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Analysis on allelochemicals in the cell-free Filtrates of Amphidinium carterae
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Abstract: Algal allelopathy is an ecological or physiological phenomenon that has focused attention on the interactions
among algae and the production of algal toxins. A species of marine bloom-forming microalga: Amphidinium carterae was
selected in the present study to estimate its potentially allelopathic effects on other species of microalgae. The cell-free
filtrates of A. carterae in two growth phases: exponential grwoth phase (abbreviated as growth phase I ) and stationary
growth phase ( abbreviated as growth phase Il ) were prepared, and its inhibitory effects on growth of other species of
marine microalgae were studied under stable environmental conditions ( temperature, light and illuminating periodicity,
etc. ). The cell-free culture filtrates were prepared firstly when A. carterae were cultured phase I and phase I , which was
about the the growth 7" and 17" respectively, and enriched with £/2 medium. The above prepared culture filtrates were used
to culture 4 species of marine microalgae: Skeletonema costatum Prorocentrum micans Scrippsiella trochoidea and Isochrysis

golbana. Moreover, the crude extractions in the cell-free filtrate of A. carterae of growth phase Il were extracted by GC/
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MS, and the major components were analyzed. Results showed that; in the enriched cell-free filtrates, S. costatum were
obviously inhibited in either filtrates of phase I ( F=15.18475, P=0.00298<0.05) or phase Il (F=6.24559, P=
0.03149<0.05) as compared to that in the control which in {/2 enriched medium, but the cell numbers of S. trochoidea
were only about 79.3% and 68.9% in filtrates prepared from phase I and phase Il as compared to the control by the end of
experiment. As to P. micans, its growth was obviously suppressed ( F=4.84438, P=0.04925<0.05) in the filirate
prepared from phase Il during the last 3 days. Little inhibition was observed in I. golbana in either filtrates prepared from
either phases (P>0.05). Cell-free filirate cultures experiment of A. carterae is one of the basic approaches on allelopathy
research. Results in the present study suggested that A. carterae secreted or released some substances into the culture
medium, which inhibited the co-cultured S. costatum and P. micans, and these inhibitory effects could not caused by
light, nutrients or cell contact to gain a competitive advantage. Many algae could release allelochemicals into the
environment which may alter phytoplankton growth to enhance its predominance. Besides, growth of these two species was
more inhibited in enriched cell-free filtrate prespred from growth phase Il than that from phase I . It also proved that the
allelochemical effects on algae were species-specific because growth of S. costatum and P. micans was inhibited, but
exerted little effects on S. trochoidea and I. golbana. Another experiment was performed to further prove the allelopathic
effect of A. carterae . The crude extractions from cell-free filtrates of A. carterae at different concentrations were added into
S. costatum and P. micans culture media, found that cells dissolved in higher concentration after many hours. It is noted
that the crude extractions had the function of dissolving some algal cells. Then the crude extractions were analyzed by GC/
MS. Four components in the crude exactions were suspected to have the allelopathic effects, they were Butylated
Hydroxytoluene, Butyl citrate, Benzene, 1-Chlorodifluoromethoxy-4-nitro-, and Benzyl butyl phthalate, among with
Butylated Hydroxytoluene ( BHT ) was reported with oxidative characteristic and was used as an antioxidant additive.
Results in the present study brought light on the hypothesis that A. carterae could realese allelochemical (s) ; however, deep

research should carry out to explain the possible inhibiting mechanism.

Key Words: cell-free filtrate of A. carterae; crude extraction; allelochemicals; dissolving algae; GC/MS
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Fig.2 The growth curve of S. costatum in cell-free filtrate of A. carterae in growth phase I (A)and phasell (B)
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Fig.3 The growth curve of P. micans in cell-free filtrate of A. carterae in growth phase I (A)and phasell (B)
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Fig.4 The growth curve of S. trochoidea in cell-free filtrate of A. carterae in growth phase I (A)and phasell (B)

2.1.4  XTBREEHEG A K

BRAF M4 SO BTV SRR BUE KA T LB b AE RCRBL AN 5 (A) B . SEge sl B b, 8 iy
BRECMI A A K — R M H (F=0.31194, P=0.58878>0.05) , S2IG 45 I35 BE A3 T 2. 25%10°4/mL,
Xf RRZH 25 R 2. 77x10° 4/ mL, BREFHEG AR AT BT S A K 1T L s u i rh AR RO B An &L 5 (B)
TR HILREEFE AN 3104/ mL 1Y BR A5 ¥ 4 3 78 U8 WO h 2B K 2 BV R S il /E FH (F=0. 07146, P=0.79465 >

