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Abstract: [Objective] Seminal plasma exosomes (spEXs) play a crucial role in sperm maturation, apoptosis
and fertilization. This study was aimed to explore the miRNA expression of boar spEXs and the potential
regulatory role of miRNA in sperm maturation and functional maintenance. [ Method] The spEXs from
Yorkshire boar semen were isolated and the exosomes were identified through transmission electron microscopy,
nanoparticle tracking analysis, marker protein expression analysis and high-throughput miRNA sequencing.
[Result] The spEXs were successfully isolated. A total of 329 spEX miRNAs were identified by miRNA
sequencing. Through target gene prediction and functional enrichment analysis of highly expressed miRNAs, it
was concluded that spEX miRNAs played potential regulatory roles in sperm ejaculation, P53 signaling

pathway, prostate cancer, cell response to DNA damage stimuli, negative regulation of apoptosis, acrosome
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membrane binding, fertilization, etc.

[ Conclusion] This study provides basic data for spEX miRNAs

regulating sperm motility and sperm fertilization, and provides references for studying the regulation mechanism

of semen preservation.
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AN (Exosome, EX) &8 E & T H 4« RNA
FEE A, EAAN 30~150 nm F RSN, Sk
RAEAE TR, & Z 4K (Multivesicular body,
MVB) 55 4 o Joia Jls2 k-5 3 H. DA A7 QR e s i)
NEY, S 5 TAR N B ABE SN T2
KAVANE], A w3 ot 55 J5 W A0 E 3 WA 1 I T
X, SHgH Rl & Bk s NS, S5 RN
S5 AR BN B AREC A o A b A 4 SRR 1) 22 Fh
FEE . fE25. DNA. mRNA. miRNA %5, 54 fitg 7]
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Ko K E & I INBARFTR AN K SN (Seminal
plasma exosome, spEX). B 5T B, #& 5 Fi4H g 4
T SN RGLTEN) ARG T I8, £ H A
AETEAE G B R AR 2 OC H EE Y. spEX B
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— 1M I 1 (Extracelluar adenosine triphosphate,
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73~ VR & RAR A SR e sh i B .
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21749 20~25 MZH R AR IS H8E RNA 7071, 17
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e, AR5 B ik 52 Ny 2 7R
FERKE, AEEF IR, B8RS U5 & mT LA
RE R AT a, TR T RS 735 /1 85 R 3=
DA S 34 ke 78 RS 1 77 () SRR ER 1 1 9 224 I ik 7R
FE R AR M R 2 — 1 AR 7T JE i K A R
WA IR BEAT 4 B R BRI %5 e Y, W F 43 B spEX

miRNA KX ALK T 3K R E A, ar LUE
U 3T ARG TR RE SR SR AN I AR 2 TR R SR IE 1 DL
X LEHE AT O R RSSO SR RS T A RE DA
J7 IR TR I — € 2 fE -

