J Anim Reprod Biotechnol 2019;34:10-19
PISSN: 2671-4639 ¢ eISSN: 2671-4663
https://doi.org/10.12750/JARB.34.1.10

Original Article

Journalof Animal Reproduction and Biotechnology

‘ '.) Check for updates

Mito-TEMPO®] 93t | EZEg|o} ﬁ;f’ﬂ Z A= 9

HA7t HA GRAE 5] ulX=

Fe7l, HEA, o3, AR,

ek gaeist g g et

Reduction of Mitochondrial Derived Superoxide by
Mito-TEMPO Improves Porcine Oocyte Maturation

In Vitro

Seul-Gi Yang, Hyo-Jin Park, Sang-Min Lee, Jin-Woo Kim, Min-Ji Kim, In-Su Kim, Ho-Geun Jegal

and Deog-Bon Koo*

Department of Biotechnology, College of Engineering, Daegu University, Gyeongsan 38453, Korea

Received February 1, 2019
Revised March 4, 2019
Accepted March 19, 2019

*Correspondence

Deog-Bon Koo

Department of Biotechnology, College of
Engineering, Daegu University, 201 Daegudae-
ro, Jilyang, Gyeongsan, Gyeongbuk 38453,
Korea

Tel: +82-53-850-6557

Fax: +82-53-850-6559

E-mail: dbkoo@daegu.ac.kr

ORCID
https://orcid.org/0000-0001-7825-9598

ABSTRACT Morphology of cumulus-oocyte-complexes (COCs) at germinal vesicle (GV)

stage as one of the evaluation criteria for oocyte maturation quality after in vitro maturation
(IVM) plays important roles on the meiotic maturation, fertilization and early embryonic
development in pigs. When cumulus cells of COCs are insufficient, which is induced the low
oocyte maturation rate by the increasing of reactive oxygen species (ROS) in porcine oocyte
during IVM. The ROS are known to generate including superoxide and hydrogen peroxide
from electron transport system of mitochondria during oocyte maturation in pigs. To regulate
the ROS production, the cumulus cells is secreted the various antioxidant enzymes during
IVM of porcine oocyte. Our previous study showed that Mito-TEMPO, superoxide specific
scavenger, improves the embryonic developmental competence and blastocyst formation
rate by regulating of mitochondria functions in pigs. However, the effects of Mito-TEMPO as
a superoxide scavenger to help the anti-oxidant functions from cumulus cells of COCs on
meiotic maturation during porcine oocyte IVM has not been reported. Here, we categorized
experimental groups into two groups (Grade 1: G1; high cumulus cells and Grade 2: G2; low
cumulus cells) by using hemocytometer. The meiotic maturation rate from G2 was significantly
(b < 0.05) decreased (G1: 79.9 + 3.8% vs G2: 57.5 + 4.6%) compared to G1. To investigate
the production of mitochondria derived superoxide, we used the mitochondrial superoxide
dye, Mito-SOX. Red fluorescence of Mito-SOX detected superoxide was significantly (p < 0.05)
increased in COCs of G2 compared with G1. And, we examined expression levels of genes
associated with mitochondrial antioxidant such as SOD1, SOD2 and PRDX3 using a RT-PCR
in porcine COCs at 44 h of IVM. The mRNA levels of three antioxidant enzymes expression in
COCs from G2 were significantly (p < 0.05) lower than COCs of G1. In addition, we investigated
the anti-oxidative effects of Mito-TEMPO on meiotic maturation of porcine oocyte from G1 and
G2. Meiotic maturation and mRNA levels of antioxidant enzymes were significantly (o < 0.05)
recovered in G2 by Mito-TEMPO (0.1 uM, MT) treatment (G2: 68.4 + 3.2% vs G2 + MT:
73.9 + 1.4%). Therefore, our results suggest that reduction of mitochondria derived superoxide
by Mito-TEMPO may improves the meiotic maturation in IVM of porcine oocyte.
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EFEEY FxH2 dEAZ(oocyte)?t 11 FHE FERL
= FFAIE(cumulus cells)® oA FHE FH-HFRAZ &
SH|(Cumulus oocyte complexes: COCs)E 9Ju]stH A Z22]
EAWRE Fof A9 d&S APt o] o, G A EE A
9 A Z2RE FeiEo] GRARZ 95 SR dE AlX Fs
of G A, o] & Z7|H] W FojHETty IHA 3l
tHZhou G, 2016). =R v]Ad% daE=He] A Q] <o SlojA
A2 FHEHA BEd = A9 A% 58S FATE + U
= 37t Be #4 7129 stHEHA AEE7] diio Fasith
(Appeltant 5, 2017). 3}, dFA 2= A dxde] G
A B EE 37, S T A, EAF AlS I8 A4S
A B4 BH] 53 22 QEEXN 3} Alxd AF5of doftithar
484 dkBeyer?} Berthoud 5, 2018). T YTAE A%
o] Yo wpat G A EE S obA H=d], olFe AL
A Al A AT dRE S|EFEEA 4 wiZolgh . gEA
AtH(Mlynarcikova &, 2009). FFAES] Az} S ofR=
HA FEAE W AZF O ol RS HHEE T Y
Al71E 891 % ot B 15 th(Ikeda®} Yamada, 2014).

