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HEH IS 5 EB1(AFB1) R BA3Z E X L4 E X T
BAIE B 5 P BV 52 i

Fom, EEAY, x EY, HEFS, B OAFY,
HEE, e, ¥ BV
(1. [ R} 2 Bt g o BF 9T
hE RS A E AR E, R FE 266071;
2. P EEBEERE R, dERT 100049,
3. HE R SEARERTRE,
WD S EMEARIIGESRE, LR F5  266071;
4. Hp [E B} 2 B TR T ST
PO A SRR S ASELALEE, TR M 510301)

T R E W B H FBUAFBL)X L 455 A oF 738 26 8 FF I 6 %, DA3% "R 4 F 15 mgkg
AFBIE R B JL4Y 1= X IR A S0 41, & AFBLA R % R o JL 4 X oF1F o xR 4L, &
AT #2480 2REUE AL, KA LK EEPCRI N mTORSE 5 & B+ 8y E
2} %6 5 Bl T AELE &% B (eifdebp), E M #F A4 F T la (eifdela), BB FERBE T
2(eifbe2)fn A% M5 Rs6 & & # B8 (p70s6k) 3 H , 5 % J% A8 X By % 3 B F Dorsal#nRelish 3£ A,
B A Ak B8 B (proPO) L B UL B %5 & & #F Bl & B F (mucin-like PM) 3 B & 38 K F 8 & 1,
FAHABMAEAFRAFBIX AL AW E . R KA, AFBIH K fn 4 xt
mTOR:E 48 % 2 H oy ik 7= £ ®oh, LI 4l xtifeifdebp L H B 2R B A £ B F EH,
E ER LT E R KT eifte2freiflelatt ] % /£ # 8Fn B 12K 4 B 5 47 % ; p70s6k
HAEE2IEARENTEAES, A THENR REAZWHATF. AFBIE BB R # T %
Y& R G R, LI 4 Dorsal 3 F FaRelish W AW L EFH T, HFEAEH G ERKK#
% proPORH T H4mE8RE ¥ LRI T H 12K E % E AT ; mucin-like PMFE H 7
%2, 4. SRH L F L. AFBI IR X T LA ENTFEEFWALLS, Bl
FEEEREA. DEEM. LERAREHREFAL. XKW, AFBIFE RN
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KB AR Ak, TR B4 ] e e MLRE (S BL AR X
& Je VR0 10 B IR 5, AT 51 e IR R IR
e, PEHMNFBERET, RARRME YN
i, wMaTsia.

JV7 1 J& AFB1RY E 2R W e, sy +—
& W BE B ) S0% Y AFBL, /b iK% P AFBL
FAR S =4 K i 5 B AR B 2 76 Iy ZR BRAL LM,
08 g SO FLAR X AR S AR BT R B, BRI
JRARAN, AFBIFE4NUF A B A 5 B . W
T8 BE S 8 R B AL R B 3 i, R A
TR AR —HEBEFES, 8 550 5 R i )
BB L A BEBE L R B R AR W B A
W, VBT iR28. A9ER, AFB1ai
sy W 2540, iz 16 ) B R e I A R
ARt EYFT R, AE RS AR P 100 pg/mL
M AFB14s B & BT 48 1 26 IR B2 il iz 2% &
w . AwadSFNES ARG TS K B, A
RoawmipiEes, HhyE2AE M.
A, AFBIZWEIA G IE W A IX R, i
SR i B TR W B B DI E o Larsen®F VIBFSE R
B, AFBI1% WG R(Cricetidae) £, W/ il
A, RS L, HRER S
48 B W N R T 45 3

