 759 A R ATEs FIsrt 2027
2028 5977 |3949  |2283  |1509
%3 eled vg 24 2029 6150  |3881  |2345  |1480
- 2030 6320 |38  |3296  |1986  |4957  |2,987
b 2020 | 2021 | 2022 | 2023 | 2024 | A
—THE A SA T 2031 6512|3748 |3380  |1945  |5142  |2,959
SASE =3 242 =
2 2 2 2 2 12
28X 02 982X Jut 5 5 5 5 5 5 2032 6701 3683  |3466  |1905  |5327  |2.928
1|3 OF = OX oo
= Al 0l A 2033 6895  [3619  |3554  [1865  |5512  |2,893
o e 20 | 20 | 20 | 20 | 20 | 100
A&7tss 88715
ESYEIPSE =TI B 2034 7095  |3556 (3644  |1827  |5697  |2,855
cHEL S MoK 15 15 15 15 15 75
rUEE 28 tad =g 2035 7301|3495  |3,737  [1789  |5882  |2816
24 60 60 60 60 60 | 300 2036 1006|460 5697 |2,604
2037 1027|448 5882 |2,568
S (30000 |26185 52961 |29,745 |27,737 |15213  |44094 |22,609
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o
(@)
5
oo}
rir
~
o~
oo
X
T
rhe

>~
=

= 40. A Az (A% 3 -20%)
g 9

b FoiAE 7HK| = RN oA 7HA| AR 7HK|
2020 6,000 5,730
2021 6,000 5,472
2022 6,000 5226
2023 6,000 4,991
2024 6,000 4,766
2025
2026
2027
2028 6,608 4,366
2029 6,796 4,288
2030 11,665 7,030
2031 12,027 6,921
2032 12,395 6,812
2033 12,769 6,702
2034 13,149 6,591
2035 13,536 6,479
2036 5,362 2,451
2037 5,527 2413
A 30,000 26,185 99,834 54,054

- 155 -

O ¥ A o] FAAE 10% #aAA 4 Mg F3 Ay, NPVE
kel 2.32, IRRE 870%= & A4 Ho® E < YERdT
¥ AL A A3 (1Y F4 -10%)
2 =
A
e 7HK] AT ZEA| SHSE 7HK| AT ZEA|
2020 6,000 5730
2021 6,000 5,472
2022 6,000 5,226
2023 6,000 4,991
2024 6,000 4,766
2025
2026
2027
2028 7,434 4,912
2029 7,646 4,825
2030 13,123 7,908
2031 13,530 7,787
2032 13,944 7,664
2033 14,365 7,540
2034 14,792 7,415
2035 15,227 7,289
2036 6,032 2,758
2037 6,218 2,715
A 30,000 26,185 112,313 60,811
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O & AFRle) Mol FHAE 10% FANA AA4 RS FAd A%, NPVE 48139 O R Aol Mol FAAE 20% FAAA AAN BAE FAT A%, NPVE 5489
wukel B/CE 2.84, IRRE 10.93% = 2 Aol AAH oz el d-e vl okl B/CE 3.10, IRRE 11.91% 2 £ Alde] AAxH oz g3 veldth
¥ 42, AAA A A (W] 7 +10%) ¥ 43, AAA A A (A 7 +20%)
e mo| Hl] mo|
%= %=
ShfolT JHR | SRR | SeiYiE bR | sk oz JbR | SRR | SejeE bR | @Rk
2020 6,000 5,730 2020 6,000 5,730
2021 6,000 5,472 2021 6,000 5,472
2022 6,000 5,226 2022 6,000 5,226
2023 6,000 4,991 2023 6,000 4,991
2024 6,000 4,766 2024 6,000 4,766
2025 2025
2026 2026
2027 2027
2028 9,086 6,004 2028 9,912 6,550
2029 9,345 5,897 2029 10,194 6,433
2030 16,040 9,666 2030 17,498 10,544
2031 16,537 9,517 2031 18,041 10,382
2032 17,043 9,367 2032 18,592 10,218
2033 17,557 9,215 2033 19,153 10,053
2034 18,080 9,062 2034 19,723 9,886
2035 18,611 8,909 2035 20,303 9,719
2036 7,373 3,370 2034 8,043 3,677
2037 7,600 3,318 2035 8,290 3,619
HA 30,000 26,185 137,271 74,324 oHA 30,000 26,185 149,750 81,081
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O NAE BHS A% B 37 AuLe BEAA B AYe AAA Bgde 2t

