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m S RE KR E S 2 5 XTI 1< 45 i 48 fe
gE. REEEAREMESRIFHZME

HEm > o gEEY OB O£ AzR Y
gﬁﬁ%‘—r__ 1,2,3 E \]% 1,20
(1. FEBFGH G R R EYRERSFRRR SREFRLD IR MG 264003;
2. HEBMEEH G R IT  BE R RRG ARG WA ME 264117,
3. MEBEERERE LT 100049)

M= 7 18] B 3R AR R B A i R B ka3 K 4 85 (Crassostrea gigas) %% BL& . &AL BL g An
fERB T, KFFE KA 3 A B (microplastics, MPs) K F[ T 8ok, Nk 42 R K L
FHSPS-MPs, 6 um)#n Kk ki 12 K 70 i 2 BH(LPS-MPs, 50~60 um)]#1 2 AN & ACSF(20 THr 25 °C)
MKHGEHATT AM 20 dNE—FELRFE, RN T AAKHEF mBh k[ EraEE. Fi
#(reactive oxygen species, ROS)&E]. HR G EUR REM X LR KL T/, AREREHN,
SPS-MPs 5 7 i 3 fm K 4 47 fw otk B, 28 i o ROS & &, PR du4m e &g 78 M, 48 77 SPS-MPs & M 1F
FERE, S MBS hEERE T KA FECRAS PN ERESE, CHXLTE PCR &
RE®, FFiE 5 SPS-MPs & & % 7 41 K 4 #5 JH AL R 4 438 1t |38 #Ik 7 & A 90 (heat shock protein
90, HSP90). # [HF kB 1§ #| & ¢ (inhibitor of NF-kB, IxB)fn p53 L H Kk Kk BHATRENEL; FFES
AR ERER I T BA L pS3 RE KA E, BrpS3 XRS5 THRAL L RAE. &2, #
BREWMBEREARBRYHMKAGNE N, RERNMGEERM, FES SPS-MPs K £ &
] HE XK S B A B R R T M

KR KHS; WER; AR Rk RERHE

hESES S917.4 XEERAEE A XEHS  2095-9869(2024)01-0161-11

OB EHE R RAR/N T 5 mm YRR Fr, 2R 0, JFRE R R A | SRR A T B (Bakir
BRI Z — HEMTIE MR MIE et al, 2014; Qiao et al, 2019; Bringer et al, 2020; Teng
Bl S E RO B AR TEIRES, BRIty et al, 20215 ERAE, 2019). #l4N, Teng 55(2021)#F5E
PRl RN R R e AL . e . e KB, OB ER T LABUE KA Wi (Crassostrea gigas)
SR AR R TN SRR L B R YR S R () A QI 51 & A W5 1) 98 5 S Opitz 55(2020)
REW5E LI, OB R R SR A Y ag  BIURBL, REERIOCH L OB G DL (Choromytilus
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chorus) i) RE 1t -1 11 AR JRE BR 1 5% 0 B /N o /INRE AR
IR R 2 R BEEF IR 1 (Ruditapes philippinarum)
I 94 O 248 B 9 T 38 T v (WA AR A, 2021)0 1K, AN
[RIREAE R/ N B T B A2 X 35 28016 DY (Perna viridis)E:
HAE W TETERON , KR (300~1 000 wm)iY R4
A% PS). BN M (PP)MIR T R T WK (PBS)
IR 5 o 2R 42 (30~300 wm) FT/NKLAE (<30 pm)
FLEA R AL, AT RE S EIE ARG DAL T2 R T
(Phothakwanpracha et al, 2021),

A BR AR W A A5 Vg v A W A T R T R 1 g K R B
T o B EBUM A AR AL & 1122 B2 (IPCCO) Tl
# 21 22K, R T 1.4~3.1 °C (Pachauri et al,
2014), MK E T m R DR R N, . KE
A BE At A 45 2 Fh A 3130 7 (Rahman er al, 2019;
Rahman et al,2021; Wu et al, 2021; Zhang et al, 2023;
BHT 4%, 2018), Coppola ZF(2017)WF5X & B, R E Tt
15 2 X R 0IG UL (Mytilus - galloprovincialis) = B & Y
AT . AR R, BT = RE A b G n 4t
Wi(Crassostrea virginica)AMMIHT, FH-RES | #R
324 H (heat shock protein 70, HSP70)FEK mRNA ik
1 1 T (Rahman et al, 2021),

