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WE: Y #—TARECEBRML FRZF (irisin) Z F 8 X £, RFH & irisin F34 I AN
R R T M. ACSE B3 I8 A 2 Rosetta-irisin KA K, 2 E AN, FEA. BIEERE
INEG RAFAE R S on BRI A A R A LR A . oL drisin AW 7 %, AW B R
A F AT & (OGTT). RNAI 52 % J5 # i 7 irisinA Fo irisinB 8y & & & 4. # 5% %ot 40 | 42
B BiE. 0 JE. FF B UE irisin B & 3k & OGTT J&, 4l b3k 41 4% irisin 48 & 4. 0
A48 i 2~ 10 7T JE FNDC5 mRNA %k ik 2 5 & irisin 4 & % .. 42 & 77, Rosetta-irisin %
# 1K £ IPTG % & 4 h 3 # irisinA/B & # 3k 15 3% BL21-irisin % 3% K8 & 2.3/1.6 % ;
irisinA #n irisinB #0025l H 9.0x10* F1 2.7x10°, F A7 & X R R, 4 B x4 i 9E
irisinA #0 irisinB # 47| & ; OGTT J&, irisinA #¢ irisinB £ 31 1 7 B # & & F 1t ; RNAi 5,
irisin - BB FHMK; AERKALERLD R, isin AP Rk xE, FRERZ, QE. 7
# At A OGTT J&, R M. o f o BF JE i o irisinA #n irisinB 3% 0t & /5 [ 35 3 Ao
REEF BRI G RERAERL T, @AM E, FNDC5 f0 irisin 4 & & # & 1%,
b, REWFET 5 F e hfoks e W6 4 irisinA Fr irisinB ik, FAA M H N F T E .
IR R AT R AR irisin X HEHE R A B ALE E o . BB, # irisin A W 7 %
WA T e insin EARATHEEHRK.
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RS T I A P ) RE & T B B, AR SR R E,
irisin A LA7E A AR i S AR 107 40 i GLUTA4 (1
Tk, REEEEREREGED ERASE T,
FHEE 4] irisin (50 nmol/L) ZbBRFEAC A S-85 L4IA 1 h
FIE S 25 1 Toxt 6 750 W5 AR D IR Y 4 e, B 1 0
WEWEAR , s 2R O VERT, () IR AR D o fie
AHICHE R A Rk

fEf e, irisin 5 QU A AH G HGE A D
2021 4F, i (Cyprinus carpio) irisin 1E & —Fh AL
PR R PRk b . RAE, RIS
Uy fig o 52 . 2022 4F , B B irisin BB % 38 o
AMPK F1 PI3K/Akt 5 5 fif i 42 i JTF a0
AR K Z WKk, SRR A4
I, JCiEXT RN irisin & BT BN, WK
il 29T irisin X BEAR AR R T IR ABFSE o TEN
FLahd, BT ULAAZRLONLIZ AN, LE KA
Bk« JHRE A5 Ak Fa 4 DU ) drisin!™ 0, A 4 T I
FLBhY) irisin AIGEIRIKFIEAAHIE, $E 2 W22
5o HATCA MR E7E N (Homo sapiens) Ifil
T B b B e B B BEAR R, A 0.01~2 000.00
ng/mL!'""”, FNDC5 & H — /4~ N {5 ik, —
A MBI EE R . — 1> B 7K A 125 45 7
DA R A TR 1 C R i 45 44 Sl 20 ™, S 56 i
R DU 3] F irisin 7] B8 /& 42K A9 FNDCSE U HoAth 1Y)
A DL R A R e R R S R 25 A B Y, v
irisin (49 W R N 5 vk AR TR L RRLYE R, I
irisin & B ICHEMERRIN E , [RIFREHI 2 1 K7™ 725 50
YRR AR A ST

P, ASAIE 58 P8 T D % B 2H 6 irisin A I
irisinB, 3% NIH B /N R, (Mus musculus), 3R7S
fif irisinA il irisinB 22 JEREHUIA . 43 B Sk AR
PG, BOPTARRANY, DL S b A (8 R I e e
W2 B 70 I 5 (ELISA) 72 46 I 28 3k 1 1 ] 26 1% T 2t
5216 (oral glucose tolerance test, OGTT) u¥, siRNA T
U5 BRI irisinA 1 irisinB A& R AS AL, HE
DA irisin AHX 4370 LA K o8 2 BRI 2 ) i L o
JIE . HERENE . 7 18 BT K A drisin B9 SRR A4,
R 8 ATL AT B Ak i S irisin & 5, AR ARG K
7RSI YR G R LR

1 MESTHE

1.1 SCIg# Rt
Bk BAR A FE I £
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DH5a/BL21

(DE3)/Rosetta (AL T Z K ERHLARAF); pET2la
AR A S R AE s JLRRT GO AR, R K
(12.0£1.0) cm, A (37.00+1.25) g, Wy H W f &
TETE AR FRFE LI, FRAE T g IS R 2 K ™ 5
FHAEH, AU 2 JJS, B R & 300 L #RHGE
AR IRIE R GE P, DL/ 12/12. 1k 8:30,
13:30 1 18:30 1 £ H5 MR A i ARDRL (700 Pl 188 B ARDRL A
RS 7))o KB4 b M FRFH A BE . DO (5.8~6.2),
IR (27 °C). pH (7.2~7.4) FIEFE4A (<0.02 mg/L);
NIH S5 B [ A 22 AR ) TR A BR A W
S0 3 A P AR E N DL R ST S B ) ) R A B
fdE FH A B A BRI, 42 BRI g U 91 A2 S 3
ShWIe 3R D1 23 i R 1 AT

