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WE: EEKEANERLB ST EREAEFNHMEESFE (microcystin, MC), RHRAHNAEE. @i LK
HF% MC-LR MBED & R4k g B, 2 BT B8 89 MC-LR M NA 4L AR, 3L 348 MC-LR £k %
KK 03, 3, 30 ug/L, TEEAE MC-LREE A 0. MC-LR %% 12 JA 5 R4, B HAE B 4 fif RNA,
R 33 K cDNA, F|H L7 ¥ & & PCR ( quantitative real-time PCR, qRT-PCR) # Il &4k A8 < 2k [ 09 #% & &
b, EHERKYH, 4 MC-LR RERME, REKERKAKM, MC-LR REAFE, RAEKEEKRAA
B, BHAEE; FEWeNE, £MCLROFET, MERSERRARK, MEABLE —NEREH
WA, TR, MC-LR T3 TH BB AIEE T Ha KNFR.
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Effect of MC-LR on appetite-regulating genes in zebrafish

LI Guangyu, LI Li, FANG Jie, ZHONG Zhaoshan, XUE Liyao, HE Yan
(College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: A large amount of microcystin (MC) would appear when large-scale blue-green algae breaks
out, which has strong damages to environment. In this study, zebrafish were exposed to varied doses of
MC-LR groups (0, 0.3, 3, 30 pg/L). After 12 weeks, RNA was extracted from the brain samples and
reverse transcribed into cDNA. Fluorescence quantitative real-time PCR (qRT-PCR) reactions were
performed to detect the expression of appetite-related genes and assess the changes of zebrafish appetite.
The results showed that the expression of appetite-promoting genes decreased at a lower dose MC-LR
group, while the expression of appetite-promoting genes increased at a higher dose MC-LR group. In
addition, MC-LR could down-regulate the expression of appetite-inhibiting genes at a lower concentration,
but it would up-regulate them in a higher concentration and reach to a stable state. MC-LR could disorder
appetite-related genes, which might eventually interfere ingestion of zebrafish.
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MC-LR 241 R, SCR s £ A, tun, Ff ZoREsscib 45 R 8or, NEAKAN MC-LR
FE AR, B EAE s D EER, W] MC-LR R 28T at:, BWIMmEs
JUE S [RIFE P AR RE 35 5% o MC-LR = BEBORE IR K A& b, BRIt (S8 [ A KO B A ORI, Harc
1 % R RIEIE S MC-LR AL 40 MU 1755 P 20 9 TR Be o iR AG 1 4 Kk &P Ik, MC-LR
XA AR B IR 51K T 28 AR R

IEH R R R AR IE R AR k. ANy EEMFEE, 1 HAY MC-LR #7513 24
FEFL AR KRN BE B AE 7 1H, XA AR (1) 5E W IR B AT R0 . =y S5 Sh ) I B AT Dl JE R R 4, 3K
S L PR ) A3 g (08 B 8K B S DR R S AR M SE R 2K, T R B bl 5 aaca SR
SRR AR T2 R g, WARKA TAMNAS AL, S, i, . BRI 4
L5, AN AR B 2 A IR AR A O R i 0 R I R K £ AR S i B oy,
AT 5 52 A R AR AR AR AR Ak e Y B, RS AR R R % Chypocretin
neuropeptide, hert). #IZ )k Y (neuropeptide Y, NPY) %&; i & k35 K A 2 B M B B UK

(gastrin-releasing peptide, Grp). £ % (melanophore stimulating hormone, MSH). J# % (leptin).
A A DR R N I 1 W L S Ik (cocaine-and amphetamine-regulated transcript, CART). B ZE Y 1K 4
(melanocortin 4 receptor, MC4r) %5,

LR HESh W) A & B AU E Y —— R A N WE S 5, 3l qRT-PCR 555, X4 MC-LR 4L 2
1By () S AR A ST R RIS AT 20 M, ANITTER TS MC-LR X BE L) A (X BRI 52 o A SEIG K FH IRk &
MC-LR &5 75 1 7 O BE 1 Mgk AT B i, BL40L AR BAEE S 2R g i (W45 858, [A) I A3 £ A B R
MC-LR X 2R R EAEH], & MC-LR LS (AR -

1 #R5EE
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MC-LR (4fiJ =>95%) 4 H 574 Express Technology A5, 52K 5 5 d i BEBT 5 a4l B = R}
22K AR AL ST
1.2 LS S

ASZIGAE 12 IRy, o AEEE S fh, RR4L 15 450 BANFGFIE K MC-LR iS4l 4k,
o K SIS A AR BE 530 R 0.3, 3, 30 pg/L. [AII ¥ B IR, X1 MC-LR WK EEh 0. B D 1)
BRI FE R AR (28 £0.5)°C, REROG A IR D' R I o6 FRUST B] L A8 Ry 14:10. 43 2H s K [] B ] WA [] 5 1
(raeE, BERAE B 8 sFIRF 3 R FAE L, nf DR E R /DVERY ik, DAORUESE 5 £ 1 57
FaoKo BUFEIHT 2 d 45 kMt o AR5 45 A5 B S0 20 A0 FRZH B S 0 (R I A1 2R, R GO R G B T
-80°C Uk H .