HHr, A XCAFBIXT 7 18 55 52 i 1 b 5% 2
Erh T M Em & s b, Tk Tk B
Wy 0 IR TR A g A D, W e B i Ak e )
B PEBE B SE IEARZ 0L . A WFFEAE AFB1IX 7K
RREIE A ISR SR iR S I S i FUB U S0 I8
Vs 18 A ZUIE 25 78 Ak S 3 fe 95 FAH G 6 PR 1Y) K
BTGB, M2 K R 3R 58 2 T AR 55 AFB 1L ML
R Y% A Ji T 7R R ) 52, Sy X R ) gt
FrHH AP By 1A e A e K

1 MRS T7E

1.1 SCIS MR R i R &1

S LA U U ER T B TR 2 R R
A R FIHEAE, BEATLBK A R 4 Xt HF 300 [14 T
H(2.4+0.13) g/F2], P4 BL T 61 K% 4E (80 cmx
60 cmx50 cm)& 7% 18, B 7= W 0] LTS AFB LG fin
(AR B M . BT X IR 4R 37 T R BRI K
i (ERE30), JKIR M (28+1.0) °C, HZE=, &
KK E50% ., B H H2 BRI 5 1 7% 5 3R 3% I
Tkt

1.2 SEISRRECH

DLSE Rl C A 1Rk B B AFB LAY X JE 2 4%
M) RL ATAFB & 5 o8 15 mg/kg 1 52 56 20 5 W 1w
B SEE AR RSB AFBLA it T AT, A
RS, JEET37 CKIBThim2 nizE k£
AR, B S A AFB1AY £33 0 21 4 R
mh X R 2 5 MR e el R R A A TR
T ) S 55 20 45 R A T U IMAFB LI £ o P4 20 4]
BETF4 cCOKFHINAF .

FEmt iR A B R R R A RS ) AR R Y
JLGA R R R LR, MR 42.3%, MLAE
72%, KA315.5%, 7K5311.6%.

1.3 KHRI K

BRWE ARG, B e KGR BEHL S 7
A, SrlbRic bt AL s, A3 F
1, BT S0RIR . 43 i £ 0 I8 7R
AFB1(A B4 TR N AFB1 (5256 20O kE, 5256
Fege12.d. 400 TE50. 20 4. 8. 12K, B4
K A6 BE MLk B3 R X AR, B g AR A T
RNAM 3 T 5 ZERNASR BUSC B, T4 °Clif
WG, HAFT-80 cCOkFEFEH . SLE i
SR BEAN I (6] o5 % R AR ST T 8

1.4 RNAREREFERIENE

RNA &9 32 3R fi B TaKaRa MiniBEST
Universal RNA Extraction Kit (Ki#EF4AY THRE
FR 2N BV B H R U IE 41 21U RNA, AINanoDrop
2000(Thermo)Xf AT $E RNAEFT i S AG I , 1 1%3E5
FIE WG S P K R 0 2y S B o

RNA# B % & F| F TransScript® One-
Step gDNA Removal and cDNA Synthesis Kit (16 5T
XS EYREARA ), % H U A X
RNAFEAT e 5%

At % X% FPCR (QRT-PCR) MR 4f5 i3
45 F) F TransStar Top Green qRT-PCR Supermix (1t
A AR YRR BRA B EAT AR G JE A 3k
Y0 A o AR S5 X L 4N I i 18 P mucin-
like PM . proPO. eifdebp. eifdela. eifde2 .
p70s6k. Dorsal. Relish& PR it 173 [H kM %
PLB-actinfE R NS . Sz i F 5140 i e et
Wi E A YR A R A\ A (R ). H2788Cr
(9 5 6 T R R A X 3Rk 1 i AR 4k
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Tab.1 The primer sequences used in this study