% 38 X A TRIzol, J2 %% 5 X 5] &
PrimeScript™ RT reagent Kit (with DNA eraser). 5
{4 i Prime STAR™ HS DNA Polymerase, pMD19-
T vector (TaKaRa, H 74%); fi& IR 7 £ Quick
Gel Extraction Kit (VL7 N tH 20 4 W Rk 45 e &
PR F]); 2xPCR mix (Abcam, F[H); [k 42 B
A7 & Omega EZNA plasmid mini kit I (Omega, 3¢
B SN RER, PRI/ T OB it
29 : 1 LI BCL Aol @y B A= TAE TR
() B A RS PVDF i (Millipore, 3 [H);
PN (LI RAEYHARF IR A,
1.2 5 RNA BUIRE R R ¥53%

RNA ) # B = % SCEk™, L1 1 mL TRIzol
VS WR B 2L, 51 B A 50 Hz A5 2K il 4k 3%
BHLIRERE; 12 000xg, 4 °C B .05 min, T B
800 uL E ¥, A 200 uL TRIzol#h 5% )5, LA
501 (KRR eI AR, RZWRG A, #E
10 min, 12 000xg, 4°C &0 15 min; WHL VG,
Ph1 1 (L) e m A N, BRIESE,
## 10 min, 12 000xg, 4 °C &> 10 min; 372
¥, TH)5 UL DEPC K% f# RNA, Nanodrop
2 000 (Thermo, 2 [)IFfE RNA i £ K Wk &
1.0% Byt B0 B8F e L UK DA RNA 2B . #E
ik DR 2 2 2 i a0 & A W 5 % RNA 347 S 5%
345 cDNA,
1.3 %2 irisinA. irisinB Z2E {18, FAKE.
FEizRIERFTIEFHFAMIL

%2 irisinA. irisinB A B ¥ 3. H k&

# irisinA | irisinB 3 [ (%) FF 5 2 HE (ORF) X

PP 3G AR S S, RIARE irisinA Al
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irisinB f4) ORF [X & 11 #1 . 5 %1 , f#i i Primer
Premier 5.0 A% P 504750 H, S INAR 3P BREE |
6xHIS A1 DL K Re 5 P i U006 50, 8 FH v £ L il
X ORF DXH#ATY 1, P F S % o™, i
Jiz Bl i 7] & Bl H i DNA FBE, 5 pMD19-T
16 °C IR %E4% 5 Sl PR T4 7 ) T A2
UM DHSo IR G AR B AN 1
LB B RRE M L, 37 °Cad 5575 Bl Jm Pk HCBH
PEFEREDEFT PCR B IUE, X448 K /INIE A 4 BE A 5

BESEATY KRG FE, SRBUTR DU 40 00F .

M, {#H Clustal W2 447 irisinA | irisinB
TR HEAT B LR 5 A FEAS I AR . ¥ B
(3L R pET2 12 24453 31l FH Not I-HF Fl EcoR 1-
HF (NEB, 3¢ [E)#E47 XY, 37 °CH§LI 8 he
1.0% BEfRMEEE RS halifb ok, P2 i aife)s ,
145 T, 3% 3 ) A EE pET21a-irisinA . pET21a-
irisinB ik /&, ffi F BL21 (DE3) LA & Rosetta
VERFER W, 5175 LA S BN 1 iR,

x1 SIHIFIER

Tab.1 Information of primer sequences

- Hih A
- 314751 pos RO kR mEemm BOST
i primer restriction fragment expression competent : .
genes ? fusion protein purpose
sequences enzyme size vector cells size
irisinA-F CGGAATTCCATCATCATCATCATCAT  EcoR | 354 pET21a Rosetta 14.90 R FRIE
GAAAGTTTGGATGCTC
irisinA-R ATAGTTTAGCGGCCGCTCATTCTTCC ~ Not 1 (DE3) EERENAF e
ATGGTCAC
irisinB-F CGGAATTCCATCATCATCATCATCAT  EcoR | 354 pET21a Rosetta 14.94 R RIE
GACAGTTTATCTGCTC
irisinB-R ATAGTTTAGCGGCCGCTTACTCCTCC  Not 1 (DE3) ikt
ATGGTCAC
gFNDC5a-F  AACCGCTGCGTTTCAAAACC 71 FNDC5a
qPCR
gFNDC5a-R  CATGGTCACTTCGTCTTTGCTC
gFNDC5b-F  TCATTGGGTTTGCCATCACC 97 FNDC5b
qPCR

qFNDC5b-R TCCCACAATGCACATGAACG

TE: FRILED 7 M 9EcoR 1 MNot 1 HIBFVIL k3 ;  BL21/Rosetta Bk T mi R IE U T & B WA AR T7 /58 30 T IR BAR (WIpET A 41 Y

SR B KT AT RNARSE, ARS8k B REE

Notes: The underlined parts were the restriction sites of EcoR 1 and Not 1, respectively; the BL21/Rosetta(DE3) strain was used to efficiently express
the gene cloned in an expression vector containing the bacteriophage T7 promoter, such as the pET series. Ordinary E. coli does not have t7 RNA

polymerase and therefore can not express those vector genes.

40 irisin & @ 69 R A% R A BRS04
1t it A 1 20 B0 43 00 % Ak & BL21
(DE3) Ml Rosetta H1, % H57%, M LB [E 4K 5%
B b B B PH M PR 5 B 4 P 22 LB VR AR 3 R B e
37 °C, 200 r/min ¥ ¥ 3% 3¢ & ODgpp=0.6; W% 1
mL & % 2 0 (10 000xg, 2 min, 4 °C), il A
IPTG (1 mmol/L) if5 7 13515, 37 °C, 200 r/min
JR% R 9% 4 h, 433 HL 1 mL BL21 2 35 B A1
Rosetta ik WK, WEHERIK i om 1 R IB 2K,
TR BL8E R IR ST

F 40 irisin & @ T A M oM LR
IPTG %S )5 4 h, B0 (10 000xg, 2 min, 4 °C),
PRV MR pP R - LB MRS 95 H=1 ¢ 10 ((RBLLL)
P ELBIIMA 1 mol/L JREZE RS2 i (1 mol/L JRE,
S5 mol/L NaCl, 81 mmol/L Na,HPO,. 19 mmol/L
NaH,PO,) ¥ i, 7E AR ™ X i W 2k 47 8 7 i e

