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TR R AL L3k 4 M M A1 W B % B R AT B (BF) 28t v B2, K B DA 4 AU 400 4
F 5 A &, iR E %K & BF (0. 0.01. 0.10v 1.00 mg/L) xf i 48 f 48 L7 F7+ M5k 4 B
(ETs). 7 M A (ROS) &L X ROS. MM X EHKIEN Y H. GRET, %A
B 1 261 {1 ) 28 L 7E ) B % BF W Z 7t & 2 5 B 1R £ 90.40%. 80.22% Fr 72.28%, A A — &
W BRI BF RIK T M i E 7, HAA — RO AEBRKBERE. T
Flk B BF #lif e, pidk REEHEH LR, o7 4 x ey 2.16 . 3.32 41332 fF. % 0.01
mg/L BF R T, akt ZRAERLF LA, & 1.00mg/L BF Rl T 2R E, X REy 534
fho £ 0.0l mg/LBF FI# T, hiflaty &k &5 AKX L F £+, 7 1.00mg/L BF f#%
WA E R A L, A IEE 1163 fF. 4 BF %S &% ETs i %, 40 jfs ROS /&3 fm,
H ROS A X 3B KA B0 Eiflo b7 ok BLRE IR R % = % ¥ B2 5% 8 (NADPH) £ 14 By
W# A (DPD), ZIETs 87 k% 2| #%, XY ROS £ 57T ETs ¥ kil 2. F B, 7 ETs
Ry, BREHXAERABEEFRY, WFRABHMIL S5 2 ETs {1 &
WA GHBAML, pkyRABRFAE, £ BFREH 1.00 mg/L b Rk B H&F; hk
MELBEERARNBRETHREENE, HEBFREAN 1.00mgL HEAAERE. A
KW, ROSFEBEM R N4 5 T BF % % 8y S5 #0 2 fM0 S T B R £ 182, BF W e &
Wb 4K EEE A KR, T A R — e R EE A
REEIR: s, EERAE; EWA; BRRHE,; M, w4k

hESES: Q786; S944.4'5
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— b, fERHESRTEY, AEE NS KRB T
ZR TR SiFLsh Y A S 280 LG, BF XKA:
AR FEEE S, S E R KA E YR
MRS RIERG . ARG, HLUE
Sz " %

AR BIE (extracellular traps, ETs) f2&— i i %
A e =, — LI N R a2,
2 P g 22 RK A L2 A IR S5 4, g D T L
A B A A R TG PR BT AR
WY, BR TR LASL, BREETS IRl s ok A
AW ETs MIE L. BillN, WK (diazinon) 55 fig
i T Je ¥ B HE i (Oreochromis niloticus) W kL
Ui JE B ETs™, 40 oK A AL B 75 2 80 (Carassius
auratus) IfiL 40 ffL )P i ETs 19 1 72 2 32 3] NADPH ,
ERK1/2, P38 VR MR W A2 1, = oK
JIK AT 8 5 0% ROS/ERK 1/2/P38 {55, fili &4 (Cyp-
rinus carpio) LN A A= i BT, tbAb, 7E8KAK SN
P Z T ETs L%, HRZUFRCHNE
ETs (PTRTE DT, F1 X FREE TS e DL i 4
Ml ETs s it oei b, Ak = RERA RS

4% 20 3400 (Haliotis discus hannai) 52 F% F 1 i
M X K SR BE AT A . T EA TR
MIEIR R GE, ARZS 5 52 B K IR BE v i3 ) o i) 52
Wiy 2, ETs A1 A7 — ol I XoF 9 it TR A A5 1) 240 o e )37
i, 7 D2 G g S g ik AR v R HE R AR Y
R A ST AV B HA TR X A 0 A 0 ) 4 B AR
ABIESE LAM R BE AT, ] BF X 48 0 43 60 1l
2 R AT R, 3 ARG 4 PR O DA R ETs i
PE4 (ROS) WA M L Z R SE R, BB 4R T 4
S HIAE BF Wp8 T ETs A9 M R AR AE . 5T 45
AT T35S BF a3, 35 S0 i i 44
M ETs & SALHI BBIESE, JF40 R EE AR 24 5% B8 XF
20 0 B B AR

