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Abstract: [Objectives] In this study, we took Yak (Bos mutus) as studying object to illustrate the impact of
low oxygen environment on the expression level of the three subunit genes (lactate dehydrogenase A, LDHA;
lactate dehydrogenase B, LDHB; lactate dehydrogenase C, LDHC) of lactate dehydrogenase (LDH) gene in
skeletal muscle. [M ethods] Adult male Yaks that inhabit in different altitudes, including high altitude (altitude
4 200 m), medium altitude (altitude 3 200 m) and low altitude (altitude 1 900 m) were used in our study.
Real-time PCR and western blot were utilized to detect the mRNA and protein content of various skeletal
muscle subtypes in Yaks at different altitudes. The experimental data were compared by one-way analysis of
variance (ANOVA) using SPSS 23.0. [Results] The results showed that LDHA mRNA expression decreased in
the Yak skeletal muscle with elevation increase (Fig. 2). LDHB mRNA expression was first reduced and then
increased in the Yak skeletal muscle with increasing elevation, and the expression of LDHB mRNA was
highest among high-altitude Yaks (2.82 + 0.12), and the expression of LDHB mRNA at high altitude was
significantly different from that of low-altitude (1.01 + 0.07) (P < 0.05) and medium-altitude Yaks (0.73 +
0.06) (P < 0.05) (Fig. 2). The expression of LDHC mRNA decreased with elevation, and the difference
between low altitude (1.10 £ 0.16), medium altitude (0.86 + 0.16) and high altitude (0.69 + 0.12) was
significant (P < 0.05) (Fig. 2). The expression of LDHA and LDHC proteins decreased with the increasing
altitude, the expression of LDHA protein was significantly different between low altitude (1.00 + 0.00),
medium altitude (0.88 = 0.02), and high altitude (0.75 + 0.02) (P < 0.05) (Fig. 3a, b), the expression of LDHC
protein was significantly different between low altitude (1.00 £+ 0.00), middle altitude (0.89 + 0.02), and high
altitude (0.74 + 0.02) (P < 0.05) (Fig. 3e, f); with an elevation in altitude, the expression of LDHB protein
firstly reduced and subsequently returned to normal, and high-altitude Yaks (1.37 + 0.02) had significantly
higher levels of LDHB protein expression in their skeletal muscles than did low-altitude (1.00 + 0.00) (P <
0.05) and medium-altitude Yaks (0.95 £+ 0.01) (P < 0.05) (Fig. 3c, d). [Conclusion] Lactate dehydrogenase is
the key enzyme catalyzing conversion of pyruvate and lactate, its content and activity are regulated by genes.
The results of this experiment report different mRNA expression and protein content of LDH in Yak skeletal
muscle at different altitudes, which indicate adaptation of skeletal muscle in plateau-living Yaks to different
oxygen partial pressure environments, as well as corresponding changes in pyruvate and lactic acid
metabolism in skeletal muscle, and the oxidative metabolism capacity of anaerobic oxidation.

Key words: Yak; Lactate dehydrogenase; Lactate dehydrogenase subunit; Hypoxia adaptation

¥E2F (Bosmutus) 7E SR SE IR A R 4T
BN RE ST FE R, TR A e
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o, LB PR KT B SO AN AT DA b
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BHIFIFFEEE (Jurie et al. 2006). W7 FK A,
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FARUEG P35, TR T e i w3 id &
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TR B, 1T H R ER CEARAR R PR R
N T EBUAN B R AT R A SR 4 RF R IR
(Baldwin et al. 1973). ‘H B MLIRHF IEH DS
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W TTERD R BB AP SRLFNE
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7 (Osis et al. 2021); X FHE, H LDHC A
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557t &AM AMIKAEAH X (Wang et al.
2013). 7ENIHZIH, LDH =AM H4% A [F 40
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MURF I ZRARIA N B I FRFE . BALRHEAN
TR o

KL, 8T A S T A RN R A R
AR ARSI e, A Tiis
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C I ) mRNA Al HRIAKF, PLERA
[E AR A B B LT LDH AN [V 3 50t w5 R
AR P& R R IA

1 MRSk

11 KA

IR A YD B AR (S R
4200 m, EAERAIY 2021 4E 10 A, PR @K
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T GenBank )44 LDHA(XM 014479751).
LDHB ( XM 005893232 ) Al LDHC (XM _
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(XM_005906954) ¥4I, FIf Oligo7 A
Witk sy (€ D, AETEYTES
PR 2 W] A o

#1 44 LDHA. LDHB 1 LDHC PAR TUBB EE 3 4/F 5
Tablel Primer sequencesof Yak LDHA, LDHB, LDHC and TUBB genes

FEK Gene 5142572 Primer type 731 Sequence (5’ - 3")

FEPI RN Product size (bp) 1B ‘KiE ¥ Annealing temperature (C)

LDHA  IE[I5[# Forward ~ GCTCGCTTCCGTTATCTC
J [ 5|9 Reverse CACGCTTTCCACTGTTCC
LDHB  IEM 5% Forward ~ CTGTAGTGGGTGTTGGAC
J [ 5|9 Reverse ATTGGCAGTGACAGAGTAA
LDHC  IE[B# Forward ~ GTTGTAATCTAGACTCTGCC
J 514 Reverse CCAGCAACATTTACTCCAC
TUBB EM 5% Forward ~ CCCTCGTGCTATCTTGGT
J 514 Reverse GCTCGGCTCCCTCTGTAT

