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Development for anti-allergic and anti—inflammatory
therapeutic compounds from antarctic microalgae
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A A ZF Chloromonas sp. KSF0108°14 &4 =4 #2]E el MeOHE FZ3}aL chromatography *H
o2 IFES 9F EYsdy, BT FFES NMR 59 71715 ol&3td F2E g3 o] FAH3Y
< (2)-2-(2,4-dihydroxy-2,6,6-trimethylcyclohexylidene) acetic acid (1), lilioside D (2),
cholesterol (3), B-sitosterol (4), hurgadacin (5), a-tochoperol (6), 92,122-nonadecadienoic
acid (7), m-hydroxyphenol (8), p-hydroxybenzaldehyde (9). 99 3l&%0o] thal Junkat T cellS
o] &3 FelA I RAW2647 cellE ©] &3 FEFT TAS Hrlstd oy E4S 2te =242 sl

SA PAZRF (hlamydomonas sp. KSP0031914 8%2] 3t¢t&< #Edtail NMR 59 717]1& ol &s] tha3
T27274 395, monoacyldigalactosyl glycerol (1), lilioside D (2), glycerol (3), lilioside E (4),
57,87,11Z-tetradecatrienoic acid (5), 4Z-heptenoic acid (6) 572,872,117,147,177-eico-
sapentaenoic acid (7), 5Z,87,11Z,147,17Z-eicosapentaenoic acid-2,3-hihydroxypropyl ester
8)2 T4 8% = U3 FASEAL sl = 19 51 FeEHA ZAo] g,

U A 257 Chlamydomonas sp. KSF006°14 69| 33=5 #2333 NMR 59 71715 o] &3t Z+7+e] 3}
=L butanolic acid (2), 4Z-heptanoic acid (3), 5Z-decenocic acid (4), 5Z-nonadecenoic
acid (5), 1-hexanoyl glycerol (6) ¥ 4-methoxy-6pentyl-5,6-dihydro-2/4-pyran-2-one (8)=
A e T 59 SE o3 FeHA ARt gd.

P M 257 Chlamydomonas sp. KSF100014 6%9] 3}4&S Z2lstd L NMR 59 717]1& ol &3t Z+7+e 3
LS S-carotene (1), y-carotene (2), eicosapentaenoic acid (3), tetradecan (4), linoleic
acid (5) ¥ p-hydroxyphenol (6) 2 A3 S-carotene (1)o] ¢Fst x| &3} &4,

o
ull

Al 2R, SetE TN, AdeEE a4, $958Y, FLEAEA

o) antarctic microalgae, structural determination, natural cosmetic materials,
anti-allergic activity, anti-inflammatory activity
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SUMMARY

(3 & 2 o B

|. Title

Development for anti-allergic and anti-inflammatory therapeutic

compounds from antarctic microalgae

[l. Purpose and Necessity of R&D

Separation and structural determination with anti-allergic and

anti-inflammatory activity from antarctic microalgae

Evaluation of anti-allergic and anti-inflammatory activity of compounds

Procure of large quantity for active compounds

Establishing the possibility of developing cosmetics or functional food

for active compounds

IIl. Contents and Extent of R&D

- Extracting organic solvents from antarctic microalgae and isolating
compounds

- Structural determination of isolated compounds using equipments such
as NMR

- Evaluation of anti-allergic activity of compounds by Jurkat T cells

- Evaluation of anti-inflammatory activity of compounds by RAW264.7
cells

Active compounds applied as functional cosmetics

IV. R&D Results

- Identification of nine compounds from Chloromonas sp. KSF0108 and

evaluation for their anti-allergic and anti-inflammatory activities

- Identification of eight compounds from Chlamydomonas sp. KSFO0031
and evaluation for their anti-allergic and anti-inflammatory activities

- Identification of six compounds from Chlamydomonas sp. KSFO06 and



evaluation for their anti-allergic and anti-inflammatory activities

Identification of six compounds from Chlamydomonas sp. KSF100 and

evaluation for their anti-allergic and anti-inflammatory activities

V. Application Plans of R&D Results

Development of functional cosmetics for 57,82,117,147,17Z-eico-
sapentaenoic acid-2,3-dihydroxy-propyl ester isolated from Chlamydomonas
sp. KSF0031

Patent application and technology transfer through cosmetic products

that improve wrinkles of active compounds

Promating the commercialization of functional cosmetics by the

synthesis of active compound
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Jurkat T AFHEE, A X523 (Korean Cell Line Bank)oll A ¢ 3}
™, 10% FBS¢} 100 unit/mL penicillin-streptomycin®] 3¥3+¥ RPMI Hjj %] o]
2 37C, 5% CO, incubatorell #-&A|7 wjkstch At vl o] 5o 3k

gt

e RT-PCRS o] &3t IL-2 AAGA &A=
RNAE TRIZOLS o] €3k Jurkat T cellel 4] 223t RNAY reverse

transcription>  RT
-CACGTCTTGCAC

-CCTTCTTGGGCATGTAAAACT-3";

~AGCCTTCTCCATGGTGGTGAAGAC-3 " &

Pre-Mix&  AF&3tt}. human IL-2& 5

TTGTCAC-3" and 5°

human GAPDH, 57

~-CGGAGTCAACGGATTTGGTCGTAT-3" and 5’
Abg3tch. amplification

denaturation, 60C 20% annealing, 72C 40x%

profile> 90T 30%

extension A7t} 30 cycle2 72T 7% denaturation® = #H33sto] PCR

data® IL-2 SAZ4&

-2

=49,

& 7 B

PHA (100 nhi) + AZ3187 (1 ph)

0 11 42 43 18 417 18 19 A 29 22 X 24 25 28 2T

P e — - - —— - — — —————————_—_]

[Z9€] IL-2 2jA &4 RT-PCR

_14_



e ELISA assay
Jurkat T WHAFEd] dAF= FFES 30 3F At 28
PMA(100 nM)/A23187 (1 pM)ZE 303t vjFstel, A AS 24 AIE 6
, 45 4S Duoset Human IL-2 ELISA kitZ A& 3sle] IL-2 A A

5 S48t ICy #tS A=t

ki3

o

:

_ PMA+A23187
Sesamin(uM) 0 0 12 25 50 100

|
*

8 =3

12 25 50 1001

IL-2 (pg/ml)
s g
(=] [ =]

g

Sesamin{pM}O
PMA+A23187
[2¥] IL-2 ELISA assay

® Western blotting

Jurkat T WA X E lysis buffer (1% Triton X-100, 150 mM NaCl, 20
mM Tris pH 7.5 o5& fldlAl s A|F AHeElstar, 4T 14,000 rpmol Al 2
AlZE A REE St lysis 52 50 ngS 10% SDS-PAGES &38td] ¢
stth, @A 2 Trans-Blot SD semidry transfer cell®] nylon membrane -
2 o]ldslar, 5% skim milk® 1A]%F blockingdt $, AlZsle] 0.1% Tween
20 (TBS-T)¢} 3% skim milks 33t TBSelA Rabbit anti-human
ERK¢®} &b wF Wxgheh. 2] primary antibody® TBS-TE 43] A%
o] A A%ttt nylon membrane 0.1 pg/mL peroxidaselabeled secondary
antibody 2 2A17F WEEAIZITh TBS-TZ A W AlHs & wW=E ECL
Western Blotting detector® 22l glt},

