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Establishment of transgenic mouse model with cardiac overexpression of PRKAG2-G100S
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[ Abstract ]  Objective ~To establish a novel transgenic mouse model of human PRKAG2 cardiac syndrome that
overexpresses a PRKAG2-G100S mutation, so as to lay a foundation for further studying the role of human PRKAG2 gene in
the development, morphology, and function of mouse heart. Methods Human PRKAG2 with G100S mutation was sub-cloned
into a multiple cloning site located in the downstream of o-myosin heavy chain(a-MHC) promoter of the plasmid. After the
construction of the transgenic expressing vector, C57BL/6] mice were selected as the genetic background, and the transgenic
mouse model of PRKAG2-G100S mutation was built by microinjection. Genotype was further confirmed using specific primer
PCR. Real time PCR and Western blotting analysis were used to examin the expression of human PAKAG2(G100S) mRNA and
protein, respectively. Results Two strains of transgenic mice were successfully developed using backcross breeding, which
specifically overexpressed the human PRKAG2-G100S mutation in the cardiac tissues of F2 generations by the methods gPCR
and Western blotting at both mRNA and protein levels. Moreover, the PRKAG2-G100S mutation was successfully passed
steadily. Conclusion We have successfully established a human PRKAG2-G100S transgenic mouse model, which can help to
further explore the role of PRKAG2-G100S mutation in the development and function of mouse cardiac tissue in the PRKAG2-
G100S cardiac syndrome.
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PRKAG2 .U IEZR A AE & # Yo R B R385 1
GO O N » 52 phy - A B - IR TS 1 2R 1
1Al (AMP-activated protein kinase, AMPK)v2
AN ) PRKAG2 JE[RE A 5878 . A BT Y
LU E AL S R G50 SOl E B F 2R
B ZFP I 2 DG AE . AR ARG IR TAE T &
BT A E AR 1 PRKAG2 O ISR A IER
M BRI PRKAG2 58 LR I R Fe A
P56 E AMRGE 9 5 2 1 26 Rl A O LIRS 15
LR AR R B AL A A IR R
FELL K G d s B B A B RO R . AR R i A,
ZEARNL R G100S 5 [E SMRE B s A — 3 A5
s O K P N Y ST N T TR U e 87 R Y i
BAIE T %278 AT LAG O WU R FRE e . e
UL SER b, DR 00— 2 3 g A g 55 N [ Y
PO IE L 238 N PRKAG2 (G100S) %% 25 K /)N
L, TS AJE PRKAG2 (G100S) 58728 J [ 78 .00 I
AL 3 B Rk /N BUO IE & B AT REZE 47 049 15
FTF 6 mb, AT BB 3% OB 9% AR fE 5 & b A
PRKAG2 (D JIRZEAAE P A FH AL .

1 ##7E

1.1 AR PRKAG2(G100S) & ik # 1k 49 #) 22 & 4%
AR NTHEREE A BRA WG PRKAG2
PRI — > e 8 K cDNA kL (GenBank %42 %5
BC068598) , & N itk T~ 44 MR . ARHE T
) PRKAG2 3 A J¥ 41 ( GenBank % i %5
NMO16203) , BETHHE 15 514 B 7 50 4 3 51 9y, i i
PCR¥EM ik, B e B 2K P9I PRKAG2
TR IR R TA R 15200 BRI e B 2 7
Y€, DL PRKAG2 JEF A #ER  FI T PCR £ AR 3
F1E mAE T 4 X519 58 A R ER 1Y)
b E PCRY 519, 9738 R B L A Iril 2 1)
AL B W 1S i Be PRKAG2(G100S) 5
| pMD-18T # {4, #§ 8t PRKAG2 (G100S) ik %
A et FH R il v P U A T D) 450 L ORI Y 91 A3
FriffAs sk, 48 PRKAG2 (G100S) g fE A O E 45
SRIKN o NERE A EHE (o MHO) i 3 F 19 T iif
F PRKAG2 (G100S) %% 56 R 38 4, L. % 22 i
ki IR 1L . 3575 o« MHC J3 811 PRKAG2
(G100S) ¥ 3 K]y Br b A 1t BE DRI

