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Effect of co-addition of 3-Nicotinamide mononucleotide
and 3-Aminobenzamide to in vifro maturation medium
using mouse germinal vesicle oocytes on the process
of in vitro maturation

Masayuki Anzail-?*, Mayuko Tanaka?, Yoshihiro
Noda® and Kazuya Matsumoto!: 2: 9

Summary Metaphase II stage oocytes obtained
through mouse iz vitro maturation have low
fertilization and development rates. A possible cause
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of this is decreased mitochondrial function due to the
excessive production of reactive oxygen species within
the ooplasm. In this study, we investigated the effect
of the co-addition of f-Nicotinamide mononucleotide
(B-NMN) and 3-Aminobenzamide (3-ABA) on in vitro
maturation of mouse germinal vesicle oocytes using
3-ABA, which inhibits the NAD* consuming enzyme
PARP1. There were no significant differences in the
in vitro maturation results of the mTaM medium
supplemented with various concentrations of f-NMN
compared to that of the medium without f-NMN.
Although the in vitro maturation results for mTaM
medium supplemented with 3-ABA were significantly
lower under the 30 mM concentration (59%; 44/74, P <
0.05). We also examined the iz vitro maturation rates
of the mTaM medium with the co-addition of 2 mM £
-NMN and 30 mM 3-ABA and found that the maturation
rate was significantly improved (82%; 76/93, P < 0.05)
compared with that of the medium without f-NMN
(59%; 63/106). These results suggest that f-NMN may
avoid the DNA damage caused by PARP1 inhibition.

Key words :© ff-Nicotinamide mononucleotide,
3-Aminobenzamide, germinal vesicle oocytes, in
vitro maturation, mouse



XU ADOEKIEBIRMEIC LD S M
(metaphase 1) 071k, ZHEBIFZ0OHBOFE
AR, SOBRKFHO—> & LT, fMlNICBEITS
EPERFMOEAMEIHES I Fay B 7 ok
KEPZEZ SN TS, RIFETIE, NAD' I E
T % poly [ADP-ribose] polymerase 1 (PARP1) %
BR4 9 % 3-Aminobenzamide (3-ABA) # W T, f
-Nicotinamide mononucleotide (3-NMN) & 3-ABA @
B mAs= 7 2 GV HIIF~ DRI R BN G- 2
5B R Rt L7zo MA ZRIREED B -NMN 2@ L 72
IEIE TaM 55 H T DA G R 1%, B -NMN 2 350
LTWhRnEEBR L THEREI 2o —
3-ABA % 7N L 7245 1E TaM 35 # O R4 5 S 1,
30mM T THBIKTT 22 L2 @D (59%;
44/74, P<005) o & 12, 2mM @ f-NMN & 30mM @
3-ABA % R0 L 7215 1E TaM K5 #b o f& A} ik 34 3
BB LEZA FNMNEZET R VLD (59%;
63/106) & WX L CTHAELFEICH L L7 (82%;
76/93, P<0.05) o S H DT & H 5, RIS i~
? 3-ABA OiRNNE, NAD* {§#E = DA T XL ) DNA
HGEOERIRZ Z2WRBENH L2 E 42D, f-NMN
ZIWINT A Z LT, NADT Oftia % JuilE LIS EREH A
% & @ DNA #015 & 72 5 TR 2 B3 5 v jEPE DR IE
SNz,

F X

AR, HEINHTICIN N O RKBINT (BLF, GV HIgH
T) PR AR AR TR T 5 2 L2 XD, T
FCTHAETEZIERNZM A 7N EEILT 52
EHMHEIC > TV B L2 GlH, 9 AR TN
TFORMICHEELTBY, SRR A
REFAHETH HHY, REBIIT ORISR 51
Wi o~ r7u~v=— 2L —Y 3 VIER ED
WL O OFERTI, M E IR B 2 & Brde
B EETONTWGEND S, I MIEA RV GV
WO 1258 L 22 & L C, TYH & aMEM
RAERTORA L7 TaM BB SN Tn 5089,
Z DA TR AIN T X D v, 2%
Ho—>2& LT, HIVBERET THIRNICE T 2 BIk&
JCRIS DA N2 L2 X ), BRI UM
B (reactive oxygen species; ROS) 2R ENTWw 5%
5.0 SEH, JWHENICHAET 20O TIZ I b