O NPVE 11,4009 wkloll Al 203739 5ke], B/CE 274914 411, IRR 9.31%°l 4]
13371% % EF AAA gdd 20s St
O wWakA, E Akde] Holo] F F& Hh FAHYS Afode FRE AAH BgdA
< Fusta dE Ae o 5 Adrth
E 4 NRE B A
molszt -20% -10% 0% 10% 20%
NPV/(2HTHRl) 27,869 34,626 41,383 48,139 54,896
B/C 2.06 2.32 2.58 2.84 3.10
IRR 7.42% 8.70% 9.86% 10.93% 11.91%
- 159 -

Hag AHE=
Al Axpd F=

B 29 H He7HE

2§ azhd
o ZEEE
2y K SESES
AR ATEE AT & A ERRE 94 £(B)
(A) (%)
A4 wMIzag ¥
2l 5] = o
FLEA AL o o doe - e e
0.15 | 50g/dw A2tel] A% 100
& E.LE 7 7H‘:‘L (1)
-  20L Lab scale
culture system iL9F
CPS W% Su|l20Z8ns 9g A S oEms el
1.CP st5 |1~ = 98 Az
° i N CPS1, CPS2E Ul A
S 1l 3 /\]izﬂ =1
A s e d S e wd
~li = (14
cell-line 75 (17) 015 | Axg 72 100
1-3.84 NEFs 94F A - AEd ZEREE
SEZRRE BE A2 7 gddg Az
l]éi} ;?-‘ = ﬂx]— S
% A% AT
(201D e - A9 AT P
2-1.84 TR CPS 232 I
1y s 8% o7 55 ¥
: dis #F 3% S
- g4 as wgEg
2CPS &% BA2-29%Hs #% AZ | s oz
O 51:9 Y Haf’(m‘;" KSFO10861 41 2123
= oEE = T H T (compound 10)
3n
2-3.%=31d JFHAF 50 - =E 24, 59 17
]’ [SIxe] ]‘l‘ 04 a "} 100
ol = g (17)
A 1.0 100
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A2d 3 AA (L A) T Fo e

iz

- A, oA &4 %59 KSF0108 sh3tE +x 54 A cholesterol,
T T2 W B-sitosterol, hurgadacin 5 10% A3} 215+ 22 (10# compound) 271,
o B FAE AW $d7F KOPRI dF3AE50] ZAoA Hste] Exp4go=z O &% T, 71ddT
GA e FH] nHRFEE] Wetd AdH XS wzsiy ZHo| 9l - FA Chaetoceros neogracile - 4284 ZEZRE 7L 4] = o
A Aol AESF AF A Fo, F9, A} E50] A5S FIEA L= FEASA (MAZEF) 197 lines TR
oy A43E e E 2 biomass FRIE B 53] FA 1A - TA FAPAEF ArM29, KNF329] 7l AREA, A2d4 2w
i gzl R A AAHoRE tiguide] RuE Aol gl ERTE 7 A Ao B sy T2
T3 34 45 ‘:OIEHA]—/\PEZ;T% A3 QLo E AdA &8 AldE gl - KSF00069 A UVBel tld AlxR & g5o] 91.46% S7Fe 7180
ohomEbd 2 FAleME LA E g, 2. B BAer d8sE AF Al 2% A9 Hyaluronan® T&Z 27 MMP-1 94 &%< &9
o WA A A —5} | - CPS13} CPS29l M A& d AME BE %58 9. CPS1o14+= controldl
S gk AT EakA %’—ng\]igi}ﬂ} 0TS o] 43 ~ulE wjokal A8 T H]EH AERT &T0] 9547 % S7keke AS IR MMP-1 A
% AR Fzaoz FA ol of 43%°] WS M, FEuuAds %, hyaluronan®] @ ge] S7hhe #1l
A PR 5 ge A 28 FAARA A2 9= - *lJJr G FEEg 458 w2 F9 2AS Holv AR 3
=% e, F9712 NF-kB pathway<t #ddo] 9l5& &<l

BN | o UVl @ NF w5E oJAd 99 G5S wel #rE ATPe UF
3ol &% 27 Epi glycerole 23 e FH@g oDl AF. AR
AAAE YANAATHZ 7 Eo] B BAGu] L B

A4 (=% 23)

O FA MAZzF W Ry AE

SHEE S} =
Az e - SAUAZF vto]l o] qHETFS 8 200L lab sized #AYERFE7]
S2 SR AN FEAN DS 9 B syl §9, 7% A 2 AR 7
ICIDY 254, Sl 24 Epi glycerol® 4ok o138 7he we ol g ~E - GRAS (Generally Regarded As Safe) A%<l Bacillus subtilis oI~ 273
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Abstract

s International Journal of Medical Sciences
2017; 14(6): 560-569, doi: 10.7150/ ijms. 18702