L2 249 REEHY THKEHER
5 ng/pl, Fl R ASERE OP AR T S i AL e HE 1Y
Bl Bk PR 28 A 1 4 3 C57BL/6] [ SCXK (F5) 2015-
0001 1/INERU B 528G B H o 0 S 58 HE 1) 32 0 DR RS AFL A
RRZBE MR P, FEARZR R B 45 R 5 L2 o e 3k A% FO
A L.

1.3 PCR %% PRKAG2(G100S) 4 3 B /) R 09 %
RA FEREENRAE I 7 d S 5 R g A SR
B IF SRR EARIC . ) PH B 2 A 02 DA /DN B R i 20
LU R ICEE R 4 DNA, H PCR 2550k % 56 PR /)N gk
FIHEH M % ., PCR EHE5I1 9k 5'-CTG GTG
GGA GAG CCA TAG GCT ACG-3' (Myh6-gt1F),
FEBI R :5-CTG GTA GGA GAA CGG GAA
CAC GGT T-3' (PRKAG2-gt1R), KB 1k 9%
BRAPETE O, Bt 155 2 X510 T4 Bh Bk . B 3o |
¥.5-AGA CCA TCG TGG ACA GAA TAG
TAA G-3' (PRKAG2-gt2F), T il ¥ 5'-AGG
TGG GTA GAT CAA CCT GAG ATT AG-3'
(rabbit poly A-gt2R), W 4514:95°C 5 min; 95°C
30 $,58°C 30 s,72°C 30 s, 3L 35 MEH, Bl L3
B R i H 3k X PCR 7= 9 iF 47 % 5, PRKAG?
G100S FHPE/NERES 1 X519 7™ R BeR /R 484
bp, M5 2 X 51490774 Hs R BEK/A 603 bp,

1.4 PRKAG2(G100S) #: 3£ ] /) & &5 C57BL/6]
RA R KT Y RN FO AN S B A
BRI C57BL/ 6] /N SE . 0 1A ) F1 AR/ B k2
By RS FAMERY F1 AV B B A B C57BL/6)
INERARAE A ieAs 3 F2 AVINRUOTH TR R AT

1.5 RS IELAL S RNA 6948 FEHLAHE 3 2
SRS PHE Y F2 AR DR /N B FH S0 1 7k Ak
HE, B WE 2 20, 422 BE . RNA $2 5G] & (b T
B R A AR B FD SR SE 56 A R L SR GO
JIEAH LU B RNAL ZEAM 600 BT E RNA B4
FERIHREE

1.6 RNA ey 2% ARSI PRI RNA,
PR RNA S5 563857 & (TaKaRa 23 7)) #2459 5256
AR ] PCRASCH R L 578 cDNAL JUBAR AR B
#e RNA 3 pg, 5 X MMLV RT Buffer 4 pl., 1 pmol/L
miR-RT primers 1. 2 pl.,40 U/pl Rnasin 0. 25 pl.,
200 U/pl. MMLV Reverse Transcriptase 0. 2 pl,
RNase-free water #p £ 20 pl., [ W 45 f4: 25°C 30
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min, 42°C 30 min,85°C 5 min,

1.7 %83k 2% PCR (qPCRY &M F2 X 44 A
DR R LR F PRKAG2(G100S) ¢ k2 UL |
RBFFE TR E Y cDNA AR, 4% B Bio-Rad 23w
qPCR 327 & 4 44t 19 28 B AHH DG 350 & 514, LA
U6 S} 2, 7 ABI-7300 % PCR X I #47 PCR #~
W R W EHE95°C 3 min; 95°C 12 s,62°C 40 s, 3k
40 MBI, LEEERRA] 27 ORI TR IR AR
SERSMT. aPCR Bl F 51k 1. 5-CTG GTG
GGA GAG CCA TAG GCT ACG-3', Fij#:5'-CTG
GTA GGA GAA CGG GAA CAC GGT T-3',

