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[(FE]  HOBRE R B AEI5 Je), I T F KA AR W iR, ARSI ERTE T RERIAR (0.5 pm A1 5 wm) K
WP (4 mg/L F1 40 mg/L) BRIR ZIGIRIAE 96 h 285 J5 X) /INE AR 7 38 ( Pomacea canaliculata ) 3058 AL 14 F1
J 38 R A RZ IR . 25 SR Ok A B (1 /NS A A5 IR T I AR AL P AL T (SOD ) T P BB FEAIL ik AL &
B (CAT) EHEANFAER ZEX S M ERS B H AR (GSH) & i BIRE%. AR T/ NMERFIEGERFY o £
REMEREA W8 225,05 wm, 4 mg/L 4 B ZREMES HABAL A7 B8 2 5. 760.5 wm BOBRIA BT, /NVE
F7 35 i 1B JEBE B 1T ( Firmicutes ) AT 3 BE 25 FEAK, W7E 40 me/ L PIFPR AR IE R AL 3 T ZLEKE & ( Lactococeus)
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Effects of Polystyrene Microplastics on the Antioxidant Enzyme Activity
and Intestinal Microbiota of Pomacea canaliculata

Xue Shaoshuai',Wang Yue',Jing Muzi' ,Wang Congcong’, Xiao Yijie',
Chang Tingting”, Shen Wenjia',Li Hong”,Chen Lian'

(1.College of Life Sciences,Nanjing Forestry University, Nanjing 210037, China)
(2.School of Life Sciences,Nanjing Normal University, Nanjing 210023, China)

Abstract : Microplastics, emerging as a novel environmental pollutant,pose potential health risks to aquatic organisms. This
study investigated the effects of polystyrene microplastics on antioxidant enzyme activities and gut microbiota in Pomacea
canaliculata. Experiments were conducted using polystyrene microplastics partices with diameters of 0.5 pm and 5 pm,at
concentrations of 4 mg/L and 40 mg/L,over a period of 96 h. The results showed that the activity of superoxide dismutase
(SOD) was significantly reduced in the microplastic treatment groups, while no significant difference was observed in
catalase ( CAT) activity. Additionally,the content of reduced glutathione( GSH) was decreased in the microplastic treatment
groups. The a-diversity of gut microbiota in P. canaliculata exhibited no significant variation across treatment groups.
However , B-diversity demonstrated notable differences , particularly between the 0.5 pm(4 mg/L) group and other treatment
groups. Exposure to 0.5 wm microplastics at different concentrations(4 mg/L and 40 mg/L) induced a significant reduction
in the relative abundance of Firmicutes in the gut. In contrast,exposure to 40 mg/L microplastics of both sizes(0.5 pm and
5 m)led to a pronounced decrease in Lactococcus levels,with an enrichment of pathogenic bacteria such as Microbacterium
and Pseudomonas. In conclusion,although polystyrene microplastics induced an oxidative stress response in P. canaliculaia,
they did not significantly affect the diversity of its gut microbiota. Nevertheless,these microplastics altered the microbial
community structure , promoting the proliferation of various pathogenic bacteria.

Key words : microplastics , Pomacea canaliculata ,antioxidant enzymes , gut microbiome
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B (microplastics , MPs ) 248 HAZ/NTF 5 mm Y HURMSURE | iy S8} i 28 5 W BE H L Ak 2A 48 H A
H W R A S R S R . TSR — B LA A ) T b | T SR A R AT R A SR IR P kR
i, RS Y B 4 R A BR M iR A A D AU R BE M) R BIFGE e I, IR K RITIAE  2 25 AR e Y 1 e Y RS
YLl KR FGTRR ) h A7 AE SR L o AR R BRYT D AR K T A A ™ R R TS Y T TR
B B f i T IR 190 7/ m’' . ORI K A A B AR , —43 3 1 A g AR A, A
SR AEALZUN AR B AR B R R A A AR B AR A R AR L
(superoxide dismutase,SOD) , i 5L E ( catalase , CAT) f& A= W4T A AL B H 2 48 vh 8 2L A B2, 7635 PR
T P47 T A 36 SR R AR I H K ( glutathione , GSH) REAB TR A iy 2 , =AMk N EE 220 AR
PEHUE D).

