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Scholar T CNKT 24 % i J27 i 55 1) R 4 183 358 410 e 4F 2
I 120 Z2 b n] 0] S e A K R B i b, R
AR B Ry 40 B0, B AT AR T K b 38 H (Dic-
tyotales). 7K == H (Ectocarpales). 5 ffi # H ( Fucales)
BRETZE H (Tshigeales ), ¥ H (Laminariales ) 14k ¥ i
H ( Tilopteridales) (&l 1), H:or, ¥ig a7 H (9 K 445 5
i 20%, il an, s B A ( Ecklonia cava)™ ., %% 2% ( Eck-
lonia kurome) ", Eckloniopsis radicosa ", 4& B ¥ 5%,
H A J& Y6741 ( Kjellmaniella crassifolia)', 45 ( Lam-
inaria japonica) "2, ¥ MK B A5 ( Laminaria digitata)®®,
4% ¥ 17 ( Laminaria religiosa) ™, ¥ % 3¢ ( Undaria pin-
natifida)®",
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Fig. 1 Distribution of brown marine macroalgae with antialgal

B 2 # ¥ H Tilopteridales

activity against red tide microalgae according the orders
B K UE T 1960-2019 4 Web of Science, Springer, Google Scholar
A CNKI % 42 i 3% B WF 52

Data extracted from related studies in Web of Science, Springer, Google

Scholar and CNKI between 1960 and 2019

ANEIFTEH © 2 KBRS (L. japonica) %ot 5 28 1
TEDICHE B — 1 110 10 835 1 1022, 2 XU (o0l T A v
Bils Wy itk AT 70120 o B F S e . SR T, Hi kb,
FEOR WL A0S VAL & W) T vh 3 B AR AR . T,
AR SCR I P 5 4 ks, LK R BILAE B8 S 41 3 A
WX G2, I o B S TG Ak & . i — 20, 41
B & AT % 3% 35 3 75 1L K ¥ (Alexandrium tamarense) |
3 H B V8 3 (Amphidinium carterae). 75 5725 i ( Het-
erosigma akashiwo) . K [ B B ( Karenia mikimotoi) |
BRIE K5 #€ 3 (Phaeocystis globsa) F1H il B 5% ( Skelet-
onema costatum) £ BJIHIEFH, 3RA% R AP AL G Pt
I TG A T 2 4 1 S8 MR BE (ECg6), 9 R
R R 25 ) TS T R () T e B S e B i A 4 it
PR

2 BRI

2.1 SCIgHF
I gy K, s aiia e, R REE. K

ICHLAE i . BROE A 28 35 R0 v ) B 2% JC W A th g
Hth A VR A B A mI R AL, 75 2 R i 5%, 5
IR JE Ry (2242) °C, JGRESR BE SR 40 pmol/(m?s), JY: I
kM 12h: 12h,

KARWEKEE 1A H UL, 2RISR A 300 H §f
U8, ER KT R, AT pH ORI EE 4 S
E 8.5 30 & H.

VA T A L R e AR R A TR
ovaEl, ARG S, EN HRBIE 2d, 50C FHET
J, BhEEZE 0.3 mm BLAR 45
22 HEFAEMEAEUHNSBE4K
2.2.1  4RHL

B TRy K 2 000 g A1 6 L H B fin A 3 30 25 44
[0] 37 B Bk 45 WL ( TX-NX-10) 1, 7 30°C FiR 4 6 he
FRRESREEL 3R, AIFRER. BERSTE
R ZE T, 15 BB AR 68.22 g0 MIMEH
HIA 90% LK 7 7 300 mL, 78530R 1%, 4°C T e
A, 4C T E L 10 min, 338, ZLBRULTE, KA 1
W 280 mL., 60°C T JEZE T )5, ¥l T 2818k b, i
il Ve B Sk 80 /L ¥ L (45 BB 45 Y ) 32 A7 410 35 0 P A
DRIV I3 8 o AT % e G T BT, U R AR
WEE N 1.0 mg/mL, 2.0 mg/mL., 4.0 mg/mL. 8.0 mg/mL
#116.0 mg/mL.