+ PMA/A23187

- Sesamin + Sesamin
Time(min) 0 2 51020 0 2 5 1020
p-ERK —
t-ERK e . - o —

[Z29] IL-2 &4 3} Western blotting

B NO A4 24 (FA54E)

_15_



o AT ujek
RAW 264.7 2] M ¥+= murine macrophage cell line® 2, = A X238}
(Korean Cell Line Bank)elA F3stH, 10% FBS® 100 unit/mL
penicillin-streptomycin®] 3¥3%¥ DMEM ®j A4 37T, 5% CO; incubator
of A&AIA wjeketrt A wigS o] Eel s A gt

o Mx=4d SHMTT Assay)
Aol AMEEALLS MTT assays &l gt RAW 2647 cell& 24
well plateo] 2x10° cell/well2 #53F 3 1 Azt 3 LPSZ 1 pg/mLE A
3L, 24 ANZF Fer v & MTT solutiong F7}gkc}. 37T, 5% CO,

incubatoroll A 2 AJZF ®fYT & AFAS scutionstal, AEH O ZAA
(formazan)e] DMSOE 1 mLA Y i 2204 308 &< shakingste] =<l
t}. 96 well plated] #+F38}e] ELISAE ©]&3}o] 540 nmolA SFHFE=E =74

F},

e NO YA &4
NO A4S Griess reaction assays 3l &Qlsttt, RAW 264.7 cellE
24 well plated] 2x10° cell/well2 EF3F 3 24 A7k 5 sampled F&=d
2 Aggth 1 AlF & LPSE 1 pg/mLE A gstal, 24 AlZF &b v gt
TSNS AT A5 A standard(NaNO»)E 100 pL® 96 wellol
BF3a, Griess reagent= 100 ulL® H7Fsk & ELISAES ©]&3Fe] 540

nmol A &3 =S =A 3t} positive control 2 cerastolE AL 3T}

® Western Blot analysis

rIFN-y(20 U/mL)¢} LPS(10 pg/mbL)® 9% WS F=3 dyAd=s
PBSZ M A3 F cell scrapper® ##¢] 33ttt o] & 2X sample buffers
o] &3to] samplingS 3}, 7.7% acrylamide gelel 7] % S o] whulz
S E83 & PVDF membranel. = 27t} 1 5 A9 H Eo|x Agt
S Awrslr] ¢38ke] blocking buffer £91S 23k F 13 A= #7154
4T A overlight ¥F&-A1 71t} e tween 20& 3H3F PBS(PBST)Z 10
4 33 MFS 7 2aF AR 1AL vESAIZITE o]l PBSTZ 1024
73] MAF T ECL Aofo= whgA|zl & dFo ddste] dids &2l
gt
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LPS{(1pgml) - + + + + LPS (1pgimk) - + + + + LPS (1pgiml) - + + + =
208 BEE (pg/ml) - - 3 10 30 218 B2 E (pg/ml) - - 3 10 30 124 SEE (ug/ml) - - 3 10 30
iNOSE iNOS II' iNOS

Tubulin Tubulin Tubulin =

LPS (1pgiml) - + + + + LPS(Tpg/ml} - + + + +

BHEEE pgml) - - 3 10 30 295 BEE (pgiml) - - 3 10 30

[2¥] iNOS 2 COX-2 fl2d Z=2H

AH2d ANy A

1. 1A% (20179)

7}, =AM Z5F(Chloromonas sp. KSFO108) % % F=& gujE 3
Chiloromonas sp.
l were extracted with MeOH
MeOH Extraction

suspended in water ( 200ml)
parttioned with Hexan ( 500ml x 3)

v
l Residue
Hexan Fr. (7.0 g) paritioned with MC( 500ml x 3)
e Residue
MC Fr. (1.
e I paritioned with EA
(500mlx 3)
| aritioned with BuOH
p
EAFr. (0.7g) (500mlx 3)
BuOH Fr. (0.4 g) Water Fr. (5.0g)

~]1 &, Extraction and partition fraction from Cliloromenas sp. KSF0108
B Chloromonas sp. KSF01089 4 &4 &4 & E&3t7] 9ste] A8 5
% FF39 MeOH FZFE& i, MeOH FEES Eo ded ? 711
hexane, CH:Cl,, EtOAc, BuOHZ # & 3slo] zZtzte] E8& 70 g, 1.0 g, 07 g,
04 g % 50 g= 2o 24 4= s+

v}, Chloromonas sp. KSF0108 €8 & 935 HrF 2 gda|x F7}

_17_



7o Chloromenas sp. 2 Chloromanas sp
T KSF0108(100ug/mL) 2 100 KSFO108(100ug/mL)
g x . T = ~  Hx: hexane
= 80 < 80+ = MC: methylehlorid:
e 2 MC: methylchloride
= o & g EA: ethyl acetate
2 &z Bu: buthanol
.% 40 3: 40 W: water
2 ®
< 20 3 o
: T T T T T | 0 T T T T T T d
[ILPS (#ILPS  Hx e EA Bu w LJLPS (+]LPS Hx Me EA Bu w

& NO result of fractions from Chloromonas sp. KSF0108

B Chloromonas sp. KSF0108 " Al ZFE MeOH FZ92] hexane, CH.Cl,, EtOAc,
BuOH &7 8 &3 RAW264.7 celldl Al NO A A 245 FAsER o, 100
ng/mL FEolA ZadddS SHHA Fa

B Z171e] 8w =9 RAW264.7 cellol tigh A5 100 ng/mL s=olA] oF

gk 50l REHE.

PALA+A3187
¢ "M HX MC EA BU H.O'
- T
c1ror NN

*Jurkat cell number: 1 X 106
*Fraction concentration: 100 pg/mlL
*Stimulating time: 6 h

*PMA con.: 100 nM

*A23187 con.: 1 pM

&, IL-2 inhibition of fractions from Chloromonas sp. KSF0108

f

B 47 &gzl Wal Jukat TS o3 IL-2 FelefAle] SHo=2 Fde
]_

A ZIE e o), 100 pg/mL FEol A FeEA e =HF A

&2

o
= .

t}, Chloromonas sp. KSF0108 3}g& ¢ % 7+ x%5A

Hexan Fr.(7.0 g) MC+EAFr.(1.7g) Bu+WFr.(5.40)

- subjected Si0, gel, C.C, - subjected Si0, gel,C.C, - subjected Si0, gel,C.C,
eluted with Hexan - EA (10:1) eluted with Hexan - EA(3:1) eluted with MC:MeOH:H;0O
-RPC-18,CC, -RPC-18,CC, (30:1:0.2)

eluted with MeOH - H,0 (95:5) eluted with MeQH - H>0 ~HPLC MeOH - H.0 (91:9)
- HPLC MeOH - H,0 (90:10) (90:10)

~ HPLC MeOH - H,0 (90:10)

8.21mg 1. 10.5 mg
i: ;?0'2199 9.6.1 mg 2. 3.8mg
5.2.0 mg
6. 3.0 mg
7.50 mg

B Chloromonas sp. KSF0108 MeOH FZ+%29¢] hexane-soluble fraction 7.0 g&

_18_



silica gel column¥ hexane-EtOAC (10:1) £vl=2 ®E 3l z}z}o] 3
RP C-18 column (MeOH-H,O, 9:1) % HPLC (MeOH-H,O, 955)% £

3= 3 (10.0 mg), 4 (2.0 mg), 5 (20 mg), 6 (2.3 mg), 7 (50.0 mg)=

o] O
AN H .

