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Comparison of the mRNA Levels of FABPS and FABP9 Genes and
Activities of Some Enzymes Related to Energy Metabolism in the Testes of Yak
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Abstract: The epidermal type fatty acid binding protein (FABP5) and testicular fatty acid binding
protein (FABP9) genes of yak were sequenced,and their expressions as well as activities of some
enzymes related to energy metabolism in the testes were compared between yak and sterile F1
males (male cattle X female yak).aiming to explore the association between the two genes and
energy metabolism with the sterility of F1 males. Total RNA was extracted from yak testes and
the ¢cDNA sequences of FABP5 and FABP9 genes were obtained using conventional PCR meth-
ods. The coding region of yak FABP5 and FABP9 genes were 408 and 399 bp,respectively, and

showed 1 and 6 nucleotide differences compared with those of cattle,respectively,the latter caused
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5 amino acid substitutions in the deduced amino acid sequences. Real-time quantitative PCR analy-

sis showed that the expression of FABP5 gene in the sterile F1 testes was significantly greater

than yak,but not for FABPY gene. Isocitrate dehydrogenase activity in sterile F1 testes was sig-

nificantly higher than yak (P<C0.01),while B-hydroxyacyl CoA dehydrogenase and lactate dehy-

drogenase activities were similar in the testes of yak and sterile F1 males. The up-regulated ex-

pression of FABP5 gene and the increased activity of isocitrate dehydrogenase involved in citric

acid cycle in the sterile F1 testes may indicate that the level of fatty acid oxidation for energy is

higher in the testes of sterile F1 males than adult yak.
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4 544 FABPS il FABPY 3[R 5 51 . 3 F i 52

B2 )t 2 i PCR 43 B 78 4 4= il i 48 52 L 19
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TR K B B A 5 e 2F R R R AT RE G

1 #MRE5FE
L1 HERHRE

M (Bos grunniens) F4w 4 (N 15 4 5 &
PR M2 A 5 RO B SE AL ZUE R A RCHR T
FIVLIX B S, AR AR A 6 28 (n = 13) A2 i
A (n=T) LB 58 J5 7 20 BOH: 5200 00 T ) I 5
F okl sL sk E . —80 CHRAAFH.

L2 FELHFMLEF

RevertAid First Strand ¢cDNA Synthesis Kit
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Table 1 Primers for the present experiment

174315.3), LA S B 4E 4 FABPY i Il J¥ 51 (XM _
005897261, 1) #1 3& i# 4+ FABPY9 ¥ % (NM _
001192410. 1), A] Primer Premier 5. 0 {44 5%
I PCREIY (R D, 510l LA TAY TEA
(R /NS g

18 FH(5'-3D)

Primer sequence

H Ay 2 A

Target gene

BGREE/TC

Annealing temperature

PRI /bp

Fragment size

F:AGCTCACCTGTCACGCCTGT

FABPS 62 470
R: TTTCTGTGCAAAATGATGAGGG
F.CACCTCTTCTCTGCAAGCTTTC
FABP9 60 489
R:CACATCTTCTTCAAGTCCCAGC
FABP5 F:ACTGGGAGAGAAGTTTGAAGAGACC 6 187
(Q-PCR) R:GACCCGAGTACAGGTAACATTGTTC
FABP9 F:GAACTGGGAGTGAGTGTTGCACTC 6 173
(Q-PCR) R: TGCCGGTTATCTATGGTGGTTTC \
F:CGACTTCAACAGCGACACTCA
GAPDH 60 169
R:GGTCCAGGGACCTTACTCCTT
F:CTGAGAAACGGCTACCACATC
18SRNA 60 168

