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B, AT K KPS 3 R I — o 3B E

MR R, AR E A

AAZTHERE. SR-FR_Q-FEDIE. KFHBRPSK-FR-GS-FELE)
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TERE HE B (Phaeocystis globsa) Fl 7R 1 JBR H i
(Prorocentrum donghaiense) BB M o ALk
1R A ik 1 2 23 rP A R  BEE 1 Al S 2R
il , i LA A P R AR W B 1 R B T R4
P18 S5 30 B il N g AR S A

R E S RS RES

1.1 SEIeset

SR ET I W L R SR . K IREILE B
BRIE ¢ 40 35 0 2 v it VY 98 55 0 000 T8 TG T Pk Fh
iEIEAE YR A BR A FIAR AL, FE255 57 5
SR, K IR E M (20+0.1) °C, O MR
40 pmol/(m’-s), JEREEHLA12 1 12,

TH R ATk 4 53 ) ) 5 2 %5 SCHR[10]

KERUG K Zead WA AR F1300 H i 25 5L 98 . &
. VA, pHAEFIER BE 43 51 Y 2 8.5F1304 H]
(SE 5% i P K Y figchn | 4b 3.

ToKHEE . LT8R TR AN R R 3 AT 46

1.2 EEAGEEMHYIRN S S FHIEE
4 46

FEIRAR BT B R EAERA SR (4.5 9)
I T B8 (200~300 HDHEJZ AT E (3 emx40 cm),
AO5NEPERA8 12 1, AR ABEBR . BE
8 478 43 45 ok s 7% N Ak JIE G 5438 )2 2 BT R U
GIFE,. &g 6N H Sy, YPL, YP2,
YP3. YP4. YPSHIYP6IL 6™ 4 43 5 Hr 4 fift T
o HEE R, DLE AT A T P A IR S
I3 P 6N LA I A B 285 3R 3k IR A A
J&, HRCKREUEE, FFRIRAWMARR 25 mL,
K PR LG S 12 4 B A 8 (8~11)x10%~/mL, #f
i 2V R 16 pg/mL(FT IR SE o, VR E 16 pg/mL
BF, S T A S R T OK R EILAE Y
AR BRI, T S 2 3 R R
R ARG I 28 B2 O 16 pg/mL)o R, B5E B IAH
[Fi] A FECHY st g % B 2 (PP I i AR RO R 3 0.1
mL), BRI EIN TR, HFmE T
GXZ-260BF e B A4 h BE 5%, L (23+1)
°C, JGMRIR 62 umol/(m*s), JERFHL M 12 ¢ 12,
B R g B B B A2, BRRAE 2 min, DIBS
b P R RE ARG, AERE1H S SR S pLBs
W, HLugol sl E &5, Foit s E
AR 1L

FEIRGF 5458 B EHT 5 ik B, 34
HrYPL. YPARIYPSE A B B M I0 3 & 4 o K
WG, XYP1(0.889 g). YP4(0.653 g)Hl
YP5(0.645 g)BE Tk S GF, 5, 22T 0 B, I
)l & AT/ ER /R (15 23 22, KR,
UV,s, FEI . YP1IFE N YPI1., YPI2FIYPI3;
YP4FIYPSIK IR 38 YP41, YP42, YP43 Al
YP44, DIKYPS1, YP52, YPS3FIYP54, {5
PERI R, AN Had s, [LYPLL,
YP42., YPA3FIYPS1Z547 T4 20 43 HAT 40098 0 1
(R Jy vk W Eyo LS /PR BR (15 2 3 = 2,
B A R I, B e 4 o 21 43 P I A T 1
S GF s, W )2 E T 0 B o e 2ol 45 15 B 4B i
ZCX0(0.038 g). ZCX1(0.029 g). ZCX2(0.042 g)Fil
ZCX3(0.022 g). BRI IZRE , L4 ik
TR Al K AR S A T O SR
(DMSO), % Costar 96FL M i 17 1 2 4l BE i 1
PIEETE PRI o AL IR R R ZLARELUR 200 uL,
FH 199 pnL ¥R AT pL i J2 2l i VA AL R . S5
R HDMSOZ R 40.5%, 12 4l RE 5 1A I 4
W REMC R 0.4, 2. 10150 pg/mL., 381 [ A
PR SEEE  BRIE AR A N AR Ul R
Fh &2 5 9 46x10*, 8x10*, 3.45x10°F15%10*
A/mL, BB EIN IR, BN EN
23 4 % BRI 61 75 0.5%DMS O/ B 4 %t 18, BRI
PR KRR PP, WS R0.5. 2. 4. 8A
16 pg/mL. J&FEI36FLMM A 200 uL7EH K, LIHERR
NGRN, WL E SR ERNER . B
(23+1) °C, SEHRHEFEE62 pmol/(m?'s), MGG LN
12 12, BRI & HIR %3k, B MH24 hit %
MEE, 596 hiWECsfH . 45 R /R, ZCXOA
ZCX3H AR B IE T, ZCXTMZCX2HA
A5 55 A BTG
1.3 FXiENE