I N TSI 720 8 R BHAKR T
12X % ATP A KREAMRVIREBIZ B 5 25, AR
TOFREHROIFALIEEER IS 7=y FOFEH
WEATHZETROS OEADFETHILITLD,
DNA BEEE O AT THE I DB DNA B LU
mDNA #AEICIEI CTH D e EZHNE T,

ROS o #piil| i re > —>12, SIRT1 OIEFPEALIZ &
% Sod2 BinT &R0 & L 7-PiB L 8 T H o
W23d % 8, SIRTL i, WFLE TIE 7 MK D % Sirtuin
773 —=D—2THY, BFIMBERBAET S 9,
7, Sirtuin 77 IV =327 I AMI/T AT &
FALEER & LTIER L, BNIRERF T % Foxo3a
RPCCla EDOM Ay YNV EEMEAERL,
nicotinamide adenine dinucleotide (2L F, NAD") % i
BLCTY)VVBRENSTEFVEEZBRET LI EICX
0, B WIS S 100, X512, Sind B TIE
NAD* GARIZ L o CTRERSHE ST 1219,
NAD™ OHijlli{& T2 % f -Nicotinamide mononucleotide
(LAF, B-NMN) % = 7 2RSS IR % 2
& T, TR EA~OBEFE 7 ROS AR A IIHITEX 5
TG IR TWE W, —J, Sirtuin 77 3 —&
EHNC NAD HEBEE O —D L LT, BICRET S
Poly [ADP-ribose] polymerase 1 (LLF, PARP1) 2315
N TWw5b, PARPL L, BIFRBEBHIO—DOTH DK
ADP- V) K ¥ WAL (LLF, PARAL) 2179 18T @
PARP 7 73V —DO—2ThH Y, EHF VX7 EED
TNV I VERFRIL, T ARG X UL VYU Rk
Z PARALT 2 B, ZhIZX D, PARPLIZH YR —K
SHYIMr R ZASHYIMr 72 & 0 DNA HEE13HIZ B b 5 1§
FEEML S 528, BEICEEILT 2 LEETH S
NAD* OftiE & ZI2tEH ATP OftiE bz 5] &t
L, MlsE A FES 2 161D, 22 TRERTIE,
NAD* OfEFGIC & 5 Sirtl BB TF~OE L NIt
2 % % ROS FEAOPIHNZ A H L, PARP1 © B H#]
& L CTHI 5N % 3-Aminobenzamide (LLF, 3-ABA) %
RAVE AR RN T 5 2 212X 5, RN AERIED
L O Sirt] B5TF- & Sod2 BAZTFIBUIG- 2 5B
L7z

MRELVFE

(1) gttEn4)

HAEW & LT, mihimllE L 72 KwhICR R
W~ A () AAIFEERBYAETERT) 2 M v /2o
~ 7 AL, Fim 23 = 2C, W50 = 5%, 12 KR WIRE



JET (7 W RUKT, 19 REVEAT) O &M FICTHEH Y X A
O % — B EATWIEL L 720 b EEIC R L
720 fEHEFEIE AR (CRFIR: 4 =¥ # VERE T3
(BR)) ZAWIRREE & L, ok | B S 272,
REBRI LS 2 FERENY O fil 38 L BB X O E
R R REOBHIE, IR AKFHMERTES
DHERZ S FIBBEOEDOKRZ 21T, TR KW
FEBHFIED EFEH;i L 72 (KAAT-2022-002) -