1.8  PCR | A # ) 45 3K B s R 69 w8 ik 40 48
PRKAG2(G100S) DA Fidist pifs2]ag cDNA

Bt . 72 PCRAX B k4T PCR &4 [ 2454 95°C
5 min; 95°C 30 s,58°C 30 s,68°C 45 s, 3k 30 1
568°C 10 min, 441945 2 PCR = y4iifbf5 il
B, Bl 5 R F g 5-AAA TGC CAG CCA
GAA GAG G-3', Fiif: 5-TAG TGT GTC GGT
GAT GCC AG-3',

1.9 &GP EAem iR R D R8GO IR LR
PRKAG2(G100S) #9 & ik 2  BEALAIE 3 H oy 4%
E PR F2 ACHE FE R /N B FHSUHE B 1 240 5E . B
0.2 g LHEZZ A E 2 mmol/L %) RIPA Z4#HE
I mL, %R ZHOESK A vk B AR EH BB R
13 500 X g B.0> 10 min, L. A A 1/4

Myh6-gtIF

& PRKAG2-gtIR

TR 5X AR mhil AW 10 min & 1. Krgead Bk
BRI HE AR 4 5% SDS-PAGE 4 B J5 %
% AR LT 4k K I (Millipore 23 7)), 10 % i I 9583
BHE KK 5 Rt A PRKAG2 Hip{k (1 + 2 000,
Abcam 23 7)) FHUR 1 A AL Y (HRP) AR — 470
5 . DAB B0 %%,

110 it SR g R A SPSS i
(Version 11. O #EATGE 124504 » ILH I8 LR
FHARFCXT ¢ K35 3 2N 3 2 A B350 Ay ook B
B 27 225087, 3£ 24 Dunnett ¢ 836 3E77 40 A 25950119
PO ELH . R B0 7KHE (o) 2 0. 05,

2 5 R

2.1 AR PRKAG2(G100S) 4 ik # 4kt # 2 %
HARDRGARALEZ ¥ AN PRKAG2
(G100S) i AL WEFE 5 R 3K 1 o« MHC 19 F 1%, 14
## PRKAG2(G100S) %% JL R # ik . I 0 4
B 2P Ak 58 e 1Y H B TR AR v A3 3] C57BL/6)J
JINBRR SR B o T S 58 HE 1 52 R B AL A R4
2P BE R FE AR R 25 0 5 i kAR 35
FoREaER. A7 dJExt Fo RN 8 R i %
EFRER AR 8 MM R (B D,
JE 255 R C57BL/6] /N B s il 8 & i 7
TG R BT L 2 AT AR E s 1 R EETE
J& L BRI AT M

Positive samples

Myh6-gt1F & PREAG2-gt1R
2 5 6 7 12 13 14 33 N.. P B6 N

PRKAG?2-gt2F &rabbit polyA-gt2R
2 5 6 7 1213 1433 DL P :
—

E1 EFEETERRRKQN Fo REEFR/DMRHERFEER
Fig 1 Detection of the genotype of FO generation transgenic mice by gel electrophoresis

Myh6-gtlF &. PRKAG2-gtlR is the first primer, PRKAG2-gt2F &. rabbit poly A-gt2R is the second primer. The lines 1-35 indicate the

randomly selceted FO generation transgenic mice. The lines 2,5,6,7,12,13,14 and 33 indicate the PRKAG2 (G100S) positive transgenic mice.