B Chioromonas sp. KSF0108 MeOH F%%¢ CHyCly-soluble fraction %
EtOAc-soluble fraction = &AM (1.7 g)& silica gel column¥
hexane-EtOAC (3:1) &|vj= ® &3ty ztzte] #EES RP C-18 column
(MeOH-H.0, 9:1) ¥ HPLC (MeOH-H:O, 9:1)2 &=3lo] 313tE 8 (2.1 mg),
9 (6.1 mg)S st

B Chloromonas sp. KSF0108 MeOH F%%& 9 BuOH-soluble fraction % & ZHF

S g4 (54 g)g silica gel column® CHyClo-MeOH-H2O (30:1:0.2) &vj =

3sta, Zzte] #3¥ES HPLC (MeOH-H:0, 91:9)2 &=3lo 33E 1

(105 mg), 2 (3.8 mg)S A<

N
£ o

ot
ol mlg

M
i)
ol

]_

M

OH
HO o O
OH
HO
OH OH
o COOH OH
1
. | 8 3.R=H
4. R=C,Hj
o OH CHO 5. R=CH,
2 COOH
HO 4
OH 7 7
6 8 OH 9

a2 Chloromonas sp. KSF0108 2] 3I3tE 1=

~ Compound 1 : Amorphous colorless powder; 'H-NMR (400 MHz) and “C-NMR
(100 MHz) measured in CD;OD: 'H-NMR: 2.44 (d, J = 13.6 Hz, H-3a), 1.75 (ovl,
H-3b), 424 (m, H-4), 199 (d, J = 144 Hz, H-5a), 157 (dd, J = 144, 3.6 Hz,
H-5a), 1.78 (s, 2-CHs), 1.54 (s, 6-CHs), 1.30 (s, 6-CHs), 5.77(s, H-1"). "C-NMR:
1856 (C-1), 889 (C-2), 464 (C-3), 67.2 (C-4), 486 (C-5), 37.1 (C-6), 1133 (C-
17), 1744 (C-2"), 26.9 (2-CH3),31.0(6-CH3),27.4(6-CHj). -
(2)-2-(2,4-dihydroxy-2,6,6-trimethylcyclohexylidene) acetic acid® &7}

- Compound 2 : Colorless viscous syrup; 'H-NMR (500 MHz): 5.68 (m, H-2), 4.85
(d, J = 75 Hz, H-4), 489 (m, H-3a), 454 (m, H-3b), 459 (m, H-5), 447 (m,
H-6), 443 (m, H-la), 410 (m, H-1b), 417 (d, J = 95 Hz, H-8), and 4.10 (m,
H-9). "C-NMR (125 MHz): 1062 (C-4), 77.7 (C-6), 75.8 (C-8), 72.8 (C-5), 71.5
(C-1), 70.6 (C-7), 68,6 (C-2), 63.7 (C-3), and 62.7 (C-9). -lilioside D2 &4 g
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— Compound 3 : Amorphous white powder; 'H-NMR (400 MHz) and “C-NMR
(100MHz) measured in CDCls: '"H-NMR: 5.34 (d, J = 4.8 Hz, H-6), 351 (m, H-3),
1.00 (s, H-19), 091 (d, J = 6.4, Hz, H-21), 0.86 (d, / = 6.8 Hz, H-26), 0.85 (d, J
= 6.8 Hz, H-27), 067 (s, H-18). ®C-NMR: 36.7 (C-1), 32.1 (C-2), 71.9 (C-3), 424
(C-4), 140.1 (C-5), 1219 (C-6), 31.8 (C-7), 32.1 (C-8), 50.3 (C-9), 36.3 (C-10),
21.2 (C-12), 424 (C-13), 569 (C-14), 359 (C-15), 284 (C-16), 56.3 (C-17), 12.0
(C-18), 19.6 (C-19), 37.4 (C-20), 189 (C-21), 284 (C-22), 22.7 (C-23), 39.9 (C-24),
282 (C-25), 22.7 (C-26), 239 (C-27). - cholesterol= &% 3}

— Compound 4 : Amorphous white powder; 'H-NMR (400 MHz) and “C-NMR
(100 MHz) measured inCDCls: 'H-NMR: 5.34 (d, / = 3.2 Hz, H-6), 351 (m, H-3,
1.00 (s, H-19), 0.90 (d, J = 6.4, Hz, H-21), 0.84 (d, J = 6.8 Hz, H-26), 0.80 (d, J
= 6.8 Hz, H-27), 0.77 (d, J = 64 Hz, H-29), ), 068 (s, H-18). "C-NMR: 37.4
(C-1), 321 (C-2), 71.9 (C-3), 424 (C-4), 140.1 (C-5), 121.9 (C-6), 31.8 (C-7), 32.6
(C-8), 50.3 (C-9), 36.7 (C-10), 21.2 (C-12), 39.9 (C-13), 56.9 (C-14), 21.5 (C-15),
28.4 (C-16), 56.3 (C-17), 12.0 (C-18), 196 (C-19), 39.0 (C-20), 20.3 (C-21), 30.4
(C-22), 20.4 (C-23), 425 (C-24), 36.0 (C-25), 189 (C-26), 30.1 (C-27), 339 (C-28),
155(C-29). - [-sitosterol= 57 5.

- Compound 5 : Amorphous white powder; 'H-NMR (400 MHz) and “C-NMR
(100 MHz) measured in CDCly 'H-NMR: 534 (d, J = 44 Hz, H-6), 471 (s,
H-30a), 4.65 (s, H-30b), 352 (m, H-3), 1.25 (s, H-19), 1.03 (d, J = 6.4, Hz, H-21),
101 (d, J = 6.8 Hz, H-26), 0.86 (d, J = 6.8 Hz, H-29), 0.68 (s, H-18). ®C-NMR:
374 (C-1), 32.1 (C-2), 71.9 (C-3), 425 (C-4), 1409 (C-5), 121.9 (C-6), 31.8 (C-7),
32.1 (C-8), 50.3 (C-9), 366 (C-10), 21.2 (C-12), 425 (C-13), 56.9 (C-14), 22.0
(C-15), 28.4 (C-16), 56.3 (C-17), 12.0 (C-18), 19.6 (C-19), 36.3 (C-20), 245 (C-21),
28.1 (C-22), 189 (C-23), 39.9 (C-24), 359 (C-25), 157.0 (C-26), 359 (C-27), 22.2
(C-28), 22.0(C-29), 106.1 (C-30). - hurgadacin®. = &% 3}

~Compound 6 : Amorphous vellow liquid; 'H-NMR (400 MHz) and “C-NMR (100
MHz) measured in CDCly 'H-NMR: 2.16 (s, H-28), 2.11 (s, H-29 and H-30).
BC-NMR: 74.7 (C-2), 395 (C-3), 37.6 (C-4), 1175 (C-5), 145.7 (C-6), 1186 (C-7),
121.1 (C-8), 1228 (C-9), 144.7 (C-10), 395 (C-11), 31.7 (C-12), 37.4 (C-13), 22.8
(C-14), 25.0 (C-15), 33.0 (C-16), 329 (C-17), 22.8 (C-18), 37.6 (C-19), 37.6 (C-20),
28.1 (C-21), 21.2 (C-22), 199 (C-23), 114 (C-25), 124 (C-26), 198 (C-27), 119
(C-28),19.9 (C-29), 29.9 (C-30). - a-tochoperol® =73}
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~Compound 7 : Amorphous colorless liquid; 'H-NMR (400 MHz) and “C-NMR
(100 MHz) measured in CDCly '"H-NMR: 5.37 (m, H-11712, 14715), 0.90 (s, H-20).

