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Isolation of antialgal compounds from Potamogeton malaianus and algal inhibitory effects
of common fatty acids
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Abstract; One active fraction, which mainly contained many kinds of fatty acids, was extracted and isolated from the submerged
macrophyte Potamogeton malaianus , then was analyzed by the GC-MS. The ECs, 3, fraction on Selenastrum capricornutum was
7.90mg/ L. The inhibition of eight fatty acids in the fraction and oleic acid on S. capricornutum confirmed that fatty acids had the al-
lelopathic inhibitory effect and the effect was relevant to the carbon chain and unsaturated linkages , which meant the shorter the car-
bon chain of the fatty acid, the stronger the algal growth was inhibited, and the more unsaturated linkages in the fatty acid, the stron-
ger the algal growth was inhibited. The combined activity of multi-fatty acids showed synergistic growth inhibition on S. capricornu-
tum. Another fraction, which mainly consisted of sterols,was isolated from the extraction of P. malaianus ,but it did not inhibit the
growth of S. capricornutum and had no evident influence on the allelopathic inhibition of fatty acids on S. capricornutum.
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kIR 532 ( Potamogeton malaianus ) , AL VL H T WK A WK AP R HFD 2 — TG 8 B
IR B A IR E B EE 2 R IR T3 ( Potamogeton maackianus ) Bl UBRIR TR ( Potamogeton pectina-
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TR MR -3 (P. malaianus) R [ #iFL e BANRT, SR AW E] S 2008 4F 6 H , % AT By it il ¢
7 B (S. capricornutum ) W [ R4 BE K Az A= WY RIS BT s 2, SR RS 28 3 Jy A e i S o S s .
o- WV BRI ( o-Linolenic acid) ., T-[i% ( Nonanoic acid) . %% i ( Decanoic acid) W H Alfa Asea /2 &) ; WV Ji iR
(linoleic acid) & (oleic acid) ) H sigma /A F] ; & 5% B2 ( Tetradecanoic acid) . A £ ( Dodecanoic acid) Il H
BBI 2\ 7] 5 B SR ( Octadecanoic acid) Wy [ KR8 R AL AR50 2 7] 5 37 H8 iR ( Hexadecanoic acid) W4 [ g =
AL TN, O3 (= W ik 38 ) = 5 & Ik i
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Fig. 1 The crude isolation of the allelopathic G W =30 101, 2 R M A I B

fraction in P. malaianus
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WS B AT, N, T A 0. Iml BSTFA ,80°C S i 2h, N, St iR 1, IMA G H 4% 1ml, i3 GC-MS 4347
ST TR 6890N-5973inert 1k FHAX (36 W L HEAE) , (i AL HP-5, ET g 73, JEAF 1R 250°C , A &
Tpl, A 1. 0ml/min, 2GR E 60°C , £14F 2min, X 10°C/min F+51] 280°C , {£FF 10min. #5458 2H 43 10 Joi 75 %4
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AR SR AR IRBEAR A o™ AR 96 FLARIN iz ek £ eI 1 ff 1) 2 e A=A A1y e 2 8
MFEAS T v (IS R G R R HERE A B R 88 (B 3R 1), B T30k KA A &L, (e 4R
BT BE R 107 cells/ml, I ARE &, DMSO Bhigs (ARBLME0CH 0.3 % ), IR 1% 0. 3% DMSO fy X BELL, 55 55 T
25 £ 1°C, JBIRERE 35001ux, JELEIEIR 72h J5 , BEbR X 430nm A6 6B . SO A 0. 3mg/ L (7 R B b
WES MY, EAT 7 vk A .

