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2
2.1
LC20AD ( ) 3200 QTRAP ( ABI  ); (
BioRAD ). ( ); ( ); CO, (
SANYO ) ( ) ( Hettich ) L-
DMEM ( 10000 units/mL 10000 mg/L )
£DTA ( ) ( Dulbecco’s phosphate
buffered saline DPBS) ( Perfluorooctane sulfonate PFOS 98%
); DNA ( QIAGEN ) ; RNase A ( ( ) ) ; DNase
I ( RNasedree) FastAP™ Thermosensitive Alkaline Phosphatase Exonuclease [ ( Fermentas
); (2" Deoxycytidine dC Sigma-Aldrich ) 5°- (27 -de-
oxy-5-methylcytidine 5 mdC ) ( Honeywell ) o
2.2
1 mg 2"-Deoxycytidine ( dC)  2°-Deoxy-5-methylcytidine ( 5-mdC)
1 mLo 1:1 02 0.1 005 0.01 mg/
L o
2.3 L-02 PFOS
10%( V/V) 1% (V/V) DMEM ( L-
) 37°C 5% CO, . 90% EDTA
10 25 50 ¢/L. PFOS 4 C o DMEM
1%o- 3 o 80%
o PFOS PFOS 10 25 50 mg/L
1%o o 37 C 5% CO, 72 ho
2.4
10 10 o
( Hepatocellular carcinoma HCC)
N N ( ) o
, . 5 mL ,
, o 5 mL 3000xg 8 min
1.5 mL -80 C 0
2.5 DNA
2.5.1 L-02 DNA 72 h DPBS
15 mL o DNeasy Blood & Tissue Kit( QIAGEN) DNA.
o tRNA  rRNA 5-mdC
RNase A 0 1% o
2.5.2 DNA 100 pL 100 uL DPBS. QIAamp DNA Blood
Mini Kit( QIAGEN) DNA . RNase A RNA
2.5.3 DNA [1] | ug DNA 100 °C 3 min 10 min;
1/10 0.1 mol/L (pH 7.5); 2 units DNase [ 37 C 3 h; 2 units Alkaline
Phosphatase 37 C 3 h; 40 units Exonuclease [ 37 C . 1%

o
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2.6 -
kinetex C,; (100 mmx4.60 mm 2.6 pm 100 Phenomenex )
0.5 mL/min; 40 C; 20 pL; Al ; B: ; 10 ~0.01
min 3%B 0.01 ~5.00 min 5% B 5.00 ~12.00 min 50% B
; ; ( MRM) ; m/z 228. 1/111.9
(dC)  242.1/126(5-mdC) ; 100.0 mso 4000.0 V; 400 C;
CUR(N,) 15.0; CAD( N,) Medium; GS1 45.0 L/h; GS2 40.0 L/h; DP 40.0 V;
EP 3.0 V; 15.0 €V, 2.0 V.
2.7 DNA
5—
DNA (MR) :
MR =100% XCis_pi¢ /( Cs_ac +Coc) (1)
SPSS 18.0 o L-02 DNA
( One-way ANOVA) o DNA t
( t-test) o
3
3.1 DNA
- DNA
DNA DNA DNA 1%
DNA o 1 DNA o
DNA DNA
DNA
3.2 -
1 mg/L
MRM
(26 ) ,
Cis ’ I - I DNA
B (1) DNA
B ° (2) DNA( 3) DNA
- 0 2a
0.5 mL/min 8 min, 5% ~50% Fig. 1  Contrast of results of
,dC  5-mdC o DNA  extraction and DNA
3.3 digestion by enzymes: (1) DNA
310 extracted from cells (2) DNA
(LOD) (LOQ) 0017 005 pg/L digested by enzymes (3 )
(LOD) (LO Q) 007 02 pg/Le Marker: 100 bpDNA Ladder
3.4
0025,025 05 mg/L 025,25 125 pg/L