- 97,127-nonadecadienoic acid® &% 3}.

~Compound 8 : Amorphous yellow powder; 'H-NMR (400 MHz) and “C-NMR
(100 MHz) measured in CDsOCDs: '"H-NMR: 9.10 (s, H-2), 874 (s, H-4), 8.30 (m,
H-6), 753 (m, H-5). "C-NMR: 152.4 (C-1), 1245 (C-2), 149.2 (C-3), 141.7 (C-4),
136.6 (C-5), 136.8 (C-6). - m-hydroxyphenolZ &% .

~Compound 9 : Amorphous vellow liquid; 'H-NMR (400 MHz) and “C-NMR (100
MHz) measured in CD;OCDs: '"H-NMR: 11.05 (s, -CHO), 868 (d, J = 84 Hz, H-2,
6), 824 (d, J = 84 Hz, H-3, 5). B*C-NMR: 1915 (-CHO), 1334 (C-4), 127.7 (C-1),
117.3 (C-2, 6), 1165 (C-3, 5). - p-hydroxybenzaldehyde® &7 3}

2. 22d &=(20184)

7}, Chloromonas sp. KSF0108 3}3E 9= A H 7}

B NO A A A& Griess reaction assays &3l RAW 264.7 cell2 131,
positive control2+= cerastrols A3 A ¥ A3 Chloromonas sp. KSF0108
g3 3FFES NO YA do] SAHA ol FATEA ol glso] &<

120

1 -

100 = = L] Il.lh!i

m 5pM
80 | 3

= 10uM
60 - « 25uM
40 - S0uM

0 i il il BNEND |1

Cornp 1 3 4 3 ] 7 g g

=]

.

140 -

1%, RAW264.7 cellel Al NO A4 A &4

v}, Chloromonas sp. KSF0108 3}3% 3Fate) x| &4 7}

B Jukat T WA ¥ dAHTE 33ES 30 =3 A s 282 PMA (100
nM)/A23187 (1 pM)&E 30%-7F wjokalch, A ols 24 A 7F vkl & A5 HS
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Duoset Human IL-2 ELISA kit® A g3sle] -2 AAAAE =AHE 245
Chloromonas sp. KSF0108 &3+ 3}3t&E-2 Jurket T cell®] IL-2 -y
AA|sFA] kol FgLeiA o] glao] EE FFgE F 2, 58 I3t
2oz A =A35A E

o
=
= SF ).

PMA (100 M) + A23187 (1 um)
clve 1. 3 & 6 F 8 |

IL-2

e

2%, 100 pMis Eol A AR e IL-2 A4 84

o

t}, Chlamydomonas sp. KSF0031 -& 1 & &

B Chlamydomonas sp. KSF0031olA 3t&&S &8lst7] 98t Chlamydomonas

sp. KSF0031 (110 g)= MeOH= F%3}o] 143 go MeOH FE=ES o] &9
dErst & 717} hexane, methylene chloride, EtOAc 3 BuOH=Z F&3fo] 747}
of gujEeE 43l

2

Chloromonas sp. KSF0031(110.0 g)
extracted with MeOH
MeOH Extraction (14.3 g)

suspended in water (200ml)
partitioned with Hexan (500ml x 3)

l

Residue
Hexan Fr. (7.5 g)

partitioned with MC (500ml x 3)

MCFr.(0.8g) Residue

partitioned with EA (500ml x 3)

!

EAFr. (0.55g) partitioned with BuOH (500ml x 3)
BuOH Fr. (0.1 g) WaterFr. (5.3 g)
19, Chlamydomonas sp. KSF0031 % % &g

2}, Chlamydomonas sp. KSF0031 33}?}% w
B Chlamydomonas sp. KSF0031 &g 4 BuOH +8 &3 & HAE &

A silica gel columnol CH.Cly— MeOH H,O (60:1:0.1 — 0:100:0)¢] w2 &=

3te] 57e] EE o7 UFArt (W1I-W5H). 2% 3 W2& thA silica gel column
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7} CHoCl,-MeOH-H-O (60:1:0.1 — 0:100:0)¢] &2 &&3le] 3719 8oz
FATk (W2.1-W23)., A283 w228  9A]  silica gel  column®
CH.Cl,-MeOH-H2O (60:1:0.1 — 0:100:0)¢] &wj2 &%3ta2 RPC-18 column
(MeOH-H-0, 90:10) ¥ HPLC (C-18 column, MeOH-H,0O, 91:9)2 +2]3}4 3}
FE 1 (50 mg), 2 (3.8 mg), 3 (51 mg), 4 (66 mg)S AU C KSF0O31<]
CHoClL¥ EtOAc #3 =5 A silica gel column®l hexane-EtOAc (2:1)Z &
=3t 6719 EIES AJY (MC1-MC6). MC4+#3 =S RPC-18 column¥
MeOH-H;0 (4:1)= &&3to] oAl 3709 A7 o x2 YAt (MC4.1-MC4.3).
MC4.2 #32S RPC-18 column (MeOH-H,O, 4:1) ¥ HPLC (C-18 column,
MeOH-H,0O, 90:10)2 &#sto] 33E 5 (7.0 mg), 6 (55.0 mg)= 2l =.
Chloromonas sp. KSF031¢] hexane ®#3&& silica gel column¥}
hexane-EtOAc (40:1)& &=3te] 8709 #+¥&=5 Aot (HX1-HX8). &g
HX3< silica gel column® hexane-EtOAc (30:1)2 &%3lo] 3719 EIES
A (HX3.1-HX3.3). ©A A% F HX32% silica gel columnt
hexane-EtOAc (15:1)¢] &wj=2 $=3}31 RPC-18 column (MeOH-H,0O, 90:10)
2 HPLC (C-18 column, MeOH-H,O, 9:1)& #glsle] 33E 8 (3.0 mg)S &
Skl =
vl Chlamydomonas sp. KSF0031 3}g & %574
B 233 s3ES 'H-NMR, "C-NMR % MASS datas #4138t o3 725
AL A5
- 3}3% 1 : Amorphous white powder; "TH-NMR (500 MHz): Glycerol moiety: 4.12
(dd, J = 6.3, 11.5 Hz, H-1a), 418 (dd, J = 4.5, 11.5 Hz, H-1b), 4.03 (m, H-2), 3.67
(dd, J = 6.0, 10.0 Hz, H-3a), and 3.90 (m, H-3b). Sugar moiety: 4.87 (ovl, H-1")
and 4.30 (d, J = 75 Hz, H-1"). Fatty acid moiety: 1.17-2.37 (m, CH)"'), and 0.87
(t, /J = 7.0 Hz, H-14""). ®C-NMR (125 MHz): Glycerol moiety: 66.5 (C-1), 69.4
(C-2), and 71.9 (C-3). Sugar moiety: 100.1 (C-1'), 72.3 (C-2'), 69.2 (C-3"), 70.8
(C-4"), 699 (C-5'), and 675 (C-6'); 1049 (C-1"), 72.3 (C-2"), 74.3 (C-3"), 71.2
(C-4"), 744 (C-5"), and 625 (C-6"). Fatty acid moiety: 176.3 (C-1"'), 34.8, 32.7,
30.4, 30.3, 30.2, 30.1, 30.0, 29.9, 25.7, 23.3 (CH,"'), and 143 (C-14""). - A &4 =2 3

