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Proteomics and Bioinformatics Analyses of Differentially Expressed
Proteins in Yak and Beef Cattle Muscle

ZUO Huixin' HAN Ling' YU Qunli' NIU Kelan' ZHAO Suonan® KONG Xiangying’
(1. College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, China
2. Institute of Animal and Veterinary Science of Haibei Tibetan Autonomous Prefecture, Haibei 810200, China)

Abstract: Yak (Bos grunniens) lives at plateau area of more than 3 500 altitude meter, in this case, yak
still maintains normal physiological activity. Besides, yak meat is rich in protein and low in fat, which
does not contain anabolic steroids. Proteomics research with bioinformatics approach combined with the
established two dimensional electrophoresis (2DE) platforms was studied by comparing yak with beef
cattle muscle. Aiming to illustrate the causes and pathway of different meat qualities in yak and beef
cattle, establish the optimal 2DE system and analyze protein bioinformatics pathways, different lysis
buffer components, isoelectric focusing procedures and staining methods were studied by using
longissimus dorst muscle of yak. Proteomic profiling by 2DE and mass spectrometry identified 19 proteins
that were differentially expressed in longissimus dorsi muscle of yak and beef cattle. Then the identified
proteins were analyzed by gene ontology ( GO) annotations and Kyoto encyclopedia of genes and genomes
(KEGG ) pathway. Results showed that the optimal protein extraction methods were lysis buffer
component II, progressive fast boosting program and improved coomassie blue staining method. And
protein spots in yak and beef cattle were 553 and 479, respectively. Totally 19 protein spots exhibiting a
teo fold or more intensity difference in the meantime associated with 5% statistical significance ( P <
0.05) were considered differentially abundant. The differentially abundant proteins between yak and beef
cattle could be divided into three main functional categories: metabolism proteins, structure proteins and
stress proteins. The method of GO annotation provided three detailed and structured terms that included
cellular component, molecular function and biological process. The differentially expressed proteins in

yak and beef cattle muscle were concentrated in cellular processes, carbohydrate metabolism, genetic
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information processing and energy metabolism pathways by KEGG pathway analysis. In conclusion, the

research result demonstrated the functions of identified proteins and provided a more detailed molecular

view of the processes behind meat quality in yak and beef cattle.

Key words: yak; beef cattle; muscle tissue; two dimensional electrophoresis; differential proteomics;

bioinformatics
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SR G HEAT FE X434 o

[ 1k pH A6 B (IPG) JiE 4% (pH fH 3 ~ 10, 2k
P17 em) |, M P PE HL A% 5T ( Bio — Iyte) (pH {H 3 ~
10) , 3¢ Bio — rad 24 7] ;3-[ (3-JHBEIZ N EE) — &
JHie ]-1-PN s R (CHAPS) |, G S5 M B (DTT) |, 4 il 35
HEH(BSA), R & — e FE IR Lk (Triton — X —
100) , a-FAE-4- 2 5L W EER (CHCA) , Z i (ACN) ,
=L (TFA) %[ Sigma 24 H] 3 =¥ L L
He (Tris ) 55 oAt A= Al 10700 2 o [ 7= 23 B 4l
1.2 UFE5E&E

Protean 112 1IEF % X [n] Y, 3k 41X , Protein 11 % 3
FLALPKAX, €[ Bio — Rad 24 7] ; UV — 250 R % 5h )
JEIE T, HA R H A H] s TGL - 24MC R & 5
RHRBE.OHL, KRG A R A CP214 B 7
K-, B i A A PR A W s DHGO0T0A B v, A K
TR, B BOARAL S B A IR | 55800 MALDT —
TOF/TOF B %1% ,AB SCIEX 2 #] .
1.3 RWHE
1.3.1 Bradford 38 Bk 2 €

PAWRIR 622 th 8 %5 F1, 1 mg/mL BSA Sy b i
HEREW, T RERN R o DA B BT (mg) B
AEFR RGN AR XA A4 AR ] Bradford 32
SE R T .
1.3.2  JJLAZHZ 2DE {& & iy 1t

(1) A [] & it 8 8

08 CHAZE 56 i Jy i 90 AT etk | JOE
FEALH UM A KA H B0 B 0F 6K b, TR
Ty AR, T T A5 i SR B R

2 1 4y 7 mol/L JR %52 mol/L i g ;
2 ¢/(100 mL) CHAPS;60 mmol/L DTT;0.07% B-%i
HZWE1.5% Bio — Iyte 7 L % TR (pH {3 ~
10) .