222 WIRAERSY B

LR LR IMA R R B IO O, A3 1K,
LR BRI AR TR K S 60 mL, 20 mL 1 20 mL.
LR CBRIZGITUER G, SRJG TE 40°C IR ZET, 315
258 g 4143 A, T2 40°C TR K% MR LR
Jo, IMAIE T BEAE B 3 Uk, 1IE T B AR BUR K N
60 mL, 20 mL 1 20 mL. I J2F1F 21 60°C T Ik
JEZET, 43 3k45 223 g 24 B A 11.34 g H %3 Co |
W3 PP A Wy B ALy, 3 IV R T JCOK R
il 5 VI B A 20 /L 19 3 VR A 7410 3 3% A A 0 OV A
HUO3 B 2H 43 e 1 15 5 9 2 mg/mL) Rl B AE 2 AT 43 55 o
223 GERHEN 0 E

2053 B N# TRk A (200~300 H, 3.0 cm*40 cm)
L, DVEDT R EECRBLE R 12 S5, LT B R RLLE)
R R R, VR S 1.0 mL/min, 454 B2UHE 4 10 mL.
2H 43 C R 62 B R (200~ 300 H, 5.0 cm*80 cm)
PEAT 43 8, S5 R (1 5) SR VR B, W A
1.0 mL/min, & & #8453 20 mL. R 2 F% 4 AR R
Joi, AR 4y 40°C R U vk 46, 9F 4T BE IR GF
R ZHTRI, IR & A (L 2 10), BT
FHIFIE A3 J5 , 40°C T WE 28 T B 250 ), 4R15 150 41
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43 B, 1 B,. fi43415r C,. C, M1 Cyo L3k 5 A5 IR
B 10 mg, MK T 1 mL HY B 0 v, B o ok B2
10 /L WS o FAT 300 0% M A W0 B, P02 0k
WE N 1.0 mg/mL, 45 7KW, 340704 7 (B,
B, Fll C,) XK LG 8 ELA 55k WY dub Ay 410 3 0 e
2.2.4 Sephadax LH-20 BEMAEJZE M 43758

¥ 3R 34143 21 53 53 M 45T Sephadax LH-
20 BEEZHTAE E (2.0 cmx25 em), 35 LA S0 PR AR -
VMG 2 AR BUS, T AR08 2 40°C R IR R 4r , 26
& GF,s, W02 JEMTAL I, A3 WURZE TG, RIS
BEHE 7 B 413 By By Bisy B, (0.56 ). Cy, Fl Cppe Hf
BATABIFREL 5 me, % f# T 0.5 mL H s rp, R4
TR, e B RE N 0.25 mg/mL, 45 R, B
ST By By 1 Cy, f 3 MBI TR R BILAE Y
AR (i, By, B &SRB 4tk ).
22,5 HZEPTAfb

SR FH R 28 1 0 B I 43 B 413 By Gy 3R T R
Jiz 8 2 )2 B 4 AR (100 mm=<200 mm) -, 4351 LA A7 3
Bk F1 PR TR (12 2) @ A5 FR P EE (4 0 1) Sy e IF
o LRI, BEWL 5325 4155 By Bl Cyy 43 501 76 B i $3
il AR L S B2 AT T LA B A B A AR o KR R
oy R U, TN TR, S uE R R 78 T,
il % 1% 2 HE 5 B, (0.24 g)| B1,(0.19 g). C,,,(0.008 g)
1 Cn(0.011 g)o 3 HEFRHL S ANFE S, 43 51 i T H
BV W, sRE T E I GFa b, HEUR UG AT A H i
(1:1), ACOBEMLTR MG (1 2 2) K aE T B A R Al
K112 0.5) N RIFHISEATRRIF, BRI 5 HEHY
I IR — B o515 R, SR FH A B 50 (10% B BR VA
VORI A, & B AT IR AF 2 B B — B, SRl
KB TR TS A I, R R B R E R
0.25 mg/mL,
23 HHERE