1%k

- 38+E 2 1 Colorless viscous syrup; 'H-NMR (500 MHz): 5.68 (m, H-2), 4.85 (d,
J = 75 Hz, H-4), 489 (m, H-3a), 454 (m, H-3b), 459 (m, H-5), 447 (m, H-6),
443 (m, H-1a), 410 (m, H-1b), 4.17 (d, J = 95 Hz, H-8), and 4.10 (m, H-9).
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BC-NMR (125 MHz): 106.2 (C-4), 7717 (C-6), 75.8 (C-8), 728 (C-H), 715 (C-1),
70.6 (C-7), 686 (C-2), 63.7 (C-3), and 62.7 (C-9). - lilioside D& +Z% & A 3}

- 3}§E 3 : White powder; '"H-NMR (400 MHz) : 3.86 (m, H-2), 3.75 (m, H-1),
and 3.67 (m, H-3). "C-NMR (125 MHz): 72.2 (C-2), and 62.7 (C-1, 3). - glycerol
2 Fx 543

- 3}3 % 4 : Colorless viscous syrup; 'H-NMR (400 MHz) : 425 (d, J = 7.6 Hz,
H-4), 418 (m, H-3), 4.01 (m, H-2), 392 (m, H-1a), 3.84 (m, H-7), 3.76 (m, H-9),
3.67 (m, H-1b), 354 (m, H-56 and 8), and 2.42 (br, H-11). "C-NMR (100 MHz) :
1747 (C-10), 1053 (C-4), 69.9 (C-6), 726 (C-8), 748 (C-5), 715 (C-1), 70.3
(C-7), 711.8 (C-2), 66.6 (C-3), 625 (C-9), and 23.7 (C-11). - lilioside EE =% &

xg a‘ﬁ—_

- 3%8%E 5 : Yellow oil; 'H-NMR (400 MHz) : 5.33 (m, CH=CH), 1.20-2.30 (m,
CH,),and0.95(t,/ = 7.6 Hz, H-18). ®C-NMR (100 MHz) : 180.7(C-1), 131.9, 130.2,
128.24, 128.2, 127.6, and 127.1 (CH=CH), 31.9, 29.6, 29.5, 29.4, 29.3, 29.0, 27.2, 25.6,
255, 247, and 20.5 (CH,),and14.3(C-18). - 5Z,87,117Ztetradecatrienoic acid= =

CRCAE

- 3}3% 6 : Yellow oil; 'H-NMR (400 MHz) : 528 (m, CH=CH), 4.27 (dd, J =
10.8, 2.8 Hz, H-18a), 4.12 (dd, / = 10.8, 6.6 Hz, H-18b), and 1.23-2.30 (m, CH>).
BC-NMR (100 MHz) : 173.4(C-1), 1299 and 129.6 (CH=CH), 62.0 (C-18), 34.0,
319, 31.8, 29.7, 295 294, 29.1, 29.0, 289, 27.2, 27.1, 248, and 227 (CHy). -
47-heptenoic acid® T+% A3}

- 3}8t%E 8 : Yellow oil; '"H-NMR (400 MHz) : 536 (m, CH=CH), 1.22-2.82 (m,
CHy), 095 (t, J = 7.6 Hz, H-17). "C-NMR (100 MHz) : 178.0 (C-1), 132.0, 128.9,
1287, 1286, 128.3, 1282, 128.1, 1280, 127.8, and 1269 (CH=CH), 334, 26.5, 25.6,
and 255 (CH,), and 247 (C-17). - 57872117147 177Z-eicosapentaenoic
acid-2,3-hihydroxypropyl ester® T2 =743k
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OH

O o
© OH 05|H
OH
14 o o o oH
1.5.0 mg OH OH
New
OH © OH
HO O O
OH HO OH o O o OH
HO OH HO
2. lilioside D 3.8 mg 3. glycerol 5.1 mg 4. lilioside E 6.6 mg
COOH COOH
5. 5Z,8Z,11Z-tetradecatrienoic acid 7.0 mg 6. 4Z-heptenoic acid 55.0 mg
© OH
o OH

8. 57,87,11Z,14Z,17 Z-eicosapentaenoic acid-2,3-dihydroxypropyl ester 3.0 mg

a3, Chlamydomonas sp. KSF0031 &2] 3}sts 31L&

v} Chlamydomonas sp. KSF0031 335 3d= 437}
B NO ABAAA Alde Griess reaction assay=
AA A Chlamydomonas sp. KSF0031 83 35S NO AAAdA &4 o)

SAEA ol dATEdol flaol Bl

120 4

g

O umM

8

miumM

H5uM

W10 uM

8

W25 uM

NO production (% of control)
&

]
[=]

=50 uM

=100uM

=]

[-] LPS [+] LPS cpl cp2 cp3 cpd cps cpb cpd cpg
Compounds

19, RAW264.7 cellel Al NO A &4

A}y, Chlamydomonas sp. KSF0031 3}3& &<telx] 437}

B Jukat T WAAxd dAFE &S 30 w3F Agsrt. 182 PMAI00
nM)/A23187 (1 pM)=E 30&7F wiksiet. A3 s 24 A wigd &, A
Duoset Human IL-2 ELISA kitZ A glste] IL-2 AAAIAE 4T 3
C]z]amydomonas sp. KSF0031 23t 8322 Jurket T cell®] IL-2

S 3gE ANEE (1) 52,8Z,11Ztetradecatrienoic acid (5)o A4 A= of &
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PMA (100 nM) + A23187 (1 M)

J y
Compounds (100pM] ¢ M 1 2 3 4 5 6 8

PMA (100 nM) + A23187 (1 uM) PMA (100 nM) + A23187 (1 uM)

Cpl(pM) o0 v 0 10 25 50 100 v

Cp 5 (uM) D‘J'o 10 25 50 100 v
140 - 120 -

120 - 100 4
100 |
a0 |
80 -
50 -
50 -
40
a0 -
i 20
0 v == T T . o | B B _,_L
1o 10 25 50 00 4 p o 10 25 1o

IL-2/GAPDH (% of control)
IL-2/GAPDH (% of control)

Compound 4 {uM) 0 Compound 6 [pM} 0 50

PMA (100 nM) + A23187 (1 uM) PMA (100 nM) + A23187 (1 uM)

9, 100 pMsEoll A Alge] IL-2 4894 &4

3. 3xxH(20199)
7}, Chlamydomonas sp. KSFO06 3}3HE &g
Chlamydomonas sp. KSFO06
were extracted with MeOH

MeOH Extraction

l l l l !