FE & %5 JEAFHR-ESI-MS . '"H-NMRF1"*C-
NMR (nuclear magnetic resonance) i il & . F
Bruker AV Il 6005 i 4 % NMR (VY H 5 6 42
TMS N FR#E L), JILTQ-Obitrap XLYG AL 4T
HR-ESI-MSHll 5& .

1.4 HIEAIE

SIS BUHE SR SPSS 11.53F 47 1 37 FF A 6 56
GiitarAr, P<0.05S R EMZER, P<0.01 01k
EMER,
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PR AR 2 . 1(%)=(1-N/Np)*100
b, N A B U A0 B (<104 /mL); Nl
XoJ HE 2 35 440 AR 0 (< 10> /mL) o 3 440 A 4 4 ol
BAE20%~50% M 3L 55 P EETE P, A KA R =
50% A B S AR S 1k

2 SRS

20 EERINEEMYIRNEHEE

ZCX0, - H bk, TEKK; ESIMS
m/z: 368 [M]"; 'H NMR (CDCIs, 600 MHz) Jy; 3.64
(2H, t, J=6.6 Hz, H-1), 1.56 (2H, m, H-2), 1.25
(44H, br, H-3~24), 0.88 (3H, t, J=6.6 Hz, H-25); "
NMR (CDCI;, 150 MHz); ¢ 63.1 (C-1), 32.8 (C-
2), 31.9 (C-23), 29.6-29.8 (C-5~21), 29.4 (C-4,
22), 25.7(C-3), 22.7(C-24), 14.1 (C-25",

ZCX1, CyH30,, IRFEEIMIRY); ESIMS m/z:
385 [M+Na]"; 'H NMR (600 MHz, CDCl3)d}:7.50
(2H, m, H-3, H-6), 7.74 (2H, m, H-4, H-5), 4.29
(4H, t, J=6.6 Hz, H-1’, 1"), 1.70 (2H, m, H-2’,
2"y, 1.44~1.26 (12H, m, H-3', 3", H-4', 4", H-
5',5"), 0.92 (6H, d, /=7.8 Hz, CH;-H-2', 2"), 0.90
(6H, d, J=6.6 Hz, CH;-H-6', 6"); ""C NMR
(150 MHz, CDCl5)d-167.7 (C-7, 8), 132.4 (C-1,2),
130.9 (C-4, 5), 128.8 (C-3,6), 68.1 (C-1', 1"),
38.7 (C-2',2"), 30.3 (C-3',3"), 28.9 (C-4',
4"y, 23.7 (C-5',5"), 14.0 (CH5-2', 2"), 10.9
(3%-CH3-6", 6"), iR % 5 STk i 48 28 — H

AAAAAAANAAAANAOH

7CX0: —Tikbems
pentacosyl alcohol

N NSNS NSNS COOH
ZCX2: KM

palmitic acid

iR —(2-F 3 % )@E%Zlieﬁ, HOR AL )
ZCX 1578 AR AR iR —(2-F B 2R,

ZCX2, C H5,0,, Jotaiiitk4); ESIMS m/z:
279 [M+Na]’; '"H NMR (600 MHz, CDCl;)d};:2.32
(2H, t, J=7.6 Hz, H,-2), 1.61 (2H, m, H,-3), 1.23-
1.28 (24H, m, H,-4~15), 0.86 (3H, t, J=7.2 Hz, H;-
16); "“C NMR(150 MHz, CDCl;)d-180.1 (C-1),
34.1 (C-2), 24.7 (C-3), 29.1~29.7 (C-4~13), 31.9
(C-14), 22.7(C-15), 14.1(C-16), | iR%¥dE 53
BRI B AR AR PR B AR — 3, ek b G zeXde e
R ER

