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hAA Tk

W=, X R ORI CE R R A 2 A 3 4 90 % 4 Ji EPME ( methanol extracts of Enteromorpha
prolifera) #4745 & B MK K% FHE XA EFMEDZIT T L AEN AR EE, NE &
WS Ao BArMMEENE, 2R LW ,EPMEZRBAERE 28 , RE4 N4 1.
I MAIV, 43 E 55 K 29.0% 19.0% 12.7% 1 5.45% . H & X4 o I B A A L 6% E
Mo YREAF1.Og/LE Ao It KKYME FHELEMEGTTH L AENEKINH
A K 43.4% 44.9% Fn154.3% , Aol E2HREENE B, RES A, A2 1-A1-
B . I-C.I-DAnll-E, £+ 44 0-BFndly 1-CEAWEIEEMN, FBE3 M FHMHE
WEmABEEARE AR e ZREE, - FRAEKEHENEDRN T &, 27 H
W2 HArFEHNE FLERRNE, HAET 2 A0 ER GF, EE B4 B WE

HEFHN AEEEMERT RFH LR Ea.

REEW: B R RS WERE S
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FUL) [RIET R Ev (AT 1 VT 45 ) K AR 1)
BXIEWN, LIS (Enteromorpha sp. ) #1428 (Ulva
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(Ulva pertusa) Gg 0 ) 75 ) 5 25 3% ( Heterosigma
akashiwo) F1 ¥5 ¥, W i 1h K # ( Alexandrum
tamarense ) [l o FNFUBSE K BUE & 4 AT VA 3R
( Amphidinium hoefleri ) . >k [ Yl 1€ # ( Karenia
mikimitoi) WP Jil) & 5% B ( Skeletonema costatum) F1¥5
3 57 111 K3 (Alexandrium tamarense ) 25 55 ] 1 P
YA B S BTS2 g A i 4 P ) P s DA
F#3 oL BR300 % Y i EPME ( methanol extracts of

Enteromorpha prolifera)
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VEALFRAARL 3 ~4 WK, bR AR KR . B
WFE T 40 CTRMET 3 do

ARG K 28 3o B i A 1 300 H i 45 3 g, &
Wb Y H), pH RER B 43 IR T & 8.5 M 30 &
(S 55 Fr T /K 4 Acan B A3 .

JCoK B A 2R 2 TR RN R A )
Mrali.

1.2 #EWNEYR EPME BRENS B

PLS kg W& b JERH, 2 BSCHk [4 ] 6 & 15
50 g EPME, ¥ EPME & % fit T 300 mL & {)j
100 mL(2% ) FHhBKEW T, 5 5] 1 000 mL
SR SF . B 5 min J5 , ##E 30 min, 385K
FHFNA HLAH , 20 il e an T Ak 3

TR AR e 46 22 10 mL, i A 200 mL H i F
20 mL 7 jifisk (3 25 30 ~60 C ), 55 5] 500 mL
SR 3F L 2% 5 min, #E 5 ming FJEFE L,
TREBEZET AN 1.

AHLAEMA 10 mL A i ik, H 500 mL 73 &
T3l et e, 8B N2, LI2F 5. TIRmA
50 mL 1% KOH, ] 73 W s 2} 73 25, 315 A HLAH
IKAHFNZOR Y o G0 2K T R T ), KK
wemnd s I Ao MAHD NV,

PR B e, bk B 400 v i T R R, e
JEy 10 g/L,

1.3 EPME S BASMEREERHNE

6 bR S0 B Rl b, oK B W] B
R FRER AT )27 (2.3 em x 18 em) 4385, ¥k
JBE VAR U N A ek AR SR O FR(1:1,V/V,
TR R EER LR BE: PIER (1: 1) F1 PSR,
P R 1 mL/min AR KIS A4 5 T-A 11-B, 1T -
C.II-D AT -E, P8 am 8T, T H
o R R
1.4 HEFEMERN

e £/2 Br g He v, 43 B A — & AR U 1
Horo BEIG RN 3 FhR I REE, B IR IR A WK
R 250 mL, K [REILAEHE o B 2% 3 0 0% 35 30
T L K B2 B BE 4yl (6 ~ 8) x 10°/mL
(16 ~20) x10*/mL 1 (10 ~12) x 10*/mL, 4> &5
LR FE ] 1.0 g/LCBREEBIAR B Ab, 3 P 45 D
B A DU 20 43 ¥k B 347 g vk ) ) Bsf 35 2 VR o A
[Fi) (A R ) ok R COFR R AR R AN A 1
mL) B FRE 3 A AT TR 53R
BT GXZ-260B F g %1% MR 5 246 v 35 5%,