Cancer is the principal cause of human death and occurs through highly complex processes that
involve the multiple coordinated mechanisms of tumorigenesis. A number of studies have indicated
that the microalgae extracts showed anticancer activity in a variety of human cancer cells and can
provide a new insight in the development of novel anti-cancer therapy. Here, in order to
nvestigate molecular mechanisms of anticancer activity in the Antarctic freshwater microalga,
Chloromonas sp., we prepared ethanol extract of Chloromenas sp. (ETCH) and performed several in
vitro assays using human normal keratinocyte (HaCaT) and different types of cancer cells including
cervical, melanoma, and breast cancer cells (Hela, A375 and Hs578T, respectively). We revealed
that ETCH had the antioxidant capacity, and caused significant cell growth inhibition and apoptosis
of cancer cells in a dose-dependent manner, whereas it showed no anti-proliferation to normal
cells. In addition, ETCH had a significant inhibitory effect on cell invasion without the cytotoxic
effect. Furthermore, ETCH-induced apoptesis was mediated by increase in pro-apoptotic proteins
including cleaved caspase-3 and p53, and by decrease in anti-apoptotic protein, Bc-2 in
ETCH-treated cancer cells. Taken together, this work firstly explored the antioxidant and
anticancer activities of an Antarctic freshwater microalga, and ETCH could be a potential
therapeutic candidate in the treatment of human cancer,

Key words: Bicactivities, ethanol extract, Chioromonas sp.

Introduction

According to American Cancer Society (Cancer
Facts and Figures 2016) it is estimated that the
mcidence of childhood cancer accounts for a large
proportion of all cancer cases. In 2016, i1t was
estimated that there are 10,380 new cases of cancer
and among them 1,250 deaths of children occur due to
cancer. Many scientists around the world are
endeavoring to develop novel targsted therapies in
human cancer treatments, which are capable for
selectively killing cancer cells, not harmful to normal
cells. For the successful development of such
therapies, it is primarily necessary to better
understand physiological and molecular differences
between caner and normal cells. Therefore, the studies

of new anti-cancer therapy can in part, improve
comprehension of cancer biology mechamisms,
selectively targeting molecular pathways thought to
be enitical for tumor survival, growth, and metastases
[1-3]. In fact, in the last few decades the increasing
incidence of human cancer has led to the progressive
development of new anticancer agents through more
systematic and scientific validation of a wide range of
synthetic and natural substrates [4, 5]. According to
the Pharmaceutical Research and Manufacturers of
America, more than 800 anti-cancer agents have been
shown to be effective m clinical trial. Among them
many drugs were derived from the natural sources
stich as plant and microorganisms against various

httpd/lwww.medsciorg
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Abstract Mycosporine-like amino acids [MAAs) have been highlighted as pharmacologically active
secondary compounds to protect cells from harmful UV-radiation by absorbing its energy. Previous
studies have mostly focused on characterizing their physiological properties such as antioxidant
activity and osmotic regulation. However, molecular mechanisms underlying their UV-protective
capability have not yet been revealed. In the present study, we investigated the expression profiling of
porphyra-334-modulated genes or microRNA (miRNAs) in response to UV-exposure and their
functional networks, using cDNA and miRNAs microarray. Based on our data, we showed
that porphyra-334-regulated genes play essential roles in UV-affected biological processes such
as Wnt (Wingless /integrase-1) and Notch pathways which exhibit antagonistic relationship in
various biological processes; the UV-repressed genes were in the Wnt signaling pathway, while
the activated genes were in the Notch signaling. In addition, porphyra-334-regulated miRINAs can
target many genes related with Uv-mediated biological processes such as apoptosis, cell proliferation
and translational elengation. Notably, we observed that functional roles of the target genes for
up-regulated miRNAs are inversely correlated with those for dow n-regulated miRNAs; the former
genes promote apoptosis and translational elongation, whereas the latter function as inhibitors in
these processes. Taken together, these data suggest that porphyra-334 protects cells from harmful
UV radiation through the comprehensive modulation of expression patterns of genes involved
in UV-mediated biological processes, and that provide a new insight to understand its functional
molecular networks.