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

l - C.C, HXEA (150:130:1) L C.C, MC:Me (150:130:1)

- RE Me:W (90:1 & 100:0) - RP. Me:W (92:1 = 100:0)
- GG HXEA(150:130:1) - C.C, MC:Me (150:10:1)

2.7.6 mg 6.2.0 m
3.35mg g 55 9
4.10 mg < 23 My
5.2mg

B Chlamydomonas sp. KSF006 110 g& MeOH=Z F%3}9], MeOH F&E5S 9%
S5. MeOH FEE& &9 dE3 & hexane, methylene chloride, ethyl acetate,
butanol® #&3s}o] Z+Z}e] hexane (5.0 g), methylene chloride (0.6 g), ethyl
acetate (0.5 g), butanol (0.6 g)9 F+IES A5, 479 B EE F hexane ¥
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& 50 g2 silica gel column® hexane : ethyl acetate = 150 : 1 — 0 : 1 &
e RE AFgoe® Yial RP C-18 column (MeOH : HyO, 90 : 1 — 100 :
0)o 2 AA3te] 3= 2 (76 mg), 3 35 mg), 4 10 mg) ¥ 5 (20 mg)S #
239 S. 183, methylene chloride #3&S 9A] silica gel column¥}t
hexane : ethyl acetate = 150 : 1 — 0 : 1 %HHZS o7 AR3so=z a1 RP
C-18 column (MeOH : H2O, 92 : 1 — 100 : 0 ) A st st5E 6 (2.0
mg) ¥ 8 (55 mg)e w535

U, Chlamydomonas sp. KSF006 3}3t& x5 A

B Chlamydomonas sp. KSF006 WAl ZFolA H& 3t 3% 659 T4 9
skl NMR % MASS 59 7171845 ol &3, 24749 33+ butanolic
acid (2), 4Z-heptanoic acid (3), 57-decenoic acid (4), 57-nonadecenoic acid

& m?i

ol

5), 1-hexanoyl glycerol (6) gl
4-methoxy-6pentyl-5,6-dihydro-2H-pyran-2-one (8)% % 213} -S.

\/\H/OH /L/\/)J\
8 OH
2. butanoic acid 7.6 mg 3. 4Z heptenoic acid 3.5 mg
HX3 HX4
NS TN CO0H o _~~_-SO0H
4. 57 -decenoic acid acid 10 mg 5. 5Z-nonadecenoic acid 2 mg
HX5 HX6
OH
H4CO
\/\/\rre\/J\/OH ’ |
(o]
0
6. 1-hexanoyl glycerol 2 m v
. ¥l gly = g 855mg

EA1

%, Chlamydomonas sp. KSF006 2 3= +x%

t}. Chlamydomonas sp. KSF006 3t3tE atd 5 @ aekej#] H7}

B Chlamydomonas sp. KSF006 w|AIZFoNA B3 69 & s
RAW264.7 celldl ] NO AAZAGA A4S SA43A o 100 yM FEdA g4 =

A=A =
B Chlamydomonas sp. KSF006
TS ol &3] IL-2 falodAle]

]

==z

=
57-nonadecenoic acid”?} k3t &4 O]
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PMA (100 nM) + A23187 (1 uM)

Compounds (100uM) c'l'M 2 3 4 5 6 8 v

19, Chlamydomonas sp. KSFO06 &2 3% IL-2 A &A

2}, Chlamydomonas sp. KSF100 3}st&E H-¢

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

MeOH Extraction

Hexan Fr. (4.0 g) MC Fr.+ EA Fr. (2.6 g) Water Fr. (5.0 g)

l - C.C, HX:EA (200:1-=20:1) l - C.C, MC:Me (200:1-0:1)

- RP. Me:W (90:1 > 100:0) - RP. MesW (92:1 > 100:0)
- C.C, HX:EA (150:1-20:1) - C.C, MC:Me (150:1->0:1)

4. 120 mg
5. 30.0 mg ;: 1%"“:;9
3. 28 mg
6. 2.0mg
19, Chlamydomonas sp. KSF100 & mj&3 2 33t&E Ee=

B Chlamydomonas sp. KSF100 100 g2 MeOHZ F%3}9], MeOH F&&5S 9%
5. MeOH F&E5S & dE3 &, hexane, methylene chloride, ethyl acetate
2 83lo] 717Fe] hexane (4.0 g), methylene chloride (1.6 g), ethyl acetate
(10 g)9o FIES A3 74749 #FE T hexane =8 E 40 g2 silica gel
column® hexane : ethyl acetate = 200 : 1 — 0 : 1 €S o] &3] LEF O
2 Y53, RP C-18 column (MeOH : H»O, 90 : 1 — 100 : 0) ¥ silica gel
column (hexane : ethyl acetate = 150 : 1 — 0 : 1)o2 AA|5to] 313E 4
(12.0 mg) 2 5 (30.0 mg)S #&3A <. 183, methylene chloride &8 & %
ethyl acetate &3 &5 33 & (26 g), 9A silica gel column®} hexane :
ethyl acetate = 200 : 1 — 0 : 1 &u]&E o] &3t Aoz il RP C-18
column (MeOH : H)O, 92 : 1 — 100 : 0 ) ¥ silica gel column (hexane :
ethyl acetate = 150 : 1 — 0 : Do & AAsS 33E 1 (100 mg), 2 45
mg), 3 28 mg) ¥ 6 (55 mg)S EHIIAS.

ul  Chlamydomonas sp. KSF100 3}st%E 254

B Chlamydomonas sp. KSF100 tlAlZFollA &3 33E 652 12545 9
sl NMR % MASS 59 717|884 & o] &3 z
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(1), y—carotene (2), eicosapentaenoic acid (3), tetradecan (4), linoleic acid (5)

2 p-hydroxyphenol (6)% T+% TR

SN T N e
1. g~carotene 10 .0 mg
P A P A T

2. j—carotene 4.5 mg
14

e N e e e T N B D0 )\/\N\/\/\

3. eicosapentaenoic acid 2.8 mg 4, telradecan 12.0 mg

= COOH
5. linoleic acid 30.0 mg

OH 18

OH
6. p-hydroxyphenol 2 mg

19, Chlamydomonas sp. KSF100 #¢8 3}t3tE +%

v}, Chlamydomonas sp. KSF100 3t3tE 95 2 gejx] H7}
B Chlamydomonas sp. KSF100 ©UlA|ZFolA ®Elgt 652 35&Ed o3|
RAW264.7 cellol /] NO A A &S A3 o 100 pM =4 &4

< SAHA €+

B Chlamydomonas sp. KSF100 Pl Al 7oA 223k 652 3= s Jurkat T
sl o

cellZ o] &a) IL-2 He A 2How Fodelx 3= o ZAx 1H 3=
& e} ICs ko] 100 uM o] o & kel g,

S-carotene”’} Al o] EHlx ¢S

PMA (100 nM]} + A23187 [1 uM)

Compounds (100uM) clm 1 2 3 4 5 6 ¥
BN = -
s [ ———

219, Chlamydomonas sp. KSF100 #2] 335 1L-2 <Al &4
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1L-2/GAPDH (% of control)

100 A
B0 -
PMA (100 nM) + A23187 {1 M)
wiem oV o 10 25 50 100V &y
40
n-2

— 20

GAPDH i Bl [l ol

10 25 50 100
11.

compound 1 {ub) 4] o
T.

PMA (100 nM) + A23187 (1 uM)

9, Chlamydomonas sp. KSF100 +2] 33+ &-carotene 1L-2 ¢ A €7

A}, Chlamydomonas sp. KSF031 &4 &2 tlaki g

B Chloromonas sp. KSF031 Wl 4&S MeOH=Z F=3t1l =9 dE3sle] hexanel =
S &3] hexane EEES AS. hexane I ES silica gel column¥
hexane-EtOAc (40:1)& &F35to] 8709 £8=& dAAv (HX1-HX8). &~EE
HX3< silica gel column®} hexane-EtOAc (30:1)& &3] 3719 EIES o
Ad (HX3.1-HX3.3). thA] AFF HX3.2% silica gel column¥ hexane-EtOAc
(15:1)¢] &wl2 &&3}3 RPC-18 column (MeOH-H,O, 90:10) ¥ HPLC (C-18
column, MeOH-H,O, 91)& *gste] 3}stE 578711214717 7-eicosa-
pentaenoic acid-2,3-dihydroxy-propyl ester (10.0 mg)< #]3l% 2.