(26 +1)C e IR 62 pmol/(m* « s) , g L
12:12 B R B 2% 3l 15 95 0 W6 ¢, LA B Lk B s B
BEAERK, B —H MNP 1 mL J R,
FH Lugol” s 325 [ 22 J5 , 114500 40 Mo 550 i) A5 1k o
BUREJG B 32 P A 1 mL 250 £% £/2 8557,
D 3k G 7 77 KB 2R T 52 I A 2R K

1.5 BEHAMESUER

>R FH I OB R A5 B 10 x 40) 4R 45 340
ML AR
1.6 EKA#H ULEWEERKMER GF,,#
BEW

KK WG EH4 1-B figH 4 11-C
89 i, FH Ultrospec 3300 pro %8 4b—T] il 43
JEHE T HETT 200 ~ 800 nm P K 4T

ot 2R SRS E A%
FE DTV AT AE W R N TR L2 LR R
M2 A LR AR A5 8 Mk & W % il .

I GF,, % B EM o & gy LA W
BEC16: 1.8 1 F1 1= 1) & fh: W H @
(15:3:2) fihfik: ZBRCER(1:8 F12: 1) R RIT
AL AT 4 TT-B FZ 4 1-C 1 fE I GF,,, 2
JEHT B, 540 254 nm AR . AP 254 nm IR
1.7 #HiEE

SR R H SPSS 11,5 B i 17l 37 4
A Gt 3, P <0.05 B EMEZESR,P <
0.01 Mk 22 5 .

s K 48,1 = (1 - N/N,) x100% ,
N Sy A B A S 4 (< 10°/mL) 5 N, kX
HE 2 8 400 L 45 ( < 10°/mL)

2 HiR

2.1 HEMEMR EPME FHSBEHS X 3 #
TR A R A K Y R

R BB B, X 4l 6 9) 5t EPME (50 g)
PEAT A T VI VATV 45 4 A2 53, B o)
WA 8.42.5.52.3.67 #11.58 g(F 1), ¥ Fir
A BOHT I AR T PR, BO ) W 10 /L,
SR P B 7 W08 AT 00388 3 A

®1 WEIMEYREPME BFHBEASNER

Tab.1 Yield of separation components from

EPME of E. Prolifera %
435 4143 separation components I I 1 v
5% yield 29.0 19.0 12.7 5.45
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Fig.1 Effects of separation components from EPME of E. prolifera on the

growth of the three species of red tide microalgae

Pl e 3 i i A NI T 7095 R |
XF AR R AR A R R g2 . NI 2 ) LR
2043 TUXE 3 ol ol ) G0 7 A K 31 1 256 B 2 43
IR M2 B8 (P <0.05) 1y BT,
Moy W R 3.0 g/L, HXF 3 Fol o 8 1 1)
AR HI R 5 B 100% o ) AR 32 547 5 0K
2143 10 XE K IR BILAR B b i 2% 8 R0 1 B30 T
KR 12 d EC,, 437/ 0.92.0. 81 H11.21
g/L,

22 SHBASIHEREERHTSBAS X 3 f
RERREERKNE I

K IR AL )2 A 0 20 23 1 3647 73 8, IR &
AT g A ZIRCER(1:1) RO R . LR
TR PIEA (1= 1) AN IR R, K45 5 R el o, K
WAHHsSM-AMT-B.I-C . II-DFMI-E, & 3%
BY, 4145 11 -B Fndl 4y 11 -C X 3 F ol 3 ol i 1 A 1
I AR IR M E R (P <0.01) SN 2
FRER I 5,3 Fh ik e 20 i 50 T R B AR, HL 76 %
ML BN (12 d) BEKWKE NS, $H12 X,
3 MR AN BRI A E . Ay T-D X 3 F
THCE A B Y A R 3R B A o BT S A oA
(P<0.05) ,{H 5 2E 3 Ff o 3 G e s B0 B S 1 2
KIKERL

