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W JEEEN e —Rhfa s BB 250772, 7 S ubE e b IR0 8 pMultiRNAi-Ldhe % & 5
% (Ochotona curzoniac) HHNL Ldhe ZEFPUERIITATATYE, 27 RS R AR A TIMA. TRAME
HARA, BHS 9 JAVME, THEAMEFZAE N TS 0.65 ml @75 pMultiRNAi-Ldhe F1R
PMultiRNAI-NS, 75 (% R VE S F /AT E K, F4HE 7 d RS 8V Ldhe B2 F mRNA FIEE G 11
FIEAK, ME T HMEAR (LDHD YEMEMARE (LD) R=8iIRE (ATP) &, 45R%W,

HrEstRAMLLL, TIMALE mRNA FIE HKF L, Ldhe ZEFEFRIESNFERT 41.73%F 15.76%; 3.
fli el (LDH) i&PE. S (LD) 1 ATP & &7 JIFEMK T 23.98%. 51.08%1 19.29%. 45 RutH,
W Jl v B IR 2% pMultiRNAi-Ldhe £ 20T BB B Ldhe BRI FRIL .

R : g SRR FRBARE: AR =B

FEFKS: Q955  SCERARIFAG: A XXEHS: 0250-3263 (2018) 03-439-07

The Silence of Ldhc in Plateau Pika Skeletal Muscle by Intraperitoneal
Injection of Adenovirus pMultiRNAi-Ldhe
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Abstract: Plateau Pika (Ochotona curzoniac) is a small mammal native to Qinghai-Tibet area of 3 000 -
5 000 m above sea level. Previous studies found that the sperm-specific lactate dehydrogenase (LDH-C4)
gene is expressed in Plateau Pika skeletal muscle. Intraperitoneal injection is a simple and convenient method
for drug injection. In order to verify the effect of Ldhc silence in Plateau Pika skeletal muscle by
intraperitoneal injection of adenovirus pMultiRNAi-Ldhc as a method of RNAi, 27 Pikas were randomly
divided into the RNAi-LDHC, RNAi-HK and control groups, each had nine individuals. The Pikas of
RNAi-LDHC, RNAi-HK were injected with 4 x 10° pfu 0.65 ml adenovirus pMultiRNAi-Ldhc and
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pMultiRNAI-NS, respectively. The control group was injected the same amount of normal saline. Seven days

after injection, swimming time and the expression level of Ldhc mRNA and protein in Plateau Pika skeletal

muscle, and the levels of lactate dehydrogenase and lactic acid as well as the content of ATP were detected.

The results showed that, compared to the control group, RNAi-LDHC group’s swimming time reduced by

12.45% (Fig. 1). At the mRNA and protein levels, Ldhc gene expressions were reduced by 41.73% and
15.76%, respectively (Fig. 2). LDH, LD and ATP were reduced by 23.98%, 51.08% and 19.29%, respectively

(Fig. 3). It is indicated that intraperitoneal injection of adenovirus pMultiRNAi-Ldhc can effectively silence

Ldhc expression in Plateau Pika skeletal muscle.
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EIE B (Ochotona curzoniac) & —Ffi
BIETF R JRAER 3 000 ~ 5 000 m ) 5 7€ 7
T e FE T B J by 1R /N FLR R 2 B
SHIEE IRBRAIE N GHARFESE 1980).
RS (lactate dehydrogenase) s& —FiiHfEZ
flell, | ZATAE T e, AL TR R R AN
FALER A B ¥4k (Smithies 1959, Wang et al.
2013). AMRWANF A 3 MAFZER

(Ldha~ Ldhb. Ldhc) #t4i)ir%: (LDH-A.
LDH-B. LDH-C) ZH B ) [F) 5 i 5 DY SR Ak 2
1 (Markert et al. 1975), C WFIEE A AL
B WEELE G, DRIRE 5 e 1 LR i U2
C LRI . Jenl IR SN, Ldhe TEWGFL
IR RAE T RIA (Gupta 1999), KA
MW FER M, Ldhe AMUAE S JR R ARNRE T %R
i, T HAE ARG )72 ik (Wang et al.
2013). LDH-Cq i #2 i i 5 R S B B LE
PEBEM KT, 3808 T MR A A B 1 0 Y R
71 (Wang et al. 2015),