# 1 RRIERC T
Tab. 1 The liquid growth medium for algal culture recommended by EPA Canada

Rt griv| W (mg/L) A W (mg/L)
Kaoo# NaNOs; 25.5 MgSO, - 7H,0 14.7
MgCl, - 6H,0 10.0 K, HPO, 1.04
CaCl, + 2H,0 4.42 NaHCO, 15.0
TG H;BO, 185.52 CuCl, - 6H,0 0.012
MnCl, - 4H,0 415.62 Na, MoO, - 2H,0 7.26
7ZnCl, 3.28 FeCly + 6H,0 160
CoCl, + 6H,0 1.43 Na, EDTA - 2H,0 300

MRYETTHAZE S SRR 43 3108 9,10 12 (14 16 18 (1) 6 R FIAR TR, 53 A T i 18, 1
MOFIEE S35 09 1.2.3 B R SV R | oIV JBR TR , 00 3 26 20— fi 7 R X = AR ) 28 B8 1 24 900 11 2080 0 ok 2
(ECs).

TE— G AR I 3 S g i Bty b, 3t 7 3 IR G300e, 55 —2H .9 IR PR AER & 5 55 4 . 6 At AN
RE T RR A6 5 56 =20 - 18 BRAVIRAN T 3 RIS UL RN AR 17 AR (9 106 5. 33 = 2R 1065 7 1 0 o J2 A8 U A5 P — ) T
ECs, Z:filt b, A IS &R BT EC, WEHBATIR A, MR R SR B, @ & 2R A X 6 H 2F 3
FA) 2300 1800 R B (ECyp ) -

T 5 R S0 T 77 1 (0 P K 74 3 BB A3 50 7 AR 8 ik AR B — R R R £ R 1 S e 4
BT EIR G Y ENETE(S)

S=(A,/A) +(B,/B,) +(C,/C,) + -

K S MIRA YRS, A, B, (C S N RA—Y B ECy, A, , B, , C, 55 HIRA Y EC,, B 45 B B U
BE M S<1 M, AI=1/S - 158 > 1, AT =S (= 1) + 1. AI >0 BERHRIMERT AL <O BE4EHERT, 24 AT =0 i)
AR IMAEH.
1.5 #iEa g

MRYE 2 BE T B A X 2, AT

AR R X410 1 3 F AL 30 B35 R I Bk B, LR [l U1 96 45 Bk B2 -0 7 e, 5 ECs, , Bt R
SPSS 13. 0 47 70H7 , i P22 57 R H] One-way ANOVA 734775 .

2 EREHH

2.1 RS BT RPAESHIEEE

2011 MM BT E MK/ RT3 SR (Y H A W0 S A R TR £ T AR U 4%
BE R RCRAE SRR, A fie /ISR A I B2 T2 8 e AR i, SOmg/ L INPGF S A H 2 9 A A i 18
$]59.78% +5.81% ; LR LBRIZ R B MG MR Z ,50mg/ L (] 5k 38. 02% = 4. 17% s FAx ) 50% HIEEK
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100 = 293 77 50mg/L [ ) 3% M o 13, 64% =+

- 2.25% ([ 2) , H AT I Sl R T3 4R ey e
8- AT S PR AL 5 T8 5 A R

- . FH 2% B MR I 1 0 9009 4% S 0 5 B v ik

S o L o7 ¥k BB TS 0. 3me/ L B R B X1

¥ or A FEOINFHIR R 66. 74% = 1. 47%, #55

E wf VIR 0. 3me/L BRER (040 i % 5
i X (P <0.05), WA I v 52 5 45

0L [HECH
FW 212 pEAEF LM EE AN W
R I A T 29 T AT T R S T BT A 1

0
E(Hﬂ&ﬁﬁl Z,ﬁ Z@ $HSL I'é*?ﬁ;f’ nLﬁ' i35 S 7 A _05: & Y

TH$H§¢E%D7§%&% AU 5 S (Fr5) W P s, S0mg/ L A ik
PR S BT 65.76% +2. 64% (HARHE MR K
ig. jTTiifiZg/al %‘;iﬁlts fififiiéfﬂeir)if B%). FiS S/a @ oy, s il Fi5-01 A