(2) 1451 B ZALE Hh D FR S

ROV AR O T, a MEM 55 H (32561037:
Thermo Fisher Scientific) 35 & U8 TYH %5 # 18 % =
NENERTORAE L7z TaM 8 Y ~5% 7 Y JRIE
M (S1400-500: Biowest) % @Ml L 7245 1E TaM %5t
ZHW2 19, kIZ, 1B1E TaM 5 #1112 £-Nicotinamide
mononucleotide (44501900: # ) = > & WEARET3E (FR))
Z 1mM, 2mM, 4mM, 8mM & 7% % X 9 IZF# L 7=,
E 512, BI1E TaM ¥ #b12 3-Aminobenzamide (A0788-
250MG: SIGMA) % 1mM, 5mM, 10mM, 30mM & % %
&9 AL BRI OGRS 2 1T 5 72,

%12, 2mM B-NMN Z 7500 L 72151E TaM 55 #~
3-ABA % 30mM & 75 X HICHRE L 72d 0% F2ERIC
BEEA L 700 T S 7 BRI RS Hu Lk, IRER T A A
Y¥aN—%H (37C, 5% COz in air) TV L7z
VAR L 72,

(3) A5t B FIRIE

7 AFKBAIN T % 7RI BRI, TS
DFFERBIEL THr o 72 W B IZE L 72 KwlICR
W~ 7 2L RS PR R R V€ >~ (B o
PRV Y HITHhTZINANLVR) B T5HAE 5 L
HNJERENHE G- U720 B G-, 46 RER B IZIN 3 2 45 1L
L, 1% 1E CZB-HEPES ¥ # 20 ~ 0.1% Hyaluronidase
(H2406: SIGMA) % #5000 L 72 BRUN I35 Hupy TP HE %l
YL, SO0 AR AR & i L 72,

GY R & B2 L 72 RGN F (DL, GV J 51
T) 1%, B-NMN % KB L 7218 1F TaM 35 #,
3-ABA % ZEEICHHE L 251 TaM ¥#, 2mM S
-NMN & 30mM 3-ABA % L300 L 7245 1E TaM 55 i
WL, KEBAT AL v F2RXR=FWNIZTENZEN16
IR AR IR R 03 28 2 4T o 720 IRV SRR, I
JADOMEL X OE—BAEORL 2R L 722 hEh
O M I (metaphase II) IR 7-1%, BEMES 1 u— N
(94211: KITAZATO) I CTEWF 2B L 721, PBS
(-) ™~ 0.1% Polyvinyl alcohol (P8136-250G: SIGMA) %

3

WL 7200 THkE L, RNA Sl icfitsk 42 £ C
-80C THRAF L 726

(4) RNA i $ KO HER SR 254

PRIt T84 L 72 M I (metaphase 1) #i58+
1%, NucleoSpin® RNA Plus (740984.50: TaKaRa)
%z v T RNA #ili 1} #&, PrimeScript™ RT Master
Mix (RRO36A: TaKaRa) % JH\» Tz B KIS % 1T -
2o T, #5517 cDNA #8% & L T, MyGo
Green Mix Universal Rox (5935: funakoshi) % JfI \»
T RT-qPCR IS % 7E# L 72 RT-qPCR Kt i,
MyGo Pro (1337: funakoshi) = fJ\»C, Table 1 278
3" Primer list B & OF Fig. 1 1ZR TGS X 0 17
2726 RT-qPCR KIS IZ & ) 153 5 N7z B #EAm T D
BB, Gapdh DFEBLE % F\VTHiIE L, Pfaffl %
WX DR EREAT o 72, E=100/ B ] L L THES
NBWIEMNF %, 2 AR Z A2 BERICED
HW@EETEICEN L7z, £#ETOACq ik, B
-NMN B £ O 3-ABA FERMKX B 5 K #EIET D
H A 7 VDS BBRMEIZBT B EBIZFON AL ¥
WA L TR 72 IS, Sirt]l BaT 7213
Sod2 BAZF ORI K ACq A REF L THS
17z Etarget A€ i %, Gapdh BI5 T CHRERICHEH L
TH% 51 7: Reference ACOiTRHE T A LIT LD,
Sirt]l B & Sod2 OMFFEHBEEZHH L7z