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

(EhR 600 W, #FJF3s, X 3s, 30 min), M
JG L (4°C, 6500xg, 15 min), &5.0 5 & A 0]
BHEEAMDEAWAE ST LIEW, VIEY
R . MO EYE (4 °C, 12 000xg,
15 min), W4E BIEWHEITE AL, CfEe LY
W, AR EE A L 6 mol/L FR 2 I it 2% thi (6
mol/L JK E . 5 mol/L NaCl, 81 mmol/L Na,HPO,.
19 mmol/L NaH,PO,) ¥& i, ®:J1HE+E 10 min, &5
L (4°C, 12000xg, 15min), W4E WS W EFT
Halifl, VB GLRiR", ST R VN Ik e e i
¥k (SDS-PAGE).,

F 21 irisin & B #9410 4alifbiy, F0.45 pm
MDA IR AT A R . PTTAEEA 1 mL/min,
FEACE G VK LR AE . T2 BE: ddH,0 (5 mL)
PR s 1 mol/L i M#4Z pP (10 mL) ~PAF AT ;
WCERE S (1 mL), B RidHw”; bAE, Wk
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I mL AR, 0B W 1 mol/L ik 2% wh il
(1 mol/L WK™E . 5 mol/L NaCl, 81 mmol/L Na,HPO, .
19 mmol/L NaH,PO,) (10 mL) ¥& & 8 kE , Uk 4
1 mL &R, iefE<“myii&”; 7 mL 1 mol/L PEMiZE
& (5 mol/L B ME | 5 mol/L NaCl, 81 mmol/L
Na,HPO,. 19 mmol/L NaH,PO,) e, Wt 6
mL A, CVEYRI s ddH,O (10 mL) ¥ 4 H7
H; 20% SRR, AU, 4°C A7
Bt . SDS-PAGE M8 iy 8 AR

¥ 2H irisin & @ 495 M R AL JE iz BE U HH
PxF BN (LR R ERHE A RA A 1 71E vk
H5WEE, BB REENRRERE ILSH
0.5 mol/L JR 2 1) # IR 5 2% vh i WK (PBS) 1, 4 °C
WEIBHE 12 h; B BENREE R I LATIREN
PBS ', 4°CHE i+ 12h, DIEBRHEAEAR
W R BRI K R F ) R DR S 048 (Thermo, 38
E) hoimA 10 mL @4k, 2.0 (5000xg, 4 °C,
10 min), 5 VEFFITE M UE B0 KBTS RE
mn A B IE B0, B0 (5000% g, 4°C, 2h),
FEOMATEF, EEELHE FZBKRRRY
1 mL; HX 100 puL g1 T SDS-PAGE HiLyKEIE,
HAVHE T80 °C 17

14 ZRERFNHIE

% EFH Fie L BCA 7 1 v B ) 7 1 71
& AL R ERHABRA A T E PR E
A PBS ¥ 2 1V FE I & 150 pg/mL. Ph1:1
(RBLL) L BITE 51 8 s W 5 95 [ A4 7 (Sigma,
EH), BEMEARFERE, RHE T2
TS (4~6 50 B9 2498 NIH MR, 45 10 K
BPE 1R, 3 S R (FEE IR RS SR H T
RAGPE, s G5 ) 45 A 31 QAN 58 e AAc5H1))

o AR VA R AR B A )4
ELISA ik FHUARZAN K, LA 10 pg/mLAR 1%
W T LWL, 0.05 mol/L Bk R £E 2% ihif b 25
XTI, 4 °C St ; (] 10% BAEWI#: 37 °C
B 2 h, BJEIA K [F OB RGP0
(1:1.0x10°, 1:1.0x10°, 1: 1.0x10*, 1 : 3.0x10*,
1:9.0x10*, 1:2.7x10°, 1:8.1x10°, 1 :2.4x10%
S PR BRI R S B i), 37 °C W%/ 2 h,
HRP #ic i E P =9t 37 °CHFH 1 h, TMB i
4,30 min, JIABRFRRVA WS I Aysonm o LA
B LAAL B2 /X B A SE I LA =2 dife,
e KA BEAEEL RN P MG 2N o MR 4R 5 % i

https://www.china-fishery.cn

BE 4h, B0 (6000xg, 4°C, 10min) Wb FIETR.
1.5 #8 irisinA. irisinB 1A 3 X & S IEE
KB irisinA 1 irisinB HUAA R S Fna sk
P, PEATPUIARSS SCRUE S o 43 B FH irisinA Al
irisinB L& (R FLLG 1 2 400) [6] B 9% & A ) ok
(1 000/500 ng) Y H 4 ## irisinA 5% irisinB & [ ,
Western blot EE M PriA s Sk
1.6 BHEEN=LW
PEHL 144 R, ML R4 (A BRER K /4
EPBEREVEL), LA 1.67 g/kg PR (BW) HEME A EL
KB A, FEMS 0. 1. 2. 3. 5 10h, &
ORI, 4 h 5 B IR I -

1.7 siRNA F#i L8

eI 60 F& M B HL 23 S %) R4 (PBS), B X
siRNA (Scramble) 2H . siRNA-irisinA 2H . siRNA-
irisinB 20 . siRNA-irisinA/irisinB 20, %40 12 Bfa.,
Mg % 3 B (i.cv) S % SCEkM, 5B 24 b,
LA PBS Fiifi] Scramble 1 siRNA; siRNA-irisinA 41
siRNA-irisinB 2H P4 & siRNA-irisinA/irisinB £H 43 il
1 4 siRNA-irisin & (10 ng/g BW), X 41170
S siRNA 21 73 590 13 55 [7) S AR B Y Scramble 5 1 FI
PBS AW . WA 24 h 5 R FRIKIRUAL, #E 405
BRI