W 5 R LU DL 25 2577 X, 434k
BoAT, BARSERGHE WEFES 2012);
Bt (20160 383y S P IO A dat idt K B

(Rattus norvegicus) FEALRI, MRS HI/N
Gy G NGRS AR = E R T4 5
FhE o RGN ER G IS i R )
B4 S A WIS, T TR KA
R E R RN S, A RO TE R B R
FRENARIERR, WERBNIIRAN R S (FRAE5%

2008), [FIE S EZYIIRAE, HEN MR I 259
Wb KFHRINRFRE pMultiRNAI-Ldhe J# it
MRS G, A FER G R T A Ao B 6
WU RHFAE R, ARSCHENE R s 7 d )5
W AR BT R SR A B B IL Ldhe FERFIUL

1 MRSk

1.1 SEREY

e R B A 4 T IR I M M R R R
tr, FEAE 27 H, #KHE 150 ~200 g, BEHL N
3, B4 9 R, B 1 AANTHA
(RNAI-LDHC), RS 4 x 10° pfu (BRI
BFR BB E) 065 m R E
pMultiRNAi-Ldhe ; 5 2 #H A & 5% A
( RNAI-HK ), 7 8 55 7 &= 19 B2 0w 5
pMultiRNAI-NS ; %% 3 H v = [ X A
(control), VEGHEFEEFE K. E R RS
HEFESHEWFE 7d, SLIRFTHE 30 min, FEATHL
P57 SN, RSP E)E, REE RS
SERPMRAE T
1.2 RNA THLE =5 B G fds 9 1] Ldhe 22
KILMH T
1.2.1 Ldhe 2 shRNA Fik BR80T B
it SR EEFS (2017), H4E GenBank
B 0w R R Ldhe R cDNA FE 7%
(HQ704678), HEF 2 ANHEAL AL (321 ~ 339 il
855 ~ 875), I Blast ¥R A 1E4T 7> 471 [RIVE N 4347,
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FF RNA structure 4.2 57 H 2 58T .
SiRNA T#tF%h LDHC 321 (5-TTT GTT
AGT ACT TCA AAG ATT ACT TCA AGA CGG
TAA TCT TTG AAG TAC TAA TTT TTT G-3")
H1LDH855 (5-CCT CGC TAT TGG ACT GTC
TGT GAT TCA AGA CGT CAC AGA CAG TCC
AAT AGC TTT TTT G-3").
1.2.2  Ldhc B:R%5 5P shRNA R A
EKivmdaas SRIEES (2017, R
JE R RN (Homo sapiens) Ldhc FER ) ZmiG
X5, ¥t & shRNA #E55), 4 R
FigE ShRNA ZEAZ T R K 515 20U =4,
A A B BB rEL K (Rl B8R T [m] i
') DNA FE, i Ldhe ZENF:71E shRNA
FARBMEA TR, T NIRSZAS40M,  BREX
B v B A R R G R i, FREUSRL, T
P ERANTS. 3 DNA WF4R, #B5
JIT 31t shRNA 751 100%kH [ (1) 58 45 J5 R e =
JRL 3 B REAT R 40288 2 9 AR A 1 BT
JoRE R B e 55 1 AL AT DU SR AE A TR
A ) FER
1.3 PR

MR 7 d JEEHATPUR ST SER, R
FUEDKTE, AN TR 2H 5 i GRS IR BN [T A A
W, AIRISEITE 18 CAA, Wbk 1 A Ll
BTN e, HERGIC SR A .
1.4 %% PCR &l mRNA 7K %k

Z W EEWS% (2017), XM TRIzol

(Invitrogen Life Technologies) 2:$& B #% AL

U5 RNA, MEREASEANAGNE 4260/4250
B (1.8 < Azso/dago <2.00 KIKE (= 0.4 g/L),
HY 4 pg /= RNA KH Fast Quant RT Kit (with
gDNase) (TIANGEN) &7 &% cDNA. F
AR R A Ldhas Ldhb R Ldhe FE R
R M 5 AT 9 6 & PCR. Ldha £ A1)
Wsl AN 5-TTG GTC CAG CGG AAT
GTA-3', FiFEI#FFIA 5-GGT GAA CTC
CCA GCC TTT-3, ¥ #EHIK )y 220 bp.
Ldhb FER W) _EHE5I1 7508 5'-TGT TGG ACA