TR RN ARG H, gAY ST 2R T
15 G55 2 Fh PR B0 1 (Abe, 2021; Andrady,
2015; @i, 2022; FLHERESE, 2022) LITEMIAFSY
K2 TF J (U I RL B0 B2 A8 Ak X0 ¥ 1 A ) 1 B — R R
5256 (Paul-Pont et al, 2016; Pei et al, 2022; Rahman
etal, 2021; FRALEE, 2017). FHEMBIBRE A 5
RIBIF 5T 2 B P 7R IR 7K 4= ) (Kratina et al, 2019; Weber
et al, 2020; Wen et al, 2018). filln, R LMEHEEE
IR 5 6 IR K I DL (Dreissena polymorpha) W2 &
TR BRI IT R B, BRSO TR DL Y 52 e K T 8 R
(Weber et al, 2020), Kratina 55(2019)if 57 £, HE
RENS UL R S R ER (Gammarus  pulex)fRi%

ISR, TEAIR S5 0F T AR 3R B TR v BE A 15

TN, T R 5 e Tl 8 45 1 T A 3 B 2 0 o
R 141N S T ARG . Wen 25:(2018)7EFR5E THE I b2
B B BRI f(Symphysodon aequifasciatus) 5T H &
B, TS RO R A R R X VE A il T M LA PR
JH, T0XF R 17 TG P I 2 S e o A O T il A A
825 R RN E ) T 8 D (Ferreira et al, 2016;
Fonte et al, 2016), flllll, Ferreira %(2016)1E 45T TF
TR 4 K ORE (Au-NP) RO RS G 2 88 X5 1 K AF
& ff.(Pomatoschistus microps) RIS &I, 16
ST, Au-NP 25 0T HF 58 (AN ARG W PR = AR
ANF e B USSR, R RGO R S R

XoF e A A PR SOV A 9 IR R L ARG SR A 3
TSR RLK S [T OB R . /NRL AR 3R 2R & 0 T 8 Rt
(SPS-MPs, 6 um)Fl K715 B 2 M T ¥R (LPS-MPs,
50~60 pm)]Fl 2 NI EE K20 'CHI 25 °C), R F+
T FIGICE T A 05 10 240 P D) 6 | A QI N f i
PRI IR R SE IR, DU PEAT 4 BRAS 2 75 505 15 Qe oyt
TR VE A ) 1 B PR AR, B R S HE

1 #RE5FE
1.1 SEIgHE

2020 4F 5 H F AR 7L LK 05 57 5 3 W S
410 H K45 (Crassostrea gigas) (561 6~8 cm) H T &
GRRERI . EWITIAET, BAHWITE 40 L Y55
FCH 3% 2 JH[ERE N 32+0.4; 1% 4(20+0.2) °C; pH
h 81021, B FWIN, &K H/NEREE (Chlorella)
(1x10° cells/mL)MEFE 4405, FEFHIF K AF 2 d THe—IK,

12 WMEMITERSE

SPS-MPs (6 um, 2.5% w/v, 10 mL)Fl LPS-MPs (50~
60 pum, 2.5% w/v, 10 mL)¥4J 03 F KB A7 B AR i
HARIF LG, A 022 um BEREUERY Milli-Q
4l K fic il SPS-MPs TAEWR (MM 4 x 10°4~/mL).
YRl T34 60 S RN T AR A 7 6 P A B, o Lk
Y5y, it AT BT (SEM, H Az S-4800)4G 7
TR R AR TIE S (1),

1
Fig.1

LPS-MPs(A)F SPS-MPs(B) 14 i T . f B &
The SEM image of LPS-MPs (A) and SPS-MPs (B)
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1.3 IRt