1.8 ERALAAEHYIE S 1L

i 5 20% BRI (FBS) ) DMEM/F12 £
FRILALACES 40 RBELANA = 12 FLAR, L4
BN 15T7, 28°C, 5% CO, BT FH53R, 5 HIL
B, WO SR, PBSEWE, iC MR LY
(n=6). o3 — M HE KGRI R & A 2% DG 1)
DMEM/F12 ¥5 5258, FEHIB S RABI)E, Tl
FiFE A, PBSIRUE, LA “sr k> (n=6). € LA
4% ZHBPRERESE 15 min, FEATANMGETE G500,

fdi F & 20% FBS ) DMEM/F12 ¥ 5% 5L 44 1%
940 FCLAM ML 2= 12 fLAR, BEALAMMIECR 1577,
FEHIC A G, X B2 85 57 54748 A 20% FBS 1)
DMEM/F12 3557 AR SL 35 77, S A0 20 T 4o 45 5 0k
KA 2% i 1 DMEM/F12 ¥ 3558, 40 i
F2M3d, BEFE, WHEIRE, fiH 500 uL
TRIzol WCAEANL, 4% FESCHR Y 7 T2 B RNA JF 2%
FE L GERPEN (i 2 3 IR 4 s B s AR 3R
55 —4E cDNA, )G 7 PCR (QPCR) & JF WIHTIF

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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U IR 278 vk P kP, 18S rRNA
YRS, SCInEE 2 W, DMEIEHERPE
1.9 #0559 irisinA. irisinB 22890 E

ELISA A L irisinA Fl irisinB &1,
WIS 5 228 LA 1 0 1 (R LG 6 BRI fo kil
Frbe, 4°C 0, —Pilh 1 : 2000 (RFE L) Hi B
I A ZEERAR, HoAd b PRS2 4 [l “ 22 Ta BRI
il £ HB 43 o

110 ZRERKE RGN

LU L QL3 5 B B R ORIE LEES
R 4% ZRPREFEEHL, CEERERK,
WL, BARERAE . HRES A E T 70%. 80%.
90% LK LBEHIZ MK 30 ming LA 1 : 1 AYLL
BB oK OB - ZHIORIRG W, = IHHE G 20
min A LUE W] FERESIR I T AT A S Y
68 °C i & 2 h; WAL E TRMEEY, B
BER S 4 °C IRAF; H Uik, Y14l
EEVI R, Kbl R BT 40 °oC MK PR A, W
FI A 5 G T 408 7 |, 40 °C 4R 3 h,
4 °C fR17

AR E R BUE R 3R R AR S
mffE . OE . FERAEFSIE AL, 25U
TR JG HEAT S gZe 9 Sk o B 2Bk AR e T —
28 (15 minx2), J&/K Z % (3 min), 90% £ %
(3 min), 80% Z ¥ (3 min), 70% £ (3 min) Ak
R AL A B A & PBS PR 15 min (5
minx3),

m Jle, B 52 A AL 4% Z I W RE [ 22 15
min, PBSZPE4HM 15 min (5 minx3), K 2 L &
HEE R 0.5% 4 TritonX-100 (b TR R R A
MR thizfl,

RIRFTN BB E 3% H0,, #
J7 5 20 min; PBS R PYEAAE 15 min (5 minx3), LA
12200 (R L) LU RELLF I vs , MR 4215
min; EEWEHELE ., L1400 ((RELLEL) L BIFG
B irisin ZFEREHUA, 4°C HRNE ; EELEGRE
BEo L1800 (RFLLL) LhBiFG REDe e — 91, =il
WEOLWER L h, EEPEERDTR . % DAPL, =&
WEOLIEE 15 min, EREUERLER., MBI
KN R, 1 E SE UGS AR

111 BIES
B DLV 2 b5 1% (meantSE) ) JE 205

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

7N, SPSS 18.0 #1FH THHR ST 2% 0001, X TW
A REHE AT, R RS A RS A
£S5, i) ANOVA F LSD F5hr6 i £ 26 ) 54
S, BEER/NT 0.05 (P<0.05) Bk b B 5 22
5o RIETOEHLINER S, i Image J X o o
FEHATE I, SRR VOB 40 R - B bR

1R (mean+SE),
2 %

2.1 irisinA. irisinB £ E¥ 185 RiZREHE
SO AEES

P AR ET R 7R A ST B R LY
cDNA " 7E 3515 FNDC5a 722 bp Hil FNDC5b 714
bp (Kl 1-a, by, PAIH WA, ffiH] irisinA F1 irisinB
RS o AT 1S, BRI EE S 336 bp Y
irisinA Al irisinB ORF [X. (& 1-c, d), ¥ %ifd 112
DB, B F RN R 14.90 F 14.94 ku,
A5 R A5 A N 4.62 T 4.46.

B LIRS irisinA A irisinB J Bt5 pET21a
PEAT1ERE, 4R15 pET21a-irisinA (354 bp) Fl pET21a-
irisinB (354 bp) v, WEGVIAHLS, 173
PR BEEE RS LYK A M, PKGE 1 AIKGE 2 43 3k Ok
50157, R ER, BAYR B irisinA F irisinB
5K pET21a I8 (B 2-a, b).

22 KBFERERIEZRSE|ZEA irisinA |
irisinB

TESERT RIS, ] BL21 X il irisin 3/
fraiks, HHEPRBRER /D R, FiA
WF5E % Rosetta ik bk, LALALER H3RIB5AT
R EIN, HFREE, UKIE 7/8 B Rosetta ik
BRX irisinA 1 irisinB {9 8 1 3 15 & T UKGE 5/6
) BL21 btk , HMMRIAKRIKD irisinA F1
irisinB % H K/h—2, #2480 149 ku (B 3), i
HA ¥ 40 75 [ GE S 7E BL21 Fil Rosetta 113315, 7E)5
2 5% b 43 F irisin-pET21a f1 Rosetta /£
FORL IR IB R AT R IR T

HHRIN G AT B A, B0 R EIE R
PRV A IR B (13617 SDS-PAGE . 452 &2
~, LiEW P EAEA irisinA fl irisinB 28 14.9
ku Hmakik, makmiksnsaed (8 4).

