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Ovarian Proteomics of Yaks in Pregnancy and Postpartum Anestrus
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(Life Science and Engineering College, Northwest University for Nationalities, Lanzhou, Gansu 730030, China)
Abstract: [ Objective] Differentially expressed proteins (DEPs) in ovaries of yak s in pregnancy and postpartum anestrus
were identified. [ Method] Ovarian tissues of 3 randomly selected yaks each in pregnancy or postpartum anestrus from a
natural grazing herd in Huangyuan County, Qinghai Province were sampled for DEP identification by the TMT method.

[ Result] Thirty-eight upregulated and 19 downregulated DEPs were found in the yaks. The COG analysis indicated the
major functions of the proteins related to the production and transformation of energy, protein turnover, and amino acid
transport and metabolism. The Go analysis showed that they were mainly annotated in the biological processes of metabolism
and reproduction, associated with the cellular component including organelle cell components, and participated in molecular
function including the molecular transport activity. Whereas KEGG revealed their involvements in 27 signaling pathways that
included BK and P450scc in the ovarian steroid hormone production, GSH-P1, GSTA2, GST, and AST in the amino acid
transport and protein metabolism, and PI3K in the PI3K-Akt apoptosis signaling. [ Conclusion] The current study identified
specific DEPs in yak ovary, i.e., BK, P450scc, GSH-P1, GSTA2, GST, AST, and PI3K, that were closely related to the onset of
anestrus in the animal.
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YR ABR/A T ( Biomarker technologies ) #47 TMT
( Tandem mass tags ) 7 & & 151 2H 22 5 AR S0 A kil o
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13.1 PEZFaRARBRASEMNE SHEAMR T
VPRI S Y SR RS (8 mol L
PRZE . 1%SDS), VKA 2 min J524# 30 min, 4 C.,
12000 min ' B0 30 min, B g, f#1H Thermo
Scientific Pierce BCA 17| & ( Thermo, USA) #4174
FE i

132 Bgfplz ZALAR TMT ARie BUEFIRES 100 pg,
FHZLR AN FEARFAE) 100 pL, A ZEH#E 10 mmol L'
TCEP i J5 58, 7£ 37 °C T S 60 min. fil A2 i
40 mmol-L ™" il Z Wk e, % 1L T E G 2B 40 min.
FIMAFARNER [V (NER ) vV (FEdh ) =6:1], —20 C
PLYE 4h, 10000 rmin ' &0 20 min, # b, 50
mmol-L"' TEAB 78 7 ¥ fift £ &b, % B8 R 4t [ 1:50
(EE:FE M) A Trypsin 78 37 °C Bf#E 7% . TMT ik
#| (Thermo, USA) MALNEMEZHREMH, JFMAZ
R T hRE, EIREE 2h; AR, FiRR
N 15 min, KRR WIREG TE D, BS WY
TIE R R

1.3.3 LC-MS/MS 4l R YN T+ IR (33 B K o
JEH AR (Easy-nLC 1200 4% & Q Exactive 5T 5% ) ik
FEormrt. kB B AR R A, AR A
JG 4 C18 {4354 (75 pomX 25 cm, Thermo, USA) 43
B 120 min, AR AR 300 uL-min . EASY- nLC &
AR E Ve, Wah AR 2% 40 (0. 1% H iR ),
B #H 80% ZNE (N 0.1% iR ). #MLLT BIF it
BEREVERL: 0~1min, 0~5%B A, 1~63min, 5%~
23%B #H, 63~88min. 23%~48% B #H, 88~89 min.
48%~100% B #H, 89~95 min. 100% B A . MS Fl
MS/MS REEZ A [ s Vi, ik o #8555 ) 70 K
35K, MS FHEEREN (m/z) 350~1300, ¥ top20
PBE B T 04T i 2, ShASHEBRATE R 18 s. H#K
ff Thermo Xcalibur4.0 ( Thermo, USA ) #F7EEFREE.
134 &AM RZEFEREIZOFE AL
VK R AT B R LR B s )5, F4% I Score Sequest HT>0
H. unique peptide=1, I & BR2S FUE 0945 M 7 2% 7T 15
HH . TR R E A PR S 2 A (Fold change,
FC), ML 1.5f52 9%k, WLog,FC|>1.5 H P<0.05
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21 ERREELRLETELER

IR H] SPSS 25 B AF Rt AT et o, A IS E B 4457 NE A, HEAE R
45 R 1 SPSS 25 B4 X B A7 FL IR 3 07 22 0 M FR. PHREARA 57T ERREBES, HEMER