(5) FRET AR

REOEBEIREMEIC B 5 HEFFE AL, Stat
View-] 50 V7 b7 = 7 (SAS Institute) # IV T, %
FEEEXAZ D W THr I & R 72 1%, Tukey-Kramer
BBV HEICE Y KD,

B R

A WLPE D B-NMN & iR L 7245 1E TaM 55 3 % 1
W72 ARAR R R AL % Table 2 128 L7zo XL 72 GV
BN T % AP EANFER L 7245 R, 1mM, 2mM,
4mM, 8mM XIZB VT, 79 ~ 91% HTREANIZIER
7 MO (metaphase 1) MR F~FEEL. £72,
FTNOHRMXTD B-NMN FEGINIX (89%; 54/61) &
W LABEZE TR N2> 7 (P>0.05) .

WIS, M51E TaM K L~ 0 3-ABA 2 %0 L
72856 COMRI LR % Table 31278 L7z, 1mM,
5mM, 10mM ® Z N ZFL? 3-ABARMEXIZB W T
1379 ~ 90% DA ARTH Y, FERMK (90%;



Table1 List of primer sequences for real-time PCR

Primer Sequence (5’ - 3') Annealing ('C)
Forward TGTGTCCGTCGTGGATCTGA
Gapdh 63.0
Reverse TTGCTGTTGAAGTCGCAGGAG
Forward CAGACCCTCAAGCCATGTTTGATA
Sirt1 63.0
Reverse TTGGATTCCTGCAACCTGCTC
Forward ATGTTACAACTCAGGTCGCTCTTC
Sod2 63.0
Reverse TGATAGCCTCCAGCAACTCTCC
95°C i 95C P 97°C .,
1208 : 10% o
' 45cycle i Melting

Fig. 1 Reaction conditions for g°PCR

Table2 Results of in vitro maturation using modified TaM medium supplemented with
various concentrations of B-NMN*

) No. (%) of oocytes developed
Concentration of 8-NMM No. of GV stage oocytes used

to Ml stage

OmM (non-additive) 61 54 (89) @
1mM 63 50 (79) °

2mMm 58 53 (91) °

4mMm 63 52 (83) P

8mM 69 59 (86) °

*Experiments were repeated three times. Different letters indicate no-significant differences (a-b; P>0.05).



62/69) & IEREERZETRD BN Do 72 (P>0.05) o
—7, 3-ABA % 30mM O ¥ THRM L 72X Tld 59%
(44/74) DENRIAETH Y, FFRMIX & KL TH
FATHAEDMET L7z (P<0.05) o

2mM B-NMN # £ 0F 30mM 3-ABA % JE7 1 L 7=
EIE TaM 85 % FIVC, FRAVEAEE RIS X D 584 L
72 M Tl (metaphase 1) #1901~ 1%, 82% 2STL &1 12
EHTHY, FRXD 30mM 3-ABA MRS
WA BT BRIV & kA RIS EI RO S
72 (Table 4) o

RT-qPCR Bt & 0 1% 572 Gapdh #AxT, Sirtl
15T, Sod2 #AxT O KM I FEBE % Fig. 2 128

5

L7z Plaffl IS X D BB m OB EMRIEL 2 & 2
%, B-NMN & % \ X 2mM f-NMN B X O 30mM
3FABA #FEM L2 TFhoBIE TaM BT b, I
WX & e U B Sirt] @z T oRE B LA
L 7z (a-b; P<0.05) o — 5, Sod2 #fn T DB IZB W
T, 2mM B-NMN RS IE TaM £ H#Cl, FERIM
X & LA B Sod2 BIn o058l LA L7z
(A-B; P<0.05) o LA L, 30mM 3-ABA i#hNIX % 7213
B-NMN & IR/ MIX TIL, Sod2 @151 DB RIS
FEEZRBDRVI L5, N NADY HE RO
2 & DB L 72 SIRTL 13 Sod2 % A L 72 Bl AL RS
PP T & VW2 R L 720

Table3 Results of in vitro maturation using modified TaM medium supplemented with

various concentrations of 3-ABA*

Concentration of 3-ABA

No. (%) of oocytes developed

No. of GV stage oocytes used

to Mll stage
OmM (non-additive) 69 62 (90) @
1mMm 72 65 (90)
5mM 76 64 (84)
10mMm 79 63 (79)
30mM 74 44 (59)°

*Experiments were repeated four times. Different letters indicate significant differences (a-b; P<0.05).

