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(1 R DK 25 K = 22 e, e #1 %2 4530075
2. MR IRYE R, WA K- s 7R bE TREF R RO, WM B2 453007)

T 1E oy EENH TR, SGLTs(H K B # 27 % th 7 $12 % &, sodium-glucose co-
transporters) 7£ 4 Jft #y W Y3t F2 & 1B F K 8 1B . SGLTI fr SGLT2 4 % SGLTs X jik
WMEEZRR, S25RFTHRANEERR Y, ANTEFLBENRLS. H#H %K SGLTI fn
SGLT2 7= ¥ & % H A% R W iT 2 # 1B A, AL 50 | Al RT-PCR $ AR M & & 57 f7 A0 | JIE &
AR T A E sglrl Fosgl2, S HFATENE R F LN, HFAKKEEPCRE AR
M H mRNAW £k, £ R 8 7, ¥ & sgltl Fo sgl2 89 IF 3 |7 3 4E (open reading frame,
ORF) 4~ #| 4 1 977 %1 1 989 bp, Jf o A 4% # 658 fn 662 N A H B . £ N, &
SGLT1 fn SGLT2 & B ¥ 14 KRB EH . EXBRTFIARZRA#UMAITERE F,
BB osgltl fosgll 548 & K8 sgltl Fosgl2 x4 X R . K€ EPCRER
B, sgl XA EMART LRI ERS, EHMAR T RELERMK,; sgl2 &£
HeEHAL T RLERE, EEMARTRAERK. AERMEREIRERE R, ¥
BT sl Fn B EY sgi2 R A BEERINEREN In. EBEEIRT, HHHE
432 CIK 40 8 56 4% 0 35 8 Ao sglt]l Fnsgl2 Rk 8o AR N %% SGLTs £ & %k
BRATEA AN RRET ERKE.

FiiF: ®#; SGLT1; SGLT2; HF % & ; Rk oM

FESES: Q78559174

R AIREVE N B RETR Y R, LEW R A
Rl A A A L R R R PSR, R
FIRERRS VS S 2 Rl s ok A, G A A I
WESEA OB A LS o A S T T xR R A
WE I 25 I R B 32 12 B0 3 ok 4/ 4 e L B s ik
(SGLT1) Fl 5 fb % iz 2 A& (GLUT2) 1) P3[R FH 52
B o /5 %G B AL 8 R (SGLTs) J& — 284k &
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X HAFRERS: A

Pk 32 3 52 A, A0 20 M 5 D A i E 25
FT40 B F R A 0 i e a8, T B ARG i3 2k
(GLUTs)J& F @i shikiz 4k, F2@a 5
AT A 5P, SGLTs 75 b 5 B f Bl s iz
A, TE R W B B AR A O R A 2 T
SGLTs Hi slcS 3 A 4 i, 46 6 bt , 4331
9 SGLTI~SGLT6", & SGLT3 A4k, HiAth SGLTs
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R s E AT, FRERW, REW
SGLTs 7 14 N ¥ 12 119 JIE 4 F1 & 45 1) D) E 45 AN A1
[R]“, Hodp ) SGLT1 1 SGLT2 j& SGLTs ZK % H
WAEEMN G, FES5KNHEHEN %z
FIEE WL, SGLT3 3= B AE Ay i 46 B Jk N 2% & 77
FEHITS, SGLT4 il SGLTS & H #2 i i) & 2 5 iz
AR T SGLT6 A2 LB Y 3 B i i 2 A1,

1987 4F, Hediger 55" £ - M\ (Oryctolagus
cuniculus) W 7 18 v 52 B 15 2] sglel, X & SGLTs
EIEH B — DR . AN (Homo sapiens),
SGLT1H slc5A1 FE R gt , 43 F 50 72 ku,
W& 144 B 58", 7F SGLTI ) 8 11751
H, ARV 2R TE R 1 B A(PKA) FIER
fitt C(PKC) M B R AL iz s5 ™. SGLT1 ARy — 11
FMI . ARE RN s, EEAERA L
B A P Tl AR 2k B 1SRG, 0E /N g v ) i 4 b
A FUBESE AT R i iz, SGLT1 A ' 3 Uiy EL
/NG (S2/S3 i) it ik, S 5/INVEWR T
20 B, BRI Z A, SGLTI 78 KM
OE . BERE . R RIS Pl RIS,
FERERY Y] = 3 D7 N R RS

sgl2 SEE IRAE AN T NEh e ok i, H
sle5A42 SEN AT 9%, I3 F 5 73 ku, 5 SGLTI
A RPN 59% ", 5 SGLT1 AfF, SGLT2
SRR RN Ty L v A A R s A
F T3 AR T AT v NS T RS (ST A M) 55
Ah, SGLT2 76 KMk « JHIE . LA LA Ko e 45 40
ZUrh A RN B /NERIEW T 90% 1Y R A A
A LLE e SGLT2 58 Jilt dE M lie, T sk B 1 i 44
WE B & PR RS, I SGLT2 3%, Al i/
B X R, TR IS . HHT, SGLT2
EL LR 1A 7 E PRI 0T 7 25 0 VE RSP, 2013
ELIK, BRA ERAR LIS (FDA) B &b HE T 3 A
SGLT2 # fil] ] (Invokana, Forgixa I Jardiance) {f
Jaiadr 1 B PRI R 254

KT SGLTs Wy B Re it 58 £ L& th 7E i 3L 50
Yy, & T a2 SGLTs MR A X 45, B
& (Squalus acanthias) FSE#E: (Leucoraja erinacea)
B WE TR AR AE sgle, EE S5 B A AT I WL
YERP, FE YRk (Misgurnus anguillicaudatus) ' ,
sgltl TERT I . i FE R b Rk &R &, H
AR RS ARERZ W sglel 1FRIE, sglrl
TEH#E (Cyprinus carpio) & WEFN v iz i 1l Be 3R 15 &
TMi 8% 98 92 %5 7 3(Cyprinid herpesvirus 3,
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CyHV-3) ({2 GL RE S IR K OK -, UL B¢
1) 2% % RE 5 N 8 fi7p 05 A 20 0 I WY, I
sgltl 7E WL 85 (Oncorhynchus mykiss) W7 iE . B4 ]
HEEME PRI S, YalEesm
T T sglel 5L Ik i ™0, DL L2
T, 025 SGLTs 7 i %4 i iy W it 72 b &
YR CHE R .