1 MRS

1.1 #H

EHL 5 Sk 25~32 AU MR TE K B AR AE
TR, PrAa ABYIREE Y (7 EHEE D),
Ab T A A4 R B AR R, SR I A Y o SRA [A]
K& 5~7 do ZEITHRIEIAT RN, WU 1 5~10 mL
RSN o BT R 2505 FH L AL Bk V2 2
HTAX (CASA) KrilAs 11 I AEARR . FEATE 17 °C.
2840 r/min 2.0 10 min ff 55T RG] 7 25, 5K
RAET—40 °C, FTUKIZ [l SL50 = .
1.2 75k
12,1 Shibthay & 37 °C M FIRAKSH, B 10 mL
FE2 T 4 °C. 5620 r/min %50 30 min YE BIS T,
kS7E 4 °C. 11240 r/min 250> 70 min 4325 H 415
AR IR, 13 2 50 BE SRR IR AE T 0.45 um.
0.22 um EHLIELR IS IE, K41 P85 AR 4 °C. 33200
r/min &0 80 min, ZFR_LIEWE A PBS ¥R
HIWRAT, IO ZURYR R A, dE—B1E 4 °C.
33200 r/min &0 80 min 44k #MAA, i1 400 pL
PBS ¥ T-80 C 17+ .
122 #4dseodr B 10 pL SMAAKRE 5 B T ik
250 X M BB 20 min, T8 JE 8 6, 15 pL
it 12 XA 7 4% 1 min. 7F Hitachi H-7700 & 5 H2
TR N R, K AN R IR .
1.2.3  WARBAIRIZSH  HUS uL SMAEFE
B4 30 uL, H ZetaView Nanoparticle Tracker | &
G AR ()T 25 AR FIIR FE, 43 AT AN IR B REA DR /1N
A GO
1.2.4  Western blot 5% 247 HUAMNBAARFE S IIA
& &) SDS-PAGE 22, 99 C A2 1% 10 min. H
SDS-PAGE ## i Pl it B ikl & (L3R = KAEY
HIRAT), FATHI Bk BB B B8 —h
Calnexin (Abcam, ab133615). Hsp70 (Abcam,
ab181606). p-Actin (Beyotime, ab8226) 1 Tsgl01
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(Beyotime, ab125011), —#HTIJ LA 1:1000 A
ECAR R, SR 5 AR AR 10 1 T 1) S i, S AR &
G Sty HEAT RO I

1.2.5 miRNA #9423 H] miRNeasy®Mini i 5
& (Qiagen) M 7355 %5 5 HUAF IR b 4 AN 4li4k,
miRNA . $2HUE ) miRNA H Agilent Bioanalyzer
2100 & 4; (Agilent Technologies) K&t £ 1] RNA
Nano 6000 Assay Kit #4774 .

1.2.6 cDNA X ZE#M#EZM A HH QlAseq miRNA
(Library Kit, Qiagen) #J & CJE . 5 AN BN 5 Ff
an 75 J& PR 20t AN I N &R SR, i & 2
Bioanalyzer 2100(Agilent) 1 gPCR #¥4ifi miRNA 3
FEA i &, 37 1llumina Hiseq2000 (I1lumina)
HEAT miRNA W .

1.2.7 miRNA #3428 % 547 H Bowtie £ 17T,
K WP A3 B8 miRNA 735 5 Silva. GTRNAdb.
Rfam 1 Repbase ¥4 #4774 LLXT, i H
miRNA 115 miRNA [1J3R 1A & (Transcript per
million, TPM), 23N TPM=Readcount x10°/
MappedReads(Readcount 3 7 LX) 2] F —
miRNA ] Read % H ; MappedReads3& 7~ b X} 21| By
A miRNA ) Read 3 H).

1.2.8  miRNA ¥ LB & fal GO 2k & KEGG
® RN MAELERINEELER miRNA,
£T 3UTR fEA#EA 741, A miRanda 11 RNAhybrid
BAT I miRNA (¥EEER, ) GO(http:/www.gen
eonUology.org) f1 KEGG(http://www.genome.jp/
kegg/) X T £ #E L PR AT D) BE VR ATE B 70 A

2 FREH

2.1 HERINBIFHEE

CASA REGEX KA AT R A FR KA 136 J1As
W GEE D), SR EISHE T R 756 B H5E 1
FlORE 5 IS VR B RRE™ o 35 G R AR B
S AP RT 2> B AL AN S, T DL R Y S AR R A

®1 BRREEKER

Table 1 Basic information of semen quality

AT KETEN% TR Y% KT E L/
Boar Sperm Semen mL™
number vitality malformation rate  Semen density
1 95 3 4.18x10°
2 97 1 3.68x10°
3 96 2 4.74x10°
4 97 2 3.87x10°
5 95 5 5.22x10°

BE AT, RETEERERTE, KANECAY—, HES
HA WA )M REARRAE (B 1); KR i Bon %
R T PR 4E N 96.9 nm, KR T g 5 EH A
94.9% (& 2); Western blot &5 I B il &
Tsgl01. Hsp70 “E4MB TR EVEEE H, Tsglol A
Hsp70 & EFRIE R (K 3). x5 55 A m)
WHFE 2 RYPKEIR P23 B AR A M B g SN .