K FH 1 43 B HL S 257 3% ( HR-ESI-MS) F1AZ # St
PR 3% ( ITH-NMR A1 13C-NMR) % % B¢ 5 4549 . LTQ-
Obitrap XL Y63 1%l 22 HR-ESI-MS, Bruker AV 1T 600
J RS S NMR (U H 3Rk e (TMS) AR i )
24 WPEEM
2.4.1 53 S Al Akl R v S T P A

FE5y B Al Ak R rp, IO ERBILAS 3 hy 00 56 136 2 )
R R, 2R 40 i AR R (10~12) x10* cells/mL.
T 0 20 43V % T FH RS , BB 1 L 3] (0l B IR 1K R
(K ICHLIE 3 1 mL+2 15597 3 9 mL), 20k B 4% IR L)
RNy B AR HEATIOE o X B4 R 10 mL 5 SRR
FHIA L L HEE, AN E 3 TR, TR
B e TOC R FR A b AT G AR, IR R (22+2) C,

6 R 58 EE Ry 62 umol/(m?-s), G Lo 12 h: 12 h, K
3£ 10d.
2.4.2 AL G PN SR e YA S T A 4 By

PG Y (T8, 4B 40 5 i T P st VL, T 1)
W B b 250 mg/mL, B K K BE F 50 mg/mL.
10 mg/mL 1 2 mg/mL, 435 s B 1 uL B3R W,
A 4999 ul £ 37K R (FRTEE 500 pL+72 5575
4499 pL), fb & W £ Wk B MK K A 50 pg/mL.,
10 pg/mL., 2 pg/mL Fl 0.4 pg/mL, ¥ ¥ by 1l K ¥
ST A EE . R0 5 Sl R IREIL R e BB AR S 3
F AR B A% 09 R 4R 20 M B A 4 00 ol (8~ 10) x
10*cells/mL. (20~24)x10*cells/mL. (8~11)x10*cells/mL.
(10~14) x10* cells/mL. (45~49) x10* cells/mL F1(26~
29) x10* cells/mL. Xf M ZH 4 4 999 L 35 5= 4K & o
A 1L B, B L5 308 3 A FATHE . TR,
T A ] R 32 %) 5 ) A Ay B PR % B2 o A 85 5
HE TCRRE A P AT 37, {594 d, HAh 35 37 5%
M 241795 0 FE, BB T (x400) WL 52 5 41 il
I
25 EIEARNE

B HOORE, S8R0 T e A AR R S R
Xof % T A ) A A R R (), TR A R

I=(1—N/N,)x 100%, (1)

A, N A PEEH e 20 MO RSO 5 N, Shoxk BREH e A L At

K SCHR [24] 09 77 3 1 586 1R 4 AL 4G & 9 % ok
TG AR ECyy—g6no
2.6 HiEALIE

SIS R SPSS 1.5 B A A R A7 70 7 BE A K
i1t 3 M, p<0.05 Ry b EVE 22 7, p<0.01 Ml B 3%
P25

3 GO

30 EERIEREEECEYEEEEREN S B4l
3.1 TR IR OK FCELAR AR K S

MNIEL 2 BT DL Y, BE e B2 1 0, i B2 O X ok
FG B8 8 A K A 00 1 4 FH B 4 398 5 (p<0.05) 4k
J& > 8.0 mg/mL B, 5 BCH) R K FG L AS 38 114 A= K4 o
R 56.2% (55 10 K). 5K, gy # ey BA B
8 K FC LG 100 100 T 2, T BT R S
3.2 AR U B 2H 0 R FRBILAE e AR K Y B )

FEE 3, 44 B MLy C B A0 TR FRELIS
WA K (p<0.05), 45 10 K I XK [CHLAE 3 Ay 4k K
PRt 76%. L, 24155 B Fd 5 C ST REM
HENT .
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Fig. 2 Effect of the methanol extracts of Laminaria japonica

on the growth of Karenia mikimotoi

3.1.3  REJRKEJZ Hr A Sephadax LH-20 #E i 4 )2 Hr 23
B S LA B T2 2 M AR K G LA
A K5

H1 3% 1 AT, 4143 B FIZH 5 C e IEHEJZ BT 40
Jei, AR S AP Ao SNG4
43 By B, Al G, % oK IR HLAE B 5 A W A 40 38 0
(p<0.05).