¥ Af (Ctenopharyngodon idella) FLA7 - 8 R
PR OGN, 2 TR IR K 55 7
AWM, BREARIT T RTIZN
ALY, IR RDRE b — S B B AN B IR A T
{HWTFE R BT, X2 0 A R AR, 1R
BRI P M — s R 23 5 1R B Hiw K
ARSI T 3805 A5 AE AR SGLTs 7F i %5
(1) %% s R0 WAL ik 7 b R HE OGS VE T, {H SGLTs
e A8 P A SR B ol . P, ARSEER
M E AP TERE R sglt1 )2, I HAERRIHL R
FEIRNG B0 LA KA A R LS R SR Ry g e,
PRIE SGLTs 7F 10 28 A 25 4 W e S A 28 b i 4
PEAL AR .

1 MRS T

1.1 SEIE#R

S i FH R W [ T g A AE B g
FHF R s b L 20 2055 A R AR 48 A 43 2 5
6 1) B AR T 80~100 g, FH T8 4 i i i 5z
0 1) B A AR B R 40~50 g TR I S2 6 ] fa 7R
LHZATHEE NTEIR R G IR 2 AL b, 505
T S W i s SR A E A, I E S
MAAFRUWEE 1,

1.2 Ef sgltl2 BETE

i 3 )z % 5% PCR(reverse transcription PCR,
RT-PCR) )5 1 X} B4t sgltl /2 AT R 3a e o LA
il sgltl (JIN867793) 1 Bt & it (Danio rerio) sgli2
(BC067629.1) BYHEH )17 NCBI (https://www.ncbi.
nlm.nih.gov) 5 i1 5% 5 40 B4l 2 Th itE AT Lh X, 45
B RLAG sglel R sgle2 (4 Fi0M DR 5 51) . AR A £
sgltl il sgle2 {1 T 2 X e 9 e Se b n 1 9 . %
W8 S e SR ) & (TaKaRa) PEIA B4 7 ik, LU
FAHT A FE IE RNA SRR G B — 25 4E cDNA,
PABETTHRYTE S Ia1 51 4 (36 1) X B £ sglel Al sgle2 HE
K Betb A3 . §7 3615 200 BeE e EZNLA
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12 KopE o R 45 4

*1 SHFIER

Tab.1 Information of primer sequences

Gik7| JFH(5—3) & J1 BOR/Mbp e

primers sequences(5'—3") usage product size PCR efficiency
sglt1-ORF-F ATGGGGGCAGATTATTT sglt] ORF 7% 1977
sglt1-ORF-R TTAACCAAAGAAACCATG sglt] ORF cloning
sglt2-ORF-F ATGGAGAACACTACAGCG sglt2 ORF 7% 1989
sgl2-ORF-R TCATGCATAGTACCCCCA sglt2 ORF cloning
sglt1-qRT-F ACCCATTGACGACAAACATC FHE HPCR 139 2.01
sglt1-qRT-R TTCTTCACGCACCTCTTCTG Real-time PCR
sgl2-qRT-F ATCTCCATCGCCTTGTCTTT FHE HPCR 238 1.99
sgl2-qRT-R TCTGCCACTTCCTCCTCTGT Real-time PCR
18S-F ATTTCCGACACGGAGAGG NS 90 1.94
185-R CATGGGTTTAGGATACGCTC reference gene

JEE IR £ (OMEGA, bio-tek) #1744k, SR)5 %
3] pMD19-T (TaKaRa) # /4 b BEATIN, XH e
GERIEATIF O30T . B5 LS 5047 . TMHMM
Server2.0(http://www.cbs.dtu.dk/servicess TMHMM)/) ;
W R AL A3 543 BT« NetPhos 2.0 Server (http:/www.
cbs.dtu.dk/services/NetPhos/); WAL T Net-
NGlyc 1.0 Server (http://www.cbs.dtu.dk/services/Net-
NGlyc/); JEFIHATHT: ClustalW2 (http://www.ebi.
ac.uk/Tools/msa/clustalw2/); /LR #E . MEGA
6.0 Bt

1.3 AARHREEEERI sglt1/2 EFEF
yy:of-AN!

HEHLU AR, B 3 B AR E S 80~
100 g 14 it FE 25 £ 1] MS222 HEAT R, HUAH 17 119
HLIRE S, BB R RN EP &, JEr B
AR FrREESE S, BUH R 5 IUTE—80 °C
FRAE, T RNA 25,

PR 2 A T R S 0 5 A T T 408 19 51 3 A )2
e 72 AR BT i Ry 40~50 g 1Y fd ¢ 4 B AL 43
2 Ak P A e PR O A R LR A M (AR T
PBS) A , FEMEE N 1.67 mg/g KT X IEAH
i B AR B & [ E VR PBS., 7EBEME S, e R4
i 9 EXT R AT S, MR, 3. 6/ 12h
J& . 43 FH MS222%6 S50 fa HE A7 BRI, BRI A A
BRI 5, T RNA $2 5