Keywords: M_vcobporimilke amino acids (MAAs), UV-radiation; purph_vrafBM‘. microRNAs;
Wnt pathway; Notch pathway

1. Introduction

Under exposure of environmental ultraviolet (UV) radiation, certain living organisms have
developed characteristic defense mechanisms to dintinish the adverse effects of UV radiation, including
DNA damage and the production of reactive oxygen species (ROS) [1-3]. Recent studies have
reported that many photosynthetic marine organisms can synthesize secondary metabolites with
UV-absorbing capacity such as mycosporine-like amino acids (MA As), as one of the most effective
LV protection mechanisms [4,5]. These compounds have characteristic chemical structure with either

Mar. Drugs 2017, 15, 196; doi:10.3390,/md 15070196 www.mdpi com fjournal / marnedngs
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Abstract Antifreeze proteins (AFPs) protecting the cells against freezing are produced in response to
extremely low temperatures in diverse psychrophilic organisms, and they are encoded by multiple
gene families. The AFP of Antarctic marine diatom Chaetoceros neogracile is reported in our previous
research, but like other microalgae, was considered to probably have additional genes coding AFPs.
In this paper, we reported the cloning and characterization of additional AFD gene from C. neogracile
(Cn-isnAFP). Cni-isoAFP protein is 74.6% identical to the previously reported Cn-AFP. The promoter
sequence of Ci-iseAFP contains environmental stress responsive elements for cold, thermal, and high
light conditions, Cii-iseAFP transcription levels increased dramatically when cells were exposed to
freezing (—20 °C), thermal (10 °C), or high Hg’n{ (600 pmol photon m2s! } stresses. The thermal
hysteresis (TH) activity of recombinant Cr-isocAFP was 0.8 “C at a protein concentration of 5 mg/mL.
Results from homology modeling and TH activity analysis of site-directed mutant proteins elucidated
AFP mechanism to be a result of flainess of B-face maintained via hydrophabic interactions.

Keywords: Antarctic marine diatom; Chaetoceros neogracile; isoform antifreeze protein; antifreeze
activity; 3D-structure modeling

1. Introduction

Antifreeze proteins (AFPs) are found in various organisms such as fishes, insects, plants,
microalgae and even bacteria living in Arctic and Antaretic regions [1-3]. AFPs are able to decrease
the freezing point of the fluid below its melting point and inhibit ice-recrystallization, which
helps in survival of the organism at extremely low temperatures [4} The basic mechanisms of
the protein functions have been studied through structure predictions using protein modeling
programs or structure identification using X-ray crystallography [5-11]. Like multicellular organisms,
microalgal AFPs such as Navicula glacier [12], Fragilariopsis cylindrus [13], Chlamydomonas sp. [14],
Chloranmonas sp. [15], and Fragilariopsis sp. [18], have also been studied using diverse analytic
approaches. Interestingly, many microalgal AFPs are encoded with multiple genes, similar
to other organisms [17,18]. The presence of multiple gene families of AFPs supports the
notion that AFPs are required for psychrophilic organisms to adapt and survive in extremely
low-temperature environments.

Based on previous research, the mechanism of AFPs has been considered as that an ice
crystal binding activity and a reducing the freezing temperature are most probably due to an
absorption-inhibition mechanism [4,19-22]. The “anchored clathrate water” mechanism was proposed

Mar. Drugs 2017, 15, 318; doi: 10,3390/ md 15100318 www.mdpi.com /journal / mannedugs
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Abstract

Inflammation mediated by the innate immune system is an organism’s protective mechanism against
infectious environmental risk factors. It is also a driver of the pathogeneses of various human
diseases, including cancer development and progression. Microalgae are increasingly being focused
on as sources of bioactive molecules with therapeutic potential against various diseases.
Furthermore, the antioxidant, anti-inflammatory, and anticancer potentials of microalgae and their
secondary metabolites have been widely reported. However, the underlying mechanisms remain to
be elucidated. Therefore, in this study, we investigated the molecular mechanisms underlying the
anti-inflammatory and anticancer activities of the ethanol extract of the Antarctic freshwater
microalga Micractinium sp. (ETMI) by several in vitro assays using RAVY 264.7 macrophages and
HCT116 human colon cancer cells. ETMI exerted its anti-inflammatory activity by modulating the
main inflammatory indicators such as cyclooxygenase (COX)-2, interleukin (IL)-6, inducible nitric
oxide synthase (INOS), tumor necrosis factor (TNF)-d, and nitric oxide (NO) in a dose-dependent
manner. In addition, ETMI exerted cytotoxic activity against HCT116 cells in a dose-dependent
manner, leading to significantly reduced cancer cell proliferation. Further, it induced cell cycle arrest
in the G| phase through the regulation of halimark genes of the G1/S phase transition, including
CDKNIA, and cyclin-dependent kinase 4 and 6 (CDK4 and CDK$, respectively). At the transcriptional
level, the expression of CDOKNIA gradually increased in response to ETMI treatment while that of
CDK4 and CDKé decreased. Taken together, our findings suggest that the anti-inflammatory and
anticancer activities of the Antarctic freshwater microalga, Micractinium sp.. and ETMI may provide a
new clue for understanding the molecular link between inflammation and cancer and that ETMI may
be a potential anticancer agent for targeted therapy of colorectal cancer.

