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CaCO;
(Coccolith),
E.
huxleyi BOF92 ,
3
1
1.1
( Bruker, Av400) (
Thermo, MAT95XP) ( , FTIR-1500),
( IKA, RVY) HPLC
( , LC-10AT) GF254

, Sephadex LH-20
GE Healthcare ,
1.2
(Bacillus subtilis)
(Staphylococcus aureus) (Escherichis coli)
(Vibrio parahemolyticus)
Hep G2
LO2
1.3
E. huxleyi BOF92
f12-Si
(http://ccmp.bigelow.org/CI/f2_family.htm),

Raunefjord

0.22 um 115 °C 30 min,
LED , ~60 pE/(m*s),
141L:10 D, (16+2) °C
R 2.0 pm
1.4
200 mg s 75%
4.26 g,

, (100—200 ),

; (TLC) ;
6 (A—F) Sephadex LH-20

(PTLC) , C
2(23mg), E

1 (3.5mg)
3 (3.4 mg)
1.5

) 3
( , 2005;
, 2008; Sarpe et al, 2011;

, 2008;
,2014)
, BC-NMR DEPT HMBC NOSEY
HSQC 'H-NMR 'H-1HCOSY
, s 10—100 pg/ulL
(50 uL), KBr
1.6
1.6.1 50 pL
, 3
, 0.2 mL 50 mg/mL
,  37°C ,

(MIC)

1.6.2 DPPH (1,1- -2-
) : 3
5 10 20 50
150 200 pg/mL , C
2 5 10 20 40 80 160 pg/mL
DPPH ( , 2000), 96
) 30 min,
517 nm Ao (
) 4;(DPPH ) 45 (

75 100

=[1~(4—A;)/45]¥100%, DPPH
, , DPPH
, ICs
ABTS' (2,2- - -3- 6- )
ABTS  (
ABTS , 96
200 pL ABTS ,
80% ABTS (1 : 20)
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, 734 nm Ay, ; 62.01 (t, J=8.3 Hz, 2H)
Ao, : =[(Ag—A,)/40]¥100%, , C
ABTS , ; 54.17 (d, J=7.0 Hz, 2H)
, ABTS , ,
ICs, , C 1 H
1.6.3 LO2 ; 05.43 (t, J=7.0 Hz, 1H)
Hep G2 , MTT , C 2
20 pg/mL , C NMR
(2 pmol/L), 96 (101 MHz, CH;DO): 5-119.13  5-136.3,
CcO, 37 °C 24 h, 20 uL HC=C, 655.47 -CH20H
MTT  ,37°C 4h : 150 uL 'H-1H COSY 6-5.43
DMSO, 37 °C 2h, 490 nm 5-4.17 ,
(ODuo) %=(1— HOCH,CH=C ( ,2005;
oD / OD )x100% , 2014) ,
5 C,0H400 2
2.1 ‘
C (1 146 mg) 65% 70% 75% 80%
85% , |
C-1 (356.2 mg) C-2 (80.3 mg) |
C-3(121.3 mg)  C-4 (435.8 mg) C-1 |
(356.2 mg) Sephadex LH-20 %
TLC |
PTLC 1 (3.5 mg)( ‘
=8:1) ( la) C-4 (436.8 mg)
Sephadex LH-20 PTLC 3
2 (2.3 mg)( : s e
=80:20:2) (- 1b) E (306.1 mg) Sephadex Fig.1 The TLC diagram of the three compounds
LH-20 TLC sa. 1; b. 2;c. 3
PTLC 3 ).
(3.4 me)( ~1D 1) 3: 94052 1 471.73 1 703.52 2
22 N 849.00 2917.30 3 418.82 1703.52
. Cc=0 :3418.82
OH: 11'636522'95 COOH  OH HRMS mlz 257.2 [M+H]",
c=C £ 736.09 256.42( 4
O-H 292628 2 868.25 C-H ( 2): '"H NMR (400 MHz, CDCl;): §0.90—0.86
CH HRMS miz  CHs ,01.26
319.3 [M+Nal’, 296.53 ,01.63 3
( 2) 1: "H NMR (400 MHz, CDCl5): CH,, 92.35 )
0.88(d, 6H), 0.87 (d, 3H)  0.86 (d, 3H) 3 ;
: 1.58—0.9 (m, 20H) ( , 2008; , 2008),
: 01.69 (3H, S) C16H3,0, 3
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F1 LEW 1 EEEREIESIEMERISEE
Tab.l The '"H NMR and '*C NMR data of compound 1 (400 MHz, CDCls)