4y I1-B Aoy 11 -C Bl 3 b fol e 14 3 40
JiE H B s ] A A R R R SR B A, EL B
B IR (] A RE A, R B R EOm I e (15 4) . 3t
Wi 2 R B AT (Arundo donax) () 47 HLE 5 42
Wy 6E 1 A 2 3 4% A0 M B s TR R B R
L.

160 _o kEYLICH
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Fig.2 Growth inhibition of separation components
( I ) from EPME of E. prolifera on the

three species of red tide microalgae
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Fig.3 Effects of the five kinds of fractions obtained by silica gel column chromatography from

separation components( II ) on the growth of the three species of red tide microalgae
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Fig.4 Effects of the two kinds of fractions obtained by silica gel column chromatography from

I-C

kA

separation components( II ) on morphology of the three species of red tide microalgae
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2.3 EREEHRASHAOLSEN
kK2R M l-B A EmA, 1-CH
HEM AR Kt 2 R a2 i8 B BV W47 200 ~

800 nm P K i, 414> I1-B #£ 260 ~ 300 nm FI
400 ~ 440 nm A B 2 W5 ; 46 3 I -C 7 400 ~ 440
nm A B BRI (ES) .

45 1-B
fraction II-B

Q
- S
§§ 200 240 280 320 360 400 440 480 520 560 600 640 680 720 760 800
< 6.0
5.0f Hsru-C
401 fraction I -C
3.0r
2.0+
1.0r
OL 1 1 1 1 1 1 T
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WK /nm
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BS5 A4 T-BFI-CHEKAKE
Fig.5 Wavelength scanning of the two fractions II -B and II -C
febih SR IS W AL T HENE GF,, B EM 8 Hik— 4l

SRR L R IR TR RS (R VBRI LA
DURR RS % 1 AR STIEAT T UL 8 LA
P e iS40 1-B Fdl g I-C A A Pyl |
My R R DT IR i 2R BE IR A HLIR FIRE S B A
P W B AR, T A S B FH R SO 5 1 2 i 2L
BT WBR R E RIS YR Bk S (R
3). MR A E R KA YA 300 nm {5 H N A
B i, 4170 1-B 7E 260 ~ 300 nm A W g I
W, A7 Bk M E S R

x3 HAHFI-BMAZI-CHUEGHETE

Tab.3 identity tests of the two fractions I -B and 1I -C
AR /RS 414y 1-B 3 1-C
compoundes fraction Il -B fraction II -C

AW, alkaloid — —
3R phenolic acid — —
g iR fatty acid — —
28 terpene — —
Pl .7 & 2 lactone , coumarin + +

B2 tannic acid _ _

A HLBR organic acid _ o

i sugar _ o
VB + 7 RN PR RN, —7 278 B SO 516 7R

notes: “ +”

express positive reaction, “—" express negative reaction

Or no response

5y 1-B F4l 5y T -C W W s HE T GFy, 1, 53
BILLGE G R (16:1 . 8:1 F1:1,V/V, R[] &
Pi+ MR AR (15:3:2) A il fit: TR Mg (1+8
M2:1) FEIFF . JIT)G , 5 5h 254 nm T HL5R,
RIVIAIEE: CTR Mg (1:8) g e IF I i, 443
1-B H B3 4B G5 5, R, 4> 514 0.20 0. 788 il
0.975;4H 4y I1-C H 3 2 4B B 5 5, R KK H
0. 13871 0.988, tfknyJe, i THl 424l I -
B M4y 1-C &4 D, TEHEAT bR 10 B i 1 4
W Ak Wy R 0 0 E e GFq, T 2 2 0T 45 5236 )5
TC vk BEAT 5 B2 4y B Ak