Fr5-02,Fr5-01 [ 31 5 3 o4 B 8 3 F Fr5-02,
30mg/L Fr5-01 Xf = f1 7 7F # 09 400 1 5y
67.09% =1.88%,50mg/T IfikE| T 76. 91% + 2. 15%, i Fr5-02 %24 A 2F 384 B B 400475 /. 43 514%
10mg/L H130mg/L Fr5-02 fill A% 30mg/L [ Fx5-01 v, Foxt 26/ 7 36 0301 % 5 30me/ L Fr5-01 B fE H
TR IR R W 2R (P >0.05) , W] Fi5-02 AL H BI&A SRV, X Fi5-01 1y
BRSO W IRAT S M. P SRR (033 AT ST A0 Tk J i 4 43 ( PMFA ) 50mg/ L #6280 43B8E T, 353 T 100%
A 25, R I L SR A BE AR

and referent toxicant
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Fig. 3 The inhibition of Fr5 and isolated fractions on S. capricornutum

2.1.3 PMFA 4 x4 3£ # A F # 8 ECs, 50mg/L PMFA 20 2045 T2 f A 28 et 72h S I8 R 1 45 0 ) i
RATRIET, BAT W A BEACR . HE— 20 5 AN R] e B PMFA. 2 730 3 ff 3 2 B il 2800, (1 4) , R —
TELRPE I, SRAG PMEA X A 25 B0 A0 ECso 504 7. 90mg/L(R® =0.986).
2.2 HEASHMAERE

FrS 4173 32 2 ph N 5 R R £55 15 1 DR 2K ) o 4 R, JFG o S I o R 2, SR BB AN T L. 89 %, IR W R
iR 16, 78% . AR B B 5 45 ST Hh A4 R SR T TN IR BE AT 25 T Haﬁi%ﬁﬁﬁéﬂﬁ Fr5-02 , i i




PR BRIRT AR AT ED TS
7/ IEE% 68%, i i MR 2 M A, AL

st H

0.79% ; &3 T 45 &, Fr5-01 1 g Jlij B2 1 &t 42
@JT 66.25%, i BER Y LY 3. 6 £

(%’22) HS B2 W BT 19 43 ik 3l K T R DT R
KW, FHZE S F e EFEFREREA
1,20 K BR Fr5-01 rh S B2 T, I AR R
A4 PMFA L&A 84. 16% Mg MR 24
o, 85 S B SR I ] — RS i 0.72% 1Y
7 S
2.3 B—EERERRIIE R

ASLIRIEELT PMFA o & B ) — 265 L
REITRR , B fiE < BE 4351 4 9,10 12 14 (16 18 [ 6
PRI TIR , Lh Kttty 18 , ANELRIEE 4350y 1,
2.3 BYIMER IR -V RTR. HLH iR /e PMFA

IR B B A 5k A
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Fig. 4 The inhibition of fraction PMFA on S. capricornutum