A dxTH] & Ao vEZEDoIEREH JAAEH=
A o 9AQl adenosine triphosphate (ATP)S Z Q& 3t}
(Sturmey®} Leese, 2003). ATPS] ABATA Fo|A n|EZC
ol] A7t AGAZHE thoFgt E/dAtA(reactive oxygen spe-
cies: ROS)E°] AAEHBabayev 5, 2016). o]t EAAtA
Tl 23H4ERE, S0l HHZ(0,), 471 BHZ(OH) ¥
i) £4(H,0,) 5°] 2 H(Zorov 5, 2014). &4 4%
2 A} gh Alg et 22 AEY BEAE fiAYE 2T sec-
ond messenger24 9g 5= Ao 2 G A QUck(Schieber
9} Chandel, 2014; Okon &, 2015). 3HAI A& WjojlA] It
e E4kA ] PO R Qs A Y FHE ALY A& o1 gt
EZQl S/gitart A 48ty AEHAS fERT o]
g AMSHY AEHAS YL oA P FFE, A3UHS,
718 AR A 53 22 FA o9 A7 B o 7HA
AHS 8ot YRloE IR Sl (Agarwal 5, 2012). ¥Rt
ofyz}, dRARES] & E v WS AA st DNAY &4
Fol AZEAPET} XA 9] 4tslo e JFE vtk dHA ok
(Wang 5, 2015; Wang 5, 2017).

gt At AZ o tig AtsH AEHAE £o)7] A5t &
43t o] EAst=t] o|H3 FatstEdol= A a4 At
3t £33 v a4 FASE EFRE LEHH(Agarwal 5, 2012).
a4 gatst 4o 27H4EHE E9 53R 4(SOD), SFEHE
£ #i5ka 2(GPx), 7FEEorAI(CAT)9F HSA1 8 =41(PRDX)
5ol 9o v g4 Ak EF o= vlE C, HEH E, B9,
Ao ey} 22 450 23 59], a4 PEELdL o
ETO] A o] Wol Exsk=d], A S dEA

FA R F4A2Z(H,0, ~OH, HOC) O 22 1]zl o
&S ket TS £oh3 EEA Bt 9ltk(Shaeib 5, 2016). H]
T4 FAS EH9) F9, w2 AFolA HA AT Hod
o 3y B detEd Hrtol ofgk atst avbrt g7 W

it

FZ v EZEg o Y BolF &ditad B4
gJote] 715 74, HEZE ol Zg 4/ 1EAL A AFES
Z3oke et A2 vAYZ Hojdrty dHATHRed-
za-Dutordoir®} Averill-Bates, 2016). E3t A4St 6§45 &
SOD9] gt 591 183 superoxide dismutase 1 (SOD1)
2 F2 MEA| EE3SIH superoxide dismutase 2 (SOD2)
9] A% v EZE ot Wol Ex3rty I#A JHKim T,
2015). PRDX E3% o8 74 $F7F J=tl, 53] peroxire-
doxin 3 (PRDX3)9] F¢ v|EZEdolo] Eojd oz EA3itt
(Covarrubias 5, 2008). o]&gt n]EZ ot} Teis gHALS}
R4S IE F7He ABHY AEHAE A7, AR <l
58 9 3T o]Ao] FHAQ JFES AT dejA gtk
(Lu &, 2018).

ZZ, NIE W ROS ¥ 23H4HSHER] superoxide©] g A A
Sol XotEE= 242 4HA Mito-TEMPOS ©]8310] oj4 A
Al A3 9 73] B v EZEE o] 75 Wdt W nEEE
ot w7 Al ArEH 2o mX]= Gl THE ASo] B
1= 9Ack(Park 5, 2018; Vaka 5, 2018). 929 o|d A+ 2
ol 2, 2] 27 I oA A9 sFAe] Mito-
TEMPOY] 37}= vigtE A 29 Wgds3 37 ddgs
FIA7ed o] Hohs AME 455 tH(Yang 5, 2018).
ShA|gE 7o) daEeto] Jaaby Bt dARe A &
72} Mito-TEMPOO] 9J3t nEZE 2lo} 23}isleE A4 <A
A7t & s mg&o] vA = ol Uit A= B 4k
t}.

ot 2 AoA = HA] GETOA FFA 2] BE Frof
w2t ZFolE Hol F I15FZ 0|&ste] dEFA nEZE
o f&#l 2I4ISHE A Aol o RE ERlsty, I H&& 1
I A B AAEY I PAE RASLA g 84 of
Yzl & 159 dxgo|A vEZEol 2 23ISR ol
A AAAQ] Mito-TEMPOE ©]-&sto] Fxsh9| d&% 58 P
AR5 gRlsta A} gt
AME
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ng

AlSF
E AFo A EE5] PAIoHA] g2 FEHLELS Sigma-
Aldrich Korea (St. Louis, MO, USA)°l|A +435}0] AR5 tt.
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A ZF 3 S ALY