K il 25 FE A irisin & I IF L0 8 A RS

https://www.china-fishery.cn
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bp bp

1 Ml
1500 1500
1000
bp 900 oo
800 200
700
722 700
600 500
500 500
400 200
300 300
200 200
100 100
(a)
M2 3
bp bp
2000
1500
1000
750
bp 500
— 5 336
250
100

(© (d)

1 2 irisin PCR &= ¥R Kk 0 4
(a) findc5a PCR P24, (b) fndc5b PCR P24, (c) irisind PCR ¥, (d) irisinB PCR 7*#); 1~4, #1% PCR “#J; MI. 100 bp DNA ladder; M2.
DL2000 DNA marker.

bp
714

2000
1500

1000

750
500 bp
5336
250

100

Fig.1 Gel electrophoresis analysis of PCR product of irisin

(a) the PCR product of findc5a; (b) the PCR product of fidc5b; (c) the PCR product of irisind; (d) the PCR product of irisinB; 1-4, corresponding PCR
products; M1. 100 bp DNA ladder; M2. DL2000 DNA marker.

Ml M2 1 2
bp
3900 bp
4000
1o 200
2500 1500
2000 5000 1000
1500 500 750
1000 1000 bp 500 354
%
0 354
250
100
(b
B2 J|AFRIEFRAANEGYILIE
(a) irisinA, (b) irisinB; LEA Gk, 2.8 45 ROWEFY) = #): ML. 500 bp ladder, M2. DL2000 marker.
Fig.2 Double enzyme digestion of recombinant expression plasmid
(a) irisinA, (b) irisinB; 1. recombinant plasmid, 2. double digestion of recombinant plasmid; M1. 500 bp ladder, M2. DL2000 marker.
https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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ku

&3 FRFIEFZMG 3T His-irisin B8 & FEBRIEHZM
M. &[5 FREAE: 1. K IPTG ¥ 5§ 1 irisinA-BL21 A R4
2. K0 IPTG % S 119 irisinB-BL21 & 41 3. KN IPTG i S 19
irisinA-Rosetta & i4l: 4. &N IPTG 53 1 irisinB-Rosetta & 41 ;
5. IPTG % S 4 h ) irisinA-BL21 & R 4L : 6. IPTG % S 4 h )
irisinB-BL21 4 HZH; 7. IPTG %53 4 h 1Y irisinA-Rosetta & 4; 8.
IPTG % 4 h ] irisinB-Rosetta & B4 .

Fig.3 His-irisin expression in E. coli under

different conditions

M. protein molecular weight marker; 1. without IPTG inducement
irisinA-BL21 group; 2. without IPTG inducement irisinB-BL21 group; 3.
without IPTG inducement irisinA-Rosetta group; 4. without IPTG
inducement irisinB-Rosetta group; 5. induced by IPTG irisinA-BL21
group; 6. induced by IPTG irisinB-BL21 group; 7. induced by IPTG
irisinA-Rosetta group; 8. induced by IPTG irisinB-Rosetta group.

SDS-PAGE Kl 5 R/ Je gl . g5 B, &
HEAMLEERL, KWR—, KT 11~17
ku, K/NIER (F 4),

1 2 3 M 456789 1 2
ku

(d)

3

2.3 HUEN EIAE

K FH ELISA YEASI 5 v 22 se BT IR Lt
T Ak B /R 1 o B ZH 0 R R ER (B . A Y
irisinA il irisinB 1) 22 v ST A9 500 53 3] 6 1L 7
B2 9.0x10* A1 2.7x10° Iif, iZ MR T 2 (55 2,
% 3). I, WIS irisinA Fll irisinB 22 v 5T
IR BIREH 550 R 9.0 10* A1 2.7x10°,

2.4 #2 irisinA. irisinB }1{A3Z X & R I8 IE

AIETR T H X 43 AT 3R, irisinA 5 irisinB
RAIEMRP IR 77.68%, FITFEMHE®RE . West-
ern blot 45 % 7R, irisinA B, irisinB 22 vg BT 144>
SR irisinA B irisinB FH, " & Z I AFAESL
R, PR E R (] S5).

2.5 [M3& irisinA. irisinB &2 0E

AR K S A EMR S 0. 1. 2. 3. 5,
10 h, SR it I A8 0 1fiL 3 7 irisinA A1 irisinB 7K - o
S5XF AL, A PEE R 5 irisinA Al irisinB JC
W AR A (K] 6-a, b)o il BEIL A K irisinA 7%
BN 1.26 ng/mL, irisinB 5 B0 1.15 ng/mL,

SiIRNA 7 5 5286 25 5 s, XF BB 4H A1 Scra-
mble ZH Il 7 irisinA #l irisinB S R B EER ., IF
5} siRNA-A Fl siRNA-A . siRNA-B F:7E 51 ¥ fiE i
EREARIMN T irisinA & i, BAES) siRNA-B 415
Xif BEZH A1 scramble 73 5 4 X 1L irisinA & & JC i

M45 6789 M

(e) 6]
El 4 pET2la-irisin A EBENRIEERXSHE

(a) BiEW Y irisinA HH,  (b) BT irisinA B H, (c) HIEJE 1 irisinA A, (d) L& irisinB & A, (e) A irisinB 84, () #
JEJE Y irisinB B ;s M. A T EARE, 1 REHEB, 2. 8w, 3. ki, 4~9. P,

Fig. 4 Type and purification of pET21a-irisin protein

(a) irisinA in supernatant; (b) irisinA in inclusion body; (c) irisinA after ultrafiltration; (d) irisinB in supernatant; (e) irisinB in inclusion body; (f) irisinB

after ultrafiltration; M. protein molecular weight marker, 1. non-flow-through, 2. flow-through, 3. washing buffer, 4-9. elution buffer.