1 MESTHE

1.1 St mampmReE

LA A I ARAE S A SR, F
¥I5e KO0 60 mm. 7EIEK PR FE 1 JE (R EE 20~
22°C, $h A 28~30), Pl ALk M ft Fe A Se ik fif ,
5 mL S EUA K B S PTEET (27 mmol/L Frs
2 #h . 336 mmol/L SN . 115 mmol/L 7 % 4 .
9 mmol/L EDTA. pH 7.5) 1 : 1IE4 (K 1),
600xg &5 .0> 10 min, 3+ Fy5 W, RECMA0H .
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FH i 12 £k 22 vh v Wi (PBS) T & 1L 40 S 28 vk i
1x10° ~/mL, & Trk LM, SCmatfg, SR
N B P S S50 Sh A BRI, e BRIV 1
TR AT

1.2 M4AAESEJIME

it CCK-8 I & (L3 = RAEWHAA
B2 &) i 7 BF X I 40 B35 I A 2 . 1) 96 fL
B A 2x10° A~ L 4 L, RS AL PR E 6 N
L, BEJE M AZWE R 0, 001, 0.10 1 1.00
mg/L 1 BF (99.8%) 11 20 uL CCK-8 X7, HH 1
hJ&, i B 451X (TECAN, Infinite M2000 PRO)
MI5E ODyso $(E, FHiH5 il 240 M3 7 o

1.3 ETs EMSEENH

28 Han %5 (775, X BF 288 5 09 140
il ETs 17 M5 & &40 . BL 1x10° 4~/mL Y
A B LR ERIL (60 mm) H, FEANAZ KK
J# 9 0, 0.01. 0.10 F1 1.00 mg/L i) BF I 7 3%
1 h, FfJEMMAZUKEN 5 umol/L SytoX ¢ )Gkt
(Thermo Fisher Scientific, 3&[E)# & 10 min, Jf
FH#2 6 5 (4 5% (DMi8, Leica, f2[H) #4T ETs ¥
SMEE 5

] 2R 96 FLAR A 2x10° ANl 4iiE, A
LHeFE N 0. 0.01, 0.10. 1.00 mg/L 4 BF 313
1h, DA BF Al #4000 1l 20 4 A it i B
JMA 5 umol/L SytoX 24 B IE 0 & 10 min, fif
7% 5% B Fx {X (Fluoroskan Ascent FL, Thermo
Fisher Scientific, J[) 7F 485 nm A& 525 nm
RGP T RSO ERE, HIET ETs & ®HT,
1.4 RNA ZEUFIMEXEFERL 7

b1 G S < 01 I S o 1) DN 37093
0.01. 0.10, 1.00 mg/L %) BF #l# 1 h, LIARMA
BF Ak #L1# 1l 20 A Sy X5 B 20 . 4 FH TRIzol 35
(Invitrogen, JE[E) M I M H2HCE RNA, JFAR
Pi S5 543057 & (Promega, 3E[H) &l cDNA, LU
gapdh N ZFH, ] 7500 Fast Real Time PCR
Z % (Applied Biosystems, 3% [E) X} ROS A % %t
[ W A Ik AL I -3-3 E (pi3k), 2B (I B (ako)
B T - Lo (hif-1a)] FURE I fif 38 42 2
(C VR, hk; NIRRRIE , pk) #4790 E =
PCR (qQRT-PCR). fifi FH2722C7 J5 143 | i &
AR b . AT S 5 R W3R 1.
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®1 AW FRASIHFS