A 71453 HIR
gene primers(5'-3") sources
p-actin F: GCCCATCTACGAGGGATA [11]
R: GGTGGTCGTGAAGGTGTAA
mucin-like PM F: ACTGGAAACCGAAGGATGTTCCCT [12]
R: TTGTTGCAGTCCTTGTGTGGCTTG
proPO F: CGGTGACAAAGTTCCTCTTC [11]
R: GCAGGTCGCCGTAGTAAG
eifdebp F: ATGTCTGCTTCGCCCGTCGCTCGCC [13]
R: GGTTCTTGGGTGGGCTCTT
eifdela F: TCCCTTTCCCTAACCCTCA [13]
R: GTTTTGCTGTCTCGCTTCC
eifde2 F: TGGAATCAAACCTATGTGGG [13]
R: GTCCTCCTGGAAGCGTA
Pp70s6k F: GCAAGAGGAAGACGCCATA EN I
R: CCGCCCTTGCCCAAAACCT
Dorsal F: GATGGAATGATAGAATGGGAAGC [14]
R: CACTGGTACTCTTGTCTGGTGGTC
Relish F: CTACATTCTGCCCTTGACTCTGG [14]

R: GGCTGGCAAGTCGTTCTCG

1.5 ALYIRHIERIE

4 i 2 21 T 10% 00 Hh vk s v e, T
AN TRY e 3 A T VP RG vh 0E AT R BE I K S A
LB BREBEE B, 10 pm¥) H, 60 °C HLH;
U 05 5 o8 P A AR — D £ (HLB) Y {0 3 Xof AL 40 e
0 f e AT R WL T 04T 18 B85 (Nikon-
Eclipse 50i POL),

1.6 it oth

Kot ¥ CF 3498 b5 22 fT R R . H
SPSS 19.07 iy 51 [K 25 J7 22 43 17 (One-Way ANOVA)
JTEX B AT G 1220, i Duncanik it i1 £
HHE . BF KR P<0.05, FdE K ) Origin
8.62E i

7R

2.1 AFBIX LYEXT N /& RS20

Tk o AFB LR PL 4K T8 X6k R A 145 3R 0 52 M 445
RER, 7E12 AR MESEEG S5 a0 AR 4 A7 3
H497.33%+0.02%, B E T K HMY65.50%+

2

=2

0.03%(P<0.05)(%2)

2.2 AFBIX FLYENIIE R MEEEER
e 3v:0p- Al

JU4 i 3 5F B 388 oAl X K B 69 R A
X BRI A B, A 2B 2 R A eifdebpdk A K A4 B 3
A, JFRBEAEERRER, JFESER
I B KRR BE M (P<0.05)(E 1-a), eifdelakH
FEER2R A B E 2 L, fEE4RgA LT,
117 7E 55 8 IS 12 K 4 1 35 7 4l (P<0.05) ([ 1-b).
eifde2 3 R AR b 34 S eifdelaFE AL, FEE 20
AR M TIE, (H 2 RIXF B2 A b TG e 3 1 2=
5, MAES S 12K B3 T 17 (P<0.05)(E 1-¢).
pT0s6kFE I TE S 2R 25 4K 32 2 & il , b5
LI ] T AR A 122K T 2= ) 1R 7K F(P<0.05)
(K 1-d),

JUSh 3T 5T W 18 o, 5 A8 K AR R g Rk
Dorsal X Relish Wi Fl 6 5 #H R TR 7 L AFB1 G
B X IR i 3l 2 S B S ) R . DorsalBE R
FoREEH LR, I FEARMN R
B, 12K 2P G 7K T (P<0.05)(512-2)

A~ B B 18] = FL AR SR 3T BN B 70 2

Tab.2 The survival rate of L. vannamei at different time points

A5 % /%  survival rate

4

groups 2R AR ELPS F12R
SEIGZH test group 95.00+0.01* 83.00+0.01* 72.00+0.02° 65.50+0.03°
R4 control group 100+0.00° 98.67+0.01° 97.33+0.02° 97.33+0.02°

i FFVEGRE B RN A B35 2 7 (P<0.05)

Notes: different letters in the same row mean significantly different at £<0.05
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Fig.1 The effects of AFB1 on the transcription level of 4 genes related to nutrition in the midguts of L. vannamei