B oA AR HA] dAE A9 &K ASAEEH
A AZARAE)OA AFHsHe 30-35°C 2% 279 75 ng/
mL Penicillin G7} E71e 0.9% A F-7 FAZ H21
o] do] AgAR 2utstyth. AAAS4E 2-33] AHT dA
+ 18 7Ao|X] vhzo] A2 10 mL FAH1E ]85t 3-6 mm
AE9 GEZRE GRS YHIArh AHL FE2AL 158
71g AA ¥ petridisholl %71 § AA @A ofo| A wpA
Hig o] gsto] dxg AEE APt ol A F
Z FHY GFA| 2 7 €1 FAL T 7= dxF
S Grade 1 (G1)2E U1 Atzog YR 71 F
I g2 3§ 7HE dEFE Grade 2 (G2)E Yiro] A5}
gk Ad8E 4xgkl tyrode’s lactate-4-(2-hydroxyethyl)-
1-piperazine-ethanesulfonic acid (TL-HEPES) €3} A2
A< uf Ao A MHSE th, 1719 welld 40-50719] u]/d%3st
FEZS 8g 500 ul® BFH 4-well multi dish (NUNC,
Roskilde, Denmark)9A 38.5°C, 5% CO, l%F7|oA A%
< APt v)ds3t dERO A Q50 AHEE HgAL
North Carolina State University-23 (NCSU-23) 8 X]o]H, o]
719 10% porcine follicular fluid, 10 IU/mL pregnant mare
serum gonadotropin (PMSG), 10 IU/mL human chorionic
gonadotropin (hCG), 10 ng/mL epidermal growth factor
(EGF), 25 uM p-mercaptoethanol € 0.57 mM cysteine< 3
7ksto] AHESFATE. & 44417 A F vds dEDSS

22/7F B9t viFAI7] & PMSGS hCG7F H71EA] &L ok
Aol A 22A17F Bt 71 vi¥stA T Mito-TEMPO #7te] 73
§ G1, G292 543 v oA o]d A<l Park 5, 2018
oA AH-gF Mito-TEMPOS] 5%} Zo] F 5%71 0.1 uMo]
H & Hrsto] wi st

HRME HY

44X 7T B AEE FETS 0.1% hyaluronidaseE 0]-859]
of RAAHA FFAEZE HAZE FH 0.1% polyvinyl alcohol
(PVA)7F E3HE phosphate buffer saline (PBS)°A] 33] A&
stk WA A EEL microcentrifuge tubed] ¥ ¥
13,500 rpmOllA] 5% QAR E XSt dAEe & A
SHE ZALHA AAT H A" FFAIEE 0.1% PVA7F E
o PBSOIA A@E A o]F, dFARY 5 45| 9
5lo] hemocytometers 0]-&3tATH. F7A|Z9 4= hemo-
cytometer®] A2 ALY R Hof| w2} (AA A 5= x 3|4 A
P/E A9 AF) x 10°0.2 A4ttt
HHEEHO| o M= 210l

44A7TF B AEE FETS 0.1% hyaluronidaseE 0]-89]
o] PAEE ZAAHA HAE F 0.1% PVAZ} Z3HE PBSO]
A 33] QAT GAI 7 AR GEA|E= SEtolE F
2o 8 £ F AW STAE Ho] dET § oM EAR T
(1:3) Yol 5}F S ZAIF 515 S 1 E GRAEE

A B
) ErolEs or(\l)gy-/tc:(s Numbe3r of cumulus cells
o . (x10" cells per COC)
(0]
® G1 104 4.48 £0.2
© G2 104 0.96 + 0.2***
o
N
g Fig. 1. Isolation of COCs according
g to the number of cumulus cells at
GV stage. (A) G1 and G2 COCs were
visualized through an optical micros-
C copy. Top panel scale bar is 500 pm
GV GVBD Ml and bottom panel scale bar is 100
wic mm. (B) The number of cumulus cells
~ “‘ .c.-tq were counted by a hemocytometer. (C)
O i ’:% ".:: 6, Representative photographs indicate
> . different stages of nuclear matura-
tion in COCs. Meiotic maturation
rates were examined by using orcein
o staining. Scale bar is 200 pm. Differ-
G No. Of % of oocytes (n) ent superscript letters a and b denote
roups oocytes L .
SEmiEs oY, GVBD MI Ml significant d|fferences‘(p < 0.05). The
data are representative of at least
G1 147 28+29(5) 09+16(1) 164+0.7 (24 79.9+38(117)° three independent experiments and
G2 109 14+25(3) 05+08(1) 406+31(d4f 575+46 (1)  nownasmeans:x 3D “p <0001 T-

test was used.

