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Objective: Many clinical trials have proven the close relationship between the loss of human mitochondrial DNA and aging process. The
purpose of this study was to evaluate the different types of mitochondrial DNA deletion and its frequency in luteinized granulosa cells
in different aged groups of women undergoing in vitro fertilization (IVF).

Methods: The ovum pick up was done in 51 women who participated in Konyang University IVF program, and mitochondrial DNAs extracted
from luteinized granulosa cells, were screened to search for different types of deletion and its frequency. The deleted mitochondrial DNA
were analyzed by polymerase chain reaction method. DNA sequencing was performed to reveal exact deletion point.

Results: Three different types of deletions (4,977 bp, 7,150 bp, and 5,777 bp) were confirmed. To find the difference between the aged
groups, we have divided women into groups younger than 32 years, between 32 to 37 years, and older than 37 years. The deletion of
4,977 bp was 60.9% (14/23) in younger than 32 years, 46.2% (6/13) in 32 to 37 years, 46.7% (7/15) in older than 37 years. There was
no statistical significance between aged groups and the incidence of the deletion. The deletion of 7150 bp was 34.8% (8/23), in younger
than 32 years, 30.8% (4/13) in 32 to 37 years, 40% (6/15) in older than 37 years. We investigated relationship between the frequency
of deletion and the aging, but there was no statistical significance. In case of 5,777 bp, the deletion was 43.5% (10/23) in younger than
32 years, 30.8% (4/13) in 32 to 37 years, 53.3% (8/15) in older than 37 years. It showed no statistical significance as well as other types.

Conclusion: In this study we have found three different types of deletion of mitochondrial DNA obtained from luteinized granulosa cells in
women with infertility. There were no significant differnces of each type of deletion in 3 different aged groups of infantile women. The
limitation of this study is that the analyze were done qualitatively. If we could provide the quantitative analyze it could be applied
clinically.
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1) SEXEEE]

X 2] DNA £2]0] QlAamp DNA Mini Kit (QIAGEN,
Venlo, Netherland)& ARE-5}ITE RHatks bl A iZ o
o & FsAlA A AN 200 uLe} 20 uL protease
(QIAGEN)Z 411 RNase A (QIAGEN)7} E3H AL buf—
fer (QTAGEN) 400 uLE ¥ 3lt}, 56 CollA] 107t ¥hH3- 5
AFZoHS A AL 100% ethanol 200 pLE Z7}s}od]
QIAamp spin culumn©] go] Y4 E2|5}¢Ith AW buffer
(QIAGEN)Z A& % 50 uL2] elution buffer (QIAGEN)E
go] columnof A DNAE Z2|5H3{th, 260 nmojlA S35
2 Z45ke] DNASES Atsloih

2) SEUSAXMELS (Polymerase chain reaction,
DNA 100 ngof| HotStart DNA polymerase (Bioneer,

Deajeon, Korea) 1 unit, PCR buffer (Bioneer) (contains
1.5 mM MgCly), dNip mixture (Bioneer) (250 uM each),
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Table 1. Synthesized primers used for polymerase chain reaction, cloning and sequencing

Primers* Sequence (5°-3’) Complementary site T
L625 TATAGTGGAGGCCGGAGCAG 6,251~6,270
L729 GCAGTAATATTAATAATTTTCATG 7,293~7,316
L790 TGAACCTACGAGTACACCGA 7,901~7,920
L820 TTCATGCCCATCGTCCTAGA 8,201~8,220
L853 ACGAAAATCTGTTCGCTTCA 8,531~8,550
H726 GAATGAGCCTACAGATGATA 7,280~7,261

H1363 GGGGAAGCGAGGTTGACCTG 13,650~13,636
H1390 CTAGGGTAGAATCCGAGTATGTTG 13,928~13,905
H1436 TGGAGGTAGGATTGGTGCTGTG 14,381~14,360
H1587 TACAAGGACAGGCCCATTTG 15,896~15,877
H1619 ACTTGCTTGTAAGCATGGG 16,219~16,191

*Primers L625, L1729, L790, L820 and L853 were used for amplification of the light strand of mitochondrial DNA. And
primers H726, H1363, H1390, H1436, H1587, and H1619 were used for amplification of the heavy strand of mitochondrial

DNA.

TNumbering of mitochondrial DNA is according to that of Anderson et al”’.