B AE R S IH A ORI S e 2 TERHE AME MR B AR e de i B U E AR S 5 I 2 OC
S8 T T RS s 3 AR A W BRR s AR K R R AR AR A DL R S e B
YEFIY. BFFE3R I, A= AR P il RIS AL I8 R B4 I, T80 R 2 e Sh W i P BB, 5% Wi i 1 ke A 0 T
BELERYABCEED . B0, BB LB R R 4 0. ( Carassius auratus ) 1T 7% 5 5 AT IE A0 iz 18 160
it R 2 W O R R R BB D A0 ( Danio rerio ) #1101 i T8 B A W) 2 REPEFRAR, IR R T
( Proteobacteria ) F= EEHEIN | ¥ I 5 10 41 10 708 T RO A, 5 AR ISR mL

H R, SO RE X IR 7K 7K AR 2 W 1 BE BRSO BF K 2 R A PR E S L 0 2E L W ST 2 R B ae 2
ZEII8) N AR FFIE ( Pomacea canaliculata)) S )5 7= T B 5% PN IF. T 380 3t 38 0 R K RS ) 2 1R 100
FEMEANSR AR YR Z — 17 BB & B/ INE FR 77 IR e RO ) T S e ) AR B
SR AE A YE JHIRAUK PG A0 AREFSE LN AR AR IR S RS A DA R O M O R
0T AT S A TS PR i 38 TR A SR A DRI SR AT SRy PP G R X IR 7K T R A A i P 7 4 A 3
wE%.

1 MRSk

1.1 EIedfd

2023 4F 4 A1EVTIE BT R AR A Bl (31°27'36.19” N, 120°55'39.34"E ) R4 /NE 46 75 B2 50 B |
5 S % R TN TSGR AL A IR 25 °C )G 12 L:12 D, R 80% , YL IRSREE 2 000 Ix.
AL AR 3% 3 A H AR 25 om 2247, 114 K B 48 M S K O B MR AR SEAADRE. R R 150 HRBLIE
W RN A R B /NS AR AR I (K 251 mm ) $EAT R IE M OB R SR R S0 S s 7 ]
FRRSLEG AR N T AR 1 B8 SR AR R RiAR 0.5 pum A1 S wm B3R 20 SO0 RHA T TV
IR A BR | IR BEY 25 mg/mL.
1.2 XWHE

FE TR DX O} A PR B Mk B R et K A AR B Y S8 P O R BN 4 me/ L il
40 mg/L. WOBRHE AL AT S 2% 02 % 10 min I 228 TR B2 H AR E . SC0 340 i 5
2, X AL (C 2H) .0.5 wm,4 mg/L f{ ¥ K4 (SL 41) .0.5 pum,40 me/L Y8 RI2H (SH 41) .5 pm,
4 mg/L BRI (BL 41) M1 5 um,40 mg/L (48R (BH 41). BAHKE 3 MHEE , HAHEE 10 Hig It
150 HUZ. SOBRHAWCR 2 L, 28R ]2 96 h, R KSR, 96 h J5 , WA BEHLER: 6 HIR,
330 IR, i 75% 1) L UETH R  AE T A T R AR A 18 43 55 A NS, A R AT
B B TR P R, BRI T P9 SRR AT -80 °C VKA R AR
1.3 MEAEFEHEFR GSH 2ENE

PR ST R (g) Al w=0.9% B4 FIER /K (mL) #2 1.9 B LLBREA ,4 *C 413 4 000 t/min £5.05 10
min , B IE AR 2 9804 . SOD  CAT Fi GSH 2RI & 340 [ F o i 2 4 T RR A 55 Pl , 00 Dt 3 %y
Z B S Ul 5.