K3 2x £ 73 sponsored by China Society of Fisheries
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&2 ELISA JEME % e MEHLIK irisinA 2
Tab.2 Detection of irisinA antibody titer by ELISA method

i H FFEBERE  dilution gradient

items 1 2 3 4 5 6 7 8
Pk (5% dilution ratio 1.0x10*>  1.0x10°  L0x10*  3.0x10°  9.0x10*  2.7x10°  8.1x10°  2.4x10°
MEFEEA  treatment 1.015 0.941 0.984 0.550 0.234 0.127 0.087 0.083
BIPEXF 4L negative control 0.359 0.070 0.070 0.086 0.082 0.073 0.065 0.067
25N E4L blank control 0.061 0.060 0.058 0.059 0.060 0.061 0.059 0.059
AeHH/BH ST IEZL  treatment/negative control 2.836 13.347 14.061 6.389 2.858 1.746 1.325 1.239

&3 ELISA JEE % e FEHLIK irisinB 31
Tab.3 Detection of irisinB antibody titer by ELISA method

FREBAE  dilution gradient

T H

items 1 2 3 4 5 6 7 8
FREAE4  dilution ratio 1.0x10°  1.0x10°  1.0x10*  3.0x10*  9.0x10*  2.7x10°  8.1x10°  2.4x10°
JEFRYAL  treatment 1.040 2.945 1.383 0.783 0.388 0.190 0.150 0.078
BIPEXTIRZL  negative control 0.177 0.108 0.194 0.126 0.105 0.088 0.087 0.081
2 EXTHRZ blank control 0.060 0.059 0.061 0.060 0.059 0.058 0.060 0.059
KEHH /B ST IEZ  treatment/negative control 5.886 27.270 7.114 6.233 3.694 2.172 1.728 0.963

irisinA ESLDAPVNVSTRDLKVSSAWTWDIPDGEPVIGFATTQQKKDVRMLRLIQEVNTTTRSCA 60

1:: ::;: i ij percent identity=77.68%

—— 1490 ku

(b)
&5

17 ku =

- ‘ )
11 ku = Jc

= 14.94 ku

©

LR EM AR RN

(a) irisinA 15 irisinB & JEIE T I XS ; (b) irisinA £ Ve FEHIRIE S irisinA 1 irisinB AR A M. RESH THEARME: 1. 1000 ng irisinA 241
;2500 ngirisinA ;3. 1000 ng irisinB EALE ;4. 500 ng irisinB B ;5 (c) irisinB £ 7 FEHA I F irisinA 1 irisinB 541
FH: M. EAFRES: 1.1000 ng irisinB AL [ 2. 500 ng irisinB TALE ;3. 1000 ng irisinA EHEH: 4. 500 ng irisinA EHEH .

Fig. 5 Polyclonal antibody specificity detection

(a) irisinA and irisinB amino acid sequence alignment; (b) irisinA polyclonal antibody was used to incubate irisinA and irisinB recombinant proteins; M.

protein molecular weight marker; 1. 1 000 ng irisinA recombinant protein; 2. 500 ng irisinA recombinant protein; 3. 1 000 ng irisinB recombinant pro-

tein; 4. 500 ng irisinB recombinant protein; (c) irisinB polyclonal antibody was used to incubate irisinA and irisinB recombinant protein; M. protein

marker; 1. 1 000 ng irisinB recombinant protein; 2. 500 ng irisinB recombinant protein; 3. 1 000 ng irisinA recombinant protein; 4. 500 ng irisinA recom-

binant protein.

FRW ;s TE ST siRNA-B fil siRNA-A | siRNA-B 3t
TE ¥ 8 3 R IK I irisinB o, b vE S
siRNA-A 21 5 %I B8 4 FII scramble 1 5 20 % Iy 7
irisinB 7 & JC i #F & m (& 6-c, d).
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1137 irisinB % #/(ng/mL)
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time after OGTT
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(©)
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= 1@~ XTHE4H  control
£ § 2.0 pe HIEFEAL glucose
239
e 1S
& §
Es10r ===k ==
Zm
B g
e Zg 05 +
= E
0 1 1 1 1 ]
1 2 3 5 10
B8] 267 B VEE RN ]/
time after OGTT
(b)
25 -
g
2 20 F
2
R= 15
|- I SR
g 1.0 |
Q
m
205 | b
E e
0
1 2 3 4 5
A
different injections
(d)

B 6 IMMi&E irisin 22N E
(a) 5 i Bt (OGTT) J /A [ e ] L 3% irisinA 5 E42 0k (b) OGTT Ji /N [ B[] % irisinB 5 HEAE 0k (o) M SEVEHT (i.c.v) SIRNA J ML 35
irisinA & A8k (d) i EES (i.c.v) siRNA J5 IfiL i irisinB & 8254k . (c) M (d) ', 1. scramble; 2. control; 3. siRNA-irisinA; 4. siRNA-
irisinA; 5. sSiRNA-irisinA+ siRNA-irisinB; /N [ 5 BER IR AN [A] Ab #1401 /] 22 57 . 3 (P<0.05), Rl

Fig. 6 Determination of irisin in serum

(a) changes in serum irisinA at different time after OGTT; (b) changes in serum irisinB at different time after OGTT; (c) changes in serum irisinA after

i.c.v injection of siRNA; (d) changes in serum irisinB after i.c.v injection of siRNA. In (c) and (d), 1. scramble; 2. control; 3. siRNA-irisinA; 4. siRNA-

irisinA; 5. siRNA-irisinA+ siRNA-irisinB. The significant differences within each treatment group were represented by different letters (P<0.05), the

same below.

Prfi ek (B 1). i Imagel FA4GE1 T Hrk
SEHREE, TR R Y irisin ROV EE (T -
1, 5), Wi (ERR T -2, 6) MAFBER > (Fh T -
4, 8), O irisin FEAHXT A (B 7).
RAENE  REVOLER, OGTTJS 1h,
FilG . R AR L0 R RN 3B B irisinA 2% O R
(BIRR T -4~6, 16~18, 28~30, 40~42) 5 %fHE4H +H
Fo 3 B (B T -1~3, 13~15, 25~27, 37~
39). OGTT J&, M. FHBENE. CONEFZIER) irsinB
BICHRE (B IT-10~12, 22~24, 34~36, 46~48)
5 X BRZHAH Lb S 2 5 m (B 1T-7~9, 19~21, 31~
33, 43~45), H7EM . I8 F0 e A o A2 ) 2 b

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

PR 2 (K] 8-b). X R W] LR Uy T XA
EPHEAE R, TSR FREE A irisinA il irisinB.
2L e ot EEE B e T
SELLANAE, e 2% DI A S, L4
W RAATF R AR (EIRRIT-1~2), fEe o sE
BRI, TEER 2% (19 Ih i v xRS 40 AR WL40 i
HATERE, DI irisinA Fl irisinB & & 5
HRiF A LR 2 R (E -3, 6, 9, 12).