KA W B 725, BENL R 6 41, 433k 3 A~k
SR KE[TC R . SPS-MPs (6 pum)F1 LPS-MPs
(50~60 pm)]Fl 2 MREEK-(20 ‘CHI 25 C), it 6 4>
RO E, RITTHEFN PS-MPs & 4 2 58 RHS 4 05 1
o, REEIIERSE 21 do BAEFERA B 3 KA
(40 LVEREL , BAKFAFRIHE 20 HAtWE, % EEK
S 05 P A0 o 3 07 RN PR e e /K L (Sun et al, 2022),
25 CHERFHE &, 20 °C R 5250 A 1] PR 52 Bkl
SEWFFAA T, THIE 4L A K R B B RS IR EE (20 C)
BRTE 2 CEWTEE 25 °C, K058 08 N
25 CHIZKIE . MIBRZ TR E R 1x10° /L, 45
LK R R TR 1 YK, JFFE R 2 5 A TS N sk
IR, TR 21 KRMH, BUEL AW
PRFNEEAIL, WARIRURIG, —80 CIR I

1.4 In#HEBHmEX REER

R YA T S5 i A BB A 05 1l 7k 12, 28 300 H
gt ugfe , MG A PTEE R A, R Ik A
AorEE 2 45 500 pL HH TIPS (reactive oxygen
species, ROS)FIAFMETE M (A RIN , R 5 2008 R i
BHL 4 °C L 2000xg B0 10 min, FFLWER, A
A48 500 pL A9 PBS, FELL 4 °C | 2000xg #.L> 10 min
JG, I EW, AR 028 vh i W AT A R B Y
LioRTII8

FKH 27- "R A ARNEEK MR QLT
dichlorofluorescein diacetate, DCFH-DA) %% St £ 4
(Sigma) X I Ik % 2 20 v (0 8 P AR A T ARG o o i 9B
L 40 9. (500 pL)sh A 5 uL % t#% DCFH-DA
(0.01 mmol/L), #%, 7¢ 18 CIRAMFE 30 min, 7F
PO 488 nm . AT 530 nm [ 551F T,
AR AMHEAY(BD Accuri™ C6 flow cytometer) X

AT . EMLET, RA 300 HHLNE, HBHE
FL-1 3838 B9 2¢ 0 BE 0y JU 208, SR ZRAE I bk
401 ROS FI&

KR HER(YG 2.0 pm, Polysciences, 7))
XoF 1L 200 6 ) A e PR EA TN A o K 250 L f R AW
MKELE 23%M 2 EMEREITIR G, FFREHE
60 min, A5 ARG W P AAR /R BAR(15 pL)Z 1k
N, Zeat 300 HifZHE g, R WAL FL-1 i@
TR, R A 3 /B0 22 9 Ik g I 40 A o A
) I 240 S 5 E A8 T A B Rt B I 4 e 3 1

15 WBESENE

05 9 A i 2 20 R i B SR R ) i e
2, I/ WURE RS IR0 e A TR, WA SE H R
R RAEY) TR . e BB A 0 O kb AT R
M, A7 A mg/g 4141,

1.6 EEIMNFEXERR mMRNA Ri&

SR A5 S I8 21 RN X R A K A5 (n=6) 1) T 16 B R
R L0 VAT HE R A mRNA Rk, F-80 CHEAF
FH TRIzol i (Invitrogen) 73 25 #£ HUEL RNA , Nanodrop
R A RNA ¥R . cDNA FHbi%% 54l M-MLV (Promega,
FE)E K. ZHF «B M8 [ (inhibitor of NF-kB,
IkB)R:IN p53 B[R HSP90 F:[H ) mRNA ik %
FI StepOne Plus SZHT %6 % f# PCR {{(ABI /A H] , 3£ )
PEATARIN . 26 E B PCR TSI M5 B L 1,
FESESEAPIN F 1o (EF1a)fE R NS,
1.7 HEBRER