5
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- a NH
a I f\ d
o L. | NH
&' 1.6 \.Jt.\“ - HyC | \,
— 2-mC
:_ ol HO. " | \’L“:.
? Hou pH - O,
E 0.8F Hon it
= 04}
000———2 3 4 5 6 71 ¢
t/min
_ \‘!.U: b dc 24 r " »
& sof & 20f
f 40} E 16k
£ 30} 212}
3 g
= 20} E 08}
' 1.0F L "_ 04F . :
= . 5-md( E —_
0.0 L . J . o a 0.0 - - - L , A - -
0 1 2 3 4 5 6 7 8 0 1 2 3 4 3 6 8
t/min t/min
2 (a), L-02 DNA (b) DNA
(¢
Fig.2 Typical chromatograms of 2°-deoxycytosine and 2"-deoxy 5-methylcytosine in Standard samples
(a) , DNA sample of normal human liver cell L-02 ( b) and DNA samples of human plasma ( c)
1
Table 1 Linear equations and correlation coefficients and results of recovery of 2"-deoxycytosine and 2 “-deoxy-5-methylcytosine
Sample Average recovery ( %, n=5) Linear equation® Correlation coefficients ( R?)
0.025( mg/L) 0.25( mg/L) 0.5(mg/L) _
dc 104.0:4. 6 85.528.0 96.333. 87 ¥=0.0018% 0.9998
0.25( pg/L) 2.5( pg/L) 12.5( pg/L) _
d-mdC 115.6:20. 1 99.9+5.9 §8.5+6.4 ¥=0.0009% 0.9990
*y: ( Concentration mg/L); X: ( Peak area x10%) .
3.5
3.5.1 L2 ( Perfluorooctane sulfonate PFOS)
N - PFOS
[12] [13] [14] [15]
PFOS ° L-02
PFOS 72 h DNA
dC 5-mdC PFOS L-02 DNA
2bo DNA PFOS 10,25 50 mg/L 25
PFOS 2 PFOS L-02 DNA
DNA Table 2 Changes of global DNA methylation ratio of normal human liver cell
0S L-02 after treated by PFOS
( p<0' 05) PF L-02 PFOS Concentration
DNA Control 10 (mg/L) 25 (mg/L) 50 ( mg/L)
° Methylation ratio ( %) 2.824+0.129 1.792+0.152 1343+0.025 1.570+0.235
PFOS DNA

Wan

10 2.0 mg/(kg +d) PFOS



8 : - DNA 1205

( LINE- )  LINE- .
PFOS o
3.5.2 ( Polymerase chain reaction PCR)
DNA DNA DNA
DNA DNA
o 10 HCC 10
(LC/MS) DNA 2Co 3 HCC
DNA HCC DNA 3 DNA
3.067% +0.569 % DNA Table3 Global DNA methylation ratio of human plasma

2.4810% £0. 526% Case (% n=10)  Control (% n=10) p

( P <0. 05) o
1 Melhy(lati(;n ratio 3.067+0.569 2.481+0.526 0.028*"
%
° *: p value was calculated by t-est
DNA o
DNA LINE-
7. Aparicio " S N
LINE- LINE- o
DNA o
DNA o -
dC  5-mdC DNA o
4
- DNA o
DNA LC/MS
DNA 0 L-02 PFOS
DNA PFOS L-02 DNA
o DNA
DNA
DNA N DNA DNA
DNA o
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Determination of Global DNA Methylation in Biological Samples by
Liquid Chromatography-Tandem Mass Spectrometry

PENG Si-Yang ZHANG Jie" TIAN Mei-Ping WANG Zhan-Lin SHEN He-Qing
( Key Lab of Urban Environment and Health Institute of Urban Environment
Chinese Academy of Sciences Xiamen 361021 China)

Abstract A method based on liquid chromatography-electrospray ionization tandem mass spectrometry ( LC-
ESI-MS/MS) was developed to determine global DNA methylation level in biological samples. DNA was ex—
tracted from biological samples and digested by three enzymes into single nucleotides. Liquid chromatography
coupled to tandem mass spectrometry was used to measure the concentrations of 2”-deoxycytidine and 2"-deoxy—
S-methylcytidine respectively so as to calculate the global DNA methylation ratios. The developed method was
further used to explore the global DNA methylation level in normal human liver cell L-02 exposed to perfluo—
rooctane sulfonate ( PFOS) and plasma samples from 10 hepatocellular carcinoma patients and 10 control ca—
ses. This approach has high sensitivity and stability and is easy to operate enabling us to analyze the global
DNA methylation level in various biological samples especially those valuable samples ( such as serum plas—
ma etc.) with extremely low concentration of DNA.
Keywords Deoxyribonucleic acid methylation; Liquid chromatography; Mass spectrometry; Plasma; Cell;
Perfluorooctane sulfonate
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