12



Yang et al. Effects of Mito-TEMPO during Porcine Oocyte Maturation

1% 2E2AQ1 M4 102 5%t FAHFTE. o
NEALE(1:1:3) A0 & G4 W& A5}
(Leica, Solms, Germany) ot A 442 & 2 Ae
£ whEstct. A 38 7|EL2 Fig. 1C9] HEAR ] wat
StAT

ol

>
to

ioh
rlO

Ol
o,
)
ox

M

Mito—SOX &4

44A7F B H4E GRS 0.1% PVAZF Z3HE PBSOIA 3
3] AR o]F HF F&=7t 4 pg/mLol =% Mito-SOX
(Invitrogen, Carlsbad, CA, USA) A12-S A QJAl %o AS-H Hj
ool 314 F 38.5°C, 5% CO, HiF7]oNA 308 Bt F4S
AePotqet. dMo] B F2FHL 2.5% glutaraldehyde 1Y
o 4°CollA st% &t 1S XYt 1YE dxTHL &2t
ot FTAo SHE F A SHAE HolA FFATAGRIS
Digital Cell Imaging System, Logos Biosystems, Gyeonggi-
do, South Korea)s &5t0] 2iHitsHE U@ F44s Taslad
ok

RNA £& % QHA} PCR (RT-PCR)

RNA¥ Trizol (Invitrogen, Carlsbad, CA, USA) A|9FS 0]
&5to] Az A9 AH o weEt 52 AP 44470 &
Qb wiks wEet 50708 0.1% PVAZF EFE PBSOIA 33 Al
gt & UE T2 microcentrifuge tube®l| Bot Trizol €
500 pLE A5t 84 2] &, vortexdsto] 587 ¥ &
chloroform< 100 pL #7}8to] 1527 vortex?t H 13,500
rpm, 4°ColA 1587 YAEE sty 1 &, 459 200 ul
£ MZL microcentrifuge tubeZ &7 Bl isopropanol
22 BurE Y2 £ invertingdto] A-2ollA 2A17F 54t §HS-
JAAZ T 13,500 rpm, 4°COlA 1587F A2
AASIL FAEE 70% NHSZ AF T thA|

0% 5 YAlEE st ogrES AAsH 1
F, 308 5 Axoto] oghEZ 45| A A F RNase free-
waterd] E0{59ct. RNAS] 5&9 <X+ OPTIZEN NanoQ
(Mecasys, Daejeon, South Korea)Z o|-83to] £435}9t}. o]
% 1 ug/uLe RNAS} AccuPower” RT-PCR Premix (Bioneer
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oX
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tlo
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=
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Inc., Daejeon, South Korea)E ©]-83l°9] cDNAS 453t
Zato|m AJFA(Table 1) NCBI HloJEJH|o]AE o]-&5}0] T
ZRR1I5HA T PCR2 95°COllA] 585<t ¥H8 & 95°ColA 30%,
55°CollA] 30& 1831 72°ColA] 3025 30-353] §HE & ujz]
9o 2 72°Co|A] 5% Bt AFs3irt. A7 G52 2% oPtE
Z AL o0]L3}o] AP35}t ethidium bromide EA & UV o}
oAl DNA HREZ #1519tk DNA Y= Image] software
(http://imagej.nih.gov/ij, version 1.46, National Institutes
of Health, MD, USA)E o]&3}o] A=Fslslict.

SH =M

£ AFolA 4L BE HNEE vloHE B + #E BAS.D)
Z Yyehfigict. 2E A3 9 A7} 2 Bonferroni's Multiple
Comparison TestE T2+ one-way ANOVA EE t-tests
3sto] BEAsttt. oju|x] BA-L2 Image ] (http://image;j.
nih.gov/ij, version 1.46, National Institutes of Health, MD,
USA) softwareE ARSIt L E H0|E& GraphPad Prism
5.0 AT E o] #j7]A(GraphPad software, Inc., San Diego,
CA, USA)E AHgsto] 3519t £ AolA Uehd 230
it A8 F2AH= p < 0.05 °Jsi]l ARt #7561

4 3}
LITAIEO| 0] U2 EX] IR0 8 MAg S0l

o] GRAZ FH GFA I} Bl £ Fo] HEEH= I1F
< Glog AdiFog Gl Hlwsto] GFAE 71 &L

< G202 URAtH(Fig. 1A). 4475t A9 547 & 1
F9 COCsolA FFA| 2 =5 AZstA Z45t7] AhA he-
mocytometer & 0|85t B4t Ay} AL == G27F
Gl Bt} RoFo s AL A5 gRlstrkFig. 1B; p < 0.001,
Gl: 4.48 + 0.2 x 10° cells/mL vs G2: 0.96 + 0.2 x 10°
cells/mL). AFHRE, 44417F S A9 84 ¥ G134} G29] ¥
%88 Orcein B4 o] &slo] 43 ZA7H(Fig. 1C), meta-
phase IIM 1II) @AZE &8 dA=9 8 J&5&2 G27F Gl

Table 1. Primer sequences of anti-oxidant genes for RT-PCR in matured COCs

Genes Primer sequences Tm °C Gene bank Accession no. Base Pairs
SOD1 F (5"~ 3): GCCAAAGGATCAAGAGAGGC 55 (NM_001190422.1) 226
R (5~ 3): GTCGTTTGGCCTGTGGTGTA
SOD2 F (5"~ 3): GCAGCTCGAGCAGGAATCTGG 55 (NM_214127.2) 162
R (5"~ 3): ACGCGGCCTACGTGAACAA
PRDX3 F (5"~ 3): AGTGGATTCCCACTTCAGCC 55 (NM_001244531.1) 290
R (5"~ 3): AACCCATGGAGAAGTCTGCC
GAPDH F (5"~ 3): GAAGGTCGGAGTGAACGGAT 55 (NM_001206359.1) 527