1.4 CIK 40paiE 7 KA I8
S0 BT CIK 41 Atk ) S2 56 2 O 9 10 41 o
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52905 1) CIK 41 i 32 Fh 1) 24 L 4 i 55 = 40
HFLPIIA 1 mL &4 10% FBS (fetal bovine serum)
) M199 5555 (Gibeo), RiFRIEH &4 100 U/mL
#7525 & (Sigma) Fl 100 pg/mL 455 & (Sigma),
ICAE 28 °C, 5% CO, 41 FE 48 h eI T 15 3%
2 21 i il A 1 80% B, B oA i M199 K
FR, XA PE AT AL E . B R R R R N
2 ) A Sl 0 B (4 BE & B OA 5.55 mmol/L),
Ab 3 2 A % % v 0 A 2 0 2 20k B 43 S
10, 15 1 20 mmol/L, ¥ 2l it 53 51 &b # 3 F1 6 h,
S8 TR WA A0 HLRE L FH T RNA 42,

1.5 RNAIEBY. ¢DNA & F7®HESE PCR

A7 5256 R 5 B RNAiso Plus (TaKaRa) #E47
RNA $& it . RNA F i ¥ 2 1l %€ (Nanodrop 2000,
Thermo) Ji7, HU1pg M RNA, HFR55A71E (Prime-
Script RT reagent kit with gDNA Eraser, TaKaRa)
e IR & 4R AE T ik, B e S RNA s R 21
DNA #ATIH bR, ARG AT SO s O, A LR
— %% cDNA. % 5% Ji i 5 W B 10 1% )5 1
J e i PCR it , LA 18S rRNA VE i N
SN, Pt E R PCR LIV #E LightCycler 480 II
(Roche, Switzerland) 17, AR : 2xSYBR
Green(TOYOBO, Japan)SuL, 5[#)450.3ul, cDNA
Kby 1 uL, ddH,0 3.4 pL. RV FRF: 95 °CHizs
P£ 3 min, 95°C 155, 56°C 15s, 72°C30s, ik
i 40 MEF . BRI MR AES, HWE
PR G e ik B 27907 vE T3, A SPSS 20.0 4k
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1A X B AT B R T 28T .
2 g

21 Ef&sgitl2 EEAZERFISHR

SR M T o R B, FE A sglel Wk ] 32
HESR 1977 bp, 4ihs 658 MR IEFR ., 7E 5 1 SGLTI
BT 29 MEERRIOL A, A1 10 1> PKA B
FRALAL S F 19 > PKC Wb, Jf HAE SGLTI
EHFHPAE 3A T N-Z 5228 3 AL A7 5
(I 1); W HEAT R 728 ku, FFHL AL
(pD) M 6.35. Fifh sglt2 (1) FF 1) B HE A 1989 bp,
b 662 > FLWR . 7E R SGLT2 4 H J¥ 41 th
A 31LABERRL AL A, B4R 14 4 PKA B R 1L A7
SR 17 A PKC BRI 5, 53 4ME SGLT2 & 1
FE 3 AT 3 A 0 Y N1 2 0 L AR 07 (1)
2T HE 4y F oA 73.84 ku, SEHL AT (pD) A
6.04, 23t Wi, % SGLTI1 Ml SGLT2 & (1Y
14 R B RELE A (1, K 2), FFHAES—AA
5 AN R IX AFAE R-x-T-X (4)-F-L-A-G-x (4)-W-W-
X (2)-G-A-S BT (B 2), XA [F#F SGLT1 il
SGLT2 HUFFIHA TR /0T &K B, Effi SGLTI1
F1 SGLT2 511251 SGLT1 1 SGLT2 Ay [l 54 Lt
s, SR} (Cyprinidae) 251 SGLT1 F1 SGLT2
#8350 3k B 92% 1 91% LA | (G5 2). B
Al SGLT1AN SGLT2 2K 11 1Y [R1 R 1k 64.71%
(1 2). FH MEGA 6.0 %% H i 48 4% 1 (Neighbor-
Joining) #4 B HEALA , HEALA 1 SGLT1 Fl SGLT2
FHR RN —Z, Hp% i SGLT1 Ml SGLT2 434
SRMa 2 SGLT1HFI SGLT2 B A—/N% (F 3).

22 Hf& g1 EEMNALRSHHEREE
HEXT H FRIL RS20

FIFHZE R 7 PCR KGN 5 ff sglel Fl sgle2 7
g . P AE 17 NP R IR L. sglel 7E
FAH R E RS, BT RBRRZ,
A A U R IR AR sgle2 £F B NE
Rk R, ARG LU AR EAR (A 4),
A PEEWR 1 h J5, SAARG T sglil BFRBE D
FHEIN, WA sele2 B F kA KA
(¥l 5-a, b); 74h, WEEER LG, BB
I E WE P sgl2 B GE R, X E AR sglel
(I FEEBEEA M (K 5-c, d)o T 7EHE S50 1Y
F AR [R] 5, A0 AR R sglel FNosgle2 #9355

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

BHHERA BEE L (E5).
2.3 HEEX CIK 418 sgltl/2 FRIZRI M

3 sk AN [ 9 B2 ) ) 2 W X CIKC 4 gk 47
WE, B HXT sgll B osgl2 WIHEEAER . 45
K], HAFEAEEE CIK 40/ 3h )5, 15 120 mmol/L
R MRS B 2 [ selrl ik T sgl
IS HTE 20 mmol/L iz LI B &4 0 (1] 6-a)
ERE I 6 h 5, SXTIRAAM L, AWk E
F14) ) 2 B A0 3 TS 34 R S S 3 N sglel BN sgle2 1Y
HHFEKLE (F 6-b),