ZCX3, CyHs04, REEAIRY); ESIMS
m/z:413 [M+Na]"; '"H NMR (600 MHz,
CDCly)dy:7.53 (2H, m, H-3, H-6), 7.72 (2H, m, H-4,
H-5), 4.31(4H,t,J=6.6 Hz, H-1", 1"), 1.72 (4H,
m, H-2, 2"), 1.44~1.32 (8H, m, H-3", 3", H-4/,
4"y, 0.99 (18H, d, J=6.6 Hz, 3CH;-H-5", 5"); '
NMR(150 MHz, CDCl3)d132.2 (C-1,2), 128.8 (C-
3,6), 130.9 (C-4,5), 167.7(C-7,8), 65.8 (C-1,
1"), 30.5(C-2',2"), 29.7 (C-3',3"), 29.5(C-
4',4"), 33.5(C-5',5"), 18.4 (3x-CH;5-5', 5"),
R EE S SCERIRGE R R (5, S-S
B HA — B, MO G W ZCX3MEE AR
FHER —(5,5-H 0 38 R™,
2.2 HSREMYIRAHINEE M

ZCX 1Nt pi v de i A4 K, DA R ZCX 1A
ZCX2XTER A Bl AR KR KM I 2 1

HAERT(E2) o BRICZ AN, HEARE bl 24X 5t
0 N

O—CH;CH—CH; CH;CH; CH,

O—CH;CH—CH; CH;CH;CH,
0 CH,

7CX1: AR Fﬁ?ﬁ’i: (2-F 2 LS B
2-benzenedicarboxylic acid, 1, 2-
bis (2-methylhexyl) ester

0
OW
ZCX3: zrérleJ@a (5, 5-H 4k L3R

2-benzenedicarboxylic acid, 1, 2-
bis (5, 5-methylhexyl) ester

E 1 ZCX0, ZCX1, ZCX2FZCX3H L5443

Fig. 1 Structure of four purified samples
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FVABE . R S 75 . BROE B 48 S R R 1 it Y
BEREREZ M —E M HE . EWREN
50 pg/mLi, 4402 SRR A 2 2 R T R

AR AN ZE /%
growth inhibition

A KA 22 /%

SRR, BEMZCXOMZCX3H B iH T &
TR AR ZOX38 BB T BRIE b 4
WAAK

92CX0 AT
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80
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o0
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olmm NP R
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2 FEmRX4MIRERCRE KA HIFIER

SECHE TV
§ZCX0 Amp};idinium carterae
100 - BZCX2
BZCX3
80
S
2260
EE
oa
Mz 40 ¢
Hg
N E % r%
O 1 L L 1
0.5 2 10 50
FEMR FE/(ng/mL)
concentration of purified samples
(a)
BZCX0 BRIV AR S
100 - BZCX3 Phaeocystis globsa
ua
80 ]
<8 ]
5i a
S u :
o 1B
¥ o=z — u
5 40 - -
5 ] ]
20 + -E | %:
L H H H
0.5 2 10 50
FF S FE/(ug/mL)
concentration of purified samples
(c)
Fig. 2

P — 2 TSR, R R A N s CH: T I
BRI R A e L BROE A R AR P Y
ECs50(96 h)r%144.0, 36, 38F13.3 ug/mL,
ZCX0, ZCX1, ZCX2MZCX3ZE44FE %} 7 i 5
A I EC50(96 )34 /)N T 5 4% 2 411 X6F bt 47 7% 1 il
I ECs0(96 h)(F 1),

SIS A A ) S 6 R B ) 1 R T O b
796 h-EC5<1 pg/mLif A =8, 7E1~10 ug/mL
U N E R, fE10~100 pg/mLA iR EE, i
100 pg/mL A IRTE o 0 g BE X 2R ) S 2 s A

Inhibitory effects of four antialgal activity samples on the growth of four species of red-tide microalgae

ARG A R AR RE R, 0 itk i 7A) E RER
AR B de HA R s AR R — (- &
)i o i 5 25 e BT P ARk, X ARV IR
HE AL AT PRI 25 S A &
T, MPARI PR RRE s AR AR (5,5-
FY R © ) 0 2% 3 5 253 A AR o J R o H A v
SERE, XTEOP AR R A REEEED.