Tab.1 Primers used in this study

SR 2R ElEZ gl

genes primer sequence (5'-3")

gapdh forward ~ ACGAAGATGTTGCTGCGTTGGTT
reverse TCGATGGGGTACTTGAGGGTGAG

pi3k forward ~ TTTGTGGCATATCTTAGTGGGCTAG
reverse TGTGCTATGGGAACTTGGAGAAT

akt forward ~ GGCACGGGAGTGGTAATGTATG
reverse ACAGTAAATGTTTCATCAAAGTAGCG

hif-la forward CTTGAACGGCACTGAGGACATA
reverse ATCCAGGACCTGATTGGCTACA

hk forward ~ATGCCAAACCTTCCTTCTCAA
reverse TGAGGCATCAACCACGACCA

pk forward CGAGTCACGGCAATGATAGGA
reverse AGGCTGCCATCTACCACTTGC

1.5 JEME (ROS) 87

Z: M Patel 5% 0y 77 vk, o =X 40 MR K
I BF #1305 120 il ROS AY 4 i . 1) 1.5 mL &
LA TREEA 4x10° S AR AEL, I AZHREE R 0.01,
0.10 1 1.00 mg/L () BF Ff- 4l 1 h, DL B
I 40 A R % B MR A 0% 1 SRR ) & (g3
= RAEYFARAG A ) ULEHEAE, R4
{¥ (FACSAria, Becton-Dickinson, &) A&l ifiL ZH
e ROS, 4558 H Flowlo BAFUEATHr, LAZEE
5 P (bR ME 2 (mean+SD) KR .

1.6 ROS HIFI53F ETs &4 Y520

M) 1.5 mL B0 4 A 4x10° S, fiff
Ffl NADPH % AL #0 i 7] (DPI, Sigma, 3%[H) il
AP 30 min, ZJEANAZYE SN 1.00 mg/L /Y BF
1 ho AR S A R S, IR
A AMAAAG I ROS A pldE .

2 4

2.1 BF XIIM4AREE RIS

F CCK-8 157 &l 2 T BF 40130 1 46 1l iY
W1, APRER, 40 1 mg/L BF J41 b5,
SXIRLAH L, RIS ) 23 T R (P<0.05)(&] 1),
BeAt, BEFE RO B SEN, ARH S R B
NRERES, BF WRBEBR, I 40 A, Xt
i 240 6 )2 A B 5, 020 e W] BF Xof 6 14 1L
2R MR S — e AR AR

22 ETsHIFEBRSE=E
SytoX Green AJ K¢ i 21 g #M ) DNA Yt a4

R E K7 2: 2 E /) sponsored by China Society of Fisheries

125
100 * [
s £ |
SE 75t \ J i
,,\.z J-
EE 50
22 I
E=
(5]
= 25t
0
1 2 3 4
RbEp 4L

treatment group

1 BEFOSFSEFLELIMMARTED
1. X B 4H, 2.0.01 mg/L BF 41, 3.0.10 mg/L BF 41, 4.1.00 mg/L
BF 4. S5xIEAMEL, * P<0.05, ** P<0.01, F[{.

Fig. 1 Cell viability of H. discus hannai hemocytes
after bifenthrin stimulation

1. control group, 2. 0.01 mg/L BF group, 3. 0.10 mg/L BF group, 4. 1.00
mg/L BF group. Compared with control group, *. P<0.05, **. P<0.01,

the same below.

o, TERNFVRE BF R T, Bl a8 40 K &1
oK 2305 L5 (K] 2-a), W] BF 0] 4540
LM AR AL ETs. SXIRAAMLL, Bl BF ¥
JEREIN, SRETOCEEA R 2 (B 2-b), #Eid
Xf ETs #E 472 Y B o s 40 #1, & B BF nl B 3%
W3 ETs W7, HEA —E MR C R
2.3 ROS HHXERERIEDH