P. Positive control; N; Negative control; B6: C57BL/6 wildtlypemice; DL: DNA size ruler
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2.2 qPCR #m| 45 2 B /s R0 R 20 22 7 PRKAG2
(GL00S) Wy & iEZ AR ITA (3 HDF2
R e R /N B H0 E 41 48 PRKAG2 (G100S)
mRNA [z i5 5 (F2-1. 85. 5413. 1; F2-2. 82. 54
16.4; F2-3; 57. 65, 5) & T RIS Hp A RN (WT-1
1.0£0.2; WT-2: 1. 340. 3; WT-3. 15.0=0.7),
HEBHA G E L (P=0.000), AWF5R4E5H D
7 WT-3 /NEUL L4 H PRKAG2(GL00S) #Hi4y 2
HWT /N ERE S = X 1E 5 1 MR AR S ZE AR
WS IEARXT IRA THIBF IS 138 1857 T 520

2.3 PCR @ /#5538 B s K69 0 k40 22 F
PRKAG2(G100S) Dk F2 48 %% 3 B /N B9 O JIE
cDNA St , 51515 5] 597 bp B, #iz" Wk
T 5 5 N PRKAG2 J§ 5] LL X, an &l 2 s,
PRKAG2 fii fi2b i GGC 272 AGCU [l FF) .

320 330 340 350 360
CACGGTTTTGGGAGAECHNGGGGCTGGTCTTGGGCCTCACAGG]

‘ |

|'\ w‘| | I\ | J'f‘ |
/‘\ N I / | m(\w |' /

= Y= L.

2 PCR M F2 KEEE/NR/OEHEL
PRKAG2(G100S)
Fig 2 Detection of PRKAG2 (G100S) in cardiac

tissue of F2 generation transgenic mice by PCR sequencing

2.4 F G JROPIE R AW 4R E D RS IR
PRKAG2(G100S)# &G Rk & N T TERSD
BT AT 50 0 8 10 o B 30 3% B A5 A A (& 3)
Quality One KB435 . DL PRKAG2(G100S) 5
GAPDH Ji B 1 LU ERARER HARXS Kk & . WF5E4
iR 3 HBEHLIER F2 A5 5L R/ O IEZH 21
H PRKAG2(G100S) 8 H A XT ek 5439 k0. 96
(F2-1).,0. 90(F2-2) 1. 17 (F2-3) , & F [ 5% B A 1
INER(WT-1:0.07; WT-2:0.05; WT-3.0.09) , B
)25 5 BHA it L (P=0.000),

1 2 3 4 5 6 Mi(X10%
- -
——— ——— — 30
B3 ZFBRIEEEN F2 AR EE N OB
ZH4R h PRKAG2(G100S) EBHIRIZE
Fig 3 Expression of PRKAG2 (G100S) in the heart

tissue of 2 generation transgenic mice was

PRKAG2-

GAPDH-

detected by Western blotting analysis
1. Wildtype(WT-1); 2. WT-2; 3. WT-3; 4. F2-1; 5. F2-2; 6. F2-3

R .

145 R 1k ENAMRGE T 20 21 A KRG S
RESTHFAPOETIOOIIEIER R, Bt k)
£ 12 f PRKAG2 3545 ; Ins Leu351 58
LA 11 B SCR 72 43 g0 2 R302Q. H383R,
T400N, Y487H, N488I1, Q506K, E506Q. R531G,
R531Q.S548P F1 G100S 1 | jiif G100S 2875 F &
HI A TR & BT 1), 2 FAT TG ER Y S HE 8
A5 14 G100S B 7E AMPK y2 WAL AE sk 85
Al (cystathionine B-synthase, CBS ) [X 15 i) 4h .
T 3 b AL T BRI 2 A A 6 g i CBS X
B, AL 2 RS IS O 1) v B CRE
AL FHE CBS X 38 1) it 58 48 w5 i 5 i 7Y
PRKAG2 U IELEAAEF AL, Ho5 [ 4 e ARE IR 1 35
FAILTE A CBS X2 A8 i — 3 gy —2 3k
CBS [X 8 2848 S A1 CBS [X I %748 5 58 AMPK 2§
A5 BRI U RE ) o 5 A7 T 58 i 0% s I A —
3, AE CBS X528 s 512 PRKAG2 WO 25 G AE
AIBL SO An el 2 35 40% DAL B0 5% LI, A DR A i
WIEM T TR TAE: (D FE CCL13 4 fig
15k G100S AT LA 53 AMPK {35 4 [ A% A 5L 370
L WIAEIER G100S 2825 F1 H i [ PR 1 38 i 58
AR i — AR AR AMPK 36 P I 5 1 A 41 i PN
FIBERE TR, (2) 1 G100S 2758 1A 1y A3 8 S
e HEK 293T 4", i ik A58 - B H A T4 s 7
I L ESE G100S ZEAR PR AT 5 | i 4 5 38 1 300 Al
RGNS . B AR A M KPR T G100S 28722 5]
AEC AN b B 7~ 18 2 U AT R S B
FHE WML Z — o (3D N S sl e S 2 AR ol 2y 4y
T BED O WUIE LR GIESE T G100S 58748 1] 53
BEEf PRKAG2 B[R )68 % A2 028 o O JUL 20 i
AMPK i P FRARH 1 PR R SR A0, O 2 305 5 a0
JULAR R S 7E a2 KO _FIESE7E 580 AMPK {6 1
R T JE CBS X8y G100S 2748 /N T T CBS
XA R302Q.