E 1 $BRINBFBSEFRMER
Fig.1 Transmission electron microscopic detection of
seminal plasma exosomes
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The average particle diameter of seminal plasma exosomes was 96.9 nm;

The particle diameter of main peak was 85.2 nm; The main peak accounted
for 94.9% of all the detected peaks; The particle content was 3.4x10" mL™
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Fig. 2 Particle size analysis of seminal plasma exosomes
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Fig.3 Western blot assay of marker proteins in seminal
plasma exosomes


http://www.geneonUology.org
http://www.geneonUology.org
http://www.genome.jp/kegg/
http://www.genome.jp/kegg/

%3 0 INEME, & KA AREREHRINL IR miRNA AL E DD RE M 343

2.2 JEFERINDAT miRNA NFFEE

X5 Sk K E A% spEX FE i miRNA /7, A5l
#I| Raw read (&} 108 849 665 , Clean read £ & N
60 882 083, Bl %L it & AH (Q30) Ju [l N 96.89%~

97.40%, FL4E5E H 329 SO A miRNA. miRNA Jv
BN 19~24 bp, HoH 22 bp 9 7 B Lo ik
45%. I H miRNA [ F A& TPM, 71 B
20 MU miRNA(E 2).

®2 FRINDAFPIRENE miRNA

Table 2 Representative miRNAs in seminal plasma exosomes

miRNA Klop A>3 TPM
Length Sequence
ssc-let-7c 22 UGAGGUAGUAGGUUGUAUGGUU 851579.7906
ssc-let-7a 22 UGAGGUAGUAGGUUGUAUAGUU 655084.4766
ssc-let-7f-5p 22 UGAGGUAGUAGAUUGUAUAGUU 513356.5287
ssc-let-7e 22 UGAGGUAGGAGGUUGUAUAGUU 426156.8525
ssc-miR-10a-5p 22 UACCCUGUAGAUCCGAAUUUGU 181651.3508
ssc-miR-10b 22 UACCCUGUAGAACCGAAUUUGU 181595.6635
ssc-miR-141 21 UAACACUGUCUGGUAAAGAUG 163842.7352
ssc-miR-21-5p 22 UAGCUUAUCAGACUGAUGUUGA 125987.7562
ssc-miR-125b 22 UCCCUGAGACCCUAACUUGUGA 118310.9973
ssc-miR-200b 23 UAAUACUGCCUGGUAAUGAUGAC 99945.7705
ssc-miR-16 22 UAGCAGCACGUAAAUAUUGGCG 96309.6121
ssc-miR-30a-5p 22 UGUAAACAUCCUCGACUGGAAG 93885.9728
ssc-miR-30d 24 UGUAAACAUCCCCGACUGGAAGCU 74152.9510
ssc-miR-148a-3p 22 UCAGUGCACUACAGAACUUUGU 73369.8562
ssc-miR-191 23 CAACGGAAUCCCAAAAGCAGCUG 65102.6570
ssc-miR-26a 22 UUCAAGUAAUCCAGGAUAGGCU 59547.668 1
ssc-miR-26b-5p 22 UUCAAGUAAUUCAGGAUAGGUU 53532.4383
ssc-miR-125a 23 UCCCUGAGACCCUUUAACCUGUG 51427.2644
ssc-let-7i-5p 19 UGAGGUAGUAGUUUGUGCU 50378.368 8
ssc-miR-29¢ 22 UAGCACCAUUUGAAAUCGGUUA 44726.2430