Primer (Bioneer) (10 pmole/uL each) DWE-2 21z} o]
HES-A|#A mitochondrial DNA fragmentE SZ3}ic},
PCR primer+= 355 (Bioneer)sto] AR5} ¢7)
A E-L Table 13} Zt},

PCRE 94Col|A] 583 M A 2] 5 94°Col| 4] 5&%F DNA
= WA (denaturation)dt 3, 58°CoY|A] 187t primerE &
0]l (annealing), 72°ColA] 187k $HA] A1#F (extension)
o S 35 AT 2O T 4
(extension)d}al 4°Cof|A] WS- BWth

PCRE] AHE-L ethidium bromide (Sigma-Aldrich, St,
Louis, MO, USA)7} 3£38}H= 1% agarose gel (Sigma-Ald—
rich)o]] DNA size marker (Bioneer)®} 317 7] %55}
gHolstg 1l | bandES 2FE} Gel Purification Kit
(Bioneer) 2 A5t} Aeket AEAAE 17| Yot
o] A&o] FelE PCR Ak 5 =717} 800 bp o2l -5
= ¥ PCR Ak= Woll EAst= d714 295 7H PCR
primer®S 0]-8-519] nested PCR 2 A]35}o] 800 bp 9]
5t 27]9] PCR Abe= 91aL, AA1E PCR 4h=2] H71A
GEXS 95} TA cloning® insert® ARE-3FIT]H

3) TA cloningZt SXXI 7| &tol
JAI%¥ DNA 50 ngofl 1 uL salt solution, 1 uL Topo
vector (Invitrogen, Carlsbad, CA,, USA)E ¢
2 Grlsto] ZHan

EX=PN
, o

52 6 ULE W F AL 55 li-

gation A]Z] 2 one shot £ coli cell (Invitrogen)o] li—
gation mixture (Invitrogen) 2 uLE go] & 411 4 9

ol A 30E7F 9-A]5F & 42°Cof A 30%7F heat shock=- 5+
@it} 250 uL SOC i A] (Invitrogen)S @il 37°Cof|A] 14]
ZF 5ot vl okt Af| i 50 uLE X-gal (Sigma-Aldrich), IPTG
(Sigma-Aldrich), kanamycin (Sigma-Aldrich) 50 ug/mL
o] 3£3+= LB plate (Sigma-Aldrich)of IE3E8}0] 37°Cof| A
s i Fetaitt. ColonyE 7|91 107] 71FS] white
colony®} blue colonyS WA kanamycin (Sigma-Ald—
rich, 50 ug/mL)©| Z3FE LB HJA] (Sigma-Aldrich)oj| A
ZFzF 12A17F vjjoFsl9ict. AccuPrep Nano-Plus Plasmid
mini Extraction kit (Bioneer)S ARE-3}o] DNAS =%3}

GO EcoRIC.E 2} insert7} 07t A2 &ols}5ic)
LA F71E BAL Bioneero] 9]E|5te] M13 For—
ward primerS ARE-6}9] single extension & FA5}IT)H

4) A=A

AR fold A5

-3 £t SPSS ver, 13,0 (SPSS
c., Chicago, IL, USA) EAZZ 1H2 o] 8 5}01 T4 9]
AR AL WAL, SIS P<0,05 v]Eel AOE

A fol 9he0 WS,
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Fig. 1. The existence of a sufficient amount of mitochondrial
DNA for the PCR reaction. Mitochondrial DNA of cells in
follicular fluid was subjected to PCR using primer L625 and
H726. Amplified 1,030 bp bands that indicated similar density
were detected in all samples. Marker, DNA molecular weight
marker.

" Group A: women under 32 years of age.

' Group B: women between 32 and 37 years of age.

¥ Group C: women over 37 years of age.
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Fig. 2. Detection of deleted mitochondrial DNA in human
follicular fluid cells by PCR using primer L729 and H1390.
Mitochondrial DNA of three groups was sujected to PCR,
separated on a 1% agarose gel, and stained with ethidium
bromide. Amplification of the 6.6-kb region resulted in a 0.77-
kb band (arrow A) with 5-kb deletion of mitochondrial DNA.
Marker, DNA molecular weight marker.

! Group A: women under 32 years of age.

! Group B: women between 32 and 37 years of age.

! Group C: women over 37 years of age.

Table 2. Primers, sequences and length of amplified product of wild type and deleted mitochondrial DNA

Deleted sequence
and length of mt

PCR Nested-primer PCR
DNA
Sequence and Length of Sequence and Lengt.h of
Type of . . length of amplified
. . length of amplified amplified product _ . . .
mt DNA Primer pairs . Primer pairs  amplified product from
. product of wild from deleted mt .
deletion ’ mt DNA DNA product of wild deleted mt
ype type mt DNA DNA
7,293~13,928 8,201~13,650 8,483~13,459
A L729-H1390 (6636 bp) 1,659 bp L790-H1363 (5.750 bp) 773 bp (4977 bp deletion)
8,201~16,219 8,531~15,896 8,588~15,737
B L820-H1619 (8019 bp) 869 bp L853-H1587 (7,366 bp) 216 bp (7150 bp deletion)
8,201~16,219 8,201~14,381 8,221~13,997
C L820-H1619 (8019 bp) 2,242 bp L820-H1436 (6,181 bp) 404 bp (5777 bp deletion)

PCR: polymerase chain reaction.
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2} Abo] el nucleotide 8483~13459 $1219] 4,977 bp A=
BRelstgitt (Table 2).