3 iR

1987 4, Hediger 55" B W A ) 1738 H oo
Refs B sgitl, BiJG, 2 YR P AHYEHGE T
SGLTs J¥ 4 5 g™, Hr, MHRBCAHEARNE
BAEPEWIL PS>, SR, X T SGLTs £
025 BRI ST AR XS B D, R R A R AR
MR B UL AHRGE o AR S DA R A0 Y T A
Oy B TEREAS B sglel A sglr2, IR HiE AT 514
Mro @50 Ew, M) SGLT1 Ml SGLT2 ¥ HA
14 W IR ZE K . X 5 SGLTs FK M o Hofl A 51 )
S R A TR U fE B Y SGLT1 Al SGLT2 &
HJFH T, FEAESE 24 B0l ) PKA Fil PKC iR
Ao SRR MR, HIEM &R SGLT2
T 5 hAEAE PKC BERR LA s T AT PKA B
A g, XA RE SR RS G, Si b
CAM I HE , O R 8 5 SLCS K L
R aa . R RY, &AM (PKA A
PKC) BE %3 5o 5455 SGLT1 75 40 i 5 b i) P 3 47
A (B ) TR 1 s fg BN 5 ANE X
KB (Rattus norvegicus) ¥ 2 Jit i PR Ak 25 1 2H 2%
SyFrdh &I, PKA F1 PKC A] L3 5 18] 42 b i 192
15 624 i 22 Z R (S624) 445 SGLT2 Ayl 72,
DL WS R B], HE H B (PKA Fl PKC) REE 2
5845 SGLTs M5 1k o

WAL R B AR R — A EE
T, 7EH 1 SGLT1 Ml SGLT2 i A h # AEAE 5
3 AT ) N-E el A . 7E I BEMA B Y
W kB, SGLT2 HY%E 6 M 7 5B IX 2 [A] 47
TEA N-E AL AR [RIAETE N SGLT1 &
AR 6 A 7 A5 B X A7 7E 1 > N-E 42 p 3
e i, AL S 5 dERR A S5 M 6E
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1 ATG GGG GCA GAT TAT TTT GGA TTC TCT TAT CTC CGC AAT GAG AAC AGA AGA AAT GTC ACC 60

1 M 6 A D Y F 6 F[]vYy L R N E N R R N_V_T 20
61 ATA TAT GTT AAC AAT CCA GCG GAC ATC TCT GTG ATT GTT ATA TAT TTT CTG GTG GIT CTG 120
200 T Y V. N N P A D I S V I V I Y F L V V L 40
121 GCT GTG GGA GTA TGG GCA ATG GTA CGG ACC AAT CGA GCC ACA GTA GGA GGC TTT TTC CTG 180
4 A V. 6 V. w A M V R[N R AV 6 6 F F L 6
181 GCT GGC AGA AGT ATG GTG TGG TGG CCG ATT GGA GCC TCT CTC TTT GCA AGT AAC ATT GGA 240
60 A G R S M V W_W P 1 G A[S]L F A S N I G 80
241 AGT GGG CAT TTT GTG GGA ATA GCA GGA ACC GGA GCA GCT GCT GGT ATC GCC ACT GGA GGG 300
8t [S] 6 W F v 6 1T A G[I] 6 A A A G I A T G G 100
301 TTT GAG TGG AAT GCT CTT GTT GIT GIG ATT ATT CTA GGA TGG CTC TTC GTG CCC ATC TAC 360
o1 F E W N A L V V V I I L G W L F VvV P T Y 120
361 ATA AAG GCT GGG GTC GTG ACG ATG CCG GAG TAC CTG AAG AAA CGC TTT GGT GGG CAG CGT 420
1210 I K A G V. V T M P E Y L K K R F G G Q R 140
421 ATC CGT ATC TAC CTC TCC GTG CTG TCC CTG TTT CTC TAC GTT TTC ACC AAA ATC TCT GCG 480
141IRIYL@VL@LFLYVPWKI@AMO
481  GAT ATG TTT GCA GGA GUC ATT TTC ATC AAT CAG GCT CTG GGA CTG AAC ATT TAC CTG GCC 540
161 D M F A G A I F I N Q A L G L N I Y L A I8
541  GTG ATT ATT CTG CTG ATG ATT ACA GCT CTT TAT ACA GTA ACA GGT GGT CTA GCT GCA GTC 600
189 Vv 1 1 L L M I T A L Y T V T 6 G L A A V 200
601  ATC TAC ACA GAC ACC CTG CAG ACC ATC ATC ATG GTT GTG GGA TCA TTC ATT CTC ATG GGC 660
200 I Y T D T L Q[ I 1T M V V 6 S F I L M G 220
661 TTT GCG TTC ACT GAG GTC GGA GGC TAT GAG AAC TTC AAG GAC CGC TAT ATG AAT GCG ATC 720
21 F_ A F T E V G G Y E N F K D R Y M N A T 240
721 CCG TCA GTG GTG GGT GTA AAC ATC AGT GAA TCG TGC TAC ACC CCT CGT GCA GAC TCA TTC 780
241 P S V. V 6 V N_I S E S C Y T P R A D S F 260
781  CAC ATT TTC AGA GAC CCC ATT ACC GGC GAT CTG CCC TGG CCC GGA CTG ATC TTT GGT CTT 840
1 H I F R D P I T G D L P W P G L I F G L 28
841 ACT ATC CAG GCT GGC TGG TAC TGG TGC ACT GAC CAG GTG ATT GTG CAG CGC TGC CTG TCT 900
280 T I Q A G W Y W €C T D Q V I V Q R C L [5]300
901  GCC AAG AGC CTG TCT CAT GTG AAA GCT GGC TGC ATC CTG TGT GGT TAT CTC AAA CTT CTG 960
300 A K S L S H V K A G C I L € G Y L K L L 320
961  CCC ATG TTC CTC ATG GTT TTC CCT GGC ATG ATC AGC AGA GTA CTG TAC ACA GAT GAG ATT 1020
320 P.M F L M V F P 6 M T (R V L Y T D E T 340
1021 GCA TGT GTG GAT CCA AAA GAG TGT GAC GAC TAC TGT GGA GCC AGT GTG GGC TGC AGT AAT 1080
31 A C V. D P K E C D D Y C G A[S]V 6 ¢ [S] N 360
1081 ATT GCT TAT CCT AAA CTA GTG GTG GAC CTG ATG CCA AAC GGT CTC AGA GGC TTG ATG TTG 1 140
361 I A Y P K L V V D L M P N G L R G L M L 38
1141 TCC GTC ATG CTG GCC TCT CTG ATG AGT TCA CTC ACT TCC ATC TTT AAC AGC GCC AGC ACA 1200
381SVMLAéLMSSLmSIFNéAST%O
1201 CTC TTC ACC ATG GAC ATC TAC ACC AAG ATC CGT CCC AAA GCC AAA GAA AAG GAG CTC ATG 1260
400 L F[1f]vm p 1 vy[I@ K 1 R P K A K E K E L M 42
1261 CTC GCT GGC AGG GTG TTC ATG CTG TTT CTG ATC GGT GTG AGT ATT GCA TGG ATC CCC ATC 1320
421LAGRVFMLFLIGVé)IAWIPIMO
1321 GIT CAG ACG GCT CAG AGC GGC CAG CTC TTC GAT TAC ATT CAG TCC ATC ACC AGT TAT CTG 1380
441 V. Q T A Q@ S 6 Q@ L F p vy 1 (O 1 1 [s] Y L 460
1381 GCT CCG CCC ATT GCC GCT GTC TTC ACC CTC GCC ATT TTC TGC AAG CGA GTC AAT GAA CCA 1440
461 A P P I A A V F T L A I F C K R V N E P 480
1441 GGC GCT TTC TAC GGG TTG TGT ATT GGT CTG TTG GIG GGT CTG GCA CGT ATG ATA ACC GAG 1500
481 G A F Y G L C I G L L V G L A R M I T E 500
1501 TTT GCC TAT GGC ACG GGC AGC TGC GTG AGC CCC AGT AAC TGT CCC ACG ATC ATC TGC GGT 1560
500 F A Y G6[f]6¢[Sc v s P s N CP T I I C 6 520
1561 GTG CAC TAC CTC TAT TTT GCA ATC ATC CTC TAC ACC CTG TCC TGT GTA TTG ATA CTG GTC 1620
200V H Y L Y F A I I L Y [I]J L S8 ¢ V L I L V 540
1621 ATC TCC CTC ATG ACC AAA CCC ATT GAC GAC AAA CAT CTG TAC AGA CTC TGC TGG AébT TTG 1 680

540 I S L M T K P I D D K H L Y R L C W L 560
1681 AGG AAC AGC ACT GAG GAG AGG ATA GAT CTG GAG TTA GAT GAC TGG ACT GAA GAA CAG GAT 1740
s R N(& T E E R I D L E L D D W T E E Q D 580
1741 TCC AGC TCT ATG GAA ACA GAA GAG GTG CGT GAA GAA CCA GGC TTT TGT AAG AAG GCC TAC 1800
588 S S S M E T E E V R E E P G F C K K A Y 600
1801 AAC TGG TTC TGC GGC TTT GAT CAA GGC AAT GCC CCA AAA CTG ACT AAA GAA CAG GAG GCA 1860
601 N W F C G F D Q G N A P K L T K E Q E A 620
1861 GAG ATG AAG CTG AAG CTC ACT GAC ACC ACT GAG AAA CCT CTA TGG AGA AAC GTG GTC AAC 1920
21 E M K L K L T D T T E K P L W R N V_V N 640
1921 GCT AAT GCT ATT ATC CTC CTC ACT GTC TGC GTT TTT TTC CAT GGT TTC TTT GGT TAA 1977
641 A N A I I L L V ¢ vV F F H G F F ¢

(a) (El1 Fig.1)
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Fig. 1

Single underline represents transmembrane domains; dotted line represents glycosylation sites; boxes represent PKC phosphorylation sites; circles repres-

TGA

&1

RELR I N-BESEAL AL mi s JTHESRIR PKC BERR AL AL A [Py PKA BRI AL sl 5 RR& L% T
c¢DNA and deduced amino acids of C. idella SGLT1 (a) and SGLT2 (b)

(b)

B4 SGLT1 (a) 1 SGLT2 (b) cDNA F1 & £ E5 55

ent PKA phosphorylation sites; the asterisk represents the stop codon
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%2 & SGLTI M SGLT2 5 H By FIR M 5 47
Tab. 2 Identities analysis of C. idella SGLT1 and
SGLT2 compared to other species