W 53711714717 7-eicosa—pentaenoic acid—2,3-dihydroxy-propyl ester

Yellow oil; 'TH-NMR (400 MHz) : 5.36 (m, CH=CH), 1.22-2.82 (m, CH>),

095 (t, J = 76 Hz, H-17). "C-NMR (100 MHz) : 1780 (C-1), 132.0, 1289, 1287,

128.6, 128.3, 128.2, 128.1, 128.0, 127.8, and 126.9 (CH=CH), 33.4, 26.5, 25.6, and 25.5

(CHy), and 24.7 (C-17).

a OH

NSNS TN TN o._L_oH

9, 5787,112,142,177-eicosa—pentaenoic acid-2,3-dihydroxy— propyl ester

N

B 5/ 87112142,177-eicosa—pentaenoic acid-2,3-dihydroxy-propyl ester<
g+ st

A Aol lEol i FAel destla, FEMAd Ve w4

FRFA A

o dl

d
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M 4 &2 At =sx 24 : 2 7|0 x
A1d 12 2(2017d)
AAER AFER 24 FouE 2 =(%)
- A HAE
F - A A Z5F(Chloromonas  sp.
(Chloromona| KSF0108)2] AREgE 93— 100%
1] S sp.| MeOH +%&

KSF0108)2]|- MeOH F%E9] hexane, CH:Cl,

L = 2% 9 §7]| EtOAc, BuOH 5 oabd £59l|- 1000

A Al 2= ’ °

(Chloro |ME ol &| F7IE&WE o] &3 &M

monas g 8o

sp. ~ Chloromonal~ Chloromonas sp. KSF0108 718

KSF0108 s sp| W] EEFEe RAW2647 celle] | ~ 100%

%54% o | 12| KSFO08 § e5eA

2 o 718w 3|~ Jurkat T celllA IL-2& ©]&H _ 1900

T2EA = A7 | gy A G437

- A4 R 3 EA silica gel & RP
- 44 sieE 18 1AZdS ol&d FE=4| - 100%

-3 2& # 7 &Y

Z2EA - #9832 NMR & MASS| — 100%

s 717174 E o8& FE2EA

A2 2xpd=(2018)
AAER AFER 24 Fau& 2A =(%)

S AN A ZF- A v M ZF(Chloromonas  sp.

1. X (Chloromonas| KSF0108)¢]  A&&dE 3
PIAER(CH| s KSFOL08) MeOH #% - 100%
oromonas Sp. o] & 9 F|- MeOH F=E9] hexane, CHoCly,| 100%
KSF0108)< 7142 o]%| EtOAc, BuOH 5 Thar Z5e

A=A

Ha w g gy 718 E o] &3 &g

Tx54 1-9 Chloromonas|- Chloromonas sp. KSF0108 71| - 100%
sp. KSF0108|-8-w] &%= RAW264.7 cellolA
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e
#7180 23
e Jurkat T celldlA] IL-25 o] &3H - 100%
cUee o)A 2497}
C a4 s - 34 B FES silica gel & RP
gl me o | CIBNAY IEE FEED 2| - 100
;E; - Baly g329 NMR & MASS| - 100%
U 5o V1A S ol 88 FREA
“SAMAIET . ney g2 Jukat T cellS
(Chloromonas| ©]&3 IL-2 mRNA A ol#&
sp. KSF0108)) & =7t - 100%
2-1 01]}\1 —‘?LE] SH v‘i“ﬂ% ﬁ':ﬂ'%fﬂ RAW 264.7 cell
= _ o T3k Ao
ﬂ%%ﬂ 301_% oﬂj‘\i Lpéi T -§__ NO g—o - 100%
= gy NS Bz g2 FIT
A gy | BB
2. =A
v A Z 57 o] &
LLoLaT;] gj - WA ZF(Chlamydomonas  sp.
o =
stz gy |2-2 245 g1 | KSFO3DAA 4= 2 2)- 100%
SrjEg 4 TZ254
54 7
- ®93d 3= Jurkat T cell
Chlamydomon °] &3 IL-2 mRNA A4 A=
A 37} - 100%
5g | S0 KD/ wojm sig2 o) RAW 2647 cell
sh=e 4| o4 LPSE 423 NO A4 o 100%
- (6]
37 Agy B g F9F
+d

34 32 A £(20194)
AoERE NEER g4 Fau & 24 =(%)
= A - Chlamydomonas sp. KSF006 ™| 100
1-1 n| Al 2= 5 A zFol A 6&<9 3I3tE g
g =4 - Chlamydomonas sp. KSF100 #]| 100
s AzFAA 659 s3tE
L - Chlamydomonas sp. KSF006 || 100
w2 gk E AzFAA 2 3FgdE 659
2] 225y e FE5A 0
- Chlamydomonas sp. KSF100 7]
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e s gE 65 NO A} IL-2 A 100
9 1 das =2 oA 454
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37t Zlsk 33gE 65 NO A A<}
IL-2 B4 24954
2. - Chlamydomonas sp. KSF0031 W]
gz A Z 5ol A 5782112147
;E . 177~eicosapentaenoic acid-| _ | o
o0 2,3-dihydroxy-propyl ester Uh%
2-2| 714 B
igz QI;E: - Chlamydomonas sp. KSF0031¢l 100
°c A 28 s 7l sE
o2 7 gr

A4d A7 LR =7 U 53&4d
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Anti-inflammatory activity of compounds from the rhizome of Cnidium ofiicinale.
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chemical compounds from Chlamydomonas sp. KSF108 (Chlamydomonadaceae).
Biochemical Systematics and Ecology 83 (2019), 4-6.

3. Tran HNK., Youn U]J., Kim JA. Chae H., Kim S., Min BS., Glycerols and fatty
acids 1solated from Micractintum sp. KSFO003l. Biochemical Systematics and
Ecology 89 (2020), 4-6.

4. Tran HNK., Youn U]J., Kim M]J., Cao TQ., Kim JA. Woo MH. Kim S., Min
BS., Immunosuppressive activity of chemical constituents from strain
Chlamydomonas sp. KSF108 (Chlamydomonadaceae). Natural Product
Sciences, in submit (2020).

5. “mlo] 2] w4 (Micractinium sp. KSF0031)o. 23X¥E ®g3 3ta=S *x3s)

Hs A o e A8E 2AET, 9 I, 10-2020-0001752.