R T ISR AW S AR, SR B R
1reef, M SPS-MPs 7EAR I flBe T HoME I,
HX} LPS-MPs #1715k, B5E, HEEARELR
AR PR R AW, IR R R, RS,

K1 WHEE PCRI#MET

Tab.1 Primers used in real-time PCR

FH nALEILY] K514 HH EEPUN
Gene Forward primer (5'~3") Reverse primer (5'~3") Gene ID Reference
BHT «B M EA CCCTTCACATTGCCAGTAG ATTGGGAGATGGGTGTTCT DQ250326.1 Zhang %
IxB ©(2011)
53 ACCCAGCTCCGACTCATTT TCATGGGGGATGATGACAC AM23646s  Farey %
(2008)
PURTEEH 90 AGCAGGGAAGTGGTTCAGTCG TGACTTTGCACAATCCCTCGTAC ppccoo . Cao &
HSP90 © o (018)
SR AT 1a ACCACCCTGGTGAGATCAAG ACGACGATCGCATTTCTCTT BQ426516 Sussarellu %
EFla (2012)
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J T EMREL, ¥ LPS-MPs %] Shim 2£(2016)1 )5
VAT R B LT YL, 7 20 CHI 25 CRHK 4G TR
BREEE, RERKMUHEEFIEARAS, FmA
180 mL 10% KOH #120 mL 30% H,O, #4714 f#,60 C
HCE 24 h, SRH] 8 pm JEBE(EHEEGT, T EDFfT RS
g, SRR BB R T T SZX10, H A )Xt
LPS-MPs #4745 (Munno et al, 2018),

1.8 HiESH

LE I LT P 45 HE R (MeantSEM)ZR R o ML 4
HLHE AR A B 1 FlowJo 8P HEAT 00T o Kdi 0 1F
PRS0 R A Shapiro-Wilk #3596, 77 2257 PERG 560
Levene A5 o X T ARFFA 1E A543 87 22 55 PR RO S
HEATLL 10 MR B X B e (1g) . R SPSS 22.0
HEATXUH & 7 22 930 T (two-way ANOVA), P<0.05 #IA
FHEA BEME, R LSD K4 (LSD test)iF /72 & kb
BT

2 #R

21 MmépEZEIstR

THR AR & 58 21 d J5, &40 KAk
B4 I 96K B S BEFR AR A ] 2 FifZR . ANOVA 431 61,
FH TR Y kL B A 2 R K A 5 1t gk B 40 P
ROS Fr IR 1 T 135 1058 1A FH(P>0.05)(3% 2).
SVATI S, AR T , SPS-MPs K] il < 41
W 6K B 4 M A e 1, B i ROS 7R

22 HEEE=

THEFIARIE 475 21 d 5, S0A K4
W AR L OB SR S A B 3 s . ANOVA ZAT
R, FHE S OB E A 25 XHH R LU s R
i HA B 3 098 BAE I (P<0.05)(3% 2). THRAENE 158
TR R = 15 S AEH , 25 ‘C+LPS-MPs B &
T 58 20 R 0 7 T B 4 2 HoRE UG B A L T T
TR LPS-MPs Bl % 72 4t 2 38 10 (P<0.05)(& 3).

23 GREMAXERRZEE

THEABOIBRE A& REE 21 d )5, SOHE K4
W AR LU B OCHE ] mRNA YRR ANE 4
Jli7R. ANOVA A, THE SHIERE & 2 885t
KA WG IR HSP9O . p53 Fl IxB K& [H i #3k
1 BA W E A TAEH(P<0.05)(F 2), 25 C+SPS-MPs
B ERBRARAYH R T HSP90 . p53 Fl IkB HEH
FkmAH T SPS-MPs HIFH i B 22 55 2 24 . & 7t
(P<0.05), BRI MBS 5 HSP90 F IkB

FERF A AT X 84 IR . Bk4h, 25 ‘C+LPS-MPs
B FBANET LPS-MPs PS5 (e i R4 IxB
FE IR ) 26 355 (P<0.05)(E] 4E).