Key words: Inflammation, cancer, Micractmzum sp., promflammatory cytokanes, HCT116
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Abstract Five new compounds, 9,3"-dimethoxyhierochin
A (1), b-oxo-trans-neocnidilide (2). (+)-(3E)-trans-6-hy-
droxy-7-methox ydihydroligustilide (3), (< Fenidiomin (4),
and 6-(1-oxopentyl)-salicylic acid methyl ester (5), toge-
ther with twenty known compounds (6-25). were isolated
from the rhizome of Cnidium officinale. The chemical
structures of new compounds were established by NMR
spectroscopic techniques, mass spectrometry, Mosher's
method. and CD spectrum. Their anti-inflammatory activ-
ities were evalunated against lipopolysacchande (LPSkin-
duced nitric oxide (NO) production in macrophage RAW
264.7 cells. Compounds 7. 13, and 14 showed inhibitory
effects with ICy values of 5.1, 24.5, and 278 pM,
respectively. In addition, compounds 7, 13, and 14 reduced
LPS-induced inducible nitdic oxide synthase (iNOS)
expression and cyclooxygenase-2 (COX-2) protein in a
concentration-dependent manner.

Electronic supplementary material The online version of this
article (htpsidoLorg/ 10,1007/ 18- 1048-9) contains supple-
mentary material. which is available ro authorized users,

Inflammation 15 a defense response mediated by
the irmate immune system to reinstate cellular
homeostasis against foreign pathogenic agents that
disrupt the integrity of cellular homeostasis [1-3]. The
biological mechanisms underlying inflammatory
processes, which comprise three distinct steps,

mitiation, regulabion, and resolition, are tighily
regulated to maintain physiological and cellular
homeostasis inside the organism [4, 5]. If the tissue is
damaged clue to a pathogenic infection, the cells of
our body activate a signal pathway including
cytokines and chemokines to cause an immmine
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Introduction

Inflammation is a critical host immune response to infec-
tion or irftation, and contributes to the initiation and pro-
gress of many diseases, including multiple sclerosis,
Parkinson’s, and Alzheimer’s disease (Mosmann [1983).
Macrophages are a major cell type that participates in the
inflammatory process by producing cytokines, chemokines,
and various inflammatory mediators such as nitric oxide
(NO), prostaglandin E, (PGE,). interleukin (IL)-6, and
tumor necrosis factor (TNFi-x (Heiss et al. 2001). NO is
produced by inducible nitric oxide synthase (iNOS) in
macrophages, hepatocytes, and renal cells, when stimu-
lated, for example, with lipopolysaccharide (LPS), TNF-z,
or TL-1 {Kundu and Surh 2008). The ovemproduction of NO
by iNOS has been implicated in the pathology of some
inflammatory disorders, including sepsis, inflammation-
mediated tissue damage, and rheumatoid arthritis (Stuehr
and Marletta 1985). Therefore, NO production should
comrelate with the inflammatory process, so that a change in
NO levels (e.g.. by inhibiting iINOS activity or iNOS pro-
tein induction) would represent a means of assessing the
effects of compounds on the inflammatory process (Farrell
et al. 1992). Cyclooxygenase (COX) is a rate-limiting
enzyme that catalyzes the synthesis of prostanoids that
mediate inflammation. Prostanoids include arachidonic
acid metabolites such as prostaglandins, thromboxanes, and
prostacyclins that cause vasodilation, edema, and pain
associated with tissue injury. Two isoforms of COX are
known, COX-1 and COX-2, Increased COX-2 gene
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Abstract

Inflammation triggered by the innate immune system is a strategy to protect organisms from the risk
of environmental infection. However, it has recently become clear that inflammation can cause a
variety of human diseases, including cancer. In this study, we investigated the effects of an ethanol
extract of the Antarctic fresh microalgae, Chi ras reticulata (ETCH), on inflammation and
carcinogenesis in RAW 264.7 macrophages and HCT116 human colon cancer cells, respectively.
ETCH exhibited significant anti-inflammatory activity through the dose-dependent modulation of
major inflammatory markers such as COX-2, IL-6, INOS, TNF-t, and NO production. For example,
ETCH reduced LPS-induced upregulation of COX-2, IL-6, iNQS, and TNF- alpha mRNA [evels,
leading to a significant decrease in the levels of LPS-stimulated NO and IL-6 as well as TNF-alpha
products. In contract, ETCH exhibited dose-dependent cytotoxic activity against HCT116 cells,
yielding a profound reduction in the proliferation of the cancer cells. Furthermore, ETCH induced
G2 phase cell cycle arrest by transcriptionally regulating of genes involved in G2 / M transition
including p2l (CDKNIA), cyclin Bl (CCNBI), and CDKIl; CDKNIA mRMNA levels were
upregulated in response to ETCH, whereas CCNBI and CDK| were downregulated. This study
reports for the first time anti-inflammatory and anti-cancer effects of, C. reticulata and provides new
insights into the molecular mechanisms of the linkage between inflammation and cancer.