(ANOVA ), N £ & L Tukey ¥ I XT #5445 = 18]
By 22 S AT R 5, P<<0.05,
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ZRHAZITFE X RHEMS 581 (Principal
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Table 1 Statistical information on DEPs
5 FRiR G{=Epii (iRt
Number ID Protein names Regulated
1 Q4UOF3 #AK5E 70 kDa & [ 1B (HSP70.2) Heat shock 70 kDa protein 1B (HSP70.2) i Down
2 D4QBF3 1155 B Hemoglobin beta i Up
3 L8ISY3 Jke J5 45 4 8 A Collagen-binding protein i Up
4 AOA5A9Q697 A Deleted i Up
5 AOAS5A9QF16 A Deleted R~ Down
6 AOASA9PW39 AFH Deleted i Up
7 L8J5R1 BIEH I S-F: 768 A2 (yB  Glutathione S-transferase A2 (Fragment) iR up
8 AOASA9PVTI A FH Deleted i Up
9 L8HPRO 2% Ik Bradykinin K4 Down
10 A0A5A9QYUS AH1 Deleted R~ Down
11 L8ICZ3 RABIRE I (EC 2.6.1.1) Aspartate aminotransferase (EC 2.6.1.1) i Up
12 A0A5A9QIK0 AH1 Deleted R~ Down
13 A0A5A9QIY6 AH1 Deleted i Up
L ) 2 Sk (EC 1.14.15.6) .

14 LBHXRO ih:igrol mdfncﬁk:am?l‘:a\fge enzyme, mitochondrial (EC 1.14.15.6) L Up
15 L8HVE! EPM2AM H.AE i #51 EPM2A-interacting protein 1 i Up
16 LSINV1 JAHE 2 I S S ¥ 88 (EC 5.2.1.8) Peptidyl-prolyl cis-trans isomerase (EC 5.2.1.8) i@ up
17 AO0A5A9R284 AKH1 Deleted 3 up
18 AO0A5A9QP43 AKH1 Deleted i Up
19 AO0A5A9Q6B8 AKH1 Deleted 3 up
20 AO0A5A9QVH4 AKH1 Deleted T Down
21 LSIKU4 D-3-fHR H il B B 2088 (EC1.1.1.95) D-3-phosphoglycerate dehydrogenase (EC 1.1.1.95) i Up
22 P00435 B H BT S B8 1 (GPx-1) (EC 1.11.1.9) Glutathione peroxidase 1 (GPx-1) (EC 1.11.1.9) i Up
23 L8HR71 PP HELFE 2052 Retinal dehydrogenase 2 T Down
24 L8IBL3 FILRLEE (EC 3.4.11.-) (7B Aminopeptidase (EC 3.4.11.-) (Fragment) i@ up
25 AO0ASA9QJL1 AKH1 Deleted 3 Up
26 AO0ASA9Q7A9 AKH1 Deleted 3 Up
27 AO0A5A9Q4N6 AKH1 Deleted T Down
28 L8HS12 REEMEAT (B Uncharacterized protein (Fragment) i Up
29 L8IZP3 B ERRE, kiR (B Adrenodoxin, mitochondrial (Fragment) i Up
30 L8I6P6 HELE A fEMENT 75 B A5 25 14 5% 25 11 Non-syndromic hearing impairment protein 5-like protein 3 Up
31 L8IL81 a-2-ELBRER A 32 AR M1 9% B2 1 Alpha-2-macroglobulin receptor-associated protein 3 Up
32 L8HMS51 JB R I EEEIF (O BYD  Pancreatic trypsin inhibitor (Fragment) - Up
33 L8HXY3 TH Ig BES M E A (B Ig-like domain-containing protein (Fragment) i Up
34 L8HVF6 fifi & 1 M Selenoprotein M 3 up
35 L8HX05 FEE TORE S M4 45 A B 118 T 45 3 Neuron-specific calcium-binding protein hippocalcin 4 Down
36 AO0ASA9QIW4 AKH1 Deleted T Down
37 L8HVH6 e a7 41 i B fi A 5% i )7 12 #5251 Neutrophil gelatinase-associated lipocalin 3 up
38 AOASA9QMWO 51 Deleted i up
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39 L8IS41 E3 UFMI-2& [13%E#2 1 B3 UFM1-protein ligase 1 T Down
40 L8HY99 BT EFEAR 3 (B Tripartite motif-containing protein 3 (Fragment) i Down
41 Q860K0 MHC I 5HiJiE (7B MHC class I antigen (Fragment) i Down
42 AOA5A9QEA2 A Deleted i Up
43 L8HU38 G 1g BEEEMIE AR (7B Ig-like domain-containing protein (Fragment) ~ i Down
44 L8I6S3 B IKEE RSB (EC 2.5.1.18) (J¥BY)  Glutathione transferase (EC 2.5.1.18) (Fragment) T Down
45 AOAS5A9QAJ2 A Deleted i Up
SRA ZEHAHEIEH RNA &4 EA, Lhifk .
46 L8HUUS SRA stem-loop-interacting RNA-binding protein, mitochondrial i Up
47 L8I2B7 TPEBEEREE (EC 3.1.3.1) (FFBD  Alkaline phosphatase (EC 3.1.3.1) (Fragment) - Up
48 AO0AS5A9QZ00 A A1 Deleted i Down
49 AO0AS5A9Q3HS5 A A1 Deleted i Down
50 AOASAIRIT6 A A1 Deleted i Up
51 L8HU32 TH Ig PRI E A (B Ig-like domain-containing protein (Fragment) N Down
52 AO0A5A9Q609 A A1 Deleted i Up
53 AOASAIQMWS A A1 Deleted i Up
54 L8IIL6 BRI )5 R PIG3 (/B  Quinone oxidoreductase PIG3 (Fragment) i Up
%A EGF PR RS B A REIER 2468 1 (7 BO -
55 L8IUDO . - e . i Up
EGF-like module-containing mucin-like hormone receptor-like 1 (Fragment)
56 L8IC02 ER BEAMREZA (B ER lumen protein-retaining receptor (Fragment) i Up
57 L8HUMS T AR LR -4,5- % RR 3-8 (EC 2.7.1.153) Phosphatidylinositol-4,5-bisphosphate 3-kinase (EC 2.7.1.153) T Down
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Fig. 1 Principal component analysis on all proteins
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2l 7 AAEL, E 2 R R LA H R IR
W, KORIEARKIER. REREXEDIE
B, 2 MR ZFEAX IR, RIEBTEESR,