%ﬂj SGLTI SGLT2
species
Lifh Ctenopharyngodon idella 100% 100%
SR Sinocyclocheilus graham 94.68% 94.05%
XP_016374245.1 XP_016101295.1
i Cyprinus carpio 93.92% —
AEX13746.1
B4 Danio rerio 92.55% 91.54%
NP _956975.1 NP_998091.1
BE XREN  Ietalurus punctatus 82.93% 84.85%
XP_017345155.1  XP_017346276.1
KasEE  Salmo salar 83.56% 82.15%
NP_001165258.1 NP_001133541.1
iR Seriola dumerili 83.61% 79.51%
XP 022617872.1 XP 022616161.1
RS B HEf Oreochromis niloticus — 81.22% 77.86%
XP_019216676.1 XP 003449321.1
i Oryzias latipes 82.47% 76.53%
XP_004074867.1 XP_004075508.1
a8l Anolis carolinensis — 70.39%
XP_003227742.1
JE3S  Gallus gallus 48.45% —
NM 001293240.1
/NE Mus musculus 75.88% 70.11%
AF208031.1 AY033886.1
N Homo sapiens 74.00% 57.05%
AH005284.2 AJ133127.1

Ve — R ARET
Notes: —represents that the sequences was not found

TE COS-7 MBS Hh 2 B, N-i 2 0 5 b 7 8 45
SGLT 1) Ty fig 2 ik i #2 v & ¥ 45 22 VR L ©Y;
B e NS/ SGLT1 BF5E b & B, N-i 42 B 3k
A A5 I 5 i H e 52 1% R P, R £ SGLT1 Al
SGLT2 & [ Hf B Y N- 422 s 3k A 5 2 T 3
f Py b, AT AR N-% He 3L Ak A7 25 78 SGLT1 Al
SGLT2 1 AT Y Flke M, 3 AR FE 6 SGLT1 il
SGLT2 4 1 H 1% N-i% H 4 3 Ak 2 15 5% i) Ho 3% i
G I T L — B 9T . #E SGLTs FlH - B 4t
¥ iZ R (SMITs) 55 | RIS 2 5 BRI b A7 7 R-
x-T-x (4)-F-L-A-G-x (4)-W-W-x (2)-G-A-S %t &>,
AN SGLTs U4 13 M5 14 B5 I 2 [A] A — 4
REEARMNI, a5 £85Ik R
SRR S P, fEREfh SGLT1 MISGLT2 & H
-t 77 7 R RE B0 B 25 M B, X 26 25 4 R 77
TE R RE S 5 B8 SGLT1 F1 SGLT2 & [ X} #4128 i
RSN IR C A O R Sy I M R
RF A SGLT1 Ml SGLT2 Sfq 42564 SGLTI

https://www.china-fishery.cn

F1 SGLT2 [Al Y& M5 5 91% LA b [FIRE, R0k
T 25 5 %, Hifn SGLT1 Ml SGLT243 5] 5 i
Bl 25 Hy SGLT1 I SGLT2 BN —% ., LI E&EN
S5 R R0 [R) P o AT AT LARE B, SE 5 b s fE A 2
1751 b B A1 sgltl R sgle2 I 51
AU A R, sgltl FE 4 fig 8 FEE
R R, 7R HAL A 2 Rk E B
T 261 1Y) sgle2 76 B b ) Gk i die iy, 76 HHA
HAhRIB AN, PFFREW, sglel TEAED
J G F /N LB R o AR R A R Gk i A e 1Y
53 HNE - (Bos taurus) WBF 5T 3R B, sgltl 32 5
EmiEh RS, EEMEPRBEERZ, MTE
JHRIE it 0 2L B 5 A 2 g 3Rk e IR, AR S
W R R Y b et s g R A, sglel 7E
i 3 B i 3R GK R RE S H S A b i AT A
RSO REAE G, TEAR PR EN,
sgl2 FEAR T MEh R IL, WA H AL H L Y &R
IREBARSY; XA R R, sgin £
Uk SRk e, AR IE T RIS R, FE
X6 B A 5T T kB, sglel FE T IS h 3R A B i
f . TE BRI A 2H 4 A SRR S Ah,
T 65 1) sglel FEEEAE AT 2R3 v/ h Rk,
TEHA 2H Zrp KGR B [RIAE, B sglrl 7E
i REER S, EEREPREEOES,
T AEJTE I P 9 SRk BRI 5 HA Dy Fh oA ] 1Y)
A&, THERNY sglel FEEAE B E Y G il /N T v R
K XATRE Y sgll TEAR[F Y R By R B A
HAVFE R K 78 LM BLER (Pseudopleurone-
ctes americanus). KV ¥EH 88 (Myxine glutinosa)
W EEE B AR A RN A i 3E R R AR
Ko 8] SGLT W45 bt i ik, JF3 5 T84
W S 2, DL B WFGR a5 S 3R, sglel
sglt2 LR g 8 TG E b 2Rk o Ml A E IR AR
R E LAY E , TE R 5 G 0 Wl R
Hh R ARSI VE T, sgltl I sgle2 2 BEAE i i A
BEd Rk, ATReS HZ 55 1E R R A
Wiz . WO 4R B RS A ¢
AL, MARERT M 1 5, FfM
il T sglel F0EIE rh sgle2 19 25K B E T
T AME ARSI T, A B A S BE A W b
BTN CIK 40 i sglel F sglr2 (33K K AT
FEGE R HAL AR A A5 AL, B, X 65
AT ARE RS, PP sglel W FE R 0k &
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RESCE%, S Fifh SGLT1/2 B vg b M A A AL 34 H: mRNA 335 19 5210
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SGLT1
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TM1
MGADYFGFSYLRNENRRNVTTYVNNPADISVIVIYFLVVLAVGVWAMVRTNRATVGGFF]
———————————— MENTTAKHVT INNPADISVI IGYFLVVIAVGIWSTFRTNRGTVGGYFI]
skek o skeskskekekskekeksk s skekeskekek s skekek s sk s | skekeksk | skekeskek s skek
T™M2 T™3
AGRSMV WWPIGAJLFASNIGSGHFVGIAGTGAAAGTATGGFEWNALVVVIILGWLEVPTY
AGRTMVWWPVGTS|LFASNIGSGHFVGLAGTAAASGIAVGSFEWNALFIVLLLGWVEVPVY
sksksk ¢ skeskskskesk - sk - skekekskokekekekeskoskesksksksk ¢ skeksk | skek s skekek | sk skekskekskek | sskr sskekesk s skeksk s sk
TM4
TKAGVVTMPEYLKKRFGGQRIRIYLSVLSLFLYVFTKISADMFAGATFINQALGLNTYLA
LTAGVITMPQYLKKRFGGTRISLYLSVVSLFLY IFTKISVDMFSGAVFIQQALGWNIYVA
L oskekesksskekesk s skekekeskekekesksk skek s skekekek s skekekesksk :skeskeskeskek | skekek s skeke s skek s skeskekek skekek s sk
T™MS TM6
VIILLMITALYTVTGGLAAVIYTDTLQTIIMVVGSFILMGFARTEVGGYENFKDRYMNAT
VIALLCITALYTVTGGLAALMYTDTVQTFVIIAGARVLMGFSFYEVGGYNTLLEKYSLSL
skok o skek skekekekekskekekekskekeksk s cskeskskek s skek s s sksskooskeskekek s sk skeskeskekek s 0 sk T

™7
PSV—— VGVNISESCYTPRADSFHIFRDPITGDLPWPGLIFGLT IQAGWYWCTDQV I

PTQRISLDPQRYNISEQCYTPREDAFHLLRDPTTGD LPWPGVLEGIATIGSWYWCTDQV I
*: seksok, skeksksksk skoskokr skekok skeleleleleloksk s sk k| skekekelelekekekek
TM8
VQRCLSAKSLSHVKAGCILCGYLKLLPMFLMVFPGMISRVLYTDEIACVDPKECDDYCGA
VQRCLAARSLTHVKAGCILCGYLKLLPMFLMVEPGMISRVLYPDEVGCVEPSTICNKVCGT
sskokk: skeko, kekosk, sk, sksk
T™M9
SVGCSNIAYPKLVVDLMPNGLRGLMLSVMLASLMSSLTSIENSASTLETMDIYTKIRPKA
EVGCSNIAYPKLVVSVMPTGLRGLMLAVMLAALMSSLASIFNSSSTLFTMDIWTRIRPQA
. ooksk, sskekekesk : : sksskekek sk
TM10 ™11
KEKELMLAGRVEMLFLIGVSTAWIPTVQTAQSGQLFDYIQSITSYLAPPTAAVETLAIEC
RDKELMVVGRVWILCIVATSTICWIPVVQAAQSGQLFDYIQSVTSYLAPPTAAVFFLAIRV
cookeksksk skeskesk s sk n o sskesk skelok sk sielelekeskelelelelolokek ¢ skekeslelekelekskekeskeslok skekeskek
™12 ™13
KRVNEPGAFYGLCIGLLVGLARMITEFAYGTGSCVSPSNCPTITICGVHYLYFATILYTLS
KRVNESGAFWGLMGGLVMGLCRMVPEYAYGSGSCLFPSTCPKLICGVHYLYFAMLLEFCT
selskokok skelek sskek skekr sskek ek sksskelekosekek s skek | skek ] sskelelelelelekelelesk s ok

CVLILVISLMTKPIDDKHLYRLCWSLRNSTEER T DLELDDWTEEQDSSSM-—————————
IILVLFVSYNTPPIEDKHLHRLVFTLRHSKEERVDLDREEQEQGRQARRDADEKEKVITD
sskosk, ok skoskeskskekskekosskek o osskekssk, skeksk:skek:
TM14
ETEEVREEPGFCKKAYNWFCGFDQGNAPKL TKEQEAEMKLKL TDTTEKPLWRNVVNANAT
EDQIEHGDRS IMMKI IGWFCGISDAQAPEPTEEEVAEASKQLPDI SEDPLWKYLVNANAL

* ook sekskr o osk skoskr ok | sk sk sk skekek sdekokekek
Identity

TLLTVCVFFHGFFG 658 100%

IMMSVAVYEFWGYYA 662 64.71%

kooook kik ko,

[ 2 B SGLT1 #1 SGLT2 &£ z (8189 bt %t

60
48

120
108

180
168

240
228

294
288

354
348

414
408

474
468

534
528

584
588

644
648

MEAZEERARESER: @ERTFEERHE - Hn: RERTEERA"RR: BEXBHAPRER: Rx-T-x (4)-F-L-A-Gx (4)-W-
W-x (2)-G-A-S % /57 F 7 HE R TR

The identical amino acids are represented by "*"; and the highly and less conversed amino acids are represented by " :

Fig.2 Amino acid sequence alignment of C. idella SGLT1 and SGLT2

regions are represented by shadow; the R-x-T-x (4)-F-L-A-G-x (4)-W-W-x (2)-G-A-S motif is represented by box
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99—A i (Ctenopharyngodon idella) SGLT1