IR BF HE, pidk Fak 0 0% HiM,
A3 50 R 3 BB 2.16 £% (P<0.01). 3.32 % (P<0.01)
F13.32 £ (P<0.01) (&l 3-a), 7E 0.01 mg/L BF H3%
T, akt Fik g E FE (P<0.05), BE#E BF ¥
JERTHE, ake Rk ik —2 A, 7E 1.00 mg/L
BF Jll 3 T ik Bl ey, i xf BEY 5.34 £% (P<0.01)
(% 3-b), 7£ 0.01 mg/L BF FI#4 T, hif-la B35
5 XTI TC B 22 5 (P>0.05), {HFE%H BF k&
PIXEIN,  hif-la FiB R B E TR (P<0.01), HIF
FEAE 1.00 mg/L il 3B T i Je ok b 3, vt R
11.63 1 (&l 3-¢).
2.4 ¥t ROS % HEHIFM

308 328 2 200 AR A 00 48 5 A% 6 1M 240 fL ROS 1)
A, SXTRELUMEL, 76 BF JBUM AN AL ETs
Pt A, ROS A4 B A T = 1) a3 (8] 4-a),
X ROS (9265 B AT i hr, RINBES
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AbERZH

treatment group

(b)

B2 BEHFEEHFSMMAAETER ETs
(a) WERAG RS S ML ETs ZERGE, #hk3R0R ETs AT 4RIREE M . (b) BORSTR V5 3 M40 M0 ETs A2 i B E &
Fig. 2 Hemocytes release ETs induced by bifenthrin

(a) ETs production of hemocytes induced by bifenthrin, arrows indicated the fibrous structure of ET. (b) quantitative analysis of ET production in hemo-

cytes induced by bifenthrins.

BF Bk BE A3, ROS A& B 2T e, H
HA—E MR Re R (K 4-b).

2.5 ROS #I#HIFIXT ETs &4 #9520

TEAR A ROS #1415 DPI fFEDL R, ETs
A A 2 TR R AL (P<0.01), 41 i 3] b
FRAH R, HSR BF JIBE ETs 9 4E il R AR & T
XT R ZH (P<0.05), {H 5K {fi H DPI Ab 341 4H b,
I Z0AE ETs A4 i i 2 K (P<0.05)(1#] 5)
2.6 pkF1 hk PEEFRIE S

5 RRAIAHEL, 4 BF Jili0A R 0.01 £10.10
mg/L i, pk FRiEH 0 E T+ (P<0.05), 7E 1.00
mg/L filli# T ik e (P<0.01) (] 6-a), hki) 3
K a8 T AT 0 SO B T A B 3 T R (P<0.01),
H7E 1.00 mg/L JllF T Fik it iem (& 6-b).

3 ¥
3.1 BRI SRS A% 40 2 6 I 40 B 5 T B0 B2

A KEMREY, fEKAEEHESY T, BF
] LI} BE 5 4 (Danio rerio). JE % % AE i, o1 il
(Oncorhynchus mykiss) & B 7 FA/E H 2, SR,
BF S AR 50 9y 52 i e 1/, AUA 56 F BF X[
Wi (Corbicula fluminea) 1) g PER N BF 52, 6T
BF J2& 75 23 X0 A5 S04 0 385 Bl 5 75 4 FH B G g R AL
AR WHGE . SRR A T R R 4,
o i 40 MR R S RGN F BN A, TEHR
T A O 0 T 14 42 28 0 B 88 10 2 vh A HE L EAE I
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MBI R T,  LA0 HE 2 A E f
NREREATIAER, T ) H R 2 3 s gl 2 5 2
AN R TR, AR A A, IR R R
I FEARBETE A, AL i 4R i TR 52 31 BF
RS AR S TR, W] BF A B AR A AL
AT 00 00 240 ML Y S R, DA I 40 i % 40 e e
18— BB A o