HNEEMRE, HRIEE E s R—2.
24 EFRRIAEH COG 5

22 5% £ X £ H COG (Clusters of orthologous
groups ) S HT4E R (E3) Won, THERRIEEH
ieeErh TR m 5. BRERRIAEA
Uie g T A A . AR i is SR . HREAY
B B S RIS . T TS
RN BALE S, 25 7RI E A TERe IR AL ™
S¥Ab . Beisfm 5. Ea A . AR
Y& g A SR D e Th AT R AR O 25 ek
R, B LRERE R E,
25 ERKRIEEZERAGO 7

% 7 3R 3K % H GO (Gene ontology ) 73 #T 4 &
(Bl 4) Bor, &£48 21 M ERFERERAEY ELR,
FEEPEMRY . B, AESFEY SR, 24240
HEEBRR A 7, FEW RN &
SFEAY . BEEEEAMEA S 77 D E AT R
SrFUiee, FEZSH5HEEESS TR
2.6 ERRIAEH KEGG 717

273 FIKE M KEGG ( Kyoto encyclo-pedia of genes
and genomes ) ZHr&EH: (K 5) 8w, WIRA S5
ZIEHNREHAN ST 2R REEALS 5] 27 5%
KEGG 15 Z il . Horh 5 BAOR Jr i I8 42 A G
15530 %A 91 52 [ W 2E A S 2R R BB
HRe RS A IS Sl B A E AR AW A



55 4 1 FRAR RS R e E B 2 I E B G Mg o 433

AR RIS e H IR & SR T AXIESE SRR R Z 0 5 AR A R . R
HAT PIBK-Akt 5 5 il % . 22 5# R 1K 8 H KEGG 73 #r AR AR S TR TR P B DT R

21 121 171 221 271 309

AOASA9QYUS
AOASA9Q697

PO1 PO3 PO2 AO1 AO2 AO3

B2 ERREEEHRE
Fig.2 Heat map of DEPs

A: RNAM I AME 1 RNA processing and modification
B: Y0 1) 45 F A1) 3% Chromatin structure and dynamics
AE R P2 2E FEE 4L Energy production and conversion
iﬂ]gg]?ﬂﬁgx fﬁ%ﬁ%\ Yt {4 L Cell cycle control, cell division, chromosome partitioning

SRR Y2 4 MR Amino acid transport and metabolism
I/ JF:lJJ;; gg;ff;gg:ﬁgte d F: &A1Y ﬁfﬁ*ﬂﬁiﬁﬁ Nucleotide transport and metabolism