Key words: ancer; Cil reticulata, p 7 cytokines, HCT116
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Abstract Hepatocellular carcinoma (HCC) is one of the most deadly genetic diseases, but surprisingly
chemotherapeutic approaches against HCC are only limited to a few targets. In particular, considering
the difficulty of a chemotherapeutic drug development in terms of cost and time enforces searching
for surrogates to minimize effort and maximize efficiency in anti-cancer therapy. In spite of the report
that approximately one thousand lichen-derived metabolites have been isolated, the knowledge
about their functions and consequences in cancer development is relatively limited. Moreover, one of
the major second metabolites from lichens, Atranorin has never been studied in HCC. Regarding this,
we comprehensively analyze the effect of Atranorin by employing representative HCC cell lines and
experimental approaches. Cell proliferation and cell cycle analysis using the compound consistently
show the inhibitory effects of Atranorin. Moreover, cell death determination using Annexin-V
and (Propidium Todide) P1 staining suggests that it induces cell death through necrosis. Lastly,
the metastatic potential of HCC cell lines is significantly inhibited by the drug. Taken these together,
we claim a novel functional finding that Atranorin comprehensively suppresses HCC tumorigenesis
and metastatic potential, which could provide an important basis for anti-cancer therapeutics.

Keywords: hepatocellular carcinoma (HCC), lichen; atranorin; cell cycle; cell death

Inflammation is the initial immune reaction that
occurs when a foreign pathogenic agent disrupts
cellular homeostasis and is an essential process for the
survival of living organisms [1-3]. Chronic
inflammation is likely to cause various diseases,
including cancer. Therefore, if the inflammatory
response 1s not controlled early, 1t may lead to the
development of chronic infection, autoimmune
diseases and metabolic disorders due to loss of
function and homeostatic imbalance inside the living
body [4-6]. Recent studies regarding increasing cancer

incidence in chronic inflammatory sites have shown
that inflammation and cancer have a common
signaling pathway through vicious cycle linkages
[7-9]. Over the past decade it has become evident that
the inflammatory response is responsible for tumor
development, including initiation, malignant
transformation, invasion and metastasis. For example,
many studies show that an inflammatory
microenvironment not only promotes cancer cell
growth, but also can lead to DNA damage and
genomic instability leading to increased mutation

http//www.medsci.org
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1. Introduction

In spite of explosively advancing technology regarding medical genetics, anti-cancer therapeutics
remain challenging because of the complexity of tumorigenesis and cancer metastasis. In particular,
hepatocellular carcinoma (HCC) is hepatic primary cancer and the sixth- ranked cause of cancer-related
deaths worldwide. HCC is often caused by genetic mutations induced by chronic haptic inflammation,
viral infection and other environmental factors, and is often incurable when diagnosed at the late
stage [1-3]. Regardless of a tremendous effort to cure this cancer, an EGFR inhibitor, sorafinib, has been
only applied to patients whose effect is also limited in patients with a specific genetic background
such as mutations in receptor tyrosine kinases in chemotherapy [4]. Therefore, other chemotherapeutic
agents should be investigated and characterized.

To fully develop a chemotherapeutic drug for cancer to be marketed from in vitro bench work
requires at least half a million US dollars, whose cost can reach around 3 billion US dollars in
other reports [5-7]. Moreover, 10 representative chemotherapeutic drugs against cancers required
around 10 years [5]. These are generally considered huge hindrances in anti-cancer therapies and

Mofereles 2019, 24, 1414; doi: 103390/ molecule 24071414 www.milpicom/journal fmolecules
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ARTICLEINFO ABSTRACT

Keywords: Nine compounds (1-9) including one norisoprenoid (1), one polyol-glhveoside (2), three sterols (3-5), three
Chlamydemonadacese phenols (6, 8, and 9), and one fatty acid (7) were isolated from Chlamydomonas sp. KSF108. Their chemical
Chiarrydomomes structures were established using NMR spectroscopic technigues and compared with published data. None of the
Norisoprenoid

Chemotaxonamy

compounds have been previously reported from the genus Chiamydomonas and they may therefore serve as
chemotaxonomic markers for Chlamydomonas sp. KSF108 within the genus.

1. Subject and souree

are a polyphyletic group of phytosynthetic
eukaryotes comprising at least 40,000-70,000 species from various
phyla such as Cyanophyta (blue aigae), Rhodophyta {red algae),
Chlorophyta (green algase), Pyrrophyta, Cryptophyta, Haptophyta,
Heterokontophyta, and Streptophyta (Gimpel 2t al., 2015; Suh et al,
2017).