L3RRSI

FJH SV Total RNA Isolation System (Promega 2~ #), FEE)D) MFEA R h 25 RNA. 4i4L )5 1 RNA
25 OD,60/ODago K7, 4% PrimeScript” RT Master Mix Kit (TaKaRa A7), HAY) [ B35 53T RNA
SRS AT 3G B —BE cDNA. AN, 7E GenBank ™1 & $RAE 2 B 58 AR A OCHE A, 45 fE B Al
(herts NPY MLz k) Fifl sk K (leptin & H 24k, Grp M52k, MSH. CART Fl MC4r),
JFLL GAPDH 1E AW SR, FIH PrimerS BAFRTIX SR B A1 5190, WK 1 Prox, P59 m
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LR R A A G ey W A P BUK EZ0 04 150 bp.

%1 qRT-PCR ERH5IHFT
Tab. 1 Primersequences used in qRT-PCR

519 5 (5-39 514 73 (5-39
GAPDH(F) CTGGTGACCCGTGCTGCTT MCA4r(F) TCATCACTGGAGGCAACCT
GAPDH(R) TTGCCGCCTTCTGCCTTA MC4r(R) CGCAAAGCGTAGAAGATTG

NPY(F) CAACAAAGCCCGACAACCC MSH(F) ACGCAAAGACAACCAGAC
NPY(R) CCATGCCAAATGATCCTCA MSH(R) CACAACATCCTCACTCCC
NPY7x(F) GTCAATCCGCTGCTCTATG HCRT(F) GAAGCTCCAGGTGCTCGTC
NPY7r(R) CCGTTCACAATCATCCCTC HCRT(R) CAGCGGCGTCGTTGTTGA
CART(F) TGCTGCTGGTTTGCTGTGA leptinr(F) ATGGAGTCAGCGATGGTGT
CART(R) GCCGAGCTTCTTCTCCACA leptinr(R) TGTTGTTCGGGTGGGTGTT
Grp(F) ATTCGTCGTGTCCATCAT leptina(F) GCATTCCCGTTCATCAGCA
Grp(R) GTCACAGCATCGTCGTTT leptina(R) AGCCCTTGGATGGGTTTGT
Grpr(F) ATTCGGAGACAGGTTGAG leptinb(F) CCGTCACCTCCAACTACCT
Grpr(R) ATGGTAGGAGCGGTAGAG leptinb(R) CAGCCACATCTGTATCTTTGC

1.4 qRT-PCR i H R KA

JW ik qRT-PCR A4 4 i BT 15 £ £ SRFH < 55 M i) mRNA KIA/K 7. PCR MNIREYIN 20 pL AR,
£03% 1 pL (100 ng) cDNA #Jfiz. 10 uL SYBR® Premix Ex Taq™ (2x) 1E [ HR 1] 5 4% 0.4 pL (10 pmol/L),
DM 8.2 uL ddH,0. qRT-PCR il 7 qRT-PCR {X miniopticon (Bio-Rad A%, ZE[E) FHHT, HakiTH
A4 ARy 1. 95 CTAEME 5 min; 95°CARME 10s, 59°CIE-K 10s, 72°CHEfH 155, Jt 45 MEFR; T 72°C
SEAP AL AR DA T, BRI E R It 42 .

1.5 HIEAE 5S4

qRT-PCR 5, MEEANFE S SRR Ct {1 B-WLBh 8 RN o BRI (R AR a1k 7K P m] LA

DAV T B o B 7 R S P S AR R 0 BT Y S SR B IR 2R 2 3 W ok s A T R 0 HT

KRN 0.05 MR /KT M4l I ge 2% 2= ek, RIS H M e S 4l 2 M 25 BT gt a ik
FH SPSS 16.0 # AT

2 H#R 2.0 0o AT RAL

=1 0.3 ug/L MC-LR ok
2.1 MC-LR W3 S arakd B & HZ AR AR 1.54

B 3 ug/L MC-LR
M 30 ug/L MC-LR
it gRT-PCR SE5, 732 7 b e Ak i b 2L
ZARFE N R ILE AL, WK 1 PR, LA H, NPY
TERARIKRE MC-LR (0.3 pg/L 13 pg/L) kb5 &ik
BT R L (P<0.05), TAE BT MC-LR(30 pg/L) 037
Ab R Hp ) R IA 556t R A A LEIE Bk 2 R AR (P>0.05) .