BRI X R IL &
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18 E [ JxtHE4L  control group
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=
.2
]
&
5
(5]
2
=
e

it 1) /d

time
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sEAL)

(a) eifdebp, (b) eifdela, (c) eifde2, (d) p70s6k; bars with different letters above them are significantly different at P<0.05; “*” indicate significant

differences between the control group and the experimental group at each time point (P<0.05); the same below

RelishF: M A 552K 00k B &5 SRR Bl , It
Ja IR BB, A rEE, TH12XK
R 2 K (P<0.05) (€l 2-b) . proPOFREHTEHE 2K TG
BEAA, EHEAMESRM B EFEST, EH
8K MR i K, IF T 28 12K Il =W IR K F
(P<0.05)(K12-c). mucin-like PMFEPI{EF M AFBI
JEMEE2. 4. SRR FHIFT, HTH2KHARE
By, MRS 12K 15 E ) 4f K- (P<0.05)(E12-d).

23 FLENEXEFAEHRATSFE SN

XF B2 i 18 b B AR B, R R
WA, MRS W, PR i R
R (B R-1, 2). SEE A2 K iE A 40P
SIFREAEM R, RAR)RER, IR
RSB, 2L R] B A I (1T R-3). B4R
Jo 16 b B 20 A 5k ] b BRI B, o0 A0 A%
BT IR (K R-4). 58RI 12K i
B2 A M B A AE R L A T AR L L B
M= 5 R B S B (KTR-5, 6).

g

H B X AFBIXT /K 7 8 5% i 1 A 90 22 4R
HH R G TR AR R I bk O 0% S e o i 2 K ™ Bl
YWHEZNHA L RESE, R FEE R IER
Wit ATE 3R R G051 BA HA A A, SR, XS
T RE i AFB X 7 38 1 52 ) S 43— HLER 9 BF 90 4%
= o XF I g T8 P s 7 B ] 24 o I SR AR D
f & R, T Rk JOT i SR 5 e X A g i R 1Y)
BHRRZ—, HICHFSEAFBIXT LGN X ¥ 7 18
B0 B e i 1) 5% T A A R A L

Ostrowski-MeissnerE " 58 & 8L, 1A gl
AFB1Ik 415 mg/kgihf, XTHFZ:14 diFl 35 5 256
BET o AR S0 A 35 12 a6 MR 77 0% 356t 25 A X
W2, VLR AFBIE 28 X0 XF 0 IE #1428 7 7 A= 5%
e, 5 EAREE R A R AT RE 5 S E S W i A K
B BOAS A A G

Ji T8 R 2H 22 5 D e AR YT IR R Y
J i b R 20 M2 HES KR A R R T,

3
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Fig.2 The effects of AFB1 on the transcription level of 4 genes related to immunology in the midguts of L. vannamei

(a) Dorsal, (b) Relish, (c) proPO, (d) mucin-like PM

BE ] Ji s 9 5 A8 U R E YRR R
AFB1R U IR A TS 1 95 6 B2 266 M8 3 i 1 49
Ji 8 6 T it 1 B V6 e T S 4 . Karunasagar
TR, B AL SRR RT R I E 2 B
B4 B AR A B A 0 SR R B 2 I i OE B
FMERSE , AR A, HESAFBUR KIS
XT U7 3B T S G R A=A Ak, I Bl A 45 R[]
FIE , 7 dE 0 B W e, R R g
Ji 5 RE A Eg . AR IS K L i BT A R
%, 5 R ST R B L A E, AT B2
T g M T A, ULTAFBLIX ML
Y o) W gy T R T R T ML AR A, BRAE —
FREE BWEIR T B vy BB B, 3 T AT RE S
Wi 7y 18 HA D) RE