R (5"~ 3'): ACTCATGACCACGGTCCATG
SOD1: Superoxide dismutase 1, SOD2: Superoxide dismutase 2, PRDX3: Peroxiredoxin 3, GAPDH: Glyceraldehyde—-3-Phosphate Dehydrogenase.
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H|gto] foF oz ZHASHATHp < 0.05, G1: 79.9 + 3.8% vs
G2: 57.5 + 4.6%). ¥ AHE B34 A ES] 71 AdFo
2 L2 G27F Gl st & & Tgo] FoFoz Fhdhe

AL SIS o] ATkg Ao UFAES] 4 Holo] whet
3 48] 0|2 HolE ¥ 1§ G137} G28 ol8sto] & 4
e AW

K

S SRR ZaLSHE M at Sitst S0 WE XA

T 89 A&d dxoN 2apaEkE P4 RS Slst
7] 9184 mEZEof R 2IMEHES A Mo Al
9l Mito-SOX FME& AME-3FStHFig. 2A). Mito-SOX FAo]
O3t He T A2 G271 G119 Hlste] ojFoz &t <
0.05). o] &, gatstaho] HdS 5 2IAISHE Y4 o1 s
glst7] HajA n|EZ=elof I 4kt G491 SOD1, SOD2
183 PRDX39] mRNA Z&@& RT-PCRE B3t0] AT
(Fig. 2B). 37}A] AlsE 459 mRNA $Foj|A 9] Hde G2
7} G1XEt}h §-9]8 02 Ulth(p < 0.05).

G1 G2

Mito-SOX (red)

B COCs 1.5 SOD1
G1 G2 [
<
Sop1 = 5 <10
»n 3~1.0 1 — *
25
SOD2 g3
e &%
E®
g N—
T 0.0 .
- G1 G2

Fig. 2. Measurement of Mito-SOX staining and antioxidant enzymes on COCs after 44 h maturation.

Relative fluorescence intensity

Mito-TEMPO Z710j [}2 EHX| HEZto| 3 Mg tHs} &0l

nEZC ol 2I3AMSHE 9 Eg4tA AAAZ €3 Mito-
TEMPO MT, 0.1 uM)E A& Bigdol H7Isted Gl G2
9] & J&-&9 W3S SRIsHTHFig. 3A). 1 A} Glo]| MT
£ A71et9S o 8 A5 Wshe tha SRR K940
2}o]= AATHG1: 80.5 + 9.8% vs G1 + MT: 86.1 + 10.0%).
a8y G223 G20l MTE H7ksh HiA] dx27he] 3 H5&
2 MT7} F7HE90E o G19HE 3 EHE AL IRIstATHG2:
75.9 + 12.6% vs G2 + MT: 80.0 + 12.6%). Mito-SOX ¥4
Boto] 2HAEHE A4 RS H5E HA dEA Fel
A3HFig. 3B), G1¥ G2 ©5F Mito-TEMPOE &7I5HA] &
IE° vlste] 7Kt 1FolA 23H4EHEEY Aol ast
at. T3 vEZEdol {8 A4S AE(SODI, SOD2 1
2|3 PRDX3)°] mRNA & £%& RT-PCR 2402 I5|
B A3KFig. 3C), Mito-TEMPOE #7}8HA] 932 G13} G2 Hr}
Mito-TEMPOZE 713t G137} G204 Al f-AA % Z7)5h=
o2 yepyltt o]# g A= Mito-TEMPOE °|&3 HE

flo rok o

1.5
10 T
S-<\ .
Q)
n
2
s
=05

0.0 .

G1 G2
15- SoD2 15- PRDX3

B B

> >

<@ <@

5 104 ™ '5310

mf .0 1 » .0 1 ]

i3 i9

oS - S )
RO 0 Q

<& <9

%

ZQ0.51 Z 5051

EQ ek

T o™

° 0.0 ° 0.0

[0 . T (0] . T

= G1 G2 = G1 G2

(A) Red fluorescence indicated

mitochondria derived superoxide on 44 h matured COCs. Scale bar is 100 um. (B) Antioxidant enzyme genes (SOD1, SOD2, PRDX3)
expressions were measured by RT-PCR analysis. Histogram values of densitometry analysis were obtained using Image J software. The
data are representative of at least three independent experiments and shown as means + SEM. *p < 0.05. T-test was used.
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A
1001 G1 a
Mito- No. of % of oocytes (n) % G1+MT a
Groups TEMPO oocytes <80 W G2 0
(0.1 uM) examined GV GVBD MI Ml < B G2+ MT b
G1 - 152 09+16(1) 09+16(1) 150+4.6(23) 83.2+6.1 (1277 & 601
©
+ 119 0.0%0.0(0) 0.7+14(1) 11.2+9.9(12) 882+9.2(106) & 401
G2 - 129  43+49(6) 6.0+3.0(8) 21.3+4.8(27) 684+32(88) "_820
5 20-
+ 113 28+34(4) 1.7+33(2) 21.6+56(24) 73.9+ 1.4 (83) Z 3 Ei
0- .
GV GVBD MI Ml
B G1+MT G2+ MT
. 15;
.‘%
C
g .
£
£l ©__ 1 = *
~ oz
x
5 23
£ EETS
= )
=
©
&
0.0 . .
Gl G1+MT G2 G2+MT
C 1.5 - SOD1 1.5~ L,S0D2 1.5 1 PRDX3
0 0 i)
g 2 - 2
<@ <@ 2
Gl G1+MT G2 G2+MT T c c
2 1.0 2 1.0 — 2T 104 = T
Q@ Q@ TS
~ N
PROX: e 5 5 0.5 28 05 X 05 .
(] () (0]
= = =
é.‘io.o NS §o.o NS §0.0 RS
o & o § o & o § o & o $
o o o o o i