Tabled4 Results of in vitro maturation using modified TaM medium co-added with 8-NMN and 30mM 3-ABA*

Concentration of

No. (%) of oocytes developed to

No. of GV stage oocytes used

B-NMM MIl stage
OmM (non-additive) 106 63 (59) @
2mM 93 76 (82) °

*Experiments were repeated four times. Different letters indicate significant differences (a-b; P<0.05).



z =

BRALA LV ATFICBEENE Z L TRET LA R
ROSITIATE L D7) —5 V)V (i) 25, WA
T DNA O Z5 &R TwaEtdrd 5 2D, —J5,
ROSIC X WA U7 DNA #HE# O HCIBEICL TR
PARPI i3, NAD # 32 & L PAR fb & 312 DNA 66
BEBEREIT L SN B 72, ATP EAEICEE % 3
FI Y FYTRRERT B Y o2 EDE I ) A
KXY a—FERTBY, IraryFUToESET
I ba Y P TICE B%EE LT ATP FEEICIIH
FIL-IbAYFUTTAMOZ TR N—=7 D50
FCTH D 22, 3IABA OIIT-~D5EE, PARPL K
EIZX 5 DNABEGOEREMBEI bary FITH
2B 5 ATP A ZARENT HDDELEZ LNz,

Bai 513, PARPI % 7 v 7 77 b L 72815 F41E
<7 AEHWT, T AT —REARE) DAL & G
L7 25, iRk e HWIZBswTNAD &
faw, SIRTLHEM, 2 b3 vy MY 7HEMEOE LR S
NTWw5s 2, KEBRIZHBWT, PARPLHEA & LT
w72 30mM 3-ABA iR H11&, PARP1 % + 45712 &
TEDLZEDUREEN, NADY HEE ORI X 5%
W NAD* & A B OB i< DNA O E/R AR Z -

722 ENEZONL, —TNAD" ORIERIETH 5 B
NMN &, ¥V R—VREKIC L > TATP #H#H LT
NAD* 28 EN 5 D, THE T, RZEIFI2BT
% NMN DML~ Ok 4R H O FEMIE T S A Tld e
WS, S OKEHED S, RIVEARE i~ D B -NMN O
MASHIILN NAD* &4 &% b3 & Sirtl =10
FERED ZNIEE L TEA L, 251, KA
B~ 3-ABA O iE ML, PARPL 12 X 58 H NAD*
OMBEDHESI N2 EI2LY, ERMX L L T
MIFLN NAD S H B L &5 2 & T Sintl s 1o
BHEN AT E LR

30mM 3-ABA i®HIX & i LT B-NMN & 035
X TR BISE VA EZ R Lz— /T, BIREW
Z 21 Sod2 iR T- DEBIIFRD I o 720 f-NMN D
RINC & ) NAD* 25fitfh S s & @, PARP1 @
XD EFSNRT K o7 DNA #5553 SIRT1 %
4 L CEHENIC SOD2 hil b & FVE % #1392 o Tl
7 <, BIOPUERAL BB R 2 WYL L 72 Wik 25 % 2
55, Yamamori 513, DNA EBSHBGEICE S L
T\ 5 SIRT1 i%, DNA #6> 7 7 v i2 X ) DNA 3
FERRFAEHEICE < APEL % DNA - ARSH I WHB1H 12 8)
< Ku70 D7 & F Vb % isft L DNA 18G4 % &
DHZERPSNIZLTWS 20, 3, Mk E I &

