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# ZE. %9t [a] tE [Benzo(a) pyrene, BaP] J&—FPFE X5 i) I AFFE A BE AU IR IR 15 4L ), B2 A A 8
WEARRGEN A, BA MM AUF5E AR 3 0B i 5 6k S0 5 A A8 58 (Pocillopora
damicornis) . &R IR (Montipora digitata) TN BE A I (Acropora formosa) MWFFERT 4, 3 BB —
P 27 (DMSO) ¥ 77 X FRZH A 1.0, 12,5, 25.0. 50.0. 100.0 pg-L™ i BaP Wi 2H . 4330 26 0 K| 46
3RVH SR T RIGHRE. M T S — kB g AR AR S B B S SR 3R a B ARk, Il
i “Logistic B LA H A BB gk i (1) L RCBUN R B (ECs) o 45532 W: BaP W8 7 d 1Y ECsg 531048
ARFEHIMI] 47.00 pg- L', FEAATIINE 22.15 pg L' SE00 B A I 5.38 pgL ' ZRA M as T A FREE AR,
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% JF [a] E£ (Benzo(a) pyrene, BaP) /& 3 [El ¥F {1 Ja) (EPA) It 56 Il Y 16 Ff £ 3£ 7% 42 (Polycyclic
aromatic hydrocarbons, PAHs) H1 /6 3 fe K —F . HAM AT 1z, BomrEsm BALAPERTRE, Il i 3R
P T7KHRR . R PRI B R AT S iR AR i AR AR v, SR A 25 R G R N2 AR 1l T A K
Y RUC > BIFFER WL, BaP A LATE S IIA N w5 4, B0 L NADPH (43R P450 C s/, 520 33 1)
IEHARKKE, REhsimaR W 5 d e ieny A SR, W SEBOWH A4kl . 2015 A HEHERE
DU Hh S PAHSs BT /0 8GR 3 158 3.2 ~ 570 1.7 pug-kg ', 1 HI S K PAHs Y BT 5k B 1A 5] 420.2 ~
2539.1 ng-L™', {5 YRR C Ik P A K- BA TR TE R A S AU 0 HAh, XTANG S5 i iF5E R, i T
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WS A — R E A AR LR, 2 S BOMIIAG A R 5 A K B AR BEAE )R [ A 2 A
KAIIET, A FECEAMWIE LS RGN RE S ZREERIR AL . 2% S IR a] WL AL G s, 3iH)
TR HUBBE LR T 70% ~ 90%; >4 R 458 PR 19 7208 T R Ao I8 o 00 it 52 3 i, HUBe D S 8 B 2
0, FBOCEGRCR TR W Eb— B G, R ICEE IR E 538 RS ), s
FOWHIZET-RY, FEME Ak AR b, BT IR SR B LA KON SR a I BEERA T RERET . A
I, AR BRSO A AR OC FO0 T IR A 28 R GRS ) AT 52 AR B OGP, VAN S50 42 i
D[] A v IS P 3, R 3 T AR A2 P I A B . ANTHONY 450 S 5o pipm] &
PRI DR IEIEAL . RGEA 2 . WS TR R B RN T Gy sl 5 0 FH 380 R ke St i) OAr =z v
I, ARWFFEEEXT BaP AR 3 FA R &I (Pocillopora damicornis, Montipora digitata, Acropora formosa)
HGA SIFIALCE B DL 4R a i f X S AR BRAR AR AR Ak, BRITAS AR JE I 6T PAHSs 2875 4y
Yyl o RBER A, ANAS AT DS A0S TR — i AR OC R A B, 38 T DL PR 52 M T e
Bt 2%