Chlamydomonas is a genus containing many species of green algae in
the globally distributed family Chlsmy dacese, Previous che-
mical investigation of the algae revealed the presence of carotenoids,
fatty acids, sterols, mycosporine-like amino acids, phycobilins, poly-
ketides, pectins, halogenated compounds, and toxins {Horowitzka,
2013; Leu et al,, 2014; Cardozo et al., 2007; Hallmann, 2007; Milledge,
2011; Pulz et al., 2004).

The Antarctic freshwater microalga Chlamydomonas sp. KSF108 was
collected from freshwater near King Sejong Antarctic Station (62" 1378,
58 47" W) in 2014 and maintained in Bold's basal medium (BBM) with
incubation at 2-3°C under continuous lighting from light-emitting
diodes at an intensity of 35 pmol photons m 257!

Botanical identification was performed by Professor Sanghee Kim
and the voucher specimen, Chlamydomonas sp. KSF108 (KPRI.KSF108),
was deposited at the herbarium of the Division of Polar Life Sciences,
Korea Polar Research Institute, Korea.

* Cormesponding author,

E-mafl address: bsmingocu ac kv (B.S. Min).

https://dolorg/10.1016/].bse.2018.12.000

2. Previous work

Chemical studies have tevealed that slgae contain a variety of
constituents, including fatry acids, sterols, carotenoids, mycosporine-
like amino scids, phycobilins, polyketides, pectins, halogenated com-
pounds, and toxins (Borowitzka, 2013; Lew et al, 2014; Cardozo 21 al.,
2007; Hallmann, 2007; Milledge, 2011; Pulz 1 al, 2004). However,
investigation into the chemical composition of extracts from the genus
Chlamydomonas has been limited. Hence, we carried out a chemical
investigation of Chiomydomonas sp, KSF108 in the present study.

3. Present study
3.1, General experiment procedures

The 1D and 2D NMR spectra were obtained using Varian Unity
Inova 400 MHz and a Bruker Ascend™ 500 MHz spectrometer with
tetramethylsilane (TMS) as an internal standard and the chemical shifts
were recorded in & values (ppm). Mass spectrum was recorded using a
JEOL JMS-AX 300L spectrometer. Genomic DNA extraction of micro-
alga Chlamydomonas sp. KSFO108 was performed using a DNeasy Plant
Mini Kit. PCR amplification of nuelear SSU rDNA was carried out using
ExTaq polymerase and specific primers GO1 and GO7. Sequencing was
analyzed by Macrogen, Inc. using an ABI 3730xI DNA Sequencer and
the sequence was aligned using the Genetic Dara Environment (GDE
2.2) program (Smith et al, 1994), The optimal model was determined

Received 21 September 2018; Received in revised form 23 November 2018; Accepted 22 December 2018
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Increased Productivity and Antifreeze Activity
of Ice-binding Protein from Flavobacterium frigoris PS1 Produced
using Escherichia coli as Bioreactor
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Abstract—Ice-binding proteins (IBPs) inhibit the growth and recrystallization of intracellular ice, enabling
polar organisms to survive at subzero temperatures. IBPs are promising materials in biomedical applications
such as cryopreservation and the hypothermic storage of cells, tissues, and organs. In this study, recombinant
IBP from the antarctic bacterium Flavebacterium frigoris PS1 (FIIBP) was produced by Escherichia coli used
as bioreactor, to examine the feasibility of scale-up. Oxygen transfer was the most important factor influenc-
ing cell growth and FABP production during pilot-scale fermentation. The final yield of recombinam FI1BP
produced by £.-coli harboring the pET23a-FI1BP vector system was 1.6 g/L, 3.8-fold higher than that from
the previously published report using pCold I-FfIBP vector system. and its thermal hysteresis activity was
2.5°C at 9.7 uM. This study demonstrates the successful pilot-scale production of FIIBP.