L8207} H1619 primer 22 7.1 kb A=2] AL3) 5 8
kb =] 5 7HA] AES BRISIAL (Fig, 3) 217l tfst

2,000-
1,000-
500-
200- = B440 bp
= 220 bp

Fig. 3. Detection of deleted mitochondrial DNA in human
follicular fluid cells by polymerase chain reaction (PCR) using
primer L820, HI1619 and nested-PCR wusing primer L[853,
H1587, L820 and H1436. mitochondrial DNA of three groups
was subjected to PCR, separated on a 1% agarose gel, and
stained with ethidium bromide. Amplification of the 6.2 kb
region resulted in a 0.4 kb band (arrow B) with 5.8 kb dele-
tion of mitochondrial DNA. And amplification of the 7.4 kb reg-
ion resulted in a 0.22 kb band (arrow C) with 7.2 kb deletion
of mitochondrial DNA. Marker, DNA molecular weight marker.
’ Group A: women under 32 years of age.

TGroup B: women between 32 and 37 years of age.
*Group C: women over 37 years of age.

18537} H15877}, 1.8207} H1436 primer’-0.& %7]4]
S BA5E A3} 7,150 bpA <2 APTase 63 cytochrome
A} AFo] 9] nucleotide 8,588~15,737 YX| ¥, 5,677
bp 242 cytochrome C oxidase II 3-#}} ND5-G-Z A}
Abo] 9] nucleotide 8,221~13,9970]t} (Table 2).

4,977 bp A<=, 7,150 bp A<= 4 5,677 bp A 9179
break pointo]| 4] direct repeat G7]AEo] -2 Bls}
&t} (Table 3).
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E bl

Aol Eely ZEIaH] Folgh oo rEEH ¢
o121 SpA|S} A ukA| 2 F 51of] Thato] 324 Tk 234,
3240l A 3TA| ||TEQT < 13|, 37A]| o)/ 150f|of| A &3t
nEZEgjol fARA 4,777 bp A<, T150 bp A,
5,777 bp A& RIS W& H| w3k A} 4,977 bp
A0] 79 324 mRte] Awgto A 144 (60.9%), 3245
E] 37A] ]qk A= tollA] 64 (46.2%), 374 o/ A=kl
A T (46,7%) 2 Al w2 FAE felid §igltt

7,150 bpZA<9] 7 324 u|qke] Ao Al 8o
(34.8%), 32X 37A| u|qt Aol A 49 (30.8%), 37

Table 3. Nucleotide sequences of the deletion breakpoint regions of mitochondrial DNA

Deletion size

Sequence

4,977 bp ATPase 8 gene NDS5 gene
7,150 bp ATPase 6 gene Cytb gene
5,777 bp COII gene ND5 gene

8,482
!
5°- CTACCTCCCTCACCA (AAGCCCATAAA---
—-CCTCCCTCACCA) TTGGCAGCCTAGCAT -3’
!
13,460
8,587
!
5’- GCCTACCCGCCGCAG (TACTGATCATTC---
—TCCTAGCCGCAG) ACCTCCTCATTCTAA -3°
!
15,738
8,220
!
5’- GCCCATCGTCCTAGA (ATTAATTCCCCT---
—-ACTCCTCCTAGA) CCTAACCTGACTAGA -3’
!
13,998

Direct repeat sequences are underlined. The numbering of nucleotides is according to that of Anderson et al.”” The breakpoints
are indicated by parentheses and the nucleotides shown inside the parentheses (indicated by italics) were deleted.
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Table 4. The incidence of three types of mitochondrial DNA
deletion in cells from follicular fluid of three groups of women

Age Deletion
(yr) 4,977 bp 7,150 bp 5,777 bp
<32 14 8 10
(23) (60.9%) (34.8%) (43.5%)
32~37 6 4 4
(13) (46.2%) (30.8%) (30.8%)
=37 7 6 8
(15) (46.7%) (40%) (53.3%)
Al ol dBtol Al 69l (40%) = Aol whe SAA 29
e g,

5,777 bp A2 324 n|9he] Agtoll A 109 (43.5%),
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wt ojdtol Hlatol BAA folde gigich (Table 4)
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