3 g

R TR AR B, 0 i & #08E 9) it EPME
Fror A5 2 HoAa W e e i PE g 40 I (B 1 AN
F1)o 512 K, H LXK KBS B ILE &
BEA B O P Il K B B9 AR K R g B
43.4% 44.9% F1 54.3% , #t—, K A BE R AE
JENTER ALY W BT 08, il & 20 S Rl el oy
L 200 T-B A2 23 1 -C % oK [RGB L b it
2B AP 311 D 10 A A A K e B A B Y
MHVER B 3 R 4) o 35 12 K, %5 3 Fholk i ik
T A A I A 1k 85% o 43 S 2H 43 X A B
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BEAE AR T 0 B S 5 2 R T 4 A3 b A
Yy Jo 1) 2 B S TR, 2 AR W S8R Y 2 8
HEiEA . Wi DAl R OBE(1:8) H
JEFERIES, 41457 1-B Fidl 5 [1-C £ hEME GF,,
JZJENT R TFARAT TR 1 o 6, o0 i B 3 A B
SR 2 ASBE AR, O TS SR B BT R A4k B8
TR R S B

G BT 0 350 5 A 0 5 2R R B e B i Ak e
KIRHUE XTI BE Sy Byl 73 (50 T 4143 11-B
L5 11 -C) S ek (B 2 FIET 3) 0 Qi %60 %
. Cladosiphon okamuranus 7= 4= [ 3 35 9 ot X 6F
JC 200 L B 5 1 i AR R A T, TR B A R
201 i B P O TR R ) SRR AR . PNBBAE S R L
ST 5 S K P A B B0O0T I VA ERTOK IR BILAS BE Y
T A Ry s B T T v i - A 3 RN B B T T
LR R A s o ARBESE b, FRATTIA
BEoy B AL AT 3 Fh AR ORI AR RS 5 B
TR A5 F A G . K IRBILAE B8 81 P 3, Jo 20
I E , 240t 4 22 2 — b o R R 4 R 8
S 1 K B 4T AN G s — 2 R g Ak
I, A M AN 2 S5 0 22 S S BT B AT )
B URE R 22 57
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Allelochemical activity of phenylpropanhes from

Isolation of antialgal substances from Enteromorpha prolifera and
its growth inhibition on the red-tide microalgae

SUN Yingying', DONG Xiaoke', LI Guangcheng', YAN Binlun’, WANG Changhai’*
(1. Ocean School ,Huaihai Institute of Technology,Lianyungang 222005 ,China;
2. Jiangsu Key Laboratory of Marine Biotechnology ,Lianyungang 222005, China;

3. Resources and Environment Science Institute , Nanjing Agricultural University , Nanjing 210095, China)

Abstract; Antialgail activity extractions EPME ( methanol extracts of Enteromorpha prolifera) were separated
by liquid-liquid extraction and silica gel column chromatography to isolate and identify antialgal activity
compounds in EPME. By liquid-liquid extraction, the four kinds of components( [ , I , I and IV ) were
obtained. Their yield was 29.0% ,19.0% ,12.7% and 5.45% ,respectively,but only component [[ has only
obvious inhibiting activity. The inhibitory effect of Karenia mikimitoi, Skeletonema costatum and
Alexandrium tamarense by component [[ (1.0 g/L) was 43. 4% ,44. 9% and 54. 3% on Day 12,
respectively. The five kinds of fractions ( [[-A, II-B, I[-C, I -D and Il -E) were obtained by silica gel
column chromatography ,respectively. The fraction B( Il -B) and fraction C( Il -C) inhibited significantly the
growth of all test microalgae, and these two fractions caused cells cavities and pieces. Further, these two
fractions( [[ -B and Il -C) were analyzed by wavelength scanning,compound identification test and silica gel
GF,,, thin-layer chromatography. This paper identified containing lactone and coumarins in them and
determined the appropriate developing agent by silica gel GF,,, thin-layer chromatography for subsequent
separation and purification. This paper provided solid experiment foundation for further study.

Key words; Enteromorpha prolifera; red-tide microalgae; antialgal substances; antialgal activity; isolation
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