# 2 GC-MS %&£ 241 7 4L M A ™
Tab. 2 Composition and content of different fractions identified by GC-MS

o (R & FOYERE()
(‘min) Fr5 Fr5-01 Fr5-02 PMFA
I Wi 16.78 66.25 0.79 84.16
Octanoic acid (Z£i8) 9.67 0.05 0.16 - 1.77
Nonanoic acid ( T-fig) 10.99 0.05 0.14 - 0.60
Decanoic acid ( 252 ) 12.24 0.06 0.14 - 0.55
Dodecanoic acid( A ) 14.56 0.14 0.36 - 1.48
n-Tridecanoic acid( | = HifR) 15. 64 0.04 0.03 - 0.10
Tetradecanoic acid ( & 5% iz ) 16.67 0.50 1.32 0.02 3.08
n-Pentadecanoic acid ( + FL4EHR ) 17.29 0.04 0.09 - 0.21
Palmitelaidic acid( JZ-9-+ 7NKsfig ) 18.41 0.73 2.15 0.02 3.30
Hexadecanoic acid ( 14 F2) 18.60 5.16 20.33 0.47 37.09
Heptadecanoic acid (L %2R ) 19.51 0.04 0.19 - 0.21
9,12-Octadecadienoic acid (V.2 ) 20.11 4.14 18.06 0.11 16.37
a-Linolenic acid ( o~V JFRHR ) 20.18 5.40 21.59 0.18 23.52
Octadecanoic acid ( fifi JEfi% ) 20.38 0.42 1.70 - 2.44
F B2 i 71.89 18.39 96.68 0.72
Cholesta-6,22 ,24-triene ,4 ,4-dimethy ( JH {§§ £ ) 25.78 0.16 0.03 1.17 -
Stigmastan-3,5 ,22-trien ( & f§ 2% ) 27.36 0.23 0.00 0.61 -
Cholesterol ( H 55 i) 29.00 2.07 2.15 1.13 -
Campesterol ( 7 £ %) 30.08 2.16 - - -
Ergost-5-en-3-ol, (3beta,24R ) -( 3 £ {6 ) 30.72 23.60 9.56 14.51 0.72
Stigmasterol ( & i) 31.36 34.59 4.21 73.16 -
Stigmasterol ,22 ,23-dihydro (22 ,23- " &(- 5 {{ ) 31.74 1.28 - - -
beta-sitosterol ( B~y {5 I ) 32.52 7.80 2.45 6.09 -
HE TR/ 5 s 0.23 3.60 0.0082 116.89

* IR A F.

$ﬁﬁ%ﬁ%‘§iﬁ1ﬁ%@2%‘$ﬁfﬂﬁiﬁwl I AHZESCHR " P o I R ( cis-9-Octadecenoic acid ) %4 4% i
B HATIRAR AR, ECso 4 1.6 +0. dmg/L, NI REAT 1 HXT A0 H B4 i 41 IS
AR TR 2 Ffy 7 2 S A AN TR 2 ) 400 T 2807, Tk i e R 14 T R 9% 40 ) 80 L e 5%, A PR 5 i
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T S8 AT i B T R AL R I B R I R BSR 380 2% , EC, KT 35mg/ L, AR g 177 18 1) 410 iV FH 22 5 F ] e e
AR FIIEIR (3 3) . & BRI AT A A F 8 ECy, 4300 £IR < IR < 28R < HHEMR < a- W RIR < I
TR < TRERR < FehiiR < RERRAR. 6 FhiR AR IDIRR 1Y ECs, 58 A1 0T & B 51 A 5 IEAH G (r = 0. 971,
P <0.05) , REEHZ , ECy, fH K.

%39 PR MRRAE T A R i) ECy

Tab. 3 ECy, of nine fatty acids on S. capricornutum

3N JE s 2 ECsy (mg/L) 33191 R 15 2 ECs (mg/L)
Co0 TR 3.69 Cis.0 T s 40.27
Cio.0 B 9.07 Cisa TR 8.08
Ciz0 AR 10.36 Cig. SV 7 i 17.27
Ciao TREMR 18.65 Cis - TE R 10.68
Ciss0 A AR 35.46

2.4 ZTEERERMEKADERRR

PMFA 2073 th Z2 Ff IR I PR ZEL A, L35 40 28 S 5K DRV T A B — Jis 17 P 410 34 552 6 ) Rl b, 4% S5 2 1 A6
Wit T3 AR S X = AR A eSS R UL 4 AR /K AR R BRIBC S RN AR A8 B0k R, ARG R
RN AHANAEH AT 535119 0. 901 ,0. 852, 1. 809, B7K T+ 0, F Wik =Bl 5 i 15 B9 2Bl I 75 152 [ AT W] Sk 64 By
IR R, RIVERL AN T I =2 (), AN [] 6 B2 ) ] — Tt 614 O 07 2, LA R A Tl % L AR AN L AR g 7 PR IR 5
i, B AR Db Rl A .