G: BRSP4 AR Carbohydrate transport and metabolism
L H: 4l )iz 4 A Coenzyme transport and metabolism
1: g iz 4 A4 Lipid transport and metabolism
r T B KBRS R A4 “E Translation, ribosomal structure and biogenesis
K: 3% Transcription
L: &4, E4AEHE Replication, recombination and repair
M 41 R/ 5/ 435 A2 P2 U Cell wall/membrane/envelope biogenesis
N: 4lifiZ 5)) Cell motility
O: B EM . B 11157 T Posttranslational modification, protein turnover, chaperones
P: THLE 738 A4 Inorganic ion transport and metabolism
Q: AU AEM G . FHE A5 Secondary metabolites biosynthesis, transport and catabolism
R: AT AETIM General function prediction only
S: yfit A Sl Function unknown
T: {55 % S HL#| Signal transduction mechanisms
U: 4N IEs 2013325 Intracellular trafficking, secretion, and vesicular transport
V: Bi AL Defense mechanisms
ABCDEFGHI JKLMNOPQRSTUVWXYZ W: ﬁﬂﬁ@ﬁl‘%*%%tra;lylglar structures
e . X: # A2 Wi , % Hi-F- Mobilome: prophages, transposons
IjJ Hhé@ Function class Y: %45 #) Nuclear structure
Z: A1 %8 Cytoskeleton

B3 ERFTIXERCOG 7
Fig.3 COG analysis on DEPs
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Fig. 4 GO analysis on DEPs
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70 2 A R A 4% 24 % B8 ( Cytochrome
P450 side chain cleavage enzyme, P450scc). & [ it
% (Adrenaline ), £ %7 {& (Mitochondrion ) %% 4 Ik
WARIR L, 8 KEGG 22 5 85 (1 AC 8 i 0 B &
B P450sce ik 2 5 00 SRR N . SRR AY
A AN R P450 A= WAt A B [ AR
A I T A 2 B ) i, AR R A
B A WU 3 — 2 B L IREKLIR P450sce fiEfL R
[ B2 b oty 2 s T A 2 T R T A A
Y, SE T R R . R R A R,
Y4 Z 185 ) P450scc. Adrenaline 1 mitochondrion &
S7.Nl e I | L G RE R ] N S/ SR T e

B4 72 )5 Z 1 W ME B8 (EBstradiol, E,) & &R IR
IS AN K B AL THARK-, (B2 ( Progesterone,
Py ) i TR, DR DT 2 s B U A 2 D
FIT Py A Ao Py 2 VA B SEHLAE 1o B R Y,
LR AR T LA R FE AR, AR B i A 3 B v
RE e B IR X 9 6 s A R
fE#E K ZE (Luteinizing hormone, LH ) Jik 45 = 24 i
BEE ISR By 15855 LH Ut LRGN 2
{5 P, U A LH A Bk oot R M, 7 05 Z 4%
W, WWRE Py L LK LH K o 5 R BRI B — i
BE L DA 1 B0 6 3 ) B, (AR A O Y Ak T
IEBTH, BRI P AR R H ORHEDY, dEmiE k=
T A
[, A8 &K (Bradykinin, BK) Fl
LK B2 ( Bradykinin B2 receptor, BKB2) Z{K7E K
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TR Y Rl T AR TR S TR BRI B
BH R SR RE R, I T A I IR 5 A
FFRAR R T T R i, X — IR S 1 & LAOP
i ERZ B E . AR AR, AR
OV RS T HAE S R i I N R A — ik
A PO R LR B A3 AN AR S LR N H
By, AR WL, RS REUE B
A 15 o
3.3 RHONEFRRIVEME

oJE 2 M M ek IR BE UL B 3% B R O
( Phosphatidylinositol 3-kinase, PI3K ) %% {F IR 33k
T, Jf Bt KEGG 22 5 #45 H QS 2% o B & 30
PI3K £ 5 PI3K/AKT ( Protein kinase B) {5 5 18 % .
PI3K/AKT # g I T A5 = 38 I 2 4K N 1Y L Al 15 538
BT 8B HEAR IR i 0 s A B
S, GBI 8 R T PISK-AKT 15 S5@ i se Y
T B0 ¥ S W P o L 3l gy A A A o g i B
A B 9 b % S B 6 DA B T P 0 s RHE B
I 4 HEMEREAE T R, SRR 0 AR IR . T
RIS =2 T - A 538 4 9 2 5 75 )
PR AR L E Y, PIBK-AKT 1% 53 % 1
AKT (93000 5 808 I T e P e ik, (45 09 3%
L ARBETOR, ZEEREN PBK KIA T, &
B PIBK/AKT {55 B 4%, X FAEA- 77 )5 R ih
IR Bl . IRIE B SR A B — BRI R

FEAHIE 5 P A 2 302 15 H A 4 i 3 22 1) 1% L A
ZRRIIEAR ZAET ARFDREEE S, ik
A AR 0 A Y BGE S A R — R R T
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