¥ B3k 3 AFEr 414y B, B, I C, 43l #E4T Seph-
adax LH-20 &t i #£ 2 #7405, 49 B, 43 % 4 By, By,
FBys; 2053 B, 730854 Boys 253 C, 7085 R Cyy FIC, (1),
TE 6 4150w, Biyy By, Ml Gy HI5F K FRPILAE e A K %
PR W S A A T (p<0.05), Hirh By, 2 2T K6
MR RACH L ABES . IS, ¥ By, M Cy, 1T HE RS
22T A%,

22 Z T A A5, 15 8] 4 D FESL By, Bios
Cyy M1 Cp(£ 1) WJE N 0.05 mg/mL B, B ATTRK K
LA A A A R B H BH S A 0350 4 (<0.05)

gi b, R — 29 5385 7 i, AT b 4l Ak 210k
KISy A KB A I HRIVE TSR &Y, 38
gl fb FLAR AR UL A 4,

P 3 VROV AR BB 1 253 3 oA R LR 9 A K 1 S T
Fig. 3 Effect of several liquid-liquid extraction components

from the methanol extracts on the growth of Karenia mikimotoi

32 H#HERE

FE & Biy, KKK . 'H-NMR (600 MHz, DMSO-
dy) 8,: 3.51 (2H, t, J=6.0 Hz, H-7); C NMR (150 MHz,
DMSO-d,) dc: 177.2 (C-11), 41.8 (C-2). 23.4 (C-3). 30.4
(C-4). 30.2 (C-5). 36.8 (C-6). 63.5 (C-7). LI -%¥i5
SCHR [25] A —30, B B RE T By, i T-F SRR .

FE & By, LK K . 'H-NMR (600 MHz, DMSO-
dy) 6,: 0.88 (3H, t, J = 6.6 Hz, H-14), 2.35 (2H, m, H-2);
3C-NMR (150 MHz, DMSO-d,) 6.: 177.9 (C-1). 33.8 (C-
2). 24.9 (C-3). 29.2 (C-4). 29.4 (C-5), 29.9 (C-6). 29.7
(C-7). 29.6 (C-8), 31.4 (C-9). 29.5 (C-10/11), 32.1 (C-
12), 22.8 (C-13), 14.3 (C-14), X %45 5+ MU AL
TR B A — 20, PR, AR AT B, SEE N U R .

FE S By, F KK . "H-NMR (600 MHz, DMSO-
d) 6y 2.32 (2H, t, J=7.8 Hz, H-2). 1.63 (2H, m, H-3).
0.87 (3H, t, J=7.2 Hz, H-16); “C-NMR (150 MHz,
DMSO-d,) d.: 179.3 (C-1). 34.2 (C-2). 25.1 (C-3)., 29.5
(C-4). 29.6 (C-5). 29.8~ 30.1 (C-6~ 12). 29.8 (C-13).
32.3 (C-14). 23.1 (C-15). 14.5 (C-16). k&b B, B HE
FEHR1E A Bt 5 SCik [27) AR — 2 R, Koy

x1 A BHAS CHA BN EPMEFEEN

Table 1 Antialgal activity test of the fractions B and C in the isolation and purification process

H5rB #H5C
W
TR JZ M0 (3.0 cmx40 cm) A Z M 4385 (5.0 cmx80 cm)
1.0 mg/mL(Sephadax LH-205E ek 24T 4B 148BH H4Co HAMCH 2H43Cs
(2.0 cmx25 cm)) : ? : ? 3
0.25 mg/mL(BERGHERZHT 1 4) BB, B} B Cir. G,
0.05 mg/mL Bi Bin G G

TE: =R BOA MRS +FR s B EaE 1, A= KA F S 20% ~ 50%; ++FR i ZUAG I EEEIE, AE KR T 50%.
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Fig. 4 Isolation and purification of the antialgal compounds from Laminaria japonica