R A4 IR A 2F i = 2R A4 BEOR

Tab. 4 The combined inhibitory effects of three fatty acids groups on S. capricornuium

B— e B=H
A fei 4 s
B g (mgny Do TEE gy FCoTER Ly B AR
JBTe i (mg/L) LA (mg/ L) BT JEE (mg/ L)
Tz 8.97 0.22 10.57 0.33
24T 0.53 0.82
PR 0.61 0.93
ER:A 1.09 1.68
KA R 2.07 3.19
i g iR 2.35 3.62 6.79 3.58
TR 0.47 0.72
RIATHITA 1.01 1.54
-7 JFRIR 0.62 0.95
S 0.526 0.540 0.356
Al 0.901 >0, thEI1ER 0.852 >0, h[EI{EF 1.809 >0, {3 [FlfE A

3 it

S AR DR A LA ) BB, HE— 25 B 43 85 M R I i A W T P, F ] T T SR MR TS 1k 7
BN LSy PMEFA %2 phy B W R 2540 R 4L A, GC-MIS S5 G B — i iy R 20 1 5 Sk v 4134 ) A 1 ek
7 B G 5 K0 S A A ) 22 b Gallardo-Williams' ! 45 Y 85 15 5 46 S 2 W07 B3, AT 7 53 ( Typha domiin-
gensis P) BIKIZHE 23 B3 BIAT 16 VLA SR oS0 JBRIFR 25 , 75 H8 D 0 rh-to A D0 31356 19 ol G 5 7 5 Nakeai '
2 DREAE AT RS 6035 S 0% P RS O rh A 3 2 R RS IR, T TR S RE MR AR AR BB S R L R 45, 75
Ph SR 2 S DR , TR, -G, ITT-O - T2 A S M ) I S ol 36 ) A K 5 B 2E 7 DA K T 7 A A 4 3 £
3 ( Chara vulgaris L) H4> BSF55 3 TR IR A0y 5 W7 SR A R N T RE R, 2% B 3 i S 1 iR L
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B[R] BE 3BV E . A T) AR AL A P S Bl 3 AR LB R v 20 s B I W R R 26 L & o AN ], A=
YR AR e 25 5, SRR IRV 1 /I A — B0, (H 3 6 S 00 940 408 7 g U e 25 00 o A AR 35 4
TS, 1) FH 33 A58 10 SR 40 i /K A ot 26 A 1 ELAT T TE 1 T g

NN RRAE R — 2 o, KEAAAE T AT, B 4 - 36 MRIE T, 2808 12 - 24 Avbik, £
AR BSCRR A PR AL AR R , 16 L 18 AR BT L ARS8 rh sk 6 1 A7 AR T SR IR T2 A HL
T B WU S B A — 58 S0 AR KL R 9 Fh I U5 1R , BIF 5 b i U7 P %of 2 A 1 2 9 0 2 k) AL, 45 2R B
JITEE 9 Fh IR TRR MBSOV KN A TR > HIR > 2812 > I HERR > o- W RRAR > WM AR > DAL > AR >
TR ,6 FhiR AR T RRAR R TN 405 ECs BATAHICHE(P <0.05) , BV UG 5 B2 Bk B BT , 41056 05 1k il i
Nakai' """ SR 1L IS0 5 X ¢ 08 40 ) 4% 59 o P 4 05O, 1R R e P £ 7% 4 5
2%, 5 IAE e — B0 [R] WAL 5 R 6 44 5 TR R IR D5 7R , 35K T R -5 AN AR RITG 01y 7R 4 A RLEE , ) B AL
R A W T S AT 635 P B /N 5, Allfotta ™ 45 285 BIF TS AN -1 JRRIER B8 305 1 T 3k A F &M
FALTPITIT AN SZ: o-MEJRFR AR B AR S50 v 5 A — > SCBHE ) TE TR 5 P 3 7% P U ) S 9l 7 R = Sk
M o-SEBRIR , oo- S0 R 195 14 SO T SE TR , 3 T BB i TS [ ) o 4 A T B T, A0 7 ) IO 1 R/ VAR
IF] 4 , B B LA 75 i — B AR