FH 4 1 (mucin) 78 7 18 5582 h & B EAE
M, REREAS RN EELrZ—. A
SNy, SRR 7 W B wE R RO T e
Aimuc2Zh 8§ H A9 K& 4", Mucin-like PM 2
— R RRLT R E L E R, Soonthornchai
SEUPVER X BE 45 X W (Penaeus monodon) )W 55 3¢
B, IR YeXTUR S, mucin-like PMFERTE F 1%
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) I8 8 3% T JE W, Ul B AT B8 S A sk
W oy R R FRME T AR, A
o, mucin-like PMFEPRTESE2 . 4, 8K
FLE, ULHAFB RS T R T 4
W, IR B iE R B R R R i — 25 AR
Je W Tk RN T BB S B R RS R E
WEAZ BP0, bR AN S W RE R R AR SK
B 28 UL, AFB UG ML X 7 38 14 £k 2% 5
B T — R

WA R Z M5 5l 5 (mTORSS 538 %) &
AR T R A S It S R B DA G A
S B, R EE AR TR 4E-25 A B (4E-
BP) MIs6 3 it (s6K) >k A 45 & H B9 & 1 *' . Chen
SRV, $EE A AFBURDRI20 d2 1 AT XS i i
AE-BP1FEIH 235 3% 18 . Rubiolo: ™% B b Il
B A0 BN TR 40 A 24 W 40 i P s6K ) T R
ez 2l T, 2w T E AN AR, 5 kg
AL, AL R, WIRAFBLE, LYY
V5 X W 7 18 eifdebp kS 25 LR, TR iR
eifdelafleifde2 3L F I 75 55 8 FIEE 12K 5 9 b =5 411
Hils p70s6kFEH B T 42, 4, 8RB EFIH, Uit
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W AFB 1A 78 in X+ mTORGHE 7™ A= 7 — 22 R B B4
il , S XTI R B A R, iR A
TERFE B 5 FIRRAAE 2R, FIREEH T 58
WA R A S . AR EH, AFB1ZFE
TRHLAAR BT AL B I 1 7™ A K 3 1 A(ROS)PY,
M ROSZ: X mTORGH 7™ A= Wil , e IR i 3 114
P 5 BRI S BUR E B0 W T LR,
AFB1XF % 8F 7 38 m TORGE 8% /Y 31 1 7T fE 52 5]
ROSZHHEZ sz m, I+ H 5 Wi iy 5 5% U1 e Al
Ko MAFBLIXF PLYA X 7 8 mTORGH 5% 1l 1)
BRI M AN M, T 3 — 2P Y .

Tollid % Fi IMDif [t 2 G 6 HE 30 P HS1H 2
9 B IR Y HE B 8 BN . Dorsal I Relish/y
5112 Tol Lill [ AT IMDi % T i A% 4% sk 1, )
J& T Rel/NF-kBZ 5, 15— & St ZAF T fiE
% Ji SN R IR R 19 7 S 20 AFB X Bl 11 41
P R G HA — s AN HIVE Y, i H T W
UEHE 57~ AFB L 75 2 % 1 3R 27 G0 5238 3 1% = A 52
M, 2R, W EERERE, JLAEXTER
i Bk 3 A Penaeidin 3MALFHE R Y5 H BLAS [7] 7
JEEA R, D T R SA R b AR I 3 A A
W RBE S TR, 5 R as RAL, AWF
TR, BWRAFBLUG A 5B o K s A ¢
W Dorsal X Relish3: K 8 9% B F 5 S, 0 0ES
ARG RIE B ey, JFTEE A mvE it s, it
Gb, TEEXT R E SIS h kB, AFBLIYIR
WS 7E — B L R B I TE R AR
X Z&® ¥ Ul-HassanZ:PF 58 B, AFB1A] R
MUK B 5 e g 77, 38 BL A XT 95 B B0 5 7 7Y
SyIEE . A, AFB1AY 4% M T BE 2 00 ML
YR PN W i T A W R T AR, R 3 G AR
B, il — Lo R KRB, NifER
Dorsal’5 RelishFE R B 315 o AN S 00 285 e ul 1 ]
DAULH], AFBIFE— & F2BE b5 1 % AR Ji i 4
PERERE R DIRE, BN T LG X MR B A
PRI 1 RURS: o T AFB 1T 33X 4 il 4 38 i % ELAA
1455 e B ) A o i — 20 R A o