2.3 miRNA ¥BEE TN

il miRanda FI RNAhybrid %4 Uil A i i 75
F| miR-10 K% (miR-10b F1 miR-10a-5p). let-7 K
W (let-7c. let-7a. let-7f-5p Fl let-7e) 25 /T 10 Mk
X miRNA W#EE . B A Cytoscape # A4 Xt
miRNA 55N HAR b AT nl flk (K 4). &
45 R 7R, miRNA H1 53R IE ) miR-let-7¢-5p ¥ 7E
W G th )i B H H MORC FK %k CW BUEEIR 4544
HH 2(MORC family CW-type zinc finger 2,
MORC2). N K F B %2 4% 3(Transforming
growth factor beta receptor 3, TGFBR3). DEAD-box
RNA f# il 3(DEAD-box RNA helicase 3 X-
linked, DDX3X). & ¥ &% H I it J5 g M2
(Ribonucleotide reductase regulatory subunit M2,
RRM?2) S5 22 A~ 40 5L K] ; MiR-125a-5p i /E A 85 5
FARA ) R BRI (Protein phosphatase,

Mg**/Mn*'dependent 1D, PPM1D) FUUHF 54 i 2
PR 1% R A U 75 B —2 (Dual specificity tyrosine
phosphorylation regulated kinase 2, DYRK?2), H.
miR-let-7c-5p BKE& 4% #E 5L D BRI 4(Murine
double minute 4, MDM4). ¥R E AR EH
3(Zinc finger matrin-type protein 3, ZMAT3) 1k &
A KK F 1(Insulin like growth factor 1, IGF1);
miR-16-5p W E R ML/ MRATA K T (Platelet
derived growth factor subunit B, PDGFB). #% 1At
1 S6 £ ik 3(Ribosomal protein S6 kinase A3,
RPS6KA3)- i B} 40 i J8 B AR [A] R 40 (NRAS
proto-oncogene, GTPase, NRAS). ik & Z A KA
F 1 4K (Insulin like growth factor 1 receptor,
IGFIR) %% NHEIE A ; miR-let-7a-5p WAL HI2E AL
F 40 Bl b B 77 7 (Activated leukocyte cell adhesion
molecule, ALCAM). ¥ T M K P i 9(Sperm
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hsa-miR-148a-3p

H t 77 HEARZE miRNA, 5 (B8R miRNA $E 5 H LA

The orange box represents miRNA, and the blue circle represents the target gene of the miRNA

4 FERINEE miRNA SEEREIESH

Fig. 4 Interaction analysis between miRNAs in seminal plasma exosomes and target genes

associated antigen 9, SPAGY9). 4} & K A 1
(Hepatocyte growth factor, HGF). K& 2 p60 L.
4 Al(Katanin catalytic subunit A1l like 1,
KATNALI) %5 %2 AN HEJE Rl miR-let-7i-5p W& 75 4%
BEJEA Th2 24 98 iE K F (Interleukin 13, IL13)+ a—L»
AENLELE H (Actin alpha cardiac muscle 1, ACTCI)+
fEBLZE 2 524k (Adiponectin receptor 2,
ADIPOR?2) F1 B ik 241 HfiJ8 —2(BCL2 apoptosis
regulator, BCL2); miR-125b-5p & /£ 4% E2F K%
5 5% [K-¥- 2(E2F transcription factor 2, E2F2). Ak
WA 2C ff 51 2(Nuclear receptor subfamily 2
group C member 2, NR2C2). Bl 14 ¥ 2 Ik i g
2(Alkaline ceramidase 2, ACER?2). T84 £F % 1% 452 55

$HFE Sperm ejaculation

R 2R R S B 32 1D 1 4% Regulation of glucose transmembrane transport
P53 {55 #% P53 signaling pathway

HI %l Prostate cancer

R T 1 FE Negative regulation of apoptotic process

ZH % DNA $ % 518 ) 82 Cellular response to DNA damage stimulus
2K Fertilization

} 7 K E Spermatogenesis

2R ARSI Mitochondrial outer membrane

ThA&E Acrosomal vesicle

JRUE I ZMIl External side of plasma membrane

AR E Spermatid development

M 385 1 3A(Fibronectin type III domain containing
3A, FNDC34) 52 MER K iz =R R &
fif 47(Ubiquitin specific peptidase 47, USP47). B 4|
bk E2 5 —2(BCL2 apoptosis regulator, BCL2)- 410
JE A A R 0 /i1 751 1A(Cyclin dependent
kinase inhibitor 1A, CDKNI1A) # % > miRNA Bt
WL
2.4 FERERIMIDAES miRNA INEES T