1.5

mMRNA
(Relative expression level)

0.5

Control (non-
additive)

2mM B-NMN

mSirt1 W Sod?2
b

30mM 3-ABA 30mM 3-ABA

+2mM B-NMN

Fig. 2 Relative expression levels of each target gene in Mll-stage oocytes obtained in 3-ABA and
B-NMN-supplemented in vitro maturation medium (% SD)

MIl oocytes developed on medium without B-NMN and 3-ABA were corrected for Gapdh to
obtain Sirt1 and Sod2 genes on the expression respectively.
The letters represent significant differences (a-b, A-B; P<0.05).



AEZIE, SIRTI %% pb3 7 5 N Foxo3 R E % i T
tF VUL L CTiEMEZ 5590, DNAHEBEHZOT R =
A %8 54T, DNA B8R D 720 O #4153 5
HIERRBLTVD D, fhizb b T E TOERITH
ZEWIB VT, B-NMN ORMIC & %~ 2R
SRIIF ISR B2 5 A4 3 % 8% 7 ROS @ pE A % Hil
TAHIEEHLNIILTEY, WHMREICAFET S
I PR THRREDOLEIC NAD O I & 3R
R BB THOEMEALR EOROFEE & LR
D HUWHEELEZ R L2 W, 20, IKRE S bR
D~ 7 ARV RIE T % w2 R i R oIk
BRPEA~OFE AR, IERIMEX (16%; 17/106) &k
LT B-NMN iRmIIX Tl 31% (49/160) & mj E L, T
BAOME, ETHESEROLEELMERAL TViL, &5
2, WHEE PCRIZ X V) Foxol #inT O % &N % 5
i U725, RSP IR S 7 M TR Cldk
PIEEAHRINF & FEORBAETH D T L2 FHEL T
W3 2, Frescas 513, Foxo family I35H a7 7 7 F
N—%— Lt L THE L Foxol TIiX SIRT1 & #HEAEH
T5ZLTHRTF VL ERAET L0 REMEZ RIE LT
W5 P, E5IT, 37 AN THRE & RE0 RN
FTid, Foxo3 2584 7 AT 5 RN S B2 S &
HIETHEZFIT A, InooBERIZ, BILA
b L 224 L7z Foxo family O — 2 PICERE L
SIRT1 EMEMEHTAHZET, TGF-E A v A) v ¥
7 v 7SRRI R N o ah B HERE & TS A KRR
PEEL TR EEZONTEY, A7-b OFERE
b, COMBMEFZOWREE L LFHFTELDDLHELEL
TWwh,

SIRT1 &, W7 F VALEERDO—D2 & L THTIEL T
Wb, ZOREN S 37 EIZIE PPARY 3T 7 FRX—
¥ —TdH % PGC-la B R T TdH 5% Foxo3a 235
ERTEH L ZhZho TRt
FBIZTTH D Sod2 BIEF VAT 223, &5
2, PGC-la 2k 53 bay Ny 7EAEROEEILIE,
ERRa, NRF-1, B X O° NRF-2 ® RGP L2 /- L C
Sod2 BAZF DFEHREHET 5. TNHDOZ EHH, 1k
LS D B-NMN ORI, Sirt] #IEFOFEBL
L& & PGC-la ¥ 7213 Foxo3a O 7 & F Wb % #%
T, Sod2 BIZFORILREHTLHI LY, IhF
TREAIDSH & 22 T\ ROS Bl & A 7 A ~DOHEH D
RN B & EHEIBRRIC oW T, Th b0 a7
FR—=% =3 ROS RHEIZTF 707 T 2OMEIICE
WCRE Z R TR AR S Tz,

AREBRICE LT, ik~ 2 OBGEFICE T 5 1%
WA W2 & F L7, (BR) AR BREY W I 52
BN L BP9,

AWFFEDO—EIE, TR FFNOZEB K (KD2101)
DO Z T 72

SE
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