R:CAGACTTGCCCTCCAATGG

FEAE LR RNA 2 ) #5615 5] cDNA, 7 i
T PCR ¥ #, J Wi & & (25 pl): 10 X Reaction
Buffer 2. 5 pL., Super Tag DNA Polymerase 0. 2
pL,10 mmol « L' ANTP 0.5 L, #4% 1 uL, EF
el es 1 pL i stk 2 25 pL, PCR /)% :95
°C 3 min;95 ‘C 30 s,60~62 °C 30 s,72 °C 90 s,k
35 N 72 °C 5 min, 4 CHEFE, 8= H
L. 5 Y0 Byt i Wl 050 s P, Yk 4G U
1.5 BEEHNFRFISH

PL 3 Sk4E4- %00 cDNA Ry itk F§ PCR 43 5114
# FABP5 fil FABP9 3£ A J¥ %, PCR F=#3% I i
ATAEY TRA WA E AT BT . H DNA-
MAN4. 0 FA%F 53 il J5 25 8
1.6 ZHHEL FABPS fl FABPY EE M EE

DIABIESE 3K 45 19 46 4 S 0L FABPS 1 FABP9
BLR 51 Sy B AR 53t & PCR 514, DL i 4F
GAPDH (NM _001034034) #l 18SRNA (NR _
036642) NS, DL RGBS (n=13)
R 2E (n="T) S L4141 cDNA Sy AR . 2R F 5 i 2¢
JE # PCR 7kl FABPS 1 FABP9 A (14

X # k. PCR & & (25 pul): 2 X QuantiFast
SYBR Green PCR Master Mix 12. 5 uL, I, 5]
Y45 1 pLBiflt cDNA 1 ;L,RNase-free water 9.5
pLo PCR %44 :95 ‘C AR M 5 min; 95 ‘CAE M 15 s,
60~62 CiEk 20 5,72 CHEfH 15 s, 4L 40 I~ 1FER,
65~95 “C il fE i it 22 .
1.7 SAERAPEENNE

TEVK ERRRAED (n=13) TR 2F (n="7) S L4
2L BIEFARI 0.1 ¢ T34 1.4 mL 258 (10
mmol « ™! Tris, pH 8. 0,0. 25 mol « L' jF ¥k, 2
mmol « L™" EDTA) ) EP &, & M8 C. Jurie & 1Y
FENT HEUK BAIH 20 5. —80 C ¥Rl 2 Uk B I
2 min(4 9 s £ 1k 3 s, M H I 250 W), B 0.5
mL AJHGLL 1700 g F 4 “CEL 15 min, EIF R
T HAD & J3 002 s ® A F4r 10 000 g F 4 CEL
10 min, FiF 703 M T & ICDH Al LDH % /7.
B AT —80 TR fF.

HAD #1 ICDH { Jy il i€ 2 It C. Jurie 55 1) J7
LU LDH 3 Jp ) 2 B L. Marchat 45 1) 7
RN EENE I SCRAE 25 C &R B v T
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HAE I PEAL 1 pmol IRMIEEAL N 1 D BRAL,
1.8 #HiEsIt

R 2 A8 FABPS fl FABPY JE R 76
2L A X R R KO, s L Bio-Rad 23 B
CFX manager 3. 0 i GAPDH Hi 18SRNA h N =
HEATFRUELL . AR 2R 200 R ik oy xf B, il 5k
WUV B £ bR R 7 R, SPSS18. 0 84 %)
PG E BRI A TS ) R R AT K.

2 & R
2.1 %4 FABPS i FABP9 & HE il

KT R PCR 514 MFE 2R 52 JL & RNA
By T S WOH K E AR (B 1D, PCR *
W Yk 52 FABPS fl FABP9 JE A, K B 4y
Bk 470 F1 489 bp,

¥ 4 FABP5 3 A ( GenBank % 3t 5.
KMG659856) [ 4 i [X (CDS) K- i 3k 408 bp, 5 BF4E
A 5] (XM 005897263, 1) 52 4 Al Al 5 55 3% 3
A )P A (NM_174315. )M L AEAE 1 A0Sk 22 5% (5
372 NiHE I FE AR T i A O O ML
99.75% , #E4 FABP5 3P4 S (1 & 3 1R )7 91 £
135 A R, 5 B A4 B T 5 (XP _
005897325. 1) 3% 38 4~ ¥ 5] (NP_776740. 1) #H ] ,
PG4 T80 15,039 ku, TN 25 5k 7. 82,