Fig. 3. Investigation of meiotic maturation rate, superoxide production and expression of antioxidant enzymes on COCs after 44 h
maturation treated with Mito-TEMPO. (A) Meiotic maturation rates were examined on 44 h matured COCs treated with Mito-TEMPO
using orcein staining. Different superscript letters a and b denote significant differences (p < 0.05) and t-test was applied with com-
pared to G1 (as a control). (B) Red fluorescence showed mitochondria derived superoxide on 44 h matured COCs treated with Mito-
TEMPO. Scale bar is 100 um. (C) Antioxidant enzyme genes (SOD1, SOD2, PRDX3) expressions were measured in 44 h matured COCs
treated with Mito-TEMPO by RT-PCR analysis. Data in the bar graph represents the means = SD and SEM of three independent ex-
periments. *p < 0.05. T-test was used.
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ool

kl
!

B J3LoAE= germinal vesicle (GV)oA HA| YRAZ
dAEZ G EEA(COCs) e #42 B7boke skt 71&
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A% 580] W2 G29 dEFHS JHFoz Gl HlF] ¥ ¢
9] 28R AHTHE A RISt E3, 44417 Bt
A dsd A G2 FE=A nEZEote}t BAHEE P4
3} A48 28X SOD1, SOD2 183l PRDX39 mRNA ¥d&d
30| G1E Bokth. AdH o s =7 daho] A9 J&5aHd
B¢ & T8 QlojA 2IAEHES A o RUF ds &
o] 9l2S E AT G137} G2E o]83 vjw BAL B34 I
33ttt

£ dolA = Mito-TEMPOZ} H[EZE 2o} {8 27A5HE
AAAZH =HA] A Q) &l wA= 9T RIstAT. Mito-
TEMPO (0.1 uM)Z A9 4% vigAo] H71otdE b G29 ¥
2 9 & 5.8&0| 3 BEH I 23ISR A4go] FaE Hgk of
Yzt ghatst £459 mRNA &HE $£25 3715k Ag E9lst
Frt. ol AT AHE 7|Hoz G29] dFAN R o] R
Z3}o| = B351T Mito-TEMPOE S| A Q4% 74 F9t v
EZcot ff 23ISR Y-S AAsto G & 4
%o AP S 302 RIS}

GHAEE GRAZE SEAI e Alzold, AU-9 J«
g0l SlojA &} of ot T QIAES BHlohe dTEH 4
% 590 393 82 F shvo|t}. o]d AAdo| =,
TFAZ] =0} B4 o = dxd %o gt A BE ARgo] 7}
5o (Prochazka &, 2011), AlZ29] J%3t AE GdRAXE
9 5T 8 J& 5& P 7ot AR By v 9ok
(Matsunaga®} Funahashi, 2017). A u]Xd<s dExH9] A9
AEBHNNE BLE Frloke 7|E02 G A2 FHEHy

&, & 181 o7t A8ty B uEYrHOzawa 5,
2008). wEhA] £ Aol olgt o]d AE v o R W
M ZE F2F B8 (Cumulus oocyte complexes; COCs)e] FE|
A &S @A olgoto] St Fesiqirt. £tk of
2} hemocytometerE ©]-§5to] WA $5 SH5to] 79
9l Zpolg AT =N gt F I1F dgt 7|&S FEA
st oAt upel o] YA 429] Z}o]E HolE G113}
G29 FETE 44 A7H A|Q] & o] F, FATH F &89 A}o]
£ B9t(Fig. 1). GTAIES S0 ey 25 7|E02
F G1#% G2+ & dKolA Zol& 7HAH, o] F o]gsto] &
T-9] £2 9l 2IMISHE A7 50l E£§5H= Mito-TEMPOA |7k
=2 A 9] Aol v A= GO oA LA FHoZ A

ojd A+ AFoA HEZE ol 2IMIBHES F2 FFoE
FMA7]= A2kl Mito-SOXE o]-g3lo] nEZ=zglof 9 %
FASHE 9] HEo] 7Hsdttt EEA Stk 53], $29] oA
AT A4 Mito-SOXE 0]835t0] A 279 A<t
nEZE ol fEf 2SR Y] A4 o EE RARHITHYang
S, 2018). E3H 234HEHEL nEZ T oty ATPE AJ4dst
£ oA AAAGAZEE SE T A 9Uck(Fogs 5,
2011). A& dxFAE $8S Al o ATPAAEC] &
TFEty &2A Utk (Dalton 5, 2014). Fig. 29] 235 HH,
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oz