[#13k 15 (Megalobrama amblycephala) SGLT1 AKR15143.1

5
91— il (Carassius auratus) SGLT1 XP 026130362.1

100 1 (Cyprinus carpio) SGLT1 AEX13746.1

99

100

100

100

93

JR A G40 (Sinocyclocheilus rhinocerous) SGLT1 XP 016374245.1
L—— B 48 (Danio rerio) SGLT1 NP 956975.1
LT AR5 1l (Takifugu rubripes) SGLT1 XP 003965616.1
Je % B A4 (Oreochromis niloticus) SGLT1 XP 019216676.1
KPGEESE (Salmo salar) SGLT1 NP 001165258.1
W% (Oncorhynchus mykiss) SGLT1 AQT33429.1
KEEHT (Scophthalmus maximus) SGLT1 AWP15166.1
K (Larimichthys crocea) SGLT1 XP 010734821.2
100 /INE (Mus musculus) SGLT1 AF208031.1
K (Rattus norvegicus) SGLT1 D16101.1
A (Homo sapiens) SGLT1 AH005284.2

9] A b (Ctenopharyngodon idella) SGLT2

100 E il (Carassius auratus) SGLT2 XP 026120142.1

91— 4284 (Sinocyclocheilus grahami) SGLT2 XP 016101295.1

74 BE D0 (Danio rerio) SGLT2 NP 998091.1
B A5 YR (Ietalurus punctatus) SGLT2 XP 017346276.1
76
93 PEEF G HE (Astyanax mexicanus) SGLT2 XP 007234590.1

K PGP (Salmo salar) SGLT2 NP 0011335411
100 L §T4# (Oncorhynchus mykiss) SGLT2 NP 001117904.1
= A (Seriola dumerili) SGLT2 XP 022616161.1
K& (Larimichthys crocea) SGLT2 XP 019125619.2
Je % B A4t (Oreochromis niloticus) SGLT2 XP 003449321.1
H 8 (Oryzias latipes) SGLT2 XP 004075508.1
LI AR )5l (Takifiugu rubripes) SGLT2 XP 003968788.1
I_ /N (Mus musculus) SGLT2 AY033886.1
100 I—)\ 5 (Rattus norvegicus) SGLT2 U29881.1

B3 E&S5HGYHM SGLT1 M SGLT2 SEBR LK 54
Fig.3 Phylogenetic tree based on amino acid alignment for SGLT1 and SGLT?2 with different species

T E AN I H 25 A 2 0T e 8 1 o i A
WEE e, Hosgltl FEFE LR R T ETE. oM,
M B gyt ST R, M TR A, &
VR EL B i TP sglel Rk W E T &, HE
VR ML S, 7 8 D sglel R R IKFEE
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Fig. 4 Analysis of expression levels of sgltl (a) and sglt2 (b) in different tissues of C. idella by real-time PCR
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12. midgut, 13. hindgut, 14. fat, 15. muscle, 16. gonad, 17. gill. The results showed the mean + SE (n=3)
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Fig. 5 Effects of OGTT on the mRNA expressions of sglfl and sglt2 in foregut (a, b) and kidney (c, d)

The mRNA expression of sg/t1 and sglf2 in different experiment groups of grass carp were quantified by Real-time PCR. The results were represented as

the ratio to control. All data are shown as mean + SE (n = 8-9). Significant differences (P < 0.05) were indicated by asterisks
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Fig. 6 Effects of glucose incubation on the mRNA expressions of sgltl and sglt2 in CIK cells

The CIK cells were incubation with different concentration glucose (10, 15 and 20 mmmol/L) for 3 h (a) and 6 h (b). The mRNA expression of sg/¢1 and

sglt2 in different experiment groups of CIK cells were quantified by Real-time PCR. The results were represented by the ratio to the control group. All

datas are shown as mean + SE (n = 5-6). Asterisks indicate the significant differences. *. P<0.05, **. P<0.01
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Cloning of grass carp (Ctenopharyngodon idella) SGLT1/2 genes and effect of
glucose on its mRNA expression
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(1. College of Fisheries, Henan Normal University, Xinxiang 453007, China,
2. Henan Research Center of Aquatic Animal Engineering Technology, Henan Normal University, Xinxiang 453007, China)

Abstract: As the co-transporters, SGLTs (Sodium-glucose co-transporters) play a pivotal role in the absorption of
the substances. As the important member of SGLTs, SGLT1 and SGLT2 are involved in keeping blood glucose
homeostasis by regulation of glucose uptake. To investigate the role of SGLT1 and SGLT2 in the glucose uptake
of grass carp (Ctenopharyngodon idella), a series of experiments were performed. In this study, the C. idella sgit1
and sglr2 were cloned in foregut and kidney by RT-PCR, and the sequences were analyzed by bioinformatics and
the mRNA expressions were detected by real-time PCR. The results showed that the ORF of C. idella sgitl and
sglt2 were 1 977 and 1 989 bp, which encode 658 and 662 amino acids. Based on amino acids sequence, the struc-
ture of SGLT1 and SGLT2 protein were 14 transmembrane, and the results of sequence alignment and phylogen-
etic tree showed that the C. idella SGLT1 and SGLT2 proteins were closest to those of Carassius auratus and
Sinocyclocheilus grahami. The real-time PCR results indicated that the higher expression of sg/t1 was in the intest-
ine and kidney, and the low expression of sglt1 was in other tissues of C. idella. The higher expression of sg/f2 was
in the kidney, and the low expression of sgl/f2 was in other tissues of C. idella. In OGTT experiment, the sgitl
mRNA expression was significantly increased in C. idella foregut, and the sg/t2 mRNA expression was markedly
increased in C. idella kidney by glucose treatment for 1 h. In in vitro experiment, the sg/fl and sg/f2 mRNA
expressions were markedly increased in the CIK cells by glucose treatment. In conclusion, the C. idella sgitl1/2
were cloned and played a role in glucose uptake. The results will provide the data basis for consummating SGLTs

functions and theoretical foundation for investigating the regulation of glucose homeostasis in fish.
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