2.7 AN4MBE L EIFR FNDCS HIFRIEZE 1L

2% SiE A S A, WLA0AE H ) irisinA
F irisinB & & 5 A& 15 5 B A I 52 T (K 9-a,
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100
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EhR 1
1~4. irisinA AHXF & &, 5~8. irisinB AHXf & &

Plate [

N

100 pm 100 um
100 pm 100 00 pm

TEWR AN irisin ZEH LA FRIEXT ST
1. 5./, 2. 6. JipiE

700, 4. 8. BTFBERE.

Relative distribution of irisin in tissues detected by immunofluorescence

1-4. the relative content of irisinA, 5-8. the relative content of irisinB. 1, 5. brain, 2, 6. intestine, 3, 7. heart, 4, 8. hepatopancreas.

> 12 2 12 ¢
E a z, a
s , |5}
210t ® LE L0} { ab
o [ + b ™y I
B 2 T B2
=5 08} S o 08 ¢F | b
‘E\i’ 8 l N (w) I
® 8 K g I
=S 06 =5 06
B2 : £Z
< 2 1 m > i
z £ 04 | =5 0.4 f
£ 3 = 8
- L 2+
é 0.2 E 0
E 0 . E 0 .
1 2 3 4 1 2 3 4
HR H
tissues tissues
(@) )
& 7 irisin ZEAL P EXT 2
(a) irisinA 7E&H LU AR 8 6RE AT, (b) irisinB 7E&H S A XS R GHREE ;s 1., 2. 718, 3.0, 4. FFIBEAE.

Fig. 7 Relative distribution of irisin in tissues

(a) relative fluorescence intensity of irisinA, (b) relative fluorescence intensity of irisinB; 1. brain, 2. intestine, 3. heart, 4. hepatopancreas.

b) FNDC5a fil FNDC5b [ FH % 3¢ ik & 5 X I 2 A
He 2 T (B 9-¢, d).

3 Wie

Irisin j&—Fl) 32 4310 T2 545 48U LA A
JEWT A o TEMRZLZhPH, irisin 4ERPHERRAS B A=
FRTIRE KA FH Tz i B O, LA 2 3 2 i
W, U BRI R Ty, o A R LA
B fiff N 4 Wb AR ZEFL I DI 38 1T LA SE
1 IG AR M (p38 MAPK), | 2Rk A i {1 Bk
1 (UCPY) R AR, AHWMEMTIRE; K

TS U I DA . FOAUAE L S %y
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EER TV ER LV
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EERL TV EERLIE VN
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)
S

=
2

35

BRI GEXAENEEENEAE irisin HENTETL
1~6 1 7~12 4} 137 OGTT i J&, irisinA Fl irisinB 7E I 2 6 & A4 13~18 FI 19~24 43 HI /8 OGTT Hi )5, irisinA Al irisinB 7E
B u & B2 25~30 Il 31~36 43537~ OGTT HiJ&, irisinA Al irisinB 700 I 7 5% Ye & B AR ks 37~42 Fl 43~48 43 5 %78 OGTT
HiJ5, irisinA Fl irisinB 7EJFFBRIIE 9606 & 108k . FITC. RIRFM M FK: DAPL 4, 6-J)kIE-2 ZRIEW[WE: merge. FITC 5 DAPI 114 I
PP s NS. AHEEE K.

Plate [I Relative changes of irisin after OGTT by immunofluorescence

Immunofluorescence of 1-6 and 7-12 showed the changes of irisinA and irisinB fluorescence content in brain before and after OGTT; 13-18 and
19-24 showed the changes of irisinA and irisinB fluorescence content in intestine before and after OGTT; 25-30 and 31-36 showed the changes
of irisinA and irisinB fluorescence content in the heart before and after OGTT; 37-42 and 43-48 showed the changes of irisinA and irisinB fluor-
escence content in hepatopancreas before and after OGTT. FITC. fluorescein Isothiocyanate, DAPI. 4',6-diamidino-2-phenylindole, merge. the

merging perspective of FITC and DAPI, NS. normal saline.

(cusabio, 3% [H) fil SEN576Hu (cloud-clone, 3&[H) PIAEFSE 38 3 S ) v b, ARAS-6 FNDCSa il
T AR R S A T U0 G RS BE Sl 0.01~  FNDCSb JEPEEINY ) FEARFSE T, S A AR
2000.00 ng/mL A4, @M EARZERHERATGES EMEARBEARKLFEHANE irsinA F irisinB,
FeSe PR B DG, Mt S irisin fEZEREEE SR kR, =R Le f5. R ERIA
fo . AERERAL DL R T RIREZFIE A G, Rl B9 E 4L M n] e DU TR IR sinT i O S AE A
SYIA R TEA 75 T & BEAS A I AS [R]JE X irisin 9 Rosetta-irisinA Fl Rosetta-irisinB 3% L\ 0] § & R 7%
PTERERUAR, IER I, K irisin BUAMIHIER 7ET EERP . BT risin 7E RN Z H 100%

Ko R IR, T B (35%) FBE I3 (90%),
1 K F= 2% 2 32 )6 sponsored by China Society of Fisheries https://www.china-fishery.cn
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8 oI NS 8 oI NS
w8 1.8 o & glucose o 8 25 o A glucose
EB:\S § %2 * iug § 20 sk
= Q . * ~ 9 . sk sk
X2 12 KeEZ s \
oy =30
< 8 E 82 <8E
EIER ! T O®
£ 2 0 £ 0
s 1 2 3 4 2 1 2 3 4

(a) (b)

B8 HEWEM 2T irisin £ FALPAETE L
(a) I ETHET 55 irisinA /£ % ZLGU P (AR AL (b) &I HEY 55 irisinB 76 & AL ZUh AR AR AL, 1K, 2. M3, 3. 0RE, 4 BB, B
SRMMRAARE RS, *.P<0.05, ** P<0.01, *** P<0.001, T,
Fig. 8 Relative changes of irisin in various tissues after OGTT
(a) relative changes of irisinA in various tissues after OGTT; (b) relative changes of irisinB in various tissues after OGTT, 1. brain, 2. intestine, 3 heart, 4.

hepatopancreas. Asterisks indicated the significant differences between groups, *.P<0.05, **. P<0.01, ***, P<0.001, the same below.