1y A AL i i (proPO) & SE 78 W 56 3l W) 4 92 By
W LA EEMER, LT A HESh W 0 Ab
ARG, RS0 LB, RS A AFBI
(1600 pg/kg) ) frp k25 fuff P& v X M i 480 A il 37 14
T e 5 R IREE R, A S R I R
proPOFERTESEAME 8K B % 1, UiHIAFBIK
TSI T B S AL D AR G Y S R 1 . Soon-

thornchaif "W 5T R B, M4 R INE (Vibrio
harveyi){Z 42 J5 BE 5 X HF proPOXE R 7E I 21 Jit Hh 5
R, ER AR A S0 A G R T
FEP R R LR AT B 5 0 40 M2 i AN 1 4 2
AKX

ARSI A R, BN 1S mg/kghy
AFBUXF PL A I 0 g 3 785 J5E o7 e 3d B 1 445
S TN R 1A B L Ak R R i Y 1)
RE, HEMATRES| A XTERIET: . A58 5 18 Xt
W A fi B % B R BT Y, A R AR DRl A i et
1 AFB 1 X B 14 18 5 42 At B AR A
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Effects of short term addition of aflatoxin B1(AFB1) on
the intestinal mucosal barrier of Litopenaeus vannamei

QI Cancan *’,  WANG Baojie ', LIUMei '?, JIANG Keyong ’, ZHAO Wei ",
REN Chunhua *, HU Chaoqun®, WANG Lei "
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Chinese Academy of Sciences, Qingdao 266071, China;
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Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China;
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Abstract: In order to determine the impact of aflatoxin BI(AFB1) on the intestinal mucosa of Litopenaeus
vannamei, shrimps were fed with normal diet and diet containing 15 mg/kg of AFBI for 12 days, and the tissues of
intestine were collected on the day 2, 4, 8 and day 12 of the experiment. The relative expression of genes in mTOR
signal pathway including eifdebp, eifdela, eifde2 and p70s6k, the immune-related genes including Dorsal, Relish
and proPO and mucin-like PM gene were quantified with RT-qPCR. The changes of intestinal morphology were
explored under microscope. The results showed that, the expression of genes in mTOR signal pathway was
affected by AFBI, eif4debp gene was up-regulated from the 2 nd day, and decreased after reaching its peak on the
8th day; eif4e2 and eif4ela genes were both inhibited on the 8th and 12th day; p70s6k gene was down-regulated
from the 2rd to 8th day, and climbed to the initial level on the day 12. The immune response of the intestine was
also stimulated by AFB1, Dorsal and Relish genes were induced significantly after fed with AFB1; proPO gene
was up-regulated on the day 4 and day 8, followed by a fall to the initial level on the day 12; and the mucin-like
PM gene was also significantly induced on the day 2, 4 and day 8. The morphology of shrimp gut was changed by
AFBI, the nucleus of epithelial cells swelled, the clear margin of chromatin was no longer present, and the ecclasis
of epithelial cell layer occurred. In conclusion, the function of intestinal mucosal barrier was affected by AFB1, not
only the mechanical barrier was damaged, but also the chemical and immunologic barriers were impaired.
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Plate Histological examination of L. vannamei midguts

Histological examination of 1, 2 indicates the midgut of shrimp in control group; 3—6 indicates the damage in midgut of shrimps fed
with AFBI containing diet at 2, 4, 8, 12 d respectively; letters indicate different structures: IEC represents intestinal epithelial

cells, BM represents basement membrane, CM represents circular muscle
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