GO M KEGG &£/t 45 R 2R, spEX
miRNA {47 Ty e 1 2R BUESH . P53 {5 518
P /050 AR A% DNA 4545 503 1 B R £
FEPH TR B IR IS e UB A TR A L 2
i A B rh ORIV AE R AE R (8] 5). by, S5k

[
oo
— DN

0 01 02 03 04 05
S E

Gene ratio

5 FBRINLE miRNA BEFEINEE GO 1 KEGG E& 747

Fig. 5 GO and KEGG enrichment analyses of miRNA target gene functions of seminal plasma exosomes
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WSS, miR-16-5p LI R A FE ACVR24 F1
SLC6A44; P53 {5 F i, let-7c-5p ML R A5
BCL2LI1.IGFI. CCNDI1 F1 CDKNI1A; 40 g
DNA #5345 $I 38 s 97 38 4, miR-125a-5p [#)#EFE[A]
4% MORC2. BTG2 Hl TRAF6; ¥5 T2 ¥ @ % T,
let-7c-5p HIHEFEE KL FE BCL2LI A1 FNDC3A4; J7i i
AMI 8 B o, miR-16-5p HI#EIE K & TGFBR3,
miR-200b-5p I#0E [K /& IL12RB2, miR-148a-3p 1]
SUFEIR & ALCAM, let-7i-5p I¥EIER 2 IL13, let-
7a-5p HISEF R & THBSI, miR-125a-5p ) #E3E [
/& LIFR, miR-125b-5p [W#EIE K & CDHS .

3 Wiesge

ANILR T HE A 2 FAZ R . B (1 I DA &/
5y TV 55 S B, T AL (@ (S, B
506 2 MR CE % 98 IR FH A i o A AR K SR I AR
A A B T R g i, FLA O o AT e R
Ao, #HAEN N B R EAE . S
PRI 1 A B bl 05 N 00 o 4 BRI — &R 401
FARER SR, FERZEARMNRBEENSYS.
1 6 368 5 A W P SO TR AR A R, ST T 5 AR SR
BetfE B H, 25 35 Fh A BUR BB o AT
FAREL K 5% spEX “FIIRAR 2N 96.9 nm, HLES
TSR ZMFLIRGE ), Western blot 45 3£ B/ K H
INFERE I AN AR Tsgl101 A1 Hsp70 2K 1345 N FH
P, X5 HANIRGE EX FRHIESS R —2", RH O
DI EK AR RS 1) spEX .

R 1) EX E RS 2 B 5
VIRREY, BURS SR ANk o s sy IR s i
U RSN IR IE IR E oy b, ORI E
miRNA FI/E B A8 CE . AT F R B miRNA &
PRV NSRS = 8 5 E S U R R S N E S
Tz, AN AR AR E T T S 58
T RAE BT &2k T 0, — 1
miRNA [ EMFME - BN TSR T REE
T K DN 52K B A R 5Bl A B R G 1 A,
N EX #5735 1) miRNA 7ERL 1 & 8 FR 1 n L
S E AR PO R A X KA A% spEX
miRNA IR B G T R, HEXTHT 10 A& A
(1) miRNA FH ¢ D REHEAT TN, 73 B 4 B v 3Rk (1)
AT 10 ™ miRNA A let-7 KRG T 4 ) (let-Tc. let-
7a. let-7f-5p. let-7e), i ¥ & T HAth miRNA.
Horp, let-7 FKIGTEW AL 20 W) B R AVEE ) s
L FIAR S, RFEAREY ST e BB
miRNA i T5 72—, G REWEAEER