188 55
194 55
139 55
155 55
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FRE 100 mg B #EULHZFE S, 75 RNAiso
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il £ VR IO e W S, B 2 pg 2.0=
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B FLEICRI RNA 5e8eE . 38 S &
[RARARHE (B HRAF, 775 KR118]
VLB [ 55 H cDNA, B - 20 CUKFHIRAE#
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MasterMix 1T [KIRAEFHE (L) HIRA ],
175 KT211] #47 PCR, M. 5E R 1.2%
T I W U P2 P AT W 5 A S e PR RN

AN EMER LDH =AN T3 mRNA ()
FRIE/KF, #%$¢ TB Green Premix Ex Taq II [F
EYTRE (KB AIRATR], 185 RR420Q]
1T Real Time PCR. 256 H 2 JE K4 TUBB,
HH WS EFAH EEE 5% 3 A FAT.
122 BEHITENNE HEFFRE 1 g JIAH
g1, WEEE, S JE B ORI RiER . RIS E
HIEHATE QLI ARG R A,
15 KGP250) $eHUE#AALEaE A,
SE B OB, THEIREE . R OIS 4 x
FEEWLL 3 01 IEBRA, 2R JE ¥ i #E)
100 °C 5 min. X} 40 pg M E#& WAL YE S H AT
Hvko TEARME R (UK EE G, AT RS .
R SERE , (RSO YE PVDF JE, S8)5
S% IR AR Wi 4] 3 he SONJEFH 1 x TBST i
Ve, FF PVDF IS —HuidiTiv s, W E %N
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/N IgG H&L (HRP) ($%5 ab205719, WJE

1:10 0000, LA EHiARI NI EE4E/RAEYF
HAERAT Mo /51 H Immobilon Western
Chemilum HRP Substrate (Millipore A #], %5
WBKLS0500) #4718

1.3 HiEsbE

qRT-PCR KJHAHXS AACt ¥ (2724 %}

LDHA. LDHB Fl LDHC mRNA 78 #1204
W e S ARSI AT et e W o B R ERGZE VA
(western blot) 3% FH X EE FRyE ST AEA B g 14T
15, H AlphaView HEFXTHER G J5 18 E 467
IR PEAEHEAT 3 M. R SPSS 23.0 B4Rtk =%
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iR ” (Mean + SE) K3 /R I 986 € & PCR
FVEE (5 BN E (1 25

2 SR
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5 Yok SRR E
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W—, HIEMEST, ULEH SR Rt R AT,
It 4 %3 519077 LAE A QRT-PCR [ 5140 CE 1)
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FH S 5% % e s 4 IR mT A, BRI T
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HHRER AL (0.81 £ 0.02) HrifEdk 4l (0.58 +£0.04)
HEZEFAREZE (P>0.05), TMKERAHS
HHELH LDHA mRNA FitfE (2.02 +£0.22)
B3 m TR MR PR RN R
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FEAR 5 T, T s R 2 e 2 SRR

(2.82+0.12), HGifFAASES (1.01+0.07)
APk AR (073 + 0.06) MHELZER B
(P < 0.05), fRigk=E4HaUl+H LDHB
mRNA k& (2.61 + 0.49) &5 T
M. FERARES (P<0.05), {H5mEERA
BAERALEE (P>0.05); LDHC mRNA B
W TR, HEREERETRES, HIGEHR
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M 1

2 3 4

B 1 LDH EFE#EER PCR I TH@E PCR LR

Fig. 1 Resultsof LDH gene fluorescence quantitative PCR primersfor ordinary PCR amplification

M. DL2000 DNA 43 F#ibrif: 1 ~4 4851183 LDHA. LDHB. LDHC #l TUBB fJ PCR #"}47=#).
The amplification band M in the figure represents DL 2000 DNA Marker; 1 - 4 represent PCR amplification products of LDHA, LDHB, LDHC and TUBB.
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Fig.2 Expressionsof LDHA, LDHB and LDHC mRNA in skeletal muscle of Yak and Cattle at different altitudes

L-Yak. fRIEFREED:: M-Yak. TPiER4ES; H-Yak. mifFR4ESS; L-Cattle. RiEHRFEL. B EAREFHARREEZSEREZE (P<0.05),

MR F AR ZE R EARE (P>0.05).

L-Yak. Yaks of the low-altitude group; M-Yak. Yaks of the medium-altitude group; H-Yak. Yaks of the high-altitude group; L-Cattle. Cattle of the

low-altitude group. Different letters above figure represent significant differences (P < 0.05), and the same letters represent insignificant

differences (P> 0.05).
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Fig. 3 Western blot resultsof LDHA, LDHB and LDHC in skeletal muscle of
Yak and Cattle at different altitudes

a. LDHA & HEIZE; b. LDHA & HAHXRIAE; c. LDHB & B

0.05), HFEFEHRREREAEE (P>0.05),

d. LDHB % ARk 5; e LDHC & [ EI;

f. LDHC & HAHXY
RKiLHE, L-Yak. KEIREESD: M-Yak. HIFHREES; H-Yak. miffdR4EEL: L-Cattle. IRIRTE4. B bR FRARRREREEE (P<

a. Western blot of LDHA; b. Relative expression of LDHA; c. Western blot of LDHB; d. Relative expression of LDHB; e. Western blot of LDHC;

f. Relative expression of LDHC. L-Yak. Yaks of the low-altitude group; M-Yak. Yaks of the medium-altitude group; H-Yak. Yaks of the

high-altitude group; L-Cattle. Cattle of the low-altitude group. Different letters above figure represent significant differences (P < 0.05), and the

same letters represent insignificant differences (P > 0.05).
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