AGT CGG AAT G-3', Ni#5|#F%1 R 5'-CTG
AAG AAA CAG GCT CCC-3'; K:FFK 139 bp.
Ldhe BRI B 51 F 58 5-CAG CAG
GAG GGA GAA GGT-3', Fisl¥FHlh
5'-ATG ACA CGA GAG GCA GGT AA -3'; KJi¥
N 179bp. WZ: f-actin FE (F1 L3 51 ¥ 751 N
5'-CTC TTC CAG CCC TCC TTC TT-3', N5l
YIF3) N 5-AGG TCC TTA CGG ATC TCC
AC-3's KN 98 bp. 1%HE SYBR® Premix Ex
Tag™ 1I (Tli RNaseH Plus) (TaKaRa) &7 &
VLA C A MR & 10 ul SYBR@ Premix Ex
Tag 1I, 0.8 ul PCR Forward Primer, 0.8 ul PCR
Reverse Primer, 0.4 pl Rox Reference Dye 1II,
2 ul cDNA, 6 pl RNase-Free ddH2O. V261
95 °C 30s; 95 C 55, 60 C 345, 40 M
. ABI 7500 Sk 586 5E & PCR X (£ED
RS HTEHE .
1.5 Western Blot &l 2 H/K-FHIFRIE

ST EWS (2017), FEEARBORT
FEICE VAL R, R Piercetm BCA
Protein Assay Kit (Thermo Fisher Scientific,
USADSE SV ER IR X 40 pg 5 H#3E4T SDS-
RN Bk 5, 731 0.22 PVDF Ji L.
F 5% g Wk AR R A 2 h, 5 —Hi G
LDH-C, abcam /A ] %55 FEHIMA, 1110 000
#iB; PL GAPDH, abcam /A &) HITEHIA, 1
24000 FiFE) 4 CHFENLA: M TBST Ml /a
FH2EPT e 1gG QL 2EHT %, abcam A ], 1 2 000
R R E 2 h FFH TBST ¥l KM ECL
w657 & (Thermo Fisher Scientific, USA)
W I FH B 1% 2 48 (Bio-Rad, USA) 118,
1.6 HHAFIARKER (LDH) JEHMIAR

(LD) K ATP & &Kt

BEYFRE (2015) T7ik, BEIIHL
TR E/ARRIEE A 12 9 Y 0.9%4: 7 2h /K vkt
5%, 4 °C 5000r/ min BL» 10 min, B 3%
Mo SRtk AR & (F R 4
RERAF], FED BRI LR
284 (LDH) JEHEFMILR (LD) &, %7
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MR (2015) KGR -BOGRBEEIZ R
ATP Rl & (LB REYERERAH,
FED PR VEAR I T ATP & 8. 4%
PR R/AAREEN 105 Eufl AR &b AR
UKy AH, 4 °C 12 000 r/min 250> 10 min, HX
EIEW . DA ATP 9 55 223 B A R B ) A
kFRHL T ATP AR & & (umol/g).
1.7 FHERTHE

TMHTIHF = (FAX AT EE -
FHAFEIMED 7 AR FIE, 5%
TR = (FAXNRAFHE - TR
A 1 AR IRAIME (EEESE 2017).
1.8 FARGT

18 F Excel 2007 A1 SPSS 1 # 2 ¥4 3f:
IMTSEES A, SRR R T Z 50T (one-way
ANOVA), HHEHFIIME + WailEERR, P<
0.05 AZERAAGIIFE L.

2 ZRESWr

2.1 PiEsTSLL

T 2R R 2w S R S i
77 35 5 K B AR IR R (749.00 £ 67.76) s,

(843.90 +77.12) s Fll (85547 +47.41) s, &
FHMT AXRALEZEEZS (P> 0.05, T
P 2EL U DK BT ] 2 S5 AR T 2 s A s o R
(P<0.05, K1),

22 HEREEBIALN Ldhe RIEKF

7E mRNA /K b, &5 R A s gk
Ldha. Ldhb 1 Ldhe FERIIFRIE, 525 EXHE
YLARLL, TR Ldha F1 Ldhb R () 323k 0%
HREER (P>0.05), 1 Ldhe FERFIE R
BEWRAD (P<0.01), BEWERX Ldhe FEF T
HEN 41.73%. EEAKT L, &R
L4023 LDHA.LDHB Al LDHC W 3£k,
5 ax A AL, THi4H LDHA F1 LDHB ¥
RRBHEAHRELER (P>0.05), [fi LDHC
WIFILEEWREZ WD (P<0.01), RN
Ldhe BRI TFFAN 15.76% (E 2D,
23 HHRUIARARNER (LDH) fEHEMTL
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Fig.1 Swimming time of Plateau Pika

* P<0.05.