1 miR-let-7 ZEMI AL (let-7a-5p. let-7f-5p. let-7c-
5p) i ERIA, 1X 5 AHE LT &5 R A —FL let-
7 KGR RES A B AL R B ARk TR AR
KL LEARE R, BKF I let-7 RIE T RE S K
AR AR T TR R B R A, TR S8 T
TEARIZ B PEAH S & A %Y. miR-let-7a 7E54 %
PARNMAN UG E =3 T NN 1 A S SR S8 I N
LT 4 R R S T RO DR 40 R S R A 3 IR
BT KT IRAE R R TR B A &, miR-26a 5k
TRERACYIA OC, JLTT A8 R WA 138 J1 R0 JE 20,
HWF ALK PDHX 2K 7T 5 & miR-26a [1)7% 75 40
s 2 K PR I A I R 32 4 W T A 1 S8 A B IR
B B IR, AT DL BEAR R AT, A A
FERE T BOIE JIRAERE 227, S0P B 5t R B, miR-
26a A LAY PTEN RIA, i i #E [\ 4% PTEN Jik
REF A PR TR AR, X A RE R EEA F
IR . 75 A% F, miR-26a # 2 MR RNA §EH]
CAHTAS T35 71, X R B miR-26a A 1E AT
Jo B AVHEYE AR B BR T I AR R N A AR S A
TN R TFRIR AR 3 AT EREN B R T
Y1 A E BT H R IR T 40 R o A RORS T 4l i AR
FEREABY BE R BRI 3] miRNA £i&, %% miRNA
Z 5 AL R B I BRI T R A
Tt 5 48 1AM R R S R IA 1) miRNA A K I
miR-10 ZEPY, X HERR T miR-10 Zk [ 15 1)
Al REME . AW I T miR-10b 76 [F AR 0 /)N B 52
FRERIE, HAE AR B R A RIE PR, Li &0
W70 R I miR-10b FZETE thyl 4N Rk, £ HTE
HAJEEE 6 RIJ/INR S AL S RIE, X s g LR B
miR-10b 75K T4 Mo A 22 53 228 5 b &4
AR SR T RAER K. AR R TR spEX
W E] miR-10 FKji%, W T miR-10 ZXJ% AT BE & 7E [
52 ol E I AR A AR T AR B R R R A

GO fl KEGG 18 #% 7> #r R B, =315 miRNA
[IRLEE N TE P53 {5 5B 5 1245, fulisRE T
REFE 5 i S R B A A T T LA VA R
YEF . PS3 4NN I EEME AL —, BN T4
MR 2 R RIS S . PS3 EHEIE S 5
HF DNA H 18 75 5400 B I BEIT . 40 g 5 2
T 25 10 % SR 4 47 35 TR A R RS M AN SE B PR . A
LR, P53 (55l 5 H AR A R, X
VLB TS AN T ) miIRNA Al RES A EEH
Ko A7 LEHTH R NA (T B i 0 Wk 1R A WAAA) AT B
o S M PR 8 0 S R AR T T R A S A R T
BE J5 T LASE SR U B A B SRS Y B A
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RI, w0 A B S IS miR-141 ()7 & W 2
&, B 58 SRR (PSA) FHELES, W BA AL
P, B miRNA 7E 575 s 1tk A= it 5 4R &
BERRY . R IX B R0k 2K 1 1) miRNA A g ]
DR TR (2 W7 s 1697 A RR T RUCR VRN . itk
Ab, BT R, E#ik miRNA R K S5 T
FALBERR G FIZ R A S B KSR 3. B
BRIRAL X AS T8 D B R EE, MR BN, AR
4 S6 B4 A3(RPS6KA3) 5ilz1k (V-ATPase) i
BT 5, RPSOKA3 M FR L5 Rl A, 1XFhEE
TR PG S s ) A A R A SR 2 R
fitg 4k 2 g0 v] JE ek B AR A 5 B 1 SR AR AR AN B R I
SMEAFCKRZSE TR FEORMRESY. £
Sl R, MERARIETEASHERR
MR TFERAA I, BWREBHRE PR FEAE
PR RW Z RN S E LK R AT RE RS T
B 52 B B R A

g% b, AWEFHGE K F AR AN R R A
AT 10 4~ miRNA, 8 ik #1835 DR 7000 A0l 2% & 48 5
BT, B 7 iX 28 miRNA 75 58 TR 4. P53 15
e N2 R NN TR N A Y s R S R S
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