H 1974 £ EH 5T 5 Jeanisch I F 0% Gt
R4 1 e BE TR/ Bl SVAODNA T i, e 56 X 5
YA G JUAE IS Gl R R AR o R
TR RIEZM R AR AT, IR R AR WL
PSR A 1 26 S B 0y et . LRI 4 i
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[ A e L 8l 1 N2 s 1 B sk L ASS TR B 5 114 45
AR O BT M. BE7EEPR . PRKAG2
25 A AE DF 5T 53, PRKAG2 5875 f 3 PR B pE 760
PN NEIIGE PRKAG2 (U254 B e AR5
bR bR & Y BIFFE R FH I S ) 8L« 4n 2003 4E, Arad
LT F) Patel 2608 5@ ot g 57 o % 3k PRKAG2
(N488D) 575 1 FE PR BB A, iR, T 5 HA %
SRS I AR BLR O UL I H 2 B SR RL, JF 3647 T A
LI ATL ) A 5 5 )R G G 7 i 3R 3% PRKAG2
(R302Q)" | PRKAG2 (Arg531Gly) ™ | PRKAG?
(T400N) M A5 byt B P B A, th 2 & B0 1 4%
JEUUR B0 0 LB JE DL K Bl 25 A AE G 5 R 5
SR AR P R R A LR E BT RO T IS
A2 5 B L B B o W25 £ % R302Q
GRS I AT 1 e 40, 53 A KB HOC2 5 85 R 1Y
5925 KRR IG5 | E 40 M N 5 A A i e 2
FHEE T A TR L i 0 512 56 119 BRF % £ 455 750 I 3 A 240 i
FRBIF ST e DR /DN BT 0 R 2 O L [T RS e B AL
ORISR T TH HAT DL

FENE RN FH 77 18 % T H ETE B b i R A %
) PRKAG2 U EZE A AE Y2 Wi 3R 97 76 B » Porto
SEE AR R R F M SCROKE R B 2014 4 9 R
A WEPEDT ST 4508 T iR 25 G oA TRAH
T PRKAG2 (U JIELE G AR Y 2% TF- 40 9 i R 22 54
B AR T AH R TEAN PRI O SR AR B 0
WG ARIAIT e M 275 . i H E RS H 2 B oA
FEPE AW 2 F72F Arg302Gln Fil Asnd881le
MHRIE . T E A 1Y G100S 2275 () PRKAG2
WELE G AEATD AR e/ 58 R W 4 AL B TR AT
LU EIBR L B RO N TR T 48 2 A5 E T
IS LN R AT T A B DAL/ RS RY 1) 3 S7
XF G100S il RE R AL 64 BIFFE 52 i R | i SO
KA RN VLG E AR 1 PRKAG2 D IEZR
B HERNA T B HEE 1 R
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