TR

FE A Co (€8 B85 1R [ 442 ), "H-NMR (600 MHz,
DMSO-d,) 6,: 2.31 (2H, t, J=7.8 Hz, H-2). 1.63 (2H, m,
H-3). 1.28 (28H, m, H-4~ H-17). 0.88 (3H, t, J=7.2 Hz,
H-18); "C-NMR (150 MHz, DMSO-d,) d.: 177.1 (C-1).
34.0 (C-2), 31.9 (C-16), 29.1~29.7 (C-4~ C-15), 24.7
(C-3), 22.7 (C-17). 14.5 (C-18). X L% 4% 5 3CHik [28]
— 2, BOBRE S Coy B E N TR

FESL Cypy TEOIRY) . "THNMR (600 MHz, MeOD) 6,:
0.86 (3H, t, J=6.6 Hz, H-18), 1.23 (8H, m, m, H-4~ H-
7), 1.24 (20H, m, H-12~H-17), 1.61 (2H, m, H-3), 1.94
(4H,m,H-8,11).2.33(2H,t,J=7.2Hz,H-2). 5.28(2H,dd,J=
8.4, 5.4 Hz, H-9, H-10). DL b %40 55 9 2 10 2% s L 4%
TR A — B,
3.3 SHUEWIT 6 FARBRTEAIMEFEST

FEFE S s Rk G Xt 6 Fh i i e A K R
t B Y R R A A T, b 75 R B R R R A I

Sk 5 BB 1 AR FH (p<0.05), EL 33k Fft 40 41 VF FH B % e
JEE 4 8 i B R B 5R (p<0.05). 45 4 K, fEWE N
50 pg/mL B, 7-38 F B R X6 35 330 g 11 R L i kT
TP AR K R e  BRIE A s A b B
B2k B 0 A KM 25300 8 53.3%. 84.3%. 71.2%.
72.3%. T4.4% Fi1 87.5%; + VU 2 W b b 4 ofi 1t A
T K ECHILAR 3 A b i 2% B 09 2B K (<0.05), 7
W 50 pg/mL B, X B AT AR KA S A 52% (3R
4K )5 7S R AW S A0 T s CH: F A B 0 AR K (p<
0.05), XJ 5 AT A i 19 AR KA R 52.5%(50 pg/mL,
554 R, X HC A 5 A Al I R 0 A AR AT 40%;
TR FIH R KT 6 A 2 i A0 A I ) A R A
YEH (p>0.05), 7E ¥ £ g 50 pg/mL B, X & AT109 A4 &
KRR T 40%.

PE—2 TR T 7RI BERR AT 5 FlIR I R X
6 o 285 1 O A R T 2 A1 ) 25 R B (E o6 ) (3R 2
Tt T2 0 R T 5 TR 0 T IS R S 8 vl P 0 BH P X
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Fig. 5 Growth inhibition of the different compounds against six species of red tide microalgae
T B 3 A AT R M

The data in the figure is the average of the three parallel samples

R, 1 TR Al X8 6 b o5 350 Rl 88 A IR Y ECyg o 1E 4 2
G, T A ST RN, R TR R G SO TR U L R
W A R IREIUE B . BB AR S A T B 2R e A
K ECyyo6n IR H 3.9 pg/mL. 36 pg/mL. 16 pg/mL,
38 pg/mL F1 2.7 pg/mLe*, BR-FPURR . /SR AT\
T % 15 B30 [y 1L R 3 AR 8 EC o, & BARIE R, 7-
P2 R 2 5 b IR U7 TR R TR ) X R 0 A e A Y
ECsy oo, 25— WBLBIHG . FEA SO, U ALK
12 Xof B S 5 11 KA K Y ECyy o, 5 E A RGBS
F A B0, AH A N R X 85 337 7 1L R AE K ECyy 6,