JE IR SPSS 26.0 #4743 #r. K FH Shapiro-Wilk 656 K A5 5088 20 A 59 1E 2540, 22 )5 X i ik
F105 2255 VER 06 . B A2 TE 250340 Ay 25 55 PR EA T B PR 2R 07 2243 FT ( One-way ANOVA) Fl Tukey 2 J5 £3:
95, A R IE A B 22 55 M 24T Kruskal-Wallis H #5355 F1 Dunn 35 )5 K0 55, 3% 22 ROK-F & R
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0.05, 45 R FF BB AbR 2 LR, BIRA Origin A F2:1H].
1.4 BFERED

K il Omega Soil DNA Kit( Omega Bio-Tek ,GA , USA ) $2HU/INE 4 77 12 7 186 i A 4 B DNA |, X 16S rRNA
V3-V4 X R A P TY 18 5148 341F(5'-CCTAYGGGRBGCASCAG-3") A1 806R (5'-GGACTACNNG-
GGTATCTAAT-3") ! PCR F=#y 44k 1514505 FH Tlumina NovaSeq I FEF & HE4T i 1000 5 056 #1165
TRARVEE B AR A FR A A 5E 1. JR GRS 1 QIIME2(2019.4) 3k {1k DADA2 JyikZeid i dss | M f
e Fim A RIS B EFAE ¥ 51 (amplicon sequence variants, ASVs). i i ASVs 115 Chaol 354X, Observed _
species T6 41, Shannon FEEUHI Simpson FEEURIEMA W ZHEVERIIY S BE. T Bray-Curtis PR LR &
B L2 4 R EE 43 HT ( non-metric multidimensional scaling, NMDS) e AR MRV B0 22 St 38 o 2R ) S|
M7 (linear discriminant analysis effect size, LEfSe) ( | LDA | >3.5) , 5-48 41 [0 A %) =F & 22 57 5 3 A0 AR W

i
2 SRS
2.1 MR EEX/NEEFEFERTEAEEER GSH & 208200
St RELHAR L, 4 AL FRZH ) SOD 3 1 1 35 MR A ( P<0.05) |, i8R ab B AH 22 (B A7 7E 1 35 2% & (P>

0.05) (& 1a). X B S5ALPRAA Y CAT WGPEEA B 25 (E 1b) . SXTIRAA L, BL 41 GSH & & i & %
K (P<0.05) , HAfth 3 MAbFHZH (SL.SH #1 BH 4 ) GSH & B[RRI B E 2% (P>0.05) (Kl 1c).

= o)

éﬁ 10F 4 o 1sop a E 20

2 b £ 2 a

S st b b b S = l6r ab ab

5 2 = 200} I ab

EE 6f gy a 41z 12F b

g 35 Mg a = 2

o S & < a o

= e 4t il a gy 8t

Ko M < sof R8O

|% ,0 S © & g4l

= w i

hﬁg 0 1 1 1 1 J j;__‘l 0 1 1 1 1 J lﬂ%é 0 1 1 1 1 J
C SL SH BL BH C SL SH BL BH ¥ C SL SH BL BH

(a) (b) ()
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Fig. 1 Antioxidant enzyme activities in the hepatopancreas of Pomacea canaliculata under different microplastic treatments
22 MBEWMEYRIERFEE