3 iR

UEARSK, T 2R B TR L 45 i ek 2% 1
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R 1 ERERH 4N EE A X IR RURE KHIECS,

Tab.1 ECjs, of potassium dichromate and four samples on the growth of four species of red-tide microalgae pg/mL
E O VA IR S BRIUARZEHE AR T P
componds A. carterae H. akashiwo P. globsa P. donghaiense

HERTRHT 4.0£0.42 36+0.42 38+2.97 3.3£0.31

potassium dichromate

Z ek 140+4.38 18+1.21 104+5.76 17.5+1.28

pentacosyl alcohol

ABR IR (- Pk U B — 2342.57 — 129+3.96

1,2-benzenedicarboxylic acid, 1, 2-bis(2-methylhexyl) ester

FREmR — 4.5+0.22 — 137+4.17

palmitic acid

A R (5,5-H AL LR — 20+1.07 93+2.65 59+2.79

1,2-benzenedicarboxylic acid, 1, 2-bis(5,5-methylhexyl) ester

e — R

Notes: —.not calculated

FR 57k g T R4 SRR N A BEALAL B
PRUCT X SRR 57 g, F AR ) 18] Ak A
FHE 3E 47 25 W 0 PR . 4 o s 2% 2 9 i
BN T 7 o A 48 T IR 7K K AR ) A 5
e, DRI AR B S iy A AR ) 1 T A 8 e
wHEM B . BN, K (Hordeum vulgare)
FEUS INZE (Triticum sp )FEFF,  RUIR 3% (Eichhor-
nia crassipes)fi &P, T K (Zea mays)F5FFEH &
K BIEE S HAT, KUK AR Y T R i e vh B
B o

FEARW ST, R — R 9053 8 07 A
FR, B i IF %58 T Y 5 A T kA )
AFPDBEIE Y T, - HObEEE . APOR R
Q- I CIHEE . AR R A1 4P R iR —.(5,5-H
RO BNl HARME G W RN L o B A
B, Hob, T TR AR TR (-
O B ) PR N 4B R — iR —.(5,5- P 3k O 36 Rt J2: 1
UNTTAKAE Db o B A 3

TRy EAEERE, HET, R DI
WG P I o ASBIFSE A Bt b N RE D
IR T OB B AR R (K12), R BER A be A
WIEERE RS o AR IR 2 B (Kjellmaniella
crassifolia) ™ % 5 14 11~ H 5% iE hexadecan-1-01%,
(ER SUUBEE 1 E AR R S S

Hir, ©akIIELAEY) i8R — H iR
Bl A HAT B im R fln, FERR
WREAN W R PR AE K . GC-MSK I & 8, %
Py S5 ds S iR ) 1 S W B Ry SRR TR —
THE X HATAEY P, Choed5 ™R FHGC-MSHM T &
B E (Artemisia argyi) ™ A 39 i 3 SR 4B R
TR T AETR SRR R R B R, E
STBT A PO B RE S 0 T R 2R 5 B 88 (Microcystic

http://www.scxuebao.cn

aeruginosa) < ) S BE (Hydrilla verticillata) £ Tk #
B A 3R R KA. A2
(Ulva clathrata)F 94828 — H iR — 5% T g (DBP)
ABAE "R T P (DIBP){E B AR e JEE N (<4.0 pg/
mL)fE 2 2 10 il 45 4R H B8 (Gymnodinium breve)®”
TEARMT T, tbEY2MaEL8K — HIREEIL &
Yy, SEE KT 2F A A X AR A AR
Vg D FH R P A 1 (1R 2), XS OR R —
(2-H B 2 B fig A& K — HI iR —.(5,5-H Bk & 4% iR
XoF i T G0 S A 9 0 P ) B R o R AR R
I, MR E AT R BT AR R R AR 2K 1L
B W) (PAES)X HE i AR K AT RE Y52 e 2, B
S HLE S AR T