244 W 1 43 < 8 mol/L JR 232 mol/L A% iR ;
2 ¢/(100 mL) CHAPS;60 mmol/L DTT;0.07% B-%i
S Z.852% Bio— lyte FHEHLAR R (pH {3 ~ 10) ;
2% Triton — X — 100,

24 WAL 53+ 8 mol/L B 3K 52 mol/L i JIK 5
2 ¢/(100 mL) CHAPS;60 mmol/L DTT;0.07% B-%i
FZWE;1.5% Bio — lyte B9 Py f# ik (pH {H 3 ~
10) ;40 mmol/L Tris,
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S JIA S 07 B IR HEAT kR LR AR
HEAT S R AR SRR O 18°C; I 4% e KL UL
50 mA

BT EFET 50 V 8K 4k 14 h,1000 V R
HIHE 1h,9000 VL PETFE 4 h, A5 80 000 V-h,
500 V f4F

WA e THE R 50 V E 3K 4k 14 h,500 V
PLHEFHFE 1 h, 1000 V H5#EFHE 1 h,2 000 V g It
JE,9 000 V £ THE 6 h, B 4% 80 000 V-h,500 V
R+

Wk g8 FE E AR E .50 V 8K 4k 14 h,500 V
LYETHE 0.5 h,1000 V& THE 0.5 h,2 000 V 4
HIHE 1 h,9000 V£ PETHE 10 h, 425 80000 V-h,
500 V {545,
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37% H & 4R Y% 20 min, 25 ¢/L & B8 44 ( Na,CO, ) |
0.1% (1) 37% H ¥ 4 5 min 4 /L H AL 1L B A
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(20°C)FHE 15 min, WFH EWHE T, ZJEMA S pL
2.5 ~ 10 ng/ WL I 5 2 JB 25 1 W 0 (I8 5 1 00 BT
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TG IO, 5 WL i i A CHCA K& J5t i R (7 71
H50% ACN F10. 1% TFA) gi 2= XF WAL AL F I B R
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GO I3t LA 3 A A, 23 5l i ik Jk DY Y 7 1
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JAAE 28R & (http : // www. geneontology. org) #F£7
GO B M,
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%S E AT KEGG M s £ . LT %
S8 B AR B W 0 2 R KR A I, R 22
SEATEEEEMN KEGG Mg, NG m%E 5%
IR 5T TE WP A g s b B I AR ARAS
1.4 BESW

SEHG AR O A 4 R R, BEAL IR R
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2.2 AEHMEBEKS T 2DE Bt 7Y 20
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Fig. 1 Effects of different lysis buffer components on 2DE patterns
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Fig.2  Effects of different isoelectric focusing procedures on 2DE patterns
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Fig.3 Effects of different staining methods on 2DE patterns

2.5 ERREBEEHRANBRE
M8 2 F B2 20 07, B4 i 4 15 B KL 2DE &
WEHR AT R 479 R 553 A, Al 4 R TESE
M A H R NLEY 2DE B 3E h e 1 19 D22 R
BORKTF 2 15 Hak 3] 57K F- (P <0.05) 8 A5
2.6 EREHRREERE
AWFFE 2 MALDI — TOF/TOF 7Y i i {0 45 7
R o % AT A5 KT 95% 1 19 FhEE 1%, s
s EAAR KRS BEERE TR FHR
ORI EME R R 1 P, Hd 11 A4
KRB &R, A 8 e s

MTEREE T i

*1

(a 4B 2DE Ptk

(b) #21: 2DE &%

B4 e BRI RN 2DE 25 535 1 A AR I
Fig.4 Differentially expressed proteins marking of 2DE in

yak and beef cattle Longissimus dorsi muscle
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Tab.1 Identification result of differentially expressed proteins by MALDI — TOF/TOF in Longissimus dorsi

muscle of yak and beef cattle

S e SEAN i R BRI TR/ A BrrRsit 2 A
(FEA4/#F)

2 T 9 T 1§ 3 ¢i 1440898386 Bos mutus 28709.5/7. 82 3357.2/1637.6 2.05°

4 3 MK A i 127806769 Bos taurus 86 045.3/8. 08 93.8/262.7 2.80"

6 3-BEmR H I I A gi 177404273 Bos taurus 36 073.4/8.5 332.9/1238.3 3.72°

8 AR R A 11555998541 Bos mutus 52205.1/8.05 8507.3/3 655. 1 2.33"

9 2R R 13 3k TR T 2 1190970312 Bos taurus 79 185.5/6. 67 1181.8/3493.7 2.96"

1% 1 i 11 R T2 it ¢i1440897502 Bos mutus 63 566.5/7.26 2101.3/5461.4 2.60"

12 T R W e ) L i 161888850 Bos taurus 21764.3/8.4 6762.3/3074. 1 2.19°

16 B - B AL i A 7R X1 11528994892 Bos taurus 48 136.9/8.33 3762.3/8 686.0 2.31°

17 BUBE BSR4 A R XA gi1741974489 Bos taurus 39924.5/8.45 6779.2/3173.7 2.14*

18 L-FLIR i A5 A 4% gi1119371323 Bos taurus 36 947.5/8. 16 7461.4/3712.1 2.01°

19 B Wk 3 Lty gil 162652 Bos taurus 34 345.6/5. 68 1275.8/3 304.3 2.59"

1 kS| ¢i1440896118 Bos mutus 56362.4/8.3 2515.4/5518.6 2.19"