0.05) 55 6 KAEKH 2. 02x10°4/mL JEx4 HEALAY 00. 1% . ot 70 98 22 06 AT ER 255 B 4 R 2 40
TR IFA T
3.00 250 -
A B
050 | T SHEaxT A
’_gl 1. golbana-CN 200 F
& — A
= 2.00 | 1. golbana-Filtrate
z 1.50 |
2 qs0 b
5
= Loo |
& 100 f
2
& 0.50
0.50
0 ‘ ‘ ‘ : ‘ ‘ 0
1 2 3 4 5 6 1 2 3 2 e P
I} 1) Time/d

BS5 FEERERHINTREHERNSE I (A RFEERKVBPI(B) EZRBRPEKBLE
Fig.5 The growth curve of 1. golbana in cell-free filtrate of A. carterae in growth phase I (A) and phasell (B)
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Fig.6 A. carterae crude extraction affect growth of S. costatum
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Fig.7 A. carterae crude extraction affected growth of P. micans
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Table 1 Major potential allelochemicals in A. carterae crude extraction

JFe A I3 Bkt ) 44 Bk 7T AALEE/ % Sk
Number Major potential allelochemicals Molecular formula Similarity Literature
1 TR CisH 0 87
2 AT 4R C7H,0;F,NCI 93
3 PR T e CigHz, 05 90
4 AR HRR T R CioHy 0,4 95 [26]

H12 1 T LU M Bt i VA i 2 e i v 2L A R 4 FH 19 1T BB A fL a3 8 02— 2B g R 25 45 1L
G, A82E " HR T AEHE ( Benzyl butyl phthalate-BBP) J& T-457K — H IREG AL &9, & —FhEREE N 40 14
Yy, O EE R IR ( EPA) 14 6 P e silis fez —, T IR (BHT ) & —Fl Fpi sk
F,H. Tuner 27 A BHT EA FUIEaE VRS A RBT i P is vk, A A1 BHT I 804 1K A A 4 ik
P SRR, H IR A T BRALIY R LR A B GC/MS 4 Frh %A 8, Bk, BHT 7 BB 2 ok
A R i — PRI T

W2 T2 AT B AR MR TR 2L A7 ST SR 2 S BRI IEAE R MBI . LR, X e Sk i 5 I
RISTEWERTD) O AR ARGE BN TEA . T el s B 14 40 8 RS 52 | TR N AR 2 5 E B T < R[] b
Il 23 7 AR AR TR P i 20 DRI [ — o ol 2 o AR [) ) A JRS g o 7 A < RT3 i 5 g o i, B I
YRR AR AT M o AN, 7538 5 25 8 ( Heterosigma akashiwo ) (1AL B I3 i %ot 4% 72 3 b 7= A A= 400 1l 1
JH WA oy — S A A G A R 7 RS IR A AR S A R B 2 2 T, LA ) 3L
b A A T TR AR B (A K A (R AR T L AR S S 0 8 SRR S5 5 i ) 98 2 8 0 YK
SERARE (R 2R A ) 7 A AR MR T, X A R e ( BRAEHIE 4 0 ) WA o 3 A AR RAMIVE . X bk
JERAM 4 FH T AL SR SR 1) A= R PR B F- £5 J I R iR 21 AR 1 A K B B e — e R e T AR
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HLA BT LB R S5 213 1 25U B 5T, Rhodes S5 BFS DA Ay S8 CH: 17 VA 358 45 BU7S 380 1 79 o £ 2 30 /)N L
ABOCHON, ASTEAT 3 AT B L BEIEBORAR Y A 4 B ALY R, O HAR SR i B T X IR
A1, A AR SOIR 22 TR R A5 A , JRAT B 45 SR B R 4

T 58 AL ST — oA R8O R R S LR B AR o SR IQIE P LI T, Tameishi ! i FTA
W o A T D P SR AR AT 2B S IR TR I GC M, LA 5 1 BB R pH (L, 3% IR R Bl 1 X 1L S )
B TR, R, l T2 B D5 L B R R, 2385 Hh A e W B LU A R 2%, 2 MO0 i HARZE 4 | TR e 23t
TR FE T AR P S — R AT . SR RGO 3 ( HPLC) (@i S ( GG/ MS) BIK
WEZ O35 ( TLC) HRHIEOR ST RS, & IR R AR T S AL B o 1 A 2T BL .
4 HitRRE

ARSCLASEHE R4 B8 25 B DR B X 4R, Bl SRt i VA A A R e P R Y T B o kAT — &R B A 2>
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AR IERFIR X R 5 P 5 AR R AT I AY 2538 8 W AR BUE R A T % 25 B DRI 4 b Bl 26 3 il 7 F 1A
BRI S A KB BeA 5 5
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O RIRPEI O BRI AP B R I e AR

(3) xbsotE AR AU LR M) GC/MS 238, BREXS RS 152 4 Fhal BER LRI I, 23 51 — T S e
K ATEIR T W I — A be-4-F R MBI R TR,
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