A _
12,000 |- —— B Control
—_ a 1 SPS-MPs
3 10000 [ LPS-MPs
a
wS 8000F g
&g 1
% 2 6000
R
& 4000 F
8
& 2000+
0 1 L 1
20 25
{RLJE Temperature/C
B [ *
50 N *
3 I Control d
R 401 a 2] SPS-MPs
&é‘ F 1 LPS-MPs
M= 30
#q3E L
He 3 0t b
on
< r a a
£ 1oL
0 1 1 1
20 25
1R E Temperature/'C
2 FHEANGE R X A 0 M bk T G B TS B 4 5

Fig.2 Immune-related parameters in hemocytes of C. gigas

exposed to elevated temperature and MPs
A WIRIER (n=5); B: FIWEIEME(=4~6). AFTHIR
ARV AL K- AN [ il B K P Z TP A 2 22 5
(P<0.05); A5 (*) R AR KE T A R IR K- 2
[E)F7AE i 35 22 5 (P<0.05). FAl.
A: ROS (n=5); B: Phagocytosis (n=4~6). Different letters
indicate significant differences between different
temperatures within the same MPs level (P<0.05); asterisks

indicate significant differences between different MPs levels
within the same temperature (P<0.05). The same below.

THEFBIBRNE A55% 21 d 5, AAbH KA 5
BHZH 2P A A L mRNA (ka0 & 4 Fs
ANOVA 53 Hr 2B, RS THE S & 2 i X 5
BHLAHLLR p53 . IkB F HSPOO FEH ARk R0 g 2%
EHAE(P<0.05)(3 2), 25 ‘C+SPS-MPs & A4 ##4
KA UGHIH 2T HSP9O JEH (/) kAL T SPS-MPs i
MR R A W E AR (P<0.05) (K] 4B). 1Lk, 7E 20 C
ST, OB RLERER 2] p53 BRI ERE & MITE
25 CHAEF, MUBKRRESHES ps3 A RLE
(1] 4D) o T BA I T I BRL ik 2 5 A A5 T ) B2 R 2
FHEIN IcB HE A (1) 3635 5 (P<0.05)(E] 4F),



CER ] FZBA: FHR SRR OB & B e WG M 40 MO BE . Syl 5 B e 1k R Re H AR 1 s e 165
®2 FEMBEMREXNKEHRDMAMINGE. RS EMNEREERRIEHRIEOUH KT 270
Tab.2 Effects of elevated temperature and MPs on hemocytes function,
glycogen content, and the expression of immune related genes of C. gigas (two-way ANOVA)
E=1aN THi TR THE < Wk
Parameter Elevated temperature MPs Elevated temperature x MPs
1fiL 2 it WA F(1,24)=1.255 F (2,24) = 4.615 F (2,24)=0.202
Hemocytes ROS P=0.274 P =0.020 P=0.819
R F(1,24)=1.624 F (2,24) =3.720 F (2,24)=2.036
Phagocytosis rate P=0.215 P =0.039 P=0.152
Ak R B F (1,18) = 17.589 F (2,18) = 4.837 F (2,18) = 5.246
Digestive glands Glycogen content P =0.001 P =0.021 P =0.016
HSP90 F (1,30) = 5.783 F (2,30) = 11.005 F (2,30) = 10.255
P =0.023 P < 0.001 P <0.001
IxB F (1,30) = 0.208 F (2,30) = 5.622 F (2,30) = 6.946
P=0.651 P =0.008 P =0.003
p53 F (1,30) = 0.866 F (2,30) = 1.461 F (2,30) = 3.485
P=0.359 P =0.248 P =0.044
i HSP90 F (1,30) = 7.300 F(2,30) =0.281 F (2,30) = 5.032
Gills P =0.011 P=0.757 P =0.013
IxB F (1,30) = 0.968 F (2,30) = 1.865 F (2,30) = 3.454
P=0.333 P=0.172 P =0.045
p53 F (1,30) = 0.281 F (2,30)=1.056 F (2,30) =8.721
P =10.600 P=0.360 P =0.001
T IR BA .
Note: Significances are highlighted in bold (£<0.05).
55 I Control |#| 3 -LTJ--L/Q
g 1 SPS-MPs — _
§ 0| [ LPSMPs 2 31 MMk EZIEIR
ﬂ;“éﬁ g 15l i TRZUFFERM] , IR B BT K iR E W) i
wE [ a2 b N ROS /=4, ROS fl#fidEH LS (hydrogen
5 o} peroxide, H,0,). ¥ A % (hydroxyl radical, -OH)HI
g" 5+ 8 42 BH B T (superoxide anion, O*)%F, HAE M4NIEAE
3 ,l . . . AR A BRI, SRR, SEC
% BB Temperature/C REARI (Landis er al, 2005). HHF5EN, BELME