Keywords: Antarctica, ice-binding protein, Flavobacterium frigoris, pilot-scale fermentation, thermal hysteresis

DOIL: 10.1134/50003683819050077

Although the Arctic and the Antarctic are the cold-
est, windiest, and driest regions on Earth, they are the
habitats of a variety of microorganisms. Psychrophiles
and psychrotrophs are cold-tolerant organisms that
can grow at low temperatures. They produce active
biochemical substances and increase the polyunsatu-
rated fatty acid content to improve membrane fluidity
at low temperatures | 1]. The sea and freshwater organ-
isms inhabiting the Antarctic and Arctic are consis-
tently exposed to low temperatures (sea water; —1.9—
2.0°C. fresh water; 0—3°C) [2]. Ice binding proteins
(IBPs) have been found in various psychrophilic and
psychrotrophic organisms living at subzero tempera-
tures, such as bacteria [ 1. 2], fungi [3—3], diatoms [6].
plants [7-9], insects [ 10, 11], and fish [ 12]. IBPs. also
called antifreeze proteins (AFPs), play key roles in
inhibiting ice crystal growth and its recrystallization by
adsorbing on the ice surface [8, 13]. They prevent cell
injury and death due to intracellular ice formation and
frozen cell membranes. Many antifreeze materials
exist besides IBPs, such as ethylene glycol [14],
dimethyl sulfoxide (DMSO) [15], poly(viny] alcahol)
[16]. metallohelices [17]. and polysaccharides [18].
Ethylene glyeol can be used to cryopreserve biological
tissues and organs [ 14], and DMSO is used in biology
to decrease ice formation. However, ethylene glycol is

toxic when decomposed in the body [19], and DMSO
induces cell lysis and apoptosis by increasing intracel-
lular calcium levels [20]; the others mentioned do not
yet have practical uses. Unlike these chemicals, 1BPs
obtained from natural organisms have low or no toxic-
ity. and have been applied in biomedical research and
other applications, such as tissues and organ cryopres-
ervation, food preservation, and skin protection [21].
Heowever, extracting | BPs directly from organisms has
quantitative limitations and is cost-inefficient. Indus-
trial application will require the heterclogous expres-
sion of |BPs using large-scale bioreactors.

Our research team has previously investigated the
properties of several IBPs from antarctic and arctic
organisms. including Lewcosporidium 1BP (LelBP.
recently reclassified genus as Glaciozyma sp. AY30).
FIBP. and Type-11T AFP [5. 22-25]. F{1BP was iso-
lated from the bacterium Flavobacterium frigoris PSI.
which inhabits antarctic marine ice. It has a higher
thermal hysteresis (TH) activity than LelBP, and has
been produced in Escherichia coli using a cold shock
induction system with the pCold I vector. Production
of FIIBP using the pCold I vector system was advanta-
geous in terms of protein stability, but it had the disad-
vantage of a long incubation time (over 30 h to reach a
cell concentration of 6.3 g/L and protein production
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Enhancing Lipid Production in the Arctic Microalga
Chlamydomonas sp. KNMO0029C by Using Statistical Optimization

of Medium Components
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Abstract: A scquential statistical optimization was applied to
the compenents of Tris-acetate-phosphate (TAP) medium, to
enhance the cell density and lipid production of Arctic
microalga Chiamydomonas sp. KNMO0029C, The evaluation
was preformed through an elimmation process and Plackett-
Burman design to select for significant factors, contributing
roward cell growth, NILCL MpSO, 7110, potassium phos-
phate, and trace elements were established as the effective
components and used as variable factors in Box-Behnken design
test, - a response surface methadology (RSM). The final opti-
mized concentrations were 0,34, 0.16, (.04, and 0.08 g/l of
NH,Cl, MgS0,-TH;0, potassium phosphate, and trace cle-
ments, respectively. Overall, 9.9% enhanced lipid production
was achieved by using optimized TAP medium at 4°C. The
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results of the present study could potentially coninbute
toward large-scale lipid production at low temperatures.

Keywords: arctic microalgae, Chlamydomonas sp. KNMO0Z9C,
lipid, response surface methodology, statistical optimization,
tris—acetale-phosphate

1. INTRODUCTION

Bacterta, yeast, algae, and fungi, that inhabit cold environments,
bave developed various adaptations to compensate for the adverse
effiects of low temperatures [1], Cold-adapted microorganisms
are the source of valuable products, including cold-active
enzymes, and antifreeze proteins [2,3]. Recently, the microalga
Chiamydomonas sp. KNMD029C - a species, capable of oil
production; was isolated from the Arctic sea [4]. The organism
which displays high total faty acid content, exhibits promising
potential as a potent biediesel producer at low temperatures,
The major benefit of Chlamydomonas sp. KNMO029C s its
ability to grow under cold climate conditions, most prominently
during the winter season. Our study focuses on nvestigating
the effective medium composition for optimal Arctic microalga
growth, and establishing the efficient Tipid production conditions
for this microorgamsm, The classical medium optimizstion
method of changing one independent variable, while keeping
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To increase the availability of microalgae as producers of valuable compounds, it is necessary to develop novel
systems for gene expression regulation. Among the diverse expression systems available in microalgae, none are
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Abstract

From the collected extract from King Sejong Antarctic Station, strain Micractinium sp. KSF0031, led to the isolation of
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