3.2 BXRERF S 9% S0 E 8 0 40 AE 72 Rk A Sb
PeabH

ETs J& MUK S i 22 Ge HAE S0 S R 30 58 0 38
2 e vy =, fEEHESI T E &Rz 0
WFaER 2, AER, FERK 4G (Crassostrea gigas) .
MR M fif] (H. tuberculata). H 4<% X 4R (Marsupen-
aeus japonicus) THAHIEHGE | ETs BIFELE, SR
ZHFFEAL R T ETs BT g 5% M7 m™ ", 6t
Z TG YW s e D12 BTs I S AH G5 . 78
ARSI R, ST M BE BF X 48 20 43 1600 it 40 it 3k 47
RSN AR, A0 A AT LUE B ETs. % 5 4% B
TR AR R[] B R T 1 S B e A 24 R i
ETs W45 AR, sk, 7EXF /N (Mus mus-
culus) RIS & B, ETs ROTE R AL A R i /e
JF AT 64 T it 3 403 4 R 1 A Ak i IXUBS: B AR A
HAIER E BF JIBLET, ETs 09I iRl & ok B
FhmmnE, R —E R AR . IR
45030, BF Al AR T8 UL 220 B i M B i)
TE R, DT 5 i 248 0 8 S vy 3
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*
— ¥
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3

AEBHZH
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(©)

3 BEFEFSHMMAT ROS HAXEE R
Fig.3 Expression of ROS-related genes in hemocytes

induced by bifenthrin

(a) pi3k, (b) akt, (c) hif-1a.

3.3 ROS IR & 4 B9 22N

(VSRR AR GBI - Y Tt

ROS %)

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

2 T ANEA TS G W o1 R 0 A A B i 5 0,
IEHEOT, RN K ROS KF-4ER5E—4~ 5
AR, 10 2 F5 40 i A $3 ) R AN F 2 T e
FRFEEW, BRI, MANHZ BISME AR, ROS
IKF-ST1E™, AR T 2 B, 244 25 ng/L
() BF 22850, AR ROS /K- 3 Tt
[ RE, A 52 56 v 4% 2 4 6 100 40 i 7E BF )3 T
ROS 7K VAl f i, W20 R W] BF 23 X5 4 808
{60 L 240 6 sl — ) SRR 5

W I Wt AL B -3-34 B (phosphatidylinositol 3-
kinase, PI3K)/ZE [ B (protein kinase B, AKT) i
FEAEANME A . PR A D R R AR,
Ykl A Zam i 1 ROS HK#i 1) PI3K/AKT 155 5%
SIEARE S T24 41 A A% 40 JE 0D 45 i A O T
PI3K/AKT & A8 A B 4 % 1F T 3 ol 1t o Al e A 2 a0
BT E A MG 55, AR HIR/EAR , PIBK/AKT
Sl RS, R 0 R A B A R, 5
WRAMIA T, WFE R, ROS BA N ERES
18 PI3K/AKT 15 5 3 [ 1 40 it 9 25 — 15 i 7,
1M PISK/AKT 3 % i) 8005 v LASE #E ETs A9 TE B,
ARSCEGHEDN , 7F BF fl¥ T, ROS K1Y TH i i
7% PIBK/AKT i [, S 3 PI3K fll AKT ik & F+
i, HEMfEsE ETs BB M. 25 b, 40 PI3BK/AKT
T BE S 5 B BF 175 5 10 98 S0 1 40 i ETs
M. AN, ROS ZKF-Fh i 2 30 B i 25 =
1 (mTOR), #ifii X+ F ¥i# {5 5 HIF-1a #E47 #
FTWL FEN (Homo sapiens) /)N BRUNE R 4t JifL 1 fF
FEHABL, HIF-lo A L2 #E ETs JE ALY, AR SC5G
H1, hif-lo Feik it bl BF JIR0AR BE A3 i & 2 7
=, HED HIF-1o 1.2 5% BF iS5 ETs BIE L,