B3 THEAROR AR5 8 X A5 8 AL
AU OBE R B 5 T (n=4)
Fig.3 Glycogen content in digestive glands of C. gigas
exposed to elevated temperature and MPs (n=4)

24 WEBREK

BRI T, R 05 26 A RN 4 20 e
) LPS-MPs 411K 5 s, Gkasf g, fERK4
W05 149 28 (5 DA R T A U T A 2 2T i S B DB I B 3
#1 LPS-MPs.,

IR AL 2% 88 ] S UG DL (Mytilus spp. ) I 20 J0 15 74 480
FRE, WsRHTAALEFIE PE(Paul-Pont er al, 2016), 4>
LA fa (Sparus aurata) (e 5 ZE N 12 H R (PMMA)
YUK IR R ER JE . REUE I A LR AR Bt AR Ak S
(Brandts et al, 2021), A5, SPS-MPs Hf 2 #7
RENS b 25 3G I A Wi bk L 2 21 b ROS &8, XA
AES&H T SPS-MPs 52K 4115 1k 0 41 4U% A Ak
NS 2, 1 LPS-MPs 2% 88 %5 45 1 bk 2 20 A
ROS & JC W& 50, BT #R/ , XH 4
W5 120 L ROS 5 1 BYSE IR . 5 Z 264, SPS-MPs
T 55 RE M2 1V T A 0 DAL bR X0 00 L %) e s 0 1, e ) G



166 W B R 5545 &
1Ll Digestive glands il Gills
8r A HSP90 - 20r B . HSP90
71 o 18}
- — r a
Sl o cone Blsf 2 ] Comrol
s | [ LpS.MPs g 14f 1 SPS-MPs .
%g 5 mjgg 12k , CJLPSMPs 1
’ [ a
RE4r . ®ELOL
B0 &8sl &
Eelr b @ Ze b
:; 2L a g 0.6
2 L a a S 04f
| 021
0 1 L 1 0
20 25 20 25
¥R )J¥ Temperature/C 1R Temperature/"C
p53 * 18 p N p53
L C ,_| b ,—| *
1.8 [ Control a < 1or a *
T ;| EESPSMBs & 14r B Control 2
2 °p LJLPs-MPs . w5 12] [ SPS-MPs
0.8 12 a H 810l [ LPS-MPs a
Hg o b a RE T
®eo9r ' 508F e b
s E 2 osf b
Egoef g Ol
B 3 3 0.4 r
g 03 02}
0 . 0 .
20 25 20 25
{5 Temperature/'C 15L& Temperature/’C
35rE . IkB 7 F IkB
— 30; ] = — 6 *
% it a a % . Il Control
= 25F Bl Control =5 a [ SPS-MPs
e T ] SPS-MPs el . ] LPS-MPs
ﬁ g 200 b| [ LPS-MPs ;ﬁ 8 a
o
zE15F b 253l . @
Ze 1 a gy b
€ 1.0 g 2f
5 | 0
M 0.5+ M1k
0 1 1 1 L 1
20 25 0 20 25
15 # Temperature/C 1R Temperature/C

&4 THEANGOEHR E A W5 T A R AN S 2H 20 G e A OCHE PRl mRNA 335 15t 152 1] (n=6)
Fig.4 The mRNA expression of immune related genes in digestive glands and gills of
C. gigas exposed to elevated temperature and MPs (n=6)

50 pm

K5 REILER N KA WEEE b (A)FIZH S0 # )5 (B)FY LPS-MPs
Fig.5 Microscopic view of LPS-MPs in feces (A) and after tissue digestion (B) of C. gigas
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40 S ZE e, T LPS-MPs XK 07 i 34k B 48 it )
FTWEIEYETCR . [, JRFEIR DL (Mytilus coruscus)
BT RIRCHVOIBRL 21 d J5,  Hoif ik B 40 i 1o 75
% 35 PR 32 240 i (Huang et al, 2022), Pavi¢ié-Hamer
SE(2022)F 55 W FEH, PMMA 8k 28 e85 &
SO DU I 968 2 200 1 P O S g, 5 | i 240 S R
Baqn, JRARIANAE TS S, I4h, Phothakwanpracha
ZEQ021)WFFE L B, /INKEAS W R B T Y B 1
EH .