¥ 4 FABP9 3 ( GenBank % 33 5.
KM659857) (14 4 1 IX. 5 ¥ 4E 4 1 Il )37 31 (XM _
005897261. 1) Fl& 38 4= ¥ 51 (NM_001192410. 1) iy
KB R 399 bp AH 5 )5 FAETE 6 A0 AL 22 57 A 2
P 98.50% . #E4 FABPY 3 HE 5 1) & 3% 1R 7 5]
TA 132 AR FIR s> 18O 14, 854 ku, FU
SEHL B O 5096, 5 B4R A TN 2 SE R Y A1) (XP_
005897323, 1) A A . {H 5 % i 4~ FABP9 (NP _

k2 B4 5LES FABPY ERESHEERF I

bp

2000

1 000
750

500

250

100

M. DNA #f %} 4 F 5 & #5 #fii DL2000; 1, 2. FABPS
FABPY9 3 PCR 7=y

M. DL2000 marker; 1, 2. PCR products of FABP5 and
FABPY genes,respectively

B 1 44 FABP5 1 FABPY EE R 4L R

Fig. 1 Amplification of FABPS and FABP9 genes of yak

001179339. 1) 7£ Tl Il 45 ¥, £4 (8. 46) I fF 16 W] &k 2
SRl T ZH PR 5 M EER E R (K 2,
H B8 A= a 25 F 80 7 43 A R H 2 R (b 1k A
MR i 2 R (L PE 22 BE R o T4 4 v AH N 57 2 43 9l
R AR (R EFETR) A AW (PR AR A
LR T A AL R 96. 21%
2.2 FABP5 1 FABPY EFEELMIBEEZ A h
LI GAPDH #1 18SRNA Jy N2 3, X 4E 4
Fd 2 %2 L FABPS f1 FABPY 3:H mRNA %
KK HEAT T 2ok 2 & PCR K, ¥ 38 &R Ry
98. 6%~ 99. 8% . b it #i £ & M X R 4 (R >
0.99), S ILh FABPS 5[ ) 23k ik B 2%
i THEA (P<0. 01) . AH 22 29 Wi A5 5 1T FABP9 J: [
RrEZERAREE 2.

Table 2 Comparison of deduced amino acid sequences of FABP9 gene between yak and cattle

R IR E Amino acid position

4= fif Species

25 30 80 129 132
Y4 Yak Glu Leu Gln Tyr Val
@4 Cattle Gly Val Lys Cys Leu

2.3 FEHFRGEATEE S
SEALAL ARG I E R R SEALP S S =

R AE ¥ 19 ICDH I g % 3% i TAE 2 (P <
0. 01) . 1M 5 g W R A AL B9 HAD F1Z: 5 Bl I fi 1)
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LDH & J3 & WL & 24 (£ 3). 7 4oh. 24
FABP5 fil FABPY ) mRNA /K- 5% 7 2 8] &

A .

Aok

FABPS JER AR b it
Relative expression of FABPS5 gene
[\

il Cattle-yak

4 Yak

* %, P<C0.01

URTE 2PN

20

FABP9 JE[R AR b it
Relative expression of FABP9 gene

¥4 Yak

44 Cattle-yak

E 2 FABP5(A)#0 FABPY £H (B) RS FRF ZHPHHENRIZE
Fig. 2 Relative expression of FABPS (A) and FAPB9 (B) genes in the testes of yak and F1 hybrids

R3 BEFETRFEATHBEAN

Table 3 Enzyme activities in the testes of yak and F1 hybrids

fifi Enzyme

B2k F1 hybrids(n=17)

¥4 Yak(n=13)

B-¥2JIEmE CoA A B-hydroxyacyl CoA dehydrogenase
(HAD)

SRR I A B Isocitrate dehydrogenase(ICDH)