I XE 5 AN 30 /N 1R FF IR A P 16S TRNA JEPH V3-V4 il AR X eyl s, I3RS A 3K
J¥51 1928 004 7%, HA5.5] 2 281 > ASV. MUY LSRN 17 1T.27 149,52 1 H .83 4
Bl 134 N m. INEREFR A EYET 1 KFE FLIASIFE ] ( Proteobacteria ) fUFT 1] ( Bacteroidota ) | J5
BEFE ] ( Firmicutes ) R ] ( Fusobacteriota ) FIHZE ] ( Actinobacteriota) i 3 (K 2A) . WUIBKI ZEE )T,
SH 21 /N A 5 W JE A ) vh B AR TE TR T TAR G = B2 1 2 BT (P<0.05) |, JERRE TR )RS 2 T 1 1A X = B2
B FE R (P<0.05) . BH /N A7 MR M 18 T A= v TSR B T 1) A AR G = B2 s Wi 25 I ( P<0.05) . SL.BL,
BH AW AR K LARRI I 22 5. 557 Wi [R IR ( Cloacibacterium ) \ FLEK R J& ( Lactococcus )
AT & ( Cetobacterium) AUFTF T )& ( Bacteroides ) BT & (Acinetobacter) ST # & ( Microbacterium) Fl
A B & ( Thermomonas ) J2/NE AR AR E A Y1 B9 L% J& (1 2B) . SH A BH /Mg AR 712 1 5L
BRUA & A AR F B 835 TR (P<0.05) . SH 40 NSl i AR X = B 3% [ TH(P<0.05).
2.3 MFERENH o F0 B B

[R]XF HE 20 A HE , fol 28k A B 21 v /NS A 5 IR 1 3B T W ) Chao 1, Observed _speices , Shannon 1
Simpson R B E AL (P>0.05) (K 3). T NMDS 73 Hras R & B, SH dHniE Aty g 205
oAt Ab FRLE A7AE 13 22 5 (P<0.05, Stress =0.10) (&1 4) .

LEfSe (| LDA | >3.5) 43 ¥ .75, iU 26 i '] ( Actinobacteriota ) | i 2k B 4X ( Actinobacteria ) | 1 ¥R & H
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Fig. 2 Relative abundance of gut microbiota of Pomacea canaliculata( A) at the phylum level, ( B) at the genus level
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Fig.3 « diversity index of gut microbiota in Pomacea canaliculata
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Fig.4 NMDS analysis of gut microbiota in
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Fig. 5 LEfSe analysis of gut microbiota of Pomacea canaliculata
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A= WA E 52 B P IR 5 G Wy mo IS (R T N, e A R I T S D AN I AN IR AR I 1 AT
SR A TR P N M SR O =2 ) 8 s 2P, 5 | A LA R, i s e AR A 1 1. SOD SR I 1
SEARI AL i EAL S TR CAT B b S5 CO, A H, 0 ARRSE o /N 4 A7 IR 2 A [ vk
FUKE A2 OB 55 96 h 5, SOD 1 PE) B 5 FRA%, CAT W PE I 1% A & 225, U W (Rl B 52 5 | /N 4
FRARSEA NI (E AT BE T R I R, A SR GO AR ) AR A GO L Ak B rp A S R
( Eriocheir sinensis) SOD J&PERBFST T, 28 d B T8k g e BE 2 5 %) B4 1) 22 57 FOAR e J3 20 oy g 51> ,
100 nm IR 10 wm IR PR 55 0 B2 ( Bellamya aeruginosa) B, 7E B 5255 6 d FI% 12 d, ¥R M
YK B REXT SOD T PR B > GSH JE— 28 BB A9 ] 1 bR 420 1 S0 A R BT Sk, it
SRR R 5 | R AE AR N, 77 AR i 2 W AR o, TH AR GSH W R L1 i GSH. % & A1, {H b B 20 22 ]
WA W25 DA [ SO R RS B S Ve e S T RE DT A W e e .
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25, SMEMEA EG SO B K 2E S S A R R R Y SRR R BN FEAR ST D B R AE
AR FEAN PR ROR IR TOIBRL T e/ NE AR IR o ZREMER R A W35 8. e Ah A S50 fiff T sk
IRHROR B T E S BOX — 451 AR RUBRDE R T 85 I 18 T W i SO A AR DGR . {51, B 25
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