HR AN R IE B
2

A NPYTr MFREWAE AR, fMR%E MC-LR ' 5 - "
(0.3 pg/L) AbFE SR IE W F LT RHRAL (P<0.05), 1M 45

NN N IS, E: o RORNHFEFEEES (P<0.05)
TE EVWRIE MC-LR (30 pg/L) AbBRZL ik B s T
mIvc X He A B 1 MC-LR AbHE 5 (2 fr A B2 ik 1 i it

+ B Sk Bk B ok ek
X_‘l"ﬂ]‘j‘éﬂ (P<0.05)- ﬁﬁj\ﬂj‘( hert 7= **Eﬁ Hbfi%%ﬁ rﬁ Fig. 1 Relative expression of appetite-promoting genes
LI MK, 1 W2 B8 PRI MC-LR after MC-LR treatment
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Wi (0.3 pg/L), hert ik 550 BT LG22 PR (P<0.05), T4 MC-LR W I T &, hert (13
EWE LT, FEE T AL
2.2 MC-LR X B 5 £ # ihl fr Ak 2 R K 3L 52 4 3R & B M

I 2 iTDUEH, S adt R Rk & B A KRBUH A AR A leptin L H 32K, Grp M HZ
&, MSH FIl MC4R ZE{%HKJE MC-LR (0.3 pg/L) AbPRJG RiA B AL, BEEH MC-LR WREETFE, Fikdk

ThE PR . 1l CART 78 MC-LR 435, JERFZ0A BT . JEHOR IR S MC-LR (0.3 pg/L)
WG RIS R ERAG, BEE MC-LR KR T m, HRIEEWEWT &, A28 T 0 4.
O WA
s [ 0.3 ug/L MC-LR
T B 3 ug/L MC-LR
» B 30 ug/L MC-LR
4 1.
®
®
z
K 0.
e
leptina leptinb leptinr Grp Grpr MSH MCé4r CART
A5

i R B BEVEESR (P<0.05)
Bl 2 MC-LR AbB 5 il fr ki P ek i 1 ol
Fig. 2 Relative expression of appetite-inhibiting genes after MC-LR treatment

3 Wit

ASErh, 2 AR MC-LR R AR S R BE ) M B AT SRR N R IA A B 5 8. (e ikt
I hert (Orexin) & N M ER, WK BAIREUTE 2, XA R IR i gerk, it
PR Y SR K, T L 0 EUE R T AL I 50%L R AR A SR A0 9 5 7 A e ARk
CIZ 20 0455 e J 00 938 A i 3D 5 AELK S Er AR A0 52 Wi K1) FLIA I e hert SR 55— G HR A8
Bz ARGE A, RTEE A R, B Ak, NPY 2R 36 ANRILBRE BN ) A 2 K, AE
R AR 30, L3l B b T DU HE S B e NPY LT S A A oh
PRSI 5 2 AR ERRESRALL, B AT A AR T A AR e AR R IF — R, s W2 i P [ R &R
NPY SHifi 5 2B IR B R . AR BE, LR EIREGEOR N 1 S KR s SE
(4 B o e B EEAE A NPY 2465 G B APk, KRPIIEW, NPY i ismiEe
5 THAT B I, A o, X AR R AR AR B () MC-LR ARFRJS 8 5K BEAIG, 150
IR ) MC-LR 0 S ™ AR MBI ROR sl B2 ) MC-LR X DX EEIED, (Lt S frak, &
PUHS— Bl A S B

L5 (8 R R A R 2 IK R DU AT I, A0 B R R AT AN R FE AR A o Grp (10 32 2842 B T 2 fie
e B o, SLAN B 3 AT A B IR AR I IR B b R AT IR TS Grp Ja, AR ELIL SR
sz ) R EAMHINY . Teptin S H IR ML A BE (ORI, RSl AR AL A, AR
TR AR R, ARk, D RE R AR D T AL 5 s B I RE R AR 1
MSH J& BRIEAR WAL 7 P R B —, FEMSEP B AR 2, S5 E KR B
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TR AR 5 AWAL (MC-5R) 22—, fEMFLEYH, HAT T leptin ZhAE, & IHATRER P-4
5 RE RS AP K L EUE 5 20 1 AR R SRR SRS AR SRR T, TS i AR > WY Y o-MSH 454
PO ATE N, Ak, RERARIT . CART J&—RIEAE RN A ¥R 32 I HOK BRIk ek,
0SBl A: A AR I AR B Th B PP B B . RS CART J5 1K R — AN Dot i 48 & sl 4Tt
ifin FLARAE H 25 28 ST R B, 64 P IS CART 20K, S faxt eyt 7. A ses o,
XL g Er AL PR ARIR LK) MC-LR Ab B 5 R IX AR, AR5 B MC-LR W AT i S5 7 g 1 A, 5K
K4 KRR W], MC-LR 285k KT I A B RANSCIE (], 18 SN LR v e 2o i o 483 1 £ AR DRDR A
f22 MC-LR Xt B AR G AL (1 il o

4 ZEig

Bt R 22 5 PR A e, AR Z AR SRR RE, ORME T T A IR ML A e . A
SRV KA TSR R SRR I OR R, ACHLK I8 P 2% R mT S SR RN SC R I R 2R L
ARG NHLEE E AR 1324 1 EZ DT RRE N f R B R A F RIS, W+ E MC-LR
PUERER AL T HR AR o ARHE A SO0 45 Lm0, MC-LR ) 58 5% 2 i f S @ AR DG BE R R 8 HE I35l IX
R KT IRASRM AERAT W RIRI IR & 3 B Kb, 5 51RRE
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