o GFAE 71 Wol 2 ¥ 4&5&S Kol Gl
% COCsolA = Mito-SOX FAo] 93t H24 g3 Id
QIstgiet. o]t Avb= 2IHASHEO] /o] YyHARQl A
I AN A&EE dEFRA PHEGE AL 2
dAte] A2 EQIsHgct T35t AtF oz dFA R 7 H2
G29] A%E COCsAAE Gl i} o &2 $£39] nEZC
of 23MitsHEo] == AL RIstATHFig. 24). SHEAE
Gl2 AHFoR &2 3 4&5&S Hol: 2 EEI A A
& 2T Qo= E5ta, 2IHEHE AAdo] ERIEU. ol
St A= 2 £F9] ATP AJ4to] 3 A&y H sy fE
o Z3pAksHE ] Aol dojuts Ao wekE

EQH PR I AR & B B9t /94 (reactive
oxygene species: ROS)2| AAlo] W AlSt AEHAZRE B
35b7] oA FAIE Yol o8 S79 84 L Has §
AR S 7MY o]E 53 ROS SACZRE UHAZE
B33ty &R 9ck(Shaeib 5, 2016). oj#e FAIet G4
£ 394 vEZEZotet FHETY dHF 8452 SODI,
SOD2 183l PRDX3& Estol= Ao 2 B EtHCovarru-
bias 5, 2008; Kim 5, 2015). &3], PRDX3%+ peroxiredoxin
1-6 Fol| nEZEzoto] EolFH oz A5t (Slominski 5,
2017), Al29] FAlolv /55 7|4 Hedad st A2t
GAF o] AsHE] AEFHAS Z4 9 ROSHA 2H0 Bojge=
Ao 7 IdHA AtHCovarrubias 5, 2008). E3H 2 J7A 9]
ojd A AIo|A HA A9 dsgoA nEZEor WA 3
Atst §4E& SOD1, SOD2 183 PRDX39] mRNA oA
o] Iy FAS FQI5AHPark 5, 2018). Fig. 29| ZAx}o] u}
249, 3711 vEZE o} #3 At A E mRNAFEA
9] ¥rgo] G2o|A G1 §oF o 7HAastgrt. ol#st A= ¢
TAZ7 A Ao A2 G214 ROS FHLE FrE& A2
A AEH AT EARE = AL BS5) & PASE G40 Ido] 7+
45197] g&e] G1 B}t o %2 2IMsHE0] FAHHE Aoz
Azt

20109 °o]%9] Ao k2™ Mito-TEMPOE 9| AuA=E
(Ni 5, 2016) ¥ AHZAZ(Zhamg 5, 2017)8 Z3}dh= ©F
St X5 AEoA Axy E4k4 9 u]EZE ol ff 2
AR igh Eo]F AAAZA BuFHc) o] AFxAT}
o ©t2d 49 dxoA AetEdI} EGCG (Epigallocat-
echin Gallate)®} Z2 FASHEAES H7F6t9S of, dEH)
‘ol v 58] 71813 t(Yang 5, 2017; Huang 5,
2018). ¥4t opz}, 9219 X Ao 2|, =2 27]ue]
A Q| YAt oA H|EZE ol fef 2IASHEO] EolF AA
o2 ujgtx vk 5.8 9 AJAto] FAHH EIHE HolE Ao
2 BIE9ItKYang &, 2018), T3, A Wxto] A9 A%
=ol 4 s 2R oz Ad#HAbisphenol A (BPA) k=] 93] &
L @4 9 2R A0 e &4 S8t B
35k= 71222 Mito-TEMPO9] &2 #9st3th(Park 5,
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IVM for 44 h in porcine oocyte
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IVM for 44 h in porcine oocyte

Group 2: G2
f
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- Low cumulus cells in COCs

- Increases in superoxide production t
- Decreases in antioxidant enzymes expression +

|
[Sampling timing: M II]

- Meiotic maturation +

Fig. 4. Recovery of meiotic matura-
tion by Mito-TEMPO as a superoxide
scavenger during porcine COCs matu-

ration, Top panel; COCs with high

[Selection timing: GV]

r\
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\ Mité‘c"hondrjal
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- Low cumulus cells in COCs

Regulation of ROS by antioxidants from CCs

cumulus cells had increasing meiotic
maturation. Middle panel; COCs with
low cumulus cells had increasing mito-
chondrial superoxide. In addition, high
superoxide production in G2 COCs in-
duced decreasing antioxidant enzymes
expressions. Bottom panel; COCs of
low cumulus cells cultured with Mito-
TEMPO for meiotic maturation. Re-
duction of mitochondrial superoxide
induced increasing meiotic maturation
rate and antioxidant enzymes expres-
sions in porcine oocyte.