PR K AEMY Pl iz, 24
M SRR F 32 (P. malainus)? . %7 (Typha
latifolia)P " F13 A #8345 (Chara vulgaris)?" 45 7K 4 #H
Y oy AR B, SR, AR R % 410 88 1% M AF 5
FBE NI H ¥ (Selenastrum capricornutum)
il S 4 B8 (Microcystic aeruginosa). /NEK ¥
(Chlorella sp.)FIEVAEMESE (Scenedesmus obliquus) =5
ROK LB, X R G e 2R K R e i 5 80
HET, AW FRRE R X b i Jk e B0 B H 2208
¥ (Nitzschia closterium)™' . JR 524 80T R
Jr B BRI G/ B B (P minimum)P OV IR
PR ANEEAE IR ST, 0 oK D0 X BROE A5 2 35 FH
AL HE B R s . AR, A
TR 5% %oF o ) S 25 e B A B S g S e AR A0, 0t
SCH: T VA« BROE A A 8 0 2R T Dt P S 1) 400 o
YEH#:55 (K12)

WAL, AR5 A 035 3 PR ) B XA [ Y Ak
T R B R R R B I E R, T RE S R
TSR R A ML 5 A A DG, (HIR T B — D 5
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LA, S HBEEE AR OR B R (5,5-
FH 35 O 356 ) L A 10 98 05 1k A 15 O 7, ek
AR, K HEAT I 2 0 3 2 S5 A 0 a4
BLHIIE ST, LA S 1) 9 00 38 0% M 0 B 2B
I 42 Folc s A ) R PV AR 4

4 g5

K — R 8 J7 %, IR A k4 55
T B A1 B AFP I BRI, e
16 pg/mLET, X 7% e 2R B — I P T
PEo G, BLAR I EEE Y B o0 o =
BEWE . AROK TH R (2-FR IR OO AR . RR R R AN
AR T H R —(5,5-H B A IHER, N hE M
WE B A HbE R AR OR R
(5,5-FF 35 O 25 )[R W 35 10 ) T O R A e 0 4R
Ko, I RB AT b b A0 ) AR VAR D PR S R KO A
ALK,
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Isolation and purification of antialgal activity substances from
petroleum ether extracts of the submerged macrophytes Potamogeton crispus and
the antialgal activities analysis

SUN Yingying'", PU Yinfang', YAN Binlun', WANG Changhai’

(1. Jiangsu Key Laboratory of Marine Biotechnology, Huaihai Institute of Technology, Lianyungang 222005, China;
2. Resources and Environment Science Institute, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Previous studies showed that the petroleum ether extracts from the submerged macrophytes
Potamogeton crispus significantly inhibited the growth of Karenia mikimitoi. Further, four antialgal activity
compounds (1-4) were successfully isolated through a combination of silica gel column chromatography and
repeated preparative thin-layer chromatography in this paper. These four antialgal compounds showed antialgal
activities against K. mikimitoi. Furthermore, their structures were identified on the basis of spectrum data. There
are pentacosyl alcohol, 1, 2-benzenedicarboxylic acid, 1, 2-bis(2-methylhexyl) ester, palmitic acid, and 1, 2-
benzenedicarboxylic acid, 1, 2-bis(5,5-methylhexyl) ester. These four compounds were isolated from P. crispus for
the first time, and compounds 1, 2, and 4 were isolated from the submerged macrophytes for the first time. This
paper provided solid experiment foundation for further study. Furthermore, at the concentration of 50 pg/mL, these
four antialgal compounds significantly inhibited the growth of Heterosigma akashiwo; and pentacosyl alcohol and
1, 2-benzenedicarboxylic acid, 1, 2-bis(5,5-methylhexyl) ester exhibited more significant antialgal activity against

Prorocentrum donghaiense and Phaeocystis globsa.
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