’

s

_33_



>
f

Arch. Pharm. Res. (2018) 41:977-985
https:/fdoiorg10.1007/51 2272-018-1048-9

Archees ol

Online ISSN 1976-3786 Fhamcal @ CrossMark
Print ISSN 0253-6260 —————

e P2

RESEARCH ARTICLE

Anti-inflammatory activity of compounds from the rhizome

of Cnidium officinale

Huynh Nguyen Khanh Tran' - Thao Quyen Cao' - Jeong Ah Kim® *
Ui Joung Youn® - Sanghee Kim® - Mi Hee Woo' + Byung Sun Min'

Received: 19 April 2018/ Accepted: 20 June 2018 /Published online: 30 June 2018

© The Pharmacentical Society of Korea 2018

Abstract Five new compounds, 9,3 -dimethoxyhierochin
A (1), 6-oxo-frans-neocnidilide (2), (==)-(3E)-frans-6-hy-
droxy-7-methoxydihydroligustlide (3), (£}-cnidiumin (4),
and 6-(1-oxopentyl)-salicylic acid methyl ester (5), toge-
ther with twenty known compounds (6-25), were isolated

984

Keywords Chidium officinale - Umbelliferae - Anii-
inflammatory - NO inhibition

Introduction

H. N. K. Tran et al.

spectrum showed 13 carbon signals, consist of one aro-
matic ring, three methylenes, one terminal methyl, one
methoxy, and two carbony] groups (dc 2053 and 170.8).
On the basis of the above spectral analyses, indicated that 5
was a salicylic acid derivative similar to 6-acylsalicylates
(Tamura et al. 1996), apart from the oxopentyl group
instead of oxobutyl group in 6-acylsalicylates. In the
HMBC experiment, the signals of dy 2.88 (H-8) and 7.13
(H-3) showed correlation 8- 205.3 (C-7) and 142.1 (C-6),
respectively, which indicated that oxopentyl group was
connected to phenyl ring at C-6. Therefore, it was deter-
mined that 5 had a structure as shown in Fig. |, and was
named 6-(1-oxopentyl}-salicylic acid methyl ester.

The inhibitory effects of the 25 compounds isolated
from C. officinale were evaluated on RAW246.7 cells by
NO production. As shown in Table 3, 7 showed the
strongest inhibitory potency with ICs, 5.1 uM, following
13 and 14 with ICsp values of 24.5 and 27.8 pM, respec-
tively, but the others were inactive. The presence of a
double bond at position 9 and 10 of 6 did not seem to
influence the inhibition of NO production in comparison of
7. In addition, the presence of that aldehyde mwoiety at

position 3 of 14, strongly showed inhibitor of NO pro-
duction in companson with the attached carboxylic unit in
9. RAW264.7 cells were pretreated for 30 min with 7, 13,
and 14 followed by stimulation with LPS (1 pg/mL) for
I8 h. Total lysates were prepared, and the expression levels
of INOS and COX-2 were determined by western blot.
Compounds 7, 13, and 14 were shown to suppress LPS-
induced iNOS and COX-2 protein expression (Fig. 4). This
is a first report for the anti-inflammatory of constituents
from C. officinale. With result of this research, it may
contribute a part of screening test for treatment of diseases
which related to the anti-inflammatory response from herb.
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ARTICLEINFO ABSTRACT

Keywonds:
Chlamydomonadacess
Chimmydomonas
Norisoprenoid
Chemotaxonomy

Nine compounds (1-9) Including one norlsoprencold (1), one polyol-glyooside (2), three sterols (3-3), three
phenols (6, 8, and 9), and one fatty acld {7) were Isolated from Chiomydomonas sp. KSF108, Thelr chemical
structures were established using NMR spectroscoplc techniques and compared with published data. None of the
compounds have been previously reported from the genus Chinmydomonas and they may therefore serve as
chemotaxonomic markers for Chlmmydemonas sp. KSF108 within the genus.

HN. Khanh Tran et al

microalgal metabolites, such as halogenated and polyphenolic eom-
pounds (Butler and Franklin, 2004) and another chemical markers to
differentiate Chiamydomonas sp. KSF108 from other species of Chla-
mydomonas.

Fatty acids with two methylene-interrupted double bonds as
9Z,127-nonadecadienoic acid (7} confirming by mass spectrum analysis
with EIMS at m/z 294 [M] " were commonly found in a variety of
microalgae (Ginneken et al., 2011). Most species from the classes Cy-
anophyceae, Prymnesiophyceae, Bacillariophyceae, Rhodophyceae,
Cryptophyceae, Chlorophyceae, Xantophyceae, and Eustigmatophyceae
have been described in terms of their fatty acid profiles (Cardozo et al.,
2007; Patil et al., 2007; Otles et al., 2001}, and fatty acid was described
as major compound in the genus Chlamydomonas during its first isola-
tion. Therefore, the isolation of 7 from Chlamydomonas sp. KSF108
could be of chemotaxonomic significance and serve as valuable che-
motaxonomic markers for Chlamydomonas sp. KSF108.

In conclusion, the structural skeleton of 1 —9 were firstly isolated
from species of Chlamydomeonas. Especially, polyol-glyeoside (2], sterols
{3-5), phenols (6, B and 9) and fatty acid (7} exist widely in microalgae
and could potentially be used to describe the chemotaxonomic re-
lationships between Chlamydomonas species and other lineages. Ours is
the first report to describe the chemical composition of a
Chlamydomonas species, which may serve as chemotaxonomic markers
for the identification of genus. However, further studies into the che-
mical makeup of other Chlamydomonas species are required.
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ARTICLE INFOC ABSTRACT

Eeywords: From the collected extract from King Sejong Antarctic Statlon, strain Micracrnium sp. KSFOR31, led to the iso-
Chlorellaceae Iation of ong new monoacyidigalactosyl giycerol (1) and seven known compounds (2-8). Thelr chemical
Micractinim sp. KSFOO31 structures were established using extenslve speciroscoplc technlques, Including 1D, 2D-NMR, and MS, and
Syl compared with the published data. To the best of our knowledge, this Is the first report to Investigate the

secondary metabolites from genus Micracetnizm. The monoacyldigalactosyl glycerol In Micracefnium could serve
as 15 chemotaxonomic markers.

phyceae, Cryptophyceae, Chlorophyceae, Nantophyceae, and Eu-
stigmatophyceae (Tran et al., 201%). In this study, fatty acids were
described as major compounds in the strain M. sp. KSFO031. In con-
clusion, this report increases our knowledge about the secondary me-
tabolites of a species of Micractinium. It builds of the fact that the gly-
cerols 2-4 and 8 could be markers for the genus, whereas the fatty acids
5-7 are common to a range of different microalgae and cannot be used
as markers for the genus. However, phytochemistry investigation of the
other strains and species of Micractimium are required.
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3.4. Micractnin A (1} Declaration of competing interest

Amorphous white powder; el +19.9 (¢ = 0.1, MeOH) UV The authors have declared that there is no conflict of interest.
{MeOH) Ay (loge) nm: 203.0 (0.59); IR bya, cm : 3320, 1743, 1448,
and 1024: 'H and "*C-NMR (500 and 125 MHz, methanol-d,) data, see Acknowledgement
Table 1; HR-FABMS m/z: 649.3414 [M+Na]* (Caled for CagHg 04 4Na:

649.3411). This research was supported by a grant to the Korea Polar Research
Institute, KOPRI (PE18180). We are grateful to the Korea Basic Science
3.5, Digalatosyl ghycerol (1b) Institute (KBSI) for mass spectrometric measurements.

Amorphous white powder; [a]lp™ +83.3 (¢ = 0.1, H;0); 'TH-NMR  Appendix A. Supplementary data
{400 MHz, methanol-d,) 8, (ppm): 5.04 (d, J = 3.6, H-17), 4.18 (d,
J = 7.2, H-17), and 3.29-4.00 (m, H-1-3; 2-6', and 2"-6"). Supplementary data to this article can be found online at https://
doi.org/10.1016/].bse.2019.104000,
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