3 MASE AT gi 1440899429 Bos mutus 21127.9/9.3 1631.8/712.3 2.29°

10 MABEEE T gi1741961223 Bos taurus 30796.9/6. 12 8092.4/3853.5 2.10°

SIS 13 WLER T -1 gi141386691 Bos taurus 223 763.8/5. 57 5700. 6/2 447. 2 2.33°

14 -8 LB 3 1 211555969483 Bos mutus 37 575. 6/5.27 2762.3/1100. 6 2.51°

15 85 UL B B 1A 21409694 Bos taurus 42451.1/5.31 1775.2/3637.6 2.05"

PR E T BO 11296477838 Bos taurus 17 525.2/5.95 3913.9/1910.7 2.05"

i i 5 HihsHE A gi177736091 Bos taurus 29 842.9/5.57 7157.6/2111. 4 3.39°

Hea FREFBEOVEFS SRPEARBHEZID R ERFHEOVEF SRFEARIHEZIL,
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TR 7E 2DE B I vk s vk X & 8L, OF HAE 2
RS E A
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Er SRy N BT NE 5 3 N AW T 7 € 5 NN
W R H AR A W1 B R Y . B R4l

SEWE B EN SRR 3 M KF
WFFRE AN AT . FES, AW B F1EN—T]
A2 B RN S AE B RS SRR A T 7 AR R 2%
SRE T A Ok I A R PR 2H A RN AR A o Y SR T
W L R . S AR A R A L,
R AE I e R RIS F B T RS AR R
T, A= 0 S 36 FRATT A B A 0 K At A7 DA B i T X ik
s S A B PR — B R ERAEE
B R Emsi ™,
2.7.1 GO Zpras 3

Gene ontology $& {1t 1" — £ 2y 25 51 7 14 4 1)
0 A THT i AR A W A o i PR R R PR ) S
FIH GO %4 & A Uniprot £ 4i & X H 1Y 2 (A 5 it
1T GO TR AL, JF % %5 % 2 1 4% H ik 17 GO
FEER,ETS 5 AR 19 Fi i 3 Bty
DIRE s AR, 345 31 156 S iE R, WAl Sa( Kl
FEESNREBRANE, TR . TS50 76
Xof 2 S 2 B HEAT D RE A3 S RS, S e B 70 A~
HRE, WK S5b, TS 5MA Y BT YR 2
e, S E 3 230 VERE, WL Sc,

GO sr i R 53R 1 e G 22 R E 0 —
. GO st ion A B A A
M ESWEEAEY SR, AR5 EFRMEL,
W T3 i T 5 52 0, T BB PR R A Dy 3 I e D B
BRI 77 A= e Ji 20 MR IR G2, 3 58 6 o 1 fige > 52 4 F0
Hrdy ATP 177 A X W] BEJZHE 4 B A A 2 A i Fil
Z A T R S SRR R A
SCE AR A R B R R R EAR A K

60

30 52(36
2<[2509) 27(42) < (36)
£ 20 £ 40 31(22)
,i; 15 1523) 12(19) 130) 30
10 i 20
5 ) 23 o 2©
: 10 1) g 3) 43) 4(3)
B T S N A N S O ik WEE iz R IAE
2 AN 5 N ZaMor 1 1EF MG P a5
PN A P A ’ WHAT AT
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& »
(2) GO ST H I AL L 51 (b) GO 43 HT - FIRess SR
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&
i

() GO AHHF bk it s
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Analysis of differentially expressed proteins identified by GO functional classification
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Fig. 5
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A b 8 A 5 R AR AH B W I A T 0 R AT, R WAL
A AT A 7 Gk SE0IR B0, 4K 25 7K % 35 0 J5UBF B 10
B GO TR, 40 R R AR A R
PR R 2 S B AR R WUBRE B LBl &
HOE RIS Bk B2 A AR08 B, 6 R Y 25 48
PUPL o g 7 L B R, MARINO 457 fF 58 3iF 52
WLEREE R BEAE I 2 A 2 2 rp R S s i 25,
JULER 2K 19 A £ 934 0 3% 1A 76 P YR A 1 7 LR, L3
BRE AR R AR W2, IR e WLBR B 7 e B8 ] 1R Dy Tl
WA S FE PRI E . GO A b o, B
Tt S B R R 2 5 9 A P PR T 2 S T A i
o BAPRTDER (1 AT R 4P I 22 S 2 0 2R 2 1, By
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