ROS (1 2E 1% 2 | NADPH 4 1k i 114 /™ #% 7
O, AR YIRS, NADPH S ALERH) % 1k
AE’&MMZI:W ROS 7K V- F+ &%, T NADPH &
b2 55, ¥ ETs B ALH 2wk,
Rl NADPH & fk fiff #1784 F19E NADPH %k il &
B I 7 (1 WS e vt o il O U
i #: NADPH A AL B W% ETs, {HFE &+ 5 £ M
T, oW NADPH & L2 550 I ETs™,
18X JE R WA A (Ruditapes philippinarum) ™, 48
T DU (Mytilus edulis) ® B9 B 55 v & B, 2418
DPI 41 il NADPH A fL 5, ROS 1 ETs 2k A
¥l AL, X 5 MA DPL G ETs 14
B PR R — 3, 5 LR, BFIERT
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2§ |l =
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Xﬂ‘ﬁ’.ﬂ} COHEQL S

10° 10? 104 10°
FL1-A:FITC-A %630
FL1-A::FITC-A fluorescence intensity
(a)

ROS production (fluorescence intensity)

20 000 ¢
sk
T
15000 |
sk
* 1
10 000 | 1
-
5000
0
1 2 3 4
AbERZH
treatment group
(b

4 BORFEEX M4BT ROS £ R ENF I

(2) ROS A= R IETH R, (b) ROS & &4 HT.

Fig. 4 Effect of bifenthrin on ROS production in hemocytes

(a) ROS generation peak area, (b) quantitative analysis of ROS.

i
[}
1

o~
S
T
*
¥

%

(O8]
(]
T

ETs ;=i (G0
S

ETs production (fluorescence intensity)
—

—_
(=]
T

o

1 2 3
AL PR

treatment group

5 ROS %1% DPI M B EHESESH
m4mAE ETs BYINHEI{ER
1. %84, 2.1.00 mg/L BF 41, 3.1.00 mg/L BF+DPI 41,

Fig. 5 Effect of ROS inhibitor DPI on hemocyte ETs
induced by bifenthrin
1. control group, 2. 1.00 mg/L BF group, 3. 1.00 mg/L BF+DPI group.

() 4% 20 #% 41 ETs #K i T NADPH 4 1k il 1% 1k )5
ROS /K42 5 o

3.4 HEEERER N V] RES SR E RE S SR M
PEBH & T2

ETs 72 B it it o — f P Bl 35 8 1 9 TR AE
L A% MO T A1 U5 9 2 e FLsh b
ETs J& i B if7 59 A8 & 2 SR A B % i S 7
TEARHR TR b, R N2 T AN
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BEAG K At FE . — M, PK. HK A B i ik
TR A A B A GCY P OB IR o R P BB Y
RE . ARSI S R A, 7E BF fill #45 9 804
MAHML Y ph. ki PR %) 32305 0 Bl 45 R 1
T G2, h RS A B N FT BEJ2 BF iR
(1) UL S MR B Y RE SR IR 2 — o E4h, ROS %%
S ST OB B A SN DL AR R IR BE R . AEARBF AT
i, Bl % BF B0 vk B A EE 5, ROS A it &
ROS HH I HE P 22 35 1 14 A8 1k 55 W e it 4 G 32k P 1Y)
ACHRL, X5 E AR R P s a5 R —
£, FUPHIBL Y S ROS LR B 5 BFiES T
HIMANRE B R A, BT 3 2 )R S AR AE P R 56
F LB Z ] 1) PN T DI W T IR AT