oC oH DEPT

1 55.47 4.17(d, J= 7.0 Hz, 2H) CH,
2 119.13 5.43(t,J=17.0 Hz, 1H) CH
3 136.3 - C
4 35.94 2.01(t, J= 8.3 Hz, 2H) CH,
5 21.20 - CH,
6 32.73 - CH,
7 28.76 - CH
8 33.49 - CH,
9 20.87 - CH,
10 33.43 1.58—0.9(m, 20H) CH,
11 28.86 - CH
12 33.35 - CH,
13 20.54 - CH,
14 35.43 - CH,
15 24.05 - CH
16 18.70 0.88(d, 3H) CH;
17 18.80 1.69(s, 3H) CH;
18 15.82 0.87(d, 3H) CH;
19 15.79 0.86(d, 3H) CH;
20 12.25 0.86(d, 3H) CH;

D - o J ; DEPT

2 1 ( » C20Hgo0)
Fig.2 The chemical structures of Compound 1 (C20H400)
F2 ﬂilé% 2 E’\]*Zf?%?ﬁi&i%%i%%ﬂﬁ&i%%ﬂﬁ 3: ,
Tab.2 The H NMR an(IiVIH(;I,\IéVIDRC(li;a)ta of Compound 2 (400 5. 04216 142990 1471.68
5C SH 1700.59 2 848.94 2 916.58

1 180.27 _ 1 700.59 C=0

2 34.08 2.35(t, 1H) HRMS: m/z 251.19 [M+Na]"

3 31.94 1.26(s, 7H) 228.37 ( 6) ( 3) (Sarpe et al,

4 29.680 1.26(s, 7H) 2011) ,

5 29.443 1.26(s, 7H) C14H0,, 4

6 29.375 1.26(s, 7H) 2.3

7 29.251 1.26(s, 7H) 2.3.1 3

8 29.063 1.26(s, 7H) 4, 1 4

9 24.681 1.63(p, 1H) 5

10 22.705 1.26(s, 7H) 3 ’

—_
—_

14.129 0.86(m, 1H)
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(0]
10 6 4 4 4 7 9
1
11 3 2 4 4 5 8 2 OH
3 2 ( » C16H3202)
Fig.3 The chemical structures of Compound 2 (C;6H3,0,)
* 3 LEY 3 BURRHE IR IEIE SIL AL BUE , MIC 10 mg/mL, 3
Tab.3 The '"H NMR and *CNMR data of Compound 3 (400 MIC
MHz, CDCl;) >
5C SH 5.0 2.5 mg/mL
1 99.976 - 2.3.2
2 33.899 2.37(t, 1H) (ICs0) » ICso )
3 31.937 1.29(d, 7H) 3 1(
4 29.658 1.29(d, 7H) ) ABTS" DPPH ,
5 29.259 1.29(d, 7H) ( 5)’
6 29.074 1.29(d, 7H) 233
7 24.701 1.65(p, 1H) ( 6) 3 Hep G2
8 22714 1.29(d, 7H) ’ i )
9 14.152 0.9(t, 1H) ’ y ’
5 67.60%,
MIC
4 3 ( » C1aH230,)
Fig.4 The chemical structures of Compound 3 (C;4H2350,)
F4 RARZMBAUESYBNETEY , ,
Tab.4 The antibacterial activity of three monomer compounds o
from E. huxleyi 40% ( » 1996)
W 6%,
E. coli B. subtilis parahemolyticus S. aureus 8% (Evans et
1 — — — —
2’ - ++ - ” 1
- . - . 600/ s %C
T ,+ 7.1—9.0 mm, ++ 9.1—11.0 mm

x5 HKAESEHS K MIC (L mg/mL)

