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Determination of genome-wide DNA and total RNA methylation in
rats with myocardial infarction by mass spectrometry
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Abstract: To detect the methylation level of genome-wide DNA and total RNA in the process of heart failure,
we established the method of ultra-high performance liquid chromatography tandem mass spectrometry (UPLC-
MS/MS) to observe the change and synchronization of methylation rate of myocardial infarction (MI) tissue and
peripheral blood. Animal welfare and experimental process were in accordance with the regulations of the Animal
Ethics Committee of Guangzhou Medical University. The rats with myocardial infarction were divided into three
groups: 1%, 4™ and 8™ week to simulate different levels of cardiac function. And they were euthanized at the same
time to keep the same age. DNA and RNA were extracted from infarct marginal tissues and peripheral blood
lymphocytes, and then decomposed into single nucleosides by enzymolysis. The methylation rate of DNA and
RNA was measured and calculated quantitatively. The results showed a concordant methylation changes in tissue
and blood, and the methylation level of genome-wide DNA and total RNA was increased after myocardial infarction
in rats. In this study, we obtained the preliminary data of DNA and RNA methylation during the occurrence and
development of heart failure, further indicