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Tab. 1 Relevant chemical parameters of seawater during
the exposure experiment

Cu® 529 v
JE/(ng' L)
X4 8.16£0.02  4.25+0.07 30.2+0.3 25.9+0.5
pH AbFEZ  7.58+0.03  4.25+0.07 30.1£0.1 26.6+0.5
Cu#bFRZH  8.13+0.03 16.47+0.67 30.1+0.2 26.5+0.4
HAEATRA 7.57+0.04 16.47+0.67 30.3+0.2 26.8+0.5

A BRA pH e \EE/C

1.2 Z#&FECHINLEHRNZT

M PRAREE 7T d I, /AR 5 mL
Pk, & & Whatman 22 W] GF/F JE(450° C 1% 4 h)
b5 50CT 424 h, 41 mol/LEMRILIG, R E
[AIA 28 JiT %% (Sercon HS20-22, [ )il 5 Hi &% e
[y 81°C A1 8N, ELRIE kS 8 Sturaro % 1PY 7E
SyPTIE R, Bk L RURA B AR AR i)k 38 [
20 K Ak L BUZ T L A A RS P AR
§°C M 8VN IS IR DL T AP

3X(%0)=[ Rsampte/ Rstandara —11%1000,

A, X35 PCE PN, R Forn PC/PC B FEE HEEL
PN/N BB HAA L
1.3 REFEETHEHNE

PN 7 d ), 500 WA AEBRAIRAE 50 mL
B, 5 000xg 4 CELDIUEEBEANNL, SRREho vk
(PBS, 0.14 mol/L NaCl. 8 mol/L Na,HPO,. 1.5 mmol/L
KH,PO, 1 3 mmol/L KCI; pH 7.4)1%% 3 ¥k, K 1 mL
PBS H = HEMMIDIVE, 43I T 5 S Ak A Al i Bk
(0.5 mm, Biospec, FE[E), FfAf B A Py3 B (hu M B
BEAY 2 AG FR /N 7], Bioprep-24, HVIED)SE 4 i e
W WANMBEES, 12 000xg 4 ‘CES.C> 10 min, Y8
T R R A S Y B R L IR TR
A B IYIE

PR RAMES% Aderemi PRI 15,
ARSI TR A bR S AR A 2 S 18 Bligh 4501
(535, FF LA = A5t R H i =W VE M bn o [RIB,
% H BCA 188 H e s i il & (CE T AR TR e A FR
a], HEDI S FVERCGE A, AR
BAGHESH U AT . ARIEL5H E0(17 500 mI/mg
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BEJE . 35 900 mJ/mg A B Al 24 000 mJ/mg & [ JiT),
W B P A R T A R o L BE A . RIS,
PAIX 3 ol figh A 40 T 1) A 2t (IR Sy oL 25 3 v 9 B
iR R A
1.4 REFFEGREHAFHBRANZ

B EaR RS A R B EE W, T TR AR T
FE A TE PERY I 52 . AR IE Kenner ZEP2H5R ) )72k,
T 7 o R ) e A L T AR S A T 1 o D T T
WAF: 50 puL FEMAES PAA 100 pL BSS %K
(100 mmol/L Tris-HCI, 0.2% Triton X-100)A1 50 uL JiE
YV (1.17 mmol/L NADH F1 250 pmol/L NADPH),
B J 48 10 100 L X AL 356 PO W 28 (8 mmol/L) e i [ 1 o
HEA 490 nm AT S 10 min NIROGIEGAE L, I
R T4 RS BHHFE 1 pmol/L 4B K, 2 pmol/L
B 5 I s 2 Y BB SRR A i . I KRR AR A AL
I BE (480 kJ/mol O,), RIMBERINFE, REEfE
il e T FE A L AELE o 40 P Al 40 e (e
1.5 it aH

A A AR bR 2 LLF S (bR o 25 ROR, B
FerR¥ME 6 A~ HE &R . ffi F SPSS(IBM, Statistics 20)

BT84 81, FIA Shapiro-Wilk F11 Bartlett’s
3 ke 3 K i TE S MR Oy 2555k . A IEAR
FJT 22 55 1 09 PR 2E 17 WU K J7 22 53 BT (Two-way
ANOVA) I Tukey Ki 56 . & 3 M 25 5K 2 P<
0.05,

2 &R

2.1 EKEMA CuRENREFE S CH
85N &%k

WK RAL TN Cu™ 5288 7 d I, RARE R R
REACI E T RUEEEN A 813C 1 8N, i, XA E
Ty EEE R R, WKL R Cu A BT
8VC FAEZHAEA, miX; 8PN ANFEAE .3 (P>0.05)
ZHAEH(F 2)o pH ALHZH (-33.94%0+0.21%0) Al & &
fib BR 20 (<34.68%0+0.21%0) () L B 3 8°C (H &
(P<0.05)fIk T %] B ZH (—14.02%0+0.07%0) F1 Cu 4bFHiZH
(—14.09%0+0.08%o), H.J5 W+ 7] JC B 3 22 5 (K 1a).
Sof T LB N A 8N {1, pH AL FHZH (—7.14%0+0.51%0)
F Cu AbFHZH (—7.09%0%1.04%0) 3 55 % 1B 2H (—8.58%0+
0.72%0) TG 1 3 2% F(P>0.05), 1 54 b 3 4H (—6.80%o0+
1.24%0) i % (P<0.05) = T X FE 41 (& 1b).

£2 WHEAHEAESH: BAKBRUM CREN AT RERIEROEM

Tab.2 Two-way analysis of variance: effects of seawater acidification and Cu®" exposure on the physiological indices of

Cladocopium goreaui

T
pH Cu** pHxCu**
sic F (1, 16)=33.683 F (1, 16)=83 525.846 F (1, 16)=22.291
P<0.001 P<0.001 P<0.001
SN F (1, 16)=4.916 F (1, 16)=4.412 F(1,16)=1.924
P=0.041 P=0.052 P=0.184
o F(1, 16)=65.121 F(1, 16)=1.619 F(1, 16)=1.051
W%
P<0.000 1 P=0.221 P=0.320
5 F (1, 16)=0.271 F (1, 16)=10.119 F (1, 16)=17.175
18 %
P=0.610 P=0.006 P=0.001
, F (1, 16)=255.219 F (1, 16)=30.911 F (1, 16)=7.385
I (,16) (,16) (1, 16)
P<0.001 P<0.001 P=0.015
P F (1, 16)=58.677 F (1, 16)=0.003 F (1, 16)=21.116
AE b % @, 16) (1, 16) (1, 16)
P<0.001 P=0.956 P<0.001
RO F (1, 16)=337.103 F (1, 16)=67.766 F (1, 16)=0.493
f L {, 16) (1, 16) (1, 16)
P<0.001 P<0.001 P=0.493
N F (1, 16)=544.241 F (1, 16)=67.247 F (1, 16)=20.369
B 4L (1,16) 1,16) (1,16)
P<0.001 P<0.001 P<0.001

100

, P<0.05
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Effects of seawater acidification and Cu®* exposure on §'°C and 8'°N of Cladocopium goreaui. Data points represent

means, and error bars represent standard deviations (n = 6)
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)(E 2b) X T HUBTEE N YR BT, pH AR FEZH
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i {2 3 (P<0.05)fik T & & kb #41(0.38+0.03 mg/10° 4~
(K 2¢)s

_ _ 0.5
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Fig. 2 Effects of seawater acidification and Cu®" exposure on carbohydrate, lipid, and protein content of Cladocopium goreaui.
Data points represent means, and error bars represent standard deviations (n = 6)
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Hh A A A AR I RE R A L RE TN AE LA L AR
REFE P IE . MR XUA 2Ty 22 0 AT 4 8, /K IR AL Al
Cu®' 52 A 2 5 o R fak A 4 R0 L 9 i k4 TG 3 A7 18
B2 (P<0.05)Z FAFH, T H S AE BT FEAAFAE 35
(P<0.05)32 HAF (3 2)o 4% Ak B 8] 1Y fE 12 5 |

FIE 2L 1 6 1 40 i P4 AE 20 T P A L BB A AR
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Fig. 3 Effects of seawater acidification and Cu®" exposure on energy reserve, energy consumption, and cellular energy allocation
of Cladocopium goreaui. Data points represent means, and error bars represent standard deviations (n = 6)
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Effects of seawater acidification and Cu®* exposure on nutrient
assimilation and energy allocation of Cladocopium goreaui
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Abstract: Recently, environmental stress due to global climate changes and human activities has exacerbated the
occurrence of coral reef bleaching events. Ocean acidification and copper pollution have become the main stressors
in reef areas. In this study, exposure experiments were performed at two pH levels (8.1 and 7.6) and two Cu*" levels
(4.25 and 16.47 pg/L) to explore the effects of seawater acidification and Cu®* exposure on nutrient assimilation,
energy consumption, and allocation of Cladocopium goreaui. Short-term seawater acidification exposure was found
to increase the nutrient assimilation (carbohydrate and protein content) and decrease the energy consumption of C.
goreaui, thereby increasing its energy allocation. Meanwhile, Cu>" exposure significantly increased the energy
consumption of C. goreaui, thereby reducing its energy allocation. Further, compared with the Cu®" exposure alone,
the combination of seawater acidification and Cu®" exposure promoted the nutrient assimilation (increased carbo-
hydrate and protein content) and energy allocation of C. goreaui. In general, these results show that seawater acidi-
fication and Cu*" pollution in reef areas could negatively affect the nutritional metabolism and energy allocation of

C. goreaui, possibly affecting its growth and reproduction in the future.
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