5O A B 2R, BARE R B Rrid 4t
FEPr G HIU(OECD) R, 2 ECsy o0, 70BN T
1 pg/mL, 1~10 pg/mL. 10~100 pg/mL FIRKF 100 ug/mL
W, b B RA s e gt ARk
AR R T TR, AR B bR o, 7-FR 3K BE R .+ DU R A
TSR XS 6 A e HoA T A E s SRR, Horh 7-
5 B 0T B NIV g 10 R g A e R VA e L T U R
X DECH: FT A X R S R . R R B X IR
KB ECsy— o6y FLEE, 755 55 B R FI -1 110 PR X6F 5 H: i
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TR E W 6 TR B REEE KB FMBBLRE ( ECsoupons BAI: pg/mL)

Table 2 Different compounds isolated from Laminaria japonica for the six species of red tide microalgae (ECsy_os,,, unit: pg/mL)
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Fig. 6 Effect of 7-hydroxyheptanic acid on the photographs of the four species of red tide microalgae
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Isolation, purification and analysis of antialgal activities of antialgal com-
pounds from Laminaria japonica

3

Sun Yingying "**, Zhu Wenxuan"*, Zhou Jing*, Zhuang Liwen', Mao Yilin', Zhao Xiufang', Wang Changhai’

(1. Jiangsu Provincial Key Laboratory of Marine Biotechnology, Jiangsu Ocean University, Lianyungang 222005, China; 2. Co-Innovation
Center of Jiangsu Marine Bio-industry Technology, Jiangsu Ocean University, Lianyungang 222005, China; 3. Jiangsu Institute of Marine
Resources Development, Lianyungang 222005, China; 4. Lianyungang Quality and Technology Comprehensive Inspection and Testing Cen-
ter, Lianyungang 222005, China; 5. College of Resources and Environment Sciences, Nanjing Agricultural University, Nanjing 210095,
China)

Abstract: Using 2 000 g kelp as raw material and Karenia mikimotoi as the test microalgae, methanol extraction, li-
quid-liquid extraction, silica gel column chromatography, sephadax LH-20 gel column chromatography and silica
gel thin layer chromatography are used to purify compounds that might inhibit algal activity. Five samples with thin
layer purity, B,, (1.39 g), By5, (0.51 g), By;, (0.48 g), C,;; (0.016 g) and C,,, (0.020 g), are prepared. Structural identi-
fication shows that B,,, B;;, B3, C,;; and C,,, are 7-hydroxyheptanic acid, tetradecanoic acid, hexadecanoic acid,
octadecanoic acid, and oleic acid, respectively. They are isolated from Laminaria japonica for the first time. The
results show that these five compounds have selective inhibition effects on the growth of six species of red tide mi-
croalgae (Alexandrium tamarense, Amphidinium carterae, Heterosigma akashiwo, Karenia mikimotoi, Phaeocystis
globsa, and Skeletonema costatum). Among them, 7-hydroxyheptanoic acid has a wide range of antialgal activities.
Except for Alexandrium tamarense, at the concentration of 50 pg/mL, the growth inhibition of 7-hydroxyheptanic
acid against the other five species of red tide microalgae is close to that of copper sulfate and potassium dichromate,
and the growth inhibition is more than 71% (the 4th day). Tetradecanoic acid also shows obvious inhibition on the
growth of Amphidinium carterae, Karenia mikimotoi, and Skeletonema costatum. On 4th day, the growth inhibition
of tetradecanoic acid for the three species of red tide microalgae is more than 57%. Furthermore, ECs, o5, values of
7-hydroxyheptanic acid, tetradecanoic acid, hexadecanoic acid, and octadecanoic acid for Amphidinium carterae,
Heterosigma akashiwo, Karenia mikimotoi, Phaeocystis globsa, and Skeletonema costatum are obtained for the first
time, respectively. ECs, 4, value of 7-hydroxyheptanic acid for Alexandrium tamarense is also determined for the
first time. It is found that 7-hydroxyheptanic acid and tetradecanoic acid has the advantage of inhibiting Amphidini-

um carterae.

Key words: antialgal compound; isolation; Laminaria japonica; purification; red tide microalgae
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