1 RS

1.1 LM R A SCE I H RE A A B B (Pocillopora damicornis, P.d) , ¥ IR 3% 35k 3 31 ( Montipora
digitata, M.d) , FETH FEFA I (Acropora formosa, A£) Yk B FEGE 1 7. S2I0 FHAK RN RAR L BERE K, £5
JE 35(fE#EXEREETE, LS10T), pH {524 7.9 ~ 8.1(fH 40 pH 1, PHB1), ¥ %4t (8.0 + 0.5) mg L' (Presens,
Oxy-4 mini) . 246 2T [a] 1 (BaP) W] H Sigma, DMSO I H Solarbio., %5#% A PE i WA 5t 98k} /K46
(A% R 79 cm=38 cmx26.5 cm), W KIER R GE (7R A%, JQP-500F ) .
1.2 LB KSR AN 10 ~ 15 cm K/ B, Y E 5 00 K [ 5 T W i R | IF
i, AEKIGEAATRIIFE 1 [(JEEE:(27 £ 1) °C; pH: 8.0 + 0.1; Eh . 351, SLEerhi% & 1 XTI A 5 i
B4, 435 DMSO % 7 %5 BRAL A 1.0 ug-L™' BaP, 12.5 pg-L™!' BaP, 25.0 ug-L™" BaP, 50.0 ug-L™"' BaP,
100.0 pg L' BaP, &R CE 3 FhoHEs, AR e Hk 0 AN A . S8 rp R K I SR 5B (4 TR K 5 4 S
ARFAH R DMSO Fl BaP %k . 7:00 ~ 19:00 J] LED /K AT #EAT4MG . A8 BITERNESS 0 K. 45 3 K.
555 KL T RIGHORE, A5 E TR A R 5 G IGIR—80 °C vkAE# .
1.3 HERBREZFERNE STIL 1 g BB, FIUE S S84 3 1 7 BB 3 b e 0, OB 3
WIS, BB R R AR . FHB B FEE 10 min BEEORTRA), W 10 mL ITABS.LE
A 1 mL HEEIRZGIRAI (AT E T 0 °C /A7) o B BT HECR FH M40 M 805, WO/ VRSN, T 76 1 20
M B 2, SRS ATHEIX i 20 b B S A TR, T e T4k 8 ~ 10 Ik, BOT-IME
FH A 0 3K Y00 S A A o e T AR, BEER 7 Hm o 5.0 em, AR 43510 0.40. 0.50. 0.60, 0.75.,
1.00. 1.50. 2.00 cm 4 [RAEARABRAE A bR AEY) . FHE IR /K 4015 W b AS [0 5 A R A il S A )
RS 2 R A [ A s A (63 £ 1) °Cs A SN (57 1) °Clo FrbmfEy) I3 -&-#% A i o
R SR WS RO, R 3 s JE BT IR RSN, B 1IETE TS, 25 °C CE 30 min J5 4T RF-
FRBUTT AL, 108 myo BEJEREZE L S i 0 ) PR A A I B b, S BRI, AR
100 my. FERRIEYIIY T 22 (my — my) 5 R ALt B ) R ()=23.435x+10.513, R%=0.99) . %
Je , P BB AL i 1 o 25 A A T A PSS S A i e T AL
1.4 HEREFEMEER a FERNE B 1 g BB, FIVET #8610 AY U byt i1
WCAE eV, PR, 10 min B3RS, B 10 mL TAR A GBS .048 h, ] Whatman GF/F BEF54T
8 A UE B, T 5 B 4T, R o A A RPN S ERATF I 5 min, WYL, F5 R BIEOGES
D, ERZE SmL, 7 4 °C F, BOEAE 24 h, #3534 000 rmim™" 2.0 10 min, 285 HEH 0808 L
THIS R M2 R a TN ERREGR . FHEEFRGIEAE 750, 664, 647, 630 nm P TR IWOGE . M
G a TR S I HY 897—2017 FRifER",
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1.5 HUIBALIE X8R Excel 2010 - &AL BE, i GraphPad Prism 8.0 23 E &, i SPSS Statistics
23 PEAT B LA, P<0.05 h2ERRE.

2 HRS5T
2.1 BaP fHBXHERFREMEER a FEMFN R 1 Al AL X T[RRI, Lo KX, B

IR YHTANTH R a S RBARRE TGS, 5 0 AL, PR AMMITE 12.5 pg L 43R & i 22
S E (P>0.05), T FEAA BB SR A SE iR BE A 0H1 25 5 35 (P< 0.05) o 3 FPIMIAENME 7 d i, iH4 R
a & FREMARLIA B35 (P <0.01) . HIEI 2 ATAL 55 0 pg- L™ 19 DMSO X BRZHAH 1L, 3 Faliag 4t
a S EAEMME AR B R TR B, Frb, SCERRE A I 23 B 7E 100 pg L A 5 d A 50 g L
07 dif, AR a SFEERT 0mg L' 3 MHIIIBES Wl W B AU i 4R a & B35 T R, TR —a
WHETR, A 2R a S PRI . b, SRR5 NI A 20 3% 2 AR BERRAIR, SR B i
AT 5218, SRR EE A SEIXT BaP M0 f5URK
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Fig. 1 The changes of chlorophyll a content (mean + SE) in different corals
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Fig.2 Changes of chlorophyll a content (mean + SE) of three corals under different durations of stress time

2.2 BaP fnBsIHERFTEZRENIM L RMEEEE AR SR a R0 BB A UE S
t KiB 225 i (P < 0.05) . & 3 FIIEL 4 WT51, SE0RE A T A o g Bl DB ™8, F 100 pg L
FiRE 5 d B, 25 T RE # T A % B R (06287 + 0.2489) x10* A4 -em?, A £ 28 H 14k ; 7
50 pg- L™ Wit 7 d B, SETR RE A S A4 B 9 2 P R 10 (0.529 7 £ 0.146 5) x10* A4~ -cm 2, JEE A PR 75 SR
100 pg- L7 Wl 7 d J&, BB T R B A K - [(6.3726 + 3.9607) x10* 4~-cm ], i A0[RI k0 444 F
PR R T A IR 5 R i 1) A O 2R U S 7S+ S iR R R
2.3 WE-RESELAERAEBERIKE ECy AW {#H GraphPad Prism 8.0 Ay AEZE M 115 il £ 5k
AR R ECso IE ), SUAHRE R “ Logistic 77

AR, B SEEAE Excel 2010 HoRs HUSE 2 BE (9 AUH mean FARIEZE SD FeAf hy HUSEE R38R 32 (%)
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Fig. 3 Variations of zooxanthellae density (mean + SE) in different corals
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Fig. 4 The change of zooxanthellae density (mean + SE) of three corals under different durations of stress time
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FIbRIEZE 2 (%) VE N mean(%) 1 SD(%), WhiB He BEAE %160 log10, RAH “ XY DI BEREW ] A GraphPad
Prism 8.0 5 i “ 73 #7 T. HA% (Analyses) " WP a9 i1 £ L& T H., 3% $£ “ Dose-response-Stimulation” I g 1
Iji i %) “ Log(agonist) vs. normalized response-Variable slope” B AJ 4814 H il £ (€] 5), I B shi15& i ECs,
IME.

H 3% 1 AT, 3 RO Y BaP W38 7 d BB BUSUN IR BE (ECso) 43 3R Fa R 35 2 1 47.00 pg L, JiE
FAMREIIE 22.15 png- L', AN FE AT 5.38 ug L' Wi A] 0, 75 BaP JE T, 3 RN 52 68 14K
SR s FEAR TG CRE > JEE A7 T I 8> 5 ol FEE A7 S

£ 13 MR B RIRE

Tab. 1 The median effective concentration of three corals

% WG T HRRE gy iR
Species  Exposure time Regression equation Correlation(R?) (pg'L™M) Confi dirglce interval
A4y bR 3 Y=100/1+10"((2.912—X)x 0.642) 0.994 9 817.40 520.00 ~ 1 517.00
Pocillopora 5 Y=100/1+107((1.989-X) x 0.791) 0.928 8 97.47 61.95 ~325.90
damicornis 7 Y=100/1+107((1.345-X) x 1.377) 0.924 4 22.15 9.15 ~35.86
R A 3 Y=100/1+10"((2.875-X) x 0.464) 09126 750.40 402.60 ~ 1 927.00
Montipora 5 Y=100/1+10"((2.017-X) x 0.868) 0.855 4 104.10 78.50-173.70
digitata 7 Y=100/1+107((1.672—X) x 0.882) 0.903 6 47.00 37.98 ~59.97
£ T e SO 3 Y=100/1+10"((1.774-X) x 1.283) 0.909 3 59.37 49.66 ~73.01
Acropora 5 Y=100/1+10"((1.262-X) x 2.164) 0.9356 18.27 1529 ~21.39
Jormosa 7 Y=100/1+10°((0.730-X) x 0.988) 0.888 5 538 2.95~12.84

E: RPN s AT
Note: The ” in the table represents the exponentiation symbol.

3 i it

IUFIY R L B 1) A R O W S I — R BRI A IR A SCRR AR, X SR AT B RS E
Wit SEHEAEWITE KB, Bl W30 o 6] A 385 o, SHER) 3 SARG VB 22, R B8 ko /K s I S A Y o 3
AIRESE 1 T IIXT T PAHs BA R E ARAVEHT, JF ELINIS2 Whaa i 7 A BRSO PAHSs B B 4R HE 2341
FHE. 3152 BVREE B9 PAHS BORIAAE T AT U S 7 7R S ALk AR AT T — 24908, IXPRDCRENE, JEiett
25 PAHs JL[EIVE IR = A 2 Y R, 7E4R 5T BaP bia T 38— rh o g8 ) A BRAE AR A8 AL A0 52 58
AR, AT RGN LI B FRER AR, SR T — B A AR T 2 R AR
fR TRl A A AE W), BIANEESE | A0 b S ), B 7 SR 1 R e

ABFFEIE T I — e B A AR & SR | AR Uit 4R a B, R U
S AR PG A D U — R B R AR R ROV IR B ECso0 5 2R3RWI, 7E BaP BHA T, 3 Rt
SERETIMCUC : FIRTEH AN > JEE A AR EU I > SCin JEE A I, B 3 MhIMHES] b, SC e EE A SIS BaP Hirid
AU X5 B TR BB ST AE 1 — B A AR S R S A R 2 M e o R,
JAFARABADI %559 (I FE 2518 — 3. E4iE, 2 A IIILE 10 pg- L' 19 BaP 255 72 h 5, KN 1)
CAT i P 5 2 60, T SOD Al T-AOC M 1 35 AR, 1X 2 S EOM PR N 7 A2 id Z 19 ROS, 3 i
SER A AR AR50 TR DR 25 77 T, 40 B AVAH D JE IR SR K P B A R A 7R R L A AL i
PEZ Rl 1 BaP %55 24 h i, Hsp90 HE[N 0925 K-F-16 5€ i FE A W] vh 2 1) 1 4835 5, P-gp BEIN3R
B2 B R8T, Hsp90 FEA AT B HIVEA= Wrbric Yy LA 22 RE A S A A RRECS . A BIFEdial, 7E5h 5t
TSYIRIIRA R, Hsp90 LK AR IB A IR BN (R 2 S5 , 23 WG 3 i 18] B SE A TITAS BT RAAR - PR, A<
WFFEIRER T4 BaP JHr0 U] 14 45 12 7 12%, i 8 AL PR e SR K LA SR 1 B3Rk 22 S P T o
R SEL IR N2 e
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Effect of Benzo [a] pyrene Stress on the Zooxanthellae Density and

Content of Chlorophyll a in Three Scleractinians

CHEN Shuai', PEI Yuebin', WANG Kangxin', ZHOU Hailong', LI Yuanchao?

(1. Key Laboratory of Tropical Biological Resources of Ministry of Education / School of Life Science and Pharmacy, Hainan University, Haikou, Hainan
570228, China; 2. Hainan College of Ocean and Fishery, Haikou, Hainan 571126, China)

Abstract: Benzo [a] pyrene (Benzo (a) pyrene, BaP) is a toxic environmental pollutant that exists widely in the
environment. Corals are the cornerstones of coral reef ecosystems with important values. Three typical reef-
building corals in the South China Sea, Pocillopora damicornis, Montipora digitata, Acropora formosa, and
Acropora formosa, were selected and treated with BaP at the concentrations of 1 ug-L™', 12.5 pg-L™!, 25 pg-L™,
50 pg'L™", 100 pg L™, respectively, with the DMSO solvent as control. Samples were collected on the initial
Oth day; the 3rd, Sth, and 7th day after exposure to the BaP stress at different concentrations. The
photosynthetic and respiratory metabolism rate, the density of the symbiotic zooxanthellae and the change of
chlorophyll a content of the coral-zooxanthellae symbiont were measured, and “Logistic model” was used to fit
the median effective concentration (ECsg) of BaP for the symbiotic zooxanthellae. The results showed that the
ECs, of BaP on the 7th day was 47.00 pug-L™"' for M. digitata, 22.15 pg-L ™" for P. damicornis, and 5.38 pg-L"
for A. formosa. Comprehensive analysis of various physiological indicators showed that 4. formosa was most
sensitive to BaP among the three corals which were tolerant to BaP in the order of M. digitata > P. damicornis >

A. formosa.
Keywords: Benzo (a) pyrene; stress; ECs; sensitivity
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