[Sampling timing: M II]

2018). 23y FAIH R HA] dExHe] A9 FsIgolA &
eeo vXe Y E FAteHE Ao ot RuE v 9

o} & AolA Mito-TEMPO (0.1 uM)E A2 v gAol M7t
sto] B & FoAQl Aol yehtA] kAR Gl G29] & 4
&-&0] F7etth & AolA ARER Mito-TEMPOY] %
= 99 o]d AFE Farsto] FEstHth(Park 5, 2018). E
gk, Mito-TEMPO7Z} 37He g oA A9l A& =HA d=x
oA FYH o 2SR A4 oR7F Gl G2 25 7
astglon, G ZRRE UPEE 208 Y= vEZE
Zjol WA 3714 At a4 59 A mRNA 049 &
d 9A] FEHAH(Fig. 3). G204 371 23H4sHES B4
o] Mito-TEMPO o] 93] Z4E7, o]& F7] Y3 G+A
Z2HE At A A5 UE S7PF R eE ZoE wddr)
wEhA, v EZE o} R 9 2IHitsHE §ol& AAAR] Mito-
TEMPO&= dRAZL} A ol A3 2aHisHE AJ/gol
gk A z3ety nEZEol B FASE aAEO T

10O

o=

B AM0EA AHS Y B due A 4% TS
2 PPN LS B A7 BN YBsact
Agdoz B A7AT: WAL £8 JEoz Belg
T 159 GuACR Y o 448 Wk, ISR A4 ol
9 njEEE ol gl Q4ks B4 mRNA Hd 4% o3R8 %
Atk ol Bo) WPAE S0l et HA GEee] 8 44
3} EE o 2RastEe] G0l YT BAYS T
A4S SIS o), WEEEo} g 2upIEHE Sold

o A7IstEe o, dExForRE JHHE 2R ES A4

st o, nEZc ol I FAStE 4 ES mRNA & 5
o] Z713ko|| what A AH& o] FAEE AL SIstATH(Fig.

4). & @<= vEZEE ot 7 2IASE AT A FES
o] AoJd&Tte] BUGE AAFoEHN FFHoE A
9o B4 ol =&0] H= 7|2 AFEHA 9n|7} irkal wdE
.
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a8

2] dxeto] H Qs Bt GFAEY] 5 B o Ul e
2 252 44 dxTe 2348 g1 ¢ JdE A UE
oz HgHoy F#A 9k Eeh dEFe] H A% B9 1)
EZCgopy] ATP AJAte] uhet AkstA QlArstZ B g Z3H4kst
BT 22 44 F (ROS)O| HAYH. o]Fg ROSY =g
g 9 HHL A5 AEHAS GRS AE Y &4
Sy AoE HuHJH 59|, HA dxH9 A9 J&574H
oA A3t AEH A0 2L 3 J&of JlolA F8% 810
2 FEHY, dEAZE E8 G E2RE FAS a4E
< Aol oot Zog dEA ok ey (A dEgt
9] A golA nEZE ot Faf 2IMASHE A R o v
EZC o} Bold 23AEHE AAARZ ¥#3F Mito-TEMPO
of gt gatst F3b7} TRt o & wx= o] digt
AE HuE v gtk 94, GVRA A GTAE 7 32 i
EHE Gl 23 AR 71 AHFHoR AL dAxHRS G
2 2ot A 94% 44X7F §F orcein @ B3 Y
g BolA 3 B5ES AR 43t dARY 72 G
o] AjFoE G2XHr} F9Fo= =9t (p < 0.05 G1: 79.9 +
3.8% vs G2: 57.5  4.6%). °]& 7|fto 2 YA E =& B7} 7]
oz Badt G137} G2 HIA GEHE o] 83lo] 2IAISE A

52 3= Mito-TEMPOZE & %880 v IFS
ZAEG 189 dx@o g HE 2IAEIEHA oRE
ZAFel7] QoA EEZ =0 BolF ISR A4 A|%Fo
Z Mito-SOXE& AMstth. 1 23 G27F Gl 2IM4IsHE
& AET Mito-SOX 9| H-24 FJTdo] fo¥or =4 (p
< 0.05). =3 =2 Y] n|EZcejote} #AFE FASE &
A% (SOD1, SOD2 7181 PRDX3)9] mRNA 4§04 9] &
H3SIE reverse transcription (RT)-PCR o2 EA3}r}.
A9 4 447 F G29] A E FRAE B3] (cumulus
oocyte complexes: COCs)OlA A 7}A] n|EEE 2o} & 3
Arst G450 Ido] Gl1ETG AHF oz doptt nEZEE
of fEf9] 23AIEHE Eold AAAQ Mito-TEMPOE A 94
< HFHQ] NCSU239 44A17F Bt H7Hst & & <480 1]
AL FFS =AM 1 23 Mito-TEMPOE H718 2 Gl
I G2 GEFA BT 3 HJ&go| F76He AFS HAFA
o =3 A sE dx o] 23MAsHE 9] Aol G113 G2
T BF A4S A FRlstylon, FAsE 84 E(SOD],
SOD2 123 PRDX3)9] mRNA & $Fo| Z71351%ch. Ay}
2O g ALY o wE =] FAETH] H| Q] &g oA
Mito-TEMPOS] H7t= 23HE8HE Al A5 2ot FAHEH4
232 F =0 A9 A% 59 ol 384 a3E Bk
w2k o]Hg AAES 7|WreE Mito-TEMPOO] 23 | EE
Zao} f ISR A 2L HA dxTHo HoH%
I DA FAAo] At AL EIsHAr.
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