HTIBE SR 3R, A= W 7 32 B A 0 38 B 25 77
A4 ROS, MM & S Ak B 3#0S 1i (Banh ef al, 2016).
SR, AN FE & 30, FHIR T 4 007 1 36k 4 48 i ROS
M= B ICR N, HAE 25 CAMET, THR AR 45 i
WRELZH L ROS SRS Fhmg ke, MR & B0 & 1
25 5 0 B AT RE S AT R MR 25 R G 52,
TR X K 5 B 8 (Trochus  niloticus) M.k B 20 fifd
ROS &2 JC W& Wi (Zhang et al, 2021), AWFF
Hr, 25 ‘C+LPS-MPs & & 5 5% 4 A 05 1 4k T 40 i
TG YEAR RS T LPS-MPs B 52 52 41 W Z k], 42
TN T R A M T A 2 G R D RE A2 B . A
T ek 2 o 9 L %) A W A T R e, (E TR
T 575 L 00090 2L 40 IOk 3 14 R A T 0T R T W
Z5¢, X ATHSE T4 A 2= 57 T8 . Rahman
FQO1HWFFERM, THEQRS C) E i T K45
LRIIG D1 LG W (Katelysia rhytiphora) Il itk B 40 fg 19 7
W 15 P o R M, Monari 45 (2007)fF 58 0, FHR(30 C)
FAR T WA MR Chamelea gallina) IfiL 35k B 410 7 5 WG 14
32 BEERH

e AR A S AR AR Y RE 08 T 48 78 4H g e 1K
SRR AS FEREE A7 1) 38 B (Dong et al, 2016). £
FER IR, BB JFAE e B it A v k45 A VR FH (Smolders
et al, 2003; Sokolova, 2013), VAFEARFZERM, D13
A PRORRE L 0 s 5 15 100 B8 0 1 S e DL 288 17 %o A 5% Ty
HRE ST, I HIHE A a2 3] 7 B 09 A B R DL AR5
FRAE B 520 (Cordeiro ef al, 2016; HENN 55, 2023), A<
AT, i B R R O A WV A R B R B O R
W), AT RS R TR g R A, B R AR
Ry E ., HUeAHRL, RN T H AR AR (Alpheus
Jjaponicus Miers) LA 41 21 (o0 I 7 1 A 1o 5
M (=424, 2020), #R1AT, Zhang %2021, K
T RE 5T BOR H B IR LA 2 21 o e B i R R i
Al e SR B TR AW 5 K 5 B R EL AT AN ] 9 g A G
B

THIR A E AR S 7 22 F W AL IR 2H 2 U
F I E R NI T R A, vl RER T TR AR R
AR A B AT S A RE R OR o X AT REJE 1h T
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Bivalves are affected by various stressors, such as global warming and microplastics, in the

marine environment. Microplastics are one of the most concerning pollutants worldwide, and high

seawater temperatures caused by global warming influence the survival of marine organisms. However,

little is known about the combined effects of elevated temperature and microplastics (MPs) on marine

organisms, and most studies conducted in recent years have investigated the two factors, respectively.