FLER I & fff Lactate dehydrogenase(LDH)

3.5840. 24 3.62+0.27
1.444+0.11"" 0.9640.09
31.9241.83 27.9441.01

P<C0.01
3 3

ARWETE NHE A4 AL h B 3k 45 T FABPS Al
FABPY 3£ R ) cDNA F5, ¥4 FABPS £ X %
T 1) B LR 7 51 5 3 3 A 58 4 AR TR L 10 W] % Ak R AL
AR SE P WA 4R FABPO JE IR 45 i 42 5%
B2 7 5 5 % 5l A R L A7 TR B R 22 e AL
96. 21 % , PR O 438 (0 o fth — 2L 2 (i 42
NYELE FABPY SEH AL AR X Bt . FABPY 24 J
W2 7 51 1Y 22 5 02 15 23 5 W L 2 B o o 10— 2B AE IR

S 9 E it PCR 234 7, FABPS A 7E
I 2 LT R R AR AR R m TR RIS A2
LYW A, X 5 A L 5 I R LY FABPS 3 H1E
Wid S AL Ry Rk LA 2. 6 RS Y
G H RS R W] FABPS 76 4= 52000 3 5 40 g o
FERU A AE TR W A0 B L 0 S A0 Bl 41 4
20l M., Furuhashi 25 % 8, 5 s FABP5 3K 1]

P& e 7N BROGT IR S5 28 1 B T D U7 400 L v
FEIRIZ I N 7 2 A R R $ 8 FABPS St
Nk HEE LA Re . WMad2ih sy
Jig i P2 S Ak T B TR R A A B AU R A B O
PR R R GORD L DL R BFE A 520U HAD 36 )
TSR RE AR B4 R R 2 LR R AR
(T REAL HE AR D) 5 B T R AT REA —
. W42t FABPS 3 mRNA 7K S 1 b 4
Tk S I A B SR A KT L 2 4RO LR
12 - A AR n s, (0 AW 58 R A ) ) 2 5 15 i
M2 -4k HAD 3 J7 i & 3 48, i fig 5 HAD
A AKCOE AN 8 TR A G .

A WFFEUESE 5 P AS R A S AL B R i Y 3
TIFEAESE R . SIS0 (8] J5% 40 I RN S 45 40 i
TR IS SRR - AL MBS AR
FEAE TG B 4 M FOks a4 Pt . SERR 4 nl A
Wit g-AE MR TR AR RE R MRS T R
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BRI R, 29 1/4 B9 1% 5 08 107 16 3
A G 0 1R T R A R G 8 1 9 P T R R ARG
TG X g I R AR R T &Ry
K. AR REEIh S 5 =R RIE AW
ICDH % J7#f & 2% & T4E24F . i HAD F1 LDH 3% 75
DO A Dt 2 2 5 KOBURS 1 = R R B G it T
77 58 A TG T A0 A 1 40 S A A T 3R
BIR T RAASF B B R A A 22 5. 4B
i 2R SEALA S AN A BT A B 2R R
2 82 L TG OE H RS F - X AR A RE 5 4 4 52 4L ICDH
WA HEE R, EHMEN . 4 4F 2 4L ICDH 1%
D104 = T RE 55 08 7 IR A s A O

FABPY $§ 5 235 T ol W) S AL AL 2, 2 6 F ik
MZEHE N, S5k & E GRS R RHEY,
AR FE W], FABP9 3[R 76 4 25 Rl 4 52 4L 1
Tk HFREZEF AR E ., ] Jamshidi 5 5T
R KT KA B B S0 FABPY JEH JC %
ASRATAE s A BE9E R WL Bk = FABPY 19/ RS T
L EE RE MR R A A& Re S, U
FABPY B8 B 7 i SR (X E W
R R 5 A BE 58 4 BEL U 8 A AR B AR AR Y
SRV RS 54 FABPY fAfER £ 1)
SILTR 2 5 H T BN 2 5 U A4 HE TS T YOG B
EH{Sh
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