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Advances in proteomic studies of post-translational modifications during

spermatogenesis
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Abstract: Spermatogenesis is composed of a series of complex biological events, which are regulated by complex factors. There is a
phenomenon of delayed translation in spermatogenesis, so the changes of transcription and protein expression are not completely
consistent. Thus post-translational modifications (PTMs) play a key role in spermatogenic biological events. In recent years, the
development of proteomics has deepened the discovery of PTM. This paper reviews the advances in multiple PTMs proteomic during
testicular spermatogenesis. Their effects on sperm function and fertility, as well as their significance for future diagnosis and treatment
are discussed.

Key words: spermatogenesis; post-translational modifications; proteomics

KRR AT LI N =AW B : RS IRd 2232, e BEn] DLOREE TAN M R Re e, AT BAgEA
MERIA 22503 RS RFIB AR R UKL TERE T — RIIME LD, TP Ajires B Adignea 2 0L
WK AT, BT RURERRIE 7 M AR B A~A, PIRIBOR B RO IR AR . B UK R 4H
T RETHERARNE Lo R R THEN B 1% M RO N 20 B AT A2 YR BRI, A
B BOTA THE T4 (BD Age BURSIRAIRR ) A ANZDRE BRI 2 0200, B4, A A

Received 2019-07-15  Accepted 2019-11-25

Research from the corresponding author’s laboratory was supported by grants from the National Key Research and Development
Program of China (No. 2016YFA0503300), the National Natural Science Foundation of China (No. 81771641, 81971439), Six Talent
Peak Projects (No. YY-019), Fok Ying Tung Foundation (No. 161037) and the Natural Science Foundation of the Jiangsu Higher
Education Institutions, China (No. 18KJB310006).

"Corresponding author. Tel: +86-25-86869383; E-mail: guo_xuejiang@njmu.edu.cn



76 HE B Acta Physiologica Sinica, February 25, 2020, 72(1): 75-83

LMK BN B, MEEE I, 5 HRE AR,
M 58 5 — IR o 24, T R ks BE4m e &
223 5 IRk E o 2 A BT B A AR - 40 T ik
— NS T, X — R R RS 1A
XM B A BN RE . TRER. TR AR
(R 37 S bt I kG B O LR (T i 4

FrRAENEZ B E s m R, Hdfh
—NZ MG R IEER, B mRNA B 5 A
A PR UE [R5 A A B 8 BT ) 30K . fokG 8 B BE DR )
mRNA G R 52 i e P BUZ Y 7 M TR
AT P EARBE GBI 4
WA E O ERE, R nEAREAN 2R
. BEl, CERIEAFAE 307 MAs ETE A 08
FEEM, Wi, iz Z A SUMO (small ubig-
uitin-related modifier) 14 2% %, 76 A [ ) 2 (A i
BHE S B o A5 M A T RE R s A BT AN ], mT B
TEAN R R IR 7 s (B RAEA R A s T
PUARIRR S, & A SRR RS M RO . (H
I H I 5 T o AP v A O A A R R
RIE, BB 2 E B0 J5 B 10 Re 0% 1 28 08 JOE B
Br, ARk T 8 B B S IR S TR A S R
HUFA AR ERET(E D, KEWAERYA, K
FRAEVWRERAEARBERL. OB, B
BB, X EABIORE T R AN 7 Dh e BoA E 2
e B D). AL FBEXREF R A K
1) 22 B 1o 30 3 JE B 1 1 B 1 D A S T AN D R
i FLidk AT 4R

1 BFRETEPHSBLCETNERRAS
R

T TR e R 2 A2 FE (R A S 100 SIS B 1 VA I ol
BRI FE . fEEZ A B AT, EAR
F AT 308 Tl R A — AN SRR TR T ML AR B2 N
/N BRI B R 43 BIAE AE 230 000 >, 156 000 AN K2
40 000 MR AL AT 5 P2, 2 /b 30% ) 2R 1 5 AT LA
BEATWRIR Ak o T T T IR 1 3 A T R 2 A 45 4 1)
PG, X A S AN B2 R AT S B RS Y, R
JREIR AT AE T K2 HA R 5 S@d,
BEFZMMBEYEEIE.

W1 RA R BAE J1r= R 4EFE 1) SR A
SR, RN - BRAE S EBRIETN, FRE
A T2 A B RS R A B IR T RESEI ARG . 3L
o, I X p70s6K. 1ps6 Al 4e-bpl & [ 1B B AL
KRR, B A% R LS (mammalian target of
rapamycin, mTOR) i % 7 DA{E i2F 4 Ji 1 448 P 1) 385
T RS 7 % A B, 2R b S BB (vaccinia-related
kinases, VRK) J& T 1 & (1 EF x %, L VRK1 7]
DARFRRIL AL (1 H3, R4 RAENEEEN
Bty P, Choi £ N & B, VRKI 7EKE R A0 ARRE =
FERIE, TR S 40 M 1) 486 5 R0 o 0 R 6 7R 1
St A5 R A AR 0 4 R AR T b BT e A i 4
— KA RERE R, WA RTERE 7k
N ECEKE T I FERR R 7T . K TR R
2 R BER AL E 3% . Ben Khelifa 25 \7E KLk
THEBF R M) AURKC HER 938, 1ES2 AURKC