4 g5

ATFFERI, BF i 20 4 S0 450 ifn 4 fd 1
A — 8 BB FEAE A . BF AT LA S 1040 6 i A1 6 B
MEkt, HEA—EMRERET. Wi, 5
XTHRAAH G, BF %1753 M40 ROS 7KV,
[, FEE BF WER T, pidk Rik&g i b
W 2.16, 3.32. 3.321%, akt X85 FIH 1.44,
2.08. 534 1%, hif-la Fik&g ] 14 1.40, 2.01
F11.64 5 fEHE— B R PIHI L, {f A DPI
Pl ROS WA, & IRAEAMFE B AT B i 3 T R
] BF 38T 48 0 4 00 1 248 i e A1 63 B 14 T8 G
AT ROS WAz, A, WEEEfE A OCIE F 21k
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Fig. 6 Expression of glycolysis related genes in hemocytes induced by bifenthrin
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Effects of bifenthrin on the formation of extracellular traps in
hemocytes of Haliotis discus hannai

HUA Shaomeng **,  CHEN Lizhu’, YANG Dinglong **, LU Xiaojing °,
LIU Xiangquan °>, HE Jinxia®, LI Xuan’

(1. College of Fishers and Life Science, Shanghai Ocean University, Shanghai 201306, China,
2. Shandong Provincial Key Laboratory of Restoration for Marine Ecology,
Shandong Marine Resource and Environment Research Institute, Yantai 264006, China;

3. Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China)

Abstract: Bifenthrin (BF) is widely used in agricultural production due to its excellent environmental stability and
insecticidal activity, resulting in its widespread residue in the environment. In recent years, BF has been frequently
detected in coastal areas of China, which would harm aquatic organisms. Extracellular traps play an important role
in innate immunity in molluscs. However, knowledge of the formation of ETs is still limited in the marine mol-
lusks induced by environmental contaminants so far. This study aimed to investigate the effects of bifenthrin on the
formation of extracellular traps in hemocytes of Haliotis discus hannai. Here, H. discus hannai, with an average
shell length of approximately 60 mm, was collected from a local farm and maintained in aerated seawater (temper-
ature 20-22 °C; salinity 28-30) for a week before processing. Then hemocytes were obtained and stimulated by BF
(0, 0.01, 0.10 and 1.00 mg/L) for an hour. The results showed that the cell viability of hemocytes decreased to
90.40%, 80.22% and 72.28%, respectively, in a dose-dependent manner. Meanwhile, observed formation of ETs
outside hemocytes induced by BF, quantitative analysis revealed the amount of ETs formation significantly
increases in a dose-dependent manne, compared to the control group. A more abundant structure of ETs could be
induced by 1 mg/L BF. Furthermore, the mRNA expressions of phosphatidylinositol 3 kinase (PI3K) and protein
kinase B (Akt) were significantly upregulated in a similar trend in response to the BF-induced reactive oxygen spe-
cies (ROS) burst and hypoxia inducible factor 1o (HIF-1a) increased significantly (except 0.10 mg/L). Notably, we
detected an increase of ROS production during ETs. Quantitative analysis revealed that ROS production increased
significantly with the increased BF concentration, as well as in a dose-dependent manner. Furthermore, the forma-
tion of ETs was blocked with the inhibition of ROS production by nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase inhibitor (DPI). Meanwhile, the mRNA expression of pyruvate kinase (PK) and hexokinase
(HK) was significantly elevated, indicating that during the formation of extracellular traps, part of the energy was
supplied by the glycolytic pathway. In summary, stimulation by bifenthrin causes toxic effects on H. discus han-
nai hemocytes, which in turn exert immune functions through the formation of ETs. The ROS-mediated mediates
the formation of ETs, and the PI3K/AKT signaling pathway. HIF-1a, is involved in the formation of ETs, mean-
while energetically supplied by glycolysis. This study preliminarily explored the response of hemocytes of H. dis-
cus hannai under BF stress to ETs, to provied a reference for further research on the immune response of hemo-

cytes in shellfish and expand the understanding of environmental pesticide residues on cellular immune toxicity.
Key words: Haliotis discus hannai; gene expression; ROS; bifenthrin; extracellular traps; cellular immune
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