T 400
Tab.5 MIC concentration of compounds separated from E. £
huxleyi (unit: mg/mL) g
S
2001 o
2 10.00
3 5.00 2.50
0
3 ABTS" DPPH
BHE
( ) 5 1

Fig.5 The antioxidant activities of Compound 1
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F6 =MEBALESYIIEE MM LO2 FIAT R4 Hep ,
G2 Rl =R
Tab.6  The inhibition rate of the three compounds on LO2 and ’
Hep G2 cells
(20 pg/mL) LO2 (%) Hep G2 (%0) (Rosenwasser et al, 2014)
1 27.70 £ 1.91 67.60 £ 4.97 ,
2 20.93 £2.50 33.53+£2.46
3 22.70 £2.67 36.92 +£4.27
(2 pmol/L) 52.80 £ 4.67 50.55 +4.48 ) )
(1%) 34.17£3.27 21.55+2.43 ( ) (Trichodesmium
erythraeum) (Chlorococcum humicola)
al, 2009; Zeng et al, 2019) 25.37% 33.40%

12.5 mg/mL, Hep G2

( L, 2014)

>

(Bidle et al, 2007; Liu et al, 2018; Zeng et al, 2019)

b

(Lee et al, 2009)

( )
DPPH  ICs 0.716 mg/mL (
,2017)
, DPPH ABTS"
ICso 0.144  0.612 mg/mL,
13.52%,
-OH 35.45% ( ,2014) ,
HELA  HCT-8
2.04  3.51 pg/mL ( ,2007)
Hep G2 , 67.6%,
(PPAR) (RXR)
( ,

2012),

(Thillairajasekar et al, 2009; Bhagavathy et al,
2011)

, MIC 2.5
5 mg/mL , ()
, Cordo  (1999)
5 N-

(NMT)

E

(E. huxleyi virus, EhV-86)

15% 10%

(Ziv et al, 2016),

( ,2004)
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E. huxleyi 3
Hep G2 ,
> , , 2008.
,29(3): 42—46
, , , 2008.
. , 33(16): 1994—1996
R ,2005. ABTS
, 31(8): 77—80
*, 2014.
> s , 2007.
II. ,32(24): 2610—2612
, , ,2021.
,49(4): 131—133, 148
, 2017.
, , , 2012.
. , 24(10): 1866—1870
, , 2004. S
, 16(3): 144—147, 176
> , , 2005.
, 17(4): 434—436
R s , 2014.
, 45(19): 2752—2756
, , , 2000. DPPH
, 27(6):
658—661
s R , 2014.
,35(3): 211—213
R R , 1996. 24
, 1:22—-23
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ISOLATION AND ANTIMICROBIAL AND ANTIOXIDANT PROPERTIES OF
BIO-ACTIVE COMPOUNDS FROM MARINE COCCOLITHOPHORES EMILLIANIA
HUXLEYI

LIU Jing-Wen, WU Shu-Yan, MA Ya-Rui, ZHANG En-Quan, LI Gui-Ling, LI Jian
(College of Marine Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract To evaluate the antimicrobial and antioxidant activities and the chemical composition of marine
coccolithophores Emilliania huxleyi, the 75%-ethanol extract of E. huxleyi was purified with ethyl acetate, and then
separated by thin layer chromatography (TLC), silica gel, Sephadex LH-20, and HPLC chromatography. By spectroscopic
analysis including nuclear magnetic resonance (NMR) and mass spectrometer (MS), three compounds in high-purity of
95% were identified on chemical structures. The three compounds were phytol, palmitic acid, and myristic acid, and they
were isolated from E. huxleyi for the first time. Phytol has a stronger antioxidant activities and inhibitory activities against
human Hep G2 cell line. Palmitic acid and myristic acid exhibit different antibacterial activities against Bacillus subtilis,
Staphylococcus aureus, and Vibrio parahemolyticus. In addition to the antibacterial and antioxidant activities, these
compounds may also play an important role in response to environmental stress (e.g., virus infection), calling for more
studies in the future.

Key words Emiliania huxleyi; chemical composition; structural identification; antimicrobial and antioxidant

activities
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