FITC DAPI merge

3!100“"] 5
H
I
zl

BRI R EseSetN 2 AN A8 4> 1L RIS irisin FE3T (L
1. 25 40 AATULLT AL (100x); 2. 2% 5 IfLiE 75 5 25 40 RETYLLEAL (100%); 3 F1 6 735l 2% L& S A )5, 25 40 RATULLNHE irisinA 7% 6
TEMXE: 912 530N 2% B IiE G SRS, 55 40 ARELVILEM irisinB 7 6 & B AR X AL

Plate [I[I Relative changes of irisin in differentiation process of C. carpio myocytes

1. P40 C. carpio myocytes (100x); 2. P40 C. carpio myocytes induced by 2% horse serum (100%); 3 and 6. the relative changes of irisinA fluorescence
content in P40 common carp myocytes before and after induction with 2% horse serum; 9 and 12. the relative changes of irisinB fluorescence content in

P40 C. carpio myocytes before and after induction with 2% horse serum.

X R irisin AU DIRE AT BESE A ORSF . 7EXTERAGBESE  PLIMLVE &M 40 mil A F) 9.0x10° Fil 2.7x10°, & il
o, 13300 irisinA Fl irisinB Y ZFERR FIRVERS R LT S AT A B B 3R R L s R, i FL B
(77.68%), Q] A8 7= RE St 2 1 DL RGeS b iR Wb fdt ] [RI2E O R  45 1Y irisin 2 L RESUIR
() H A8 S A AR G R M s o AR AR Y T Western blot £l 21 i 7 irisin 85 (AR5, R
O FE PR S e NIH B PE R, 3048 irisinA - E414Uk24 (THC) . g4 fb= (ICC) Ffpe s
Fl irisinB Y 2 5aFEPLINTE , F ELISA ()5 A Sk (IF) Kl irisin 78250 23R 20 i rh (94 1t 2 67 DA
https://www.china-fishery.cn HHE K222 EJ6 sponsored by China Society of Fisheries
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2% SMEIFESAIEE 40 K EEA YA 5 L RTFE FNDC5 mRNA # irisin fI3RIET L

(a) irisinA, (b) irisinB; 1. X HAZH, 2.2% T IMiEFHS4l: () FNDC5a mRNA; (d) FNDC5b mRNA. ZL{RBEARRSE, SGOIEH N

Sk 2ddl, GE=MAE N3 d4.

Fig. 9 Relative changes of FNDC5 mRNA and irisin in differentiation process of

P40 C. carpio myocytes before and after induction with 2% horse serum

(a) irisinA, (b) irisinB; 1. control group, 2. 2% horse serum induction group; (c) FNDC5a mRNA, (d) FNDC5b mRNA. The red circle represents the

undifferentiated group, the green square represents the 2-day differentiation group, and the green triangle represents the 3-day differentiation group.
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Preparation and application of polyclonal antibody of irisin of Cyprinus carpio

ZHI Shaoyang, YANG Liping, QIN Chaobin, YAN Xiao, ZHANG Wenlei,
LIU Mingyu, ZHAO Mengjuan, NIE Guoxing
(College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: To further study the relationship between fish glucose metabolism and irisin, the irisin antibody and its
application reliability need to be prepared and tested urgently. The Rosetta-irisin expression vector was construc-
ted, and the mice were immunized after protein purification, dialysis, and ultrafiltration. The corresponding poly-
clonal antibodies were obtained and their specificity and antibody titers were detected. The common carp irisin
detection method was established to detect the changes of irisinA and irisinB in carp serum after glucose tolerance
and RNAIi experiments. The immunofluorescence method was used to detect the expression of irisin in carp brain,
heart, hepatopancreas, and intestine, and the changes of irisin content in these tissues after glucose tolerance.
Detection of the irisin content after carp myocytes differentiation was conducted. Compared with the BL21-irisin
expression vector, the expression of carp irisinA/B protein by the Rosetta-irisin expression vector increased by
2.3/1.6 times at 4 h of IPTG induction; irisinA and irisinB antibody titers were 9.0x10* and 2.7x10°, respectively.
And there was no cross-reaction between irisinA and irisinB polyclonal antibodies, the irisinA and irisinB can be
measured respectively. IrisinA and irisinB contents showed different changes after OGTT. After RNAI, irisin was
significantly decreased. Immunofluorescence results showed that irisin was the most abundant in the brain, fol-
lowed by hepatopancreas, and relatively less in the heart and intestine. After OGTT, the fluorescence intensity of
irisinA and irisinB in the brain, liver, heart, and gut increased significantly. The results of gPCR and immunofluor-
escence showed that the FNDC5 mRNA expression and irisin decreased significantly after carp myocyte differenti-
ation. In this experiment, high affinity and specific irisinA and irisinB antibodies were prepared, and their applica-
tion reliability was tested. The acquisition of this antibody laid the foundation for the systematic study of carp gluc-
ose metabolism. At the same time, the irisin detection methods could be widely used in the quantitative study of
irisin protein levels in other fish.

Key words: Cyprinus carpio; irisinA; irisinB; polyclonal antibody; glucose metabolism; myocytes
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