® (LD) X TP &&

LAt AR AL, THAAR
Ji & (LDH) J&TERIALER (LD) M ATP K
EEBNEZ D (P<0.0D), FRHAMTH
WA R TR ZEEZS (P> 0.05), IR
LDH. LD Ml ATP HJFHZH5 5N 23.98%-
51.08%F1 19.29% (&l 3).

3 i

An 5 (2017) 755 7 B S 58 UL B E
9% 7% pMultiRNAi-Ldhe, 5% (X HBZLAEL,
B EIALZ mRNA F1E E K F Ldhe £
FILESH T T 82.18%F1 82.29%; FLEEM
2 (LDH) JEMEMFLER (LD). ATP &l
SRIBEAR T 28.21%. 48.38%F1 27.88%; &%)
A B T 25.97%. &GS (2017) 23k
B, BEMETEST 0.65 ml i 5 pMultiRNAi-Ldhe
REFC M HEN DL AFRIBNALZ R, REEE DR
Ldhe #E[; £ mRNA FIEAKF L, O
G Ldhe FERRIBEDHI T T 48.11%F
19.27%; RFAZT Ldhe FEPF #8255
T 70.16%H1 25.82%; MKZHZA Ldhe FERFRE
BB FET 49.08%F1 25.36%; FLERM S

(LDH) JEMEAIFER (LD) M ATP (& &N
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Fig.2 The expression level of Ldhc in Plateau Pika skeletal muscle
a. Ldha 3 RIL/KTP: b, Ldhb FEFRIIZRIEKF: c. Ldhe $:F {3RIL/KP: d. LDHC & H MRIEKF: e 5 pMultiRNAi-Ldhe %}
Ldhe $:FFTHRE: £ 7% pMultiRNAi-Ldhe X LDHC A K3, Ela. by c il d TEIKE G HEK Ldha, Ldhb, Ldhc 3
A LDHC & AKFRIER, Hpi 10 2 73 R4, ZRUMEENEA. =+ P<0.01,
a. Expression level of Ldha mRNA; b. Expression level of Ldhb mRNA; c. Expression level of Ldhc mRNA; d. Expression level of LDHC; e.
Interference efficiency of pMultiRNAi-Ldhc on Ldhc gene; f. Interference efficiency of pMultiRNAi-Ldhc on LDHC protein. In figure a, b, ¢ and
d, the electrophoresis results represent the expression pattern of Ldha, Ldhb, Ldhc mRNA and LDHC protein, respectively. 1, 2 and 3 represent

RNAi-LDHC, RNAi-HK and control, respectively. ** P <0.01.
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Fig. 3 The contents of lactate dehydrogenase (LDH), lactic acid (LD)
and ATP in Plateau Pika skeletal muscle (n =9)

a. 7 pMultiRNAi-Ldhe s R 5 Sa B 86U 207 LDH 3G M0 b, %7 pMultiRNAI-Ldhe ¥ &5 R Aus B U420+ LDH i
PRI ¢ R pMultiRNAI-Ldhe %75 Ji RSB 8841800 LD [95504; d. JE%# pMultiRNAI-Ldhe % & 5 B G B 8141404
LD W% e. IR pMultiRNAi-Ldhe X & 5 B S d B ILZHZ R ATP (95404 £ JI% 2 pMultiRNAi-Ldhe %) i 5 B B4 2L
T ATP TR . == P<0.01,

a. Effect of pMultiRNAi-Ldhc on the activity of LDH in Plateau Pika skeletal muscle; b. Interference level on the LDH in Plateau Pika skeletal
muscle; c. Effect of pMultiRNAi-Ldhc on the activity of LD in Plateau Pika skeletal muscle; d. Interference level on the LD in Plateau Pika
skeletal muscle; e. Effect of pMultiRNAi-Ldhc on the activity of ATP in Plateau Pika skeletal muscle; f. Interference level on the ATP in Plateau

Pika skeletal muscle. ** P<0.01.
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