X PMEFA sl > i) = 2R 5 R 14T St 40 il & B BR T MR X -/ A A3 EC0 2 3. 69mg/L,
/NT PMFA ) ECs, 7. 90mg/L Ab, JL 43 JLAR G Il B2 EC5, &K T PMFA 11y ECy,, L AE IR BR EC,, 35 )
40. 27 mg/ L, T HLAW ] T = L Y ) S AN T 2 | 5% R 55 & i B I8 ik /N T AR R REE i 2 4606 P 25 M W) I (3R
2) XA EARE PMFA X 2 £ 2 B A0 30 K00 A 2 FE A5 2H A 43 (9 41 S8 2550 7 174 15 BRLN R, T g 2 22 o
Y LA —5E LIS Ve TS5 3. LART AT SEAE B 25 Z2 R A& W SE IRV T T A ORI, 7E 4 ) R 9 2 15t
A I (322 i W= S DRta 1 12 LB v S % o) A IR 2 5 AR 1 K IR R S/ S N SR UL 1 S
HIRTAEY) S 1-RE RSB LA SE 25 P B PTG A T AR RIS, i BE 2 ORI S 1 - R 26 W 3 () 0 okl 1
FTTACTY  F 05 1 0] R A5 PR 56 PMFA o 3 B2 2 i 1) B 5 R 106 5 14 P A BF 98 2% B 46
B PR RIIR IR , A [ Bk B 74 100 B2 AN [R] 1) A I R S 2 T T 07 2 1 K5, 1 8 /s 1) 2 BIR IRI S e A T, i
WG U5 R 20y o 7 E A I REIK G 4280 3 Ao bIp [m) VI 6 22 o 0y o 7 I 1700 2 1 iR T Bl /R T 2 0, 3 3
AHTRIIM 8 B 30354 B2 04 T AR XD AN AN IRl W) SR A, AS (] B TRE LU A5 2, IR IR S R0 A AR B o 22
). T 28 AR [ FEE TR L A% 1 VU S 2 5 R 1 % o A 0 O ) A0 P 388 AN [ AR 1
G RAALRTTY 3 G, FRIL S 19 BRI A/ IMIA X 9 FRARIITRRIE A 1 ECs 4 8. 97mg/ 136 Fiif Al
NEWTRIK A ECso 2 10. 57mg/ L5 18 SRR ANARHT AR FN 3 FOAML AN BRI A 1Y ECs A 6. T9me/ L. =FhEK A 1E
FHH 18 SR FNAR T RRFN 3 FCAHLAINE ITBREX A WM R RN B3R , T 6 it A i i R B A MR R RN /).

ARSIk K B A H A BB RIE B2 73 Fr5-02 32 200§ B S oL, F 475 3530l 55 1t L 22 4§44
P G B4 S MRS A S BRI IR VAN T A SRS, E R AW B A | (S R (AR U7 R e N R R T )
5 ST Rk 655 ST S RAFAE ™, SR BRI 0 3 317 TR AR P, 2 A b —Fh Sh REPE L4y, 76
TR MRSk P b KR A7 A E HH S 7 1 2 0 I P 400 0 280 7 A B, 345 Greca' ™ 45 ) Th 85 3% ( Zantede-
schia aethiopica) RINFEECT 10 R E EEIEY) T, DA K Aliotta'"! & MK R S5 ( Pistia stratiotes) Z, T8 £ g $E B
TP 3B B A T A S S B 4 16 M 2 SR AR

4 g

ARSCMIK A A ) By A HR T2 PR AL 20 B A5 B0 34 A 2 A S0 0 4 28002 F) 2 73 PMIFA S5 FUEZH A
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