Thus, it is necessary to investigate the combined effects of elevated temperature and MP exposure on

marine life. The Pacific oyster Crassostrea gigas is a widely distributed marine mollusk, and has very

important economic value. The aim of the current study was to explore the toxic effects of elevated

temperature and microplastic co-exposure on the hemocyte function, immune-related gene expression,

and energy metabolism of C. gigas. In the current study, oysters were exposed to three levels of
microplastics (no microplastics, 6 um microplastics: SPS-MPs, and 50~60 pm microplastics: LPS-MPs)
and two temperature levels (20 ‘C and 25 ‘C) for 21 days, and the phagocytosis rate and reactive oxygen
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species (ROS) content of hemocytes, glycogen content in digestive glands, and immune-related gene
expression in digestive glands and gills were examined on the 21st day. 2',7'-Dichlorodihydrofluorescein
diacetate and fluorescent microspheres were used to measure the ROS content and phagocytosis ratein
hemocytes of C. gigas by flow cytometry, respectively. The glycogen content was measured using
detection kits. Total RNA was isolated by TRIzol reagent, and the concentration was measured by
Nanodrop. M-MLV Reverse Transcriptase was used for cDNA synthesis. The expressions of
immune-related genes [inhibitor of NF-xB (/xB), p53, and heat shock protein 90 (HSP90)] were examined
by quantitative real-time PCR in the digestive glands and gills of oysters from each treatment group.
Two-way ANOVA was used to analyze the interactive effects of elevated temperature and microplastics
on tested parameters of oysters using SPSS software. The results showed that exposure to SPS-MPs could
elevate ROS content and reduce phagocytosis in hemocytes, but no significant interaction was found
between elevated temperature and microplastic effects on ROS content and phagocytosis rate in
hemocytes (P>0.05). The 25 ‘C+LPS-MPs exposure significantly decreased phagocytosis in hemocytes
compared with single LPS-MPs and elevated temperature exposures (P<0.05). Single SPS-MPs exposure
significantly decreased phagocytosis in hemocytes compared with single LPS-MPs exposure (P<0.05). In
digestive glands, there was a significant interaction between elevated temperature and microplastics in
glycogen content (P<0.05), and the combined exposure could increase the glycogen content compared
with other treatments. In digestive glands, the 25 ‘C+LPS-MPs exposure significantly increased glycogen
content compared with single elevated temperature and single LPS-MPs exposure (P<0.05). In digestive
glands and gills, there was a significant interaction between elevated temperature and microplastics in the
expressions of HSP90, IkB, and p53 genes (P<0.05). The 25 ‘C+SPS-MPs exposure significantly
upregulated the expression of HSP90, IxB, and p53 genes in the digestive glands of oysters compared with
single SPS-MPs and single elevated temperature exposures (P<0.05). The 25 ‘C+SPS-MPs exposure
significantly downregulated the expression of the HSP90 gene in the gills of oysters compared with single
SPS-MPs exposure (P<0.05). Single elevated temperature and single microplastics exposure significantly
upregulated the expression of the /kB gene compared with the control in gills (P<0.05). The combined
exposure of elevated temperature and microplastics showed a significant antagonistic effect on the
expression of the p53 gene in gills. Microplastics exposure downregulated p53 gene expression compared
with the control at 20 °C, while it upregulated p53 gene expression compared with single elevated
temperature at 25 C. These results indicated that the p53 gene plays an important role in regulating the
immune response in both digestive glands and gills. The interaction between elevated temperature and
microplastics on the mRNA expression of HSP90 and IxB genes in digestive glands of C. gigas was
size-dependent: A synergistic effect was found between SPS-MPs and elevated temperature, and an
antagonistic effect was found between LPS-MPs and elevated temperature. A significant antagonistic
effect was found between elevated temperature and microplastics on the mRNA expression of the kB
gene in gills, and the regulation pattern was different from that in the digestive glands, indicating that the
regulation effect of the /xB gene was tissue-specific. In conclusion, the combined exposure of elevated
temperature and microplastics can increase the glycogen content in the digestive glands of C. gigas,
induce an immune response in digestive glands and gills, and trigger the oxidative stress response in
hemocytes. Microplastics can cause stronger oxidative stress in hemocytes than elevated temperature.
Moreover, a significant interactive effect was found between elevated temperature and microplastics on
glycogen content in digestive glands and the expression of immune-related genes (HSP90, p53, and IkB)
in digestive glands and gills. The results of this study provide valuable information for evaluating the
toxic effects of microplastics on marine organisms under a global warming background.
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