AL ATRAAXZGHEFESEHEGRAFART R L

Table 1. A brief review of proteomic studies of post-translational modifications (PTMs) during spermatogenesis

Types of PTMs Samples studied References

Phosphorylation Adult mouse testis Qietal.,2014"
Mouse spermatids Liet al., 2019""
Adult human testis Castillo et al., 2019
Human sperm before and after capacitation Wang et al., 2015

Glycosylation Human seminal plasma Yang et al., 2015
Human sperm Wang et al., 2013

Acetylation Mouse testis in response to heat shock and X-ray exposure Xie et al., 2018™
Capacitated human sperm Sun et al., 2014
Human sperm before and after capacitation, healthy and Yu et al., 2015"7
asthenospermic human sperm

SUMOylation Adult mouse testis Cai et al., 2017"

Post-translation modifications of histones

Mouse and human male germ cells

Luense et al., 2016
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Fig. 1. Diagram of protein post-translational modifications (PTMs) studied during spermatogenesis. Spermatogenesis is consisted of a

series of complex biological processes, including mitosis of spermatogonia, meiosis of spermatocytes, and spermiogenesis of spermatids

to form mature spermatozoa. Diverse PTMs have been studied in these processes, and shown in the diagram. Kbu, lysine butyrylation;

Khib, lysine 2-hydroxyisobutyrylation; Kcr, lysine crotonylation; MSCI, meiotic sex chromosome inactivation.
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Bt B, Qi & N\ it [ 52 4 & 2% FZ T (immobilized
metal affinity chromatography, IMAC) F1 4 fLEK (titanium
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B IR AB M A 22 55 8, 75 3 955 PR b i
S 5E H 17 829 MERRALAL AL, WHFT SR, TG
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R EEER P,
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TiO, ‘& £ H AR BAT T K IBL B R 10 & B 415 5
B, A5 TAIM b4 e 4 196 FhERRILER (AT 13 835
MRS, H 73S M2 RHEAREE
N E S, ENER TR 20 KT
1% ; Gene Ontology (GO) 73T 7R~, T4 € K
e e E P . AEBAHA. Fofmam
it T 25 B o v B AR U U - AR ER AL
Nt — RN, BRAIRINE RS TR
AR . 4 EE CDK16 (Pctairel) S B FR 1L JEE
Wb R R SR 2 —, FE/N R R R IR R
BRI . iSRS s R I R, A&
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PESE S B IR AL SR B AT T ORI S E . NI
HE 2 661 MRS M 8 187 MR LK B .
WEIER ], BRI L EERS 1 R A R D Re 44
LRSS, WA A SRR
DNA 35, 4ifi A AR 2. Castillo 25 A3 T %
SE PR B TR A I BRI S O P T 1 N S AL B
R () 2 O, 3 g B I S e OB B 12
(cyclin-dependent kinase 12, CDK12) 1 p21 % B
4 (p21-activated kinase 4, PAK4) & /% & %. CDKI12
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i A BE N CBEE A M. SRR TR A
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Jo B 2 SZ AR IR B R A AL i 2 B AR . AE AR5
GSK1904529A Fl NVP-AEW541 %} IGFIR [1) #1 ]
TERIE, K51 3K a6 1) s 2 e 9 TR A 7K ~F- 1 3 32
B 7 ", X AR R IGFIR A S 11 % 42 I 1 1R 1k
BT ARG TR B EEAEH, T Ae
RN S N RS - D RE M HE

K1 R ARG 1 Dy e b 52 2% B B R A A A e by
s T ERRAB MRS 7 R AR R E AR,
KRG TR A5 5 HLE R I R A T .
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/e
BEIEAL RO G (BIBERAE) 55— 5
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Wi (glycolipids) A Al 1 o5 A8 #5252 Wi ks 1 & 4B
Gupta %5 N J8 1 B% 540 55 K] Man2a2 @ & 0 72 1 Ik
R T N- BREERS TR AP ER P Man2a2 £
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FE) 2 R A H 57 B Ak Ak AR i Migat2 1R A,
Man2a2 (X AE ARG (R S5 40 M A TEAS T-BR4H )
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[ 1 (equatorial segment protein 1, ESP1) /& —Ffi £ T
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W mEAREENKERE T RS E,
Wang &5 N ) F W& 2 i Y846 B FE i) % (glyco-filter
aided sample preparation, glyco-FASP) J7i%, 456 H
Ik Ji 3% (tandem mass spectrometry, MS/MS) ] J5 7%
75N 7 % 5E 297 AN N- B AL B (1 554
A N- WAL f . ARME B2 i as R R ix 2
EEK Dy Re B RN AR, K, bt
ki E ALY 4 (glutathione peroxidase 4, GPX4) /&
— Bl S R BUE A B, T R AR A A B R 1S
GPX4 2 —Fh bkt 1, XS TS AEE T
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B R REDRE, WK T RIEAED - Ak
WA/ i mE B RARAH ST R
Az SUMO 1M R A fEMT et 7 HE R A F B,
Cai %5 A X/ BR 22 Ju 8 A AT R ET I /Lys-C 25
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DNA T2k /MEr, TEREAEE H WRT X
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U M 22 18] 1) R O P A, 3 3K TR 4
P R O AU T R HEIR B

Luense 55 A0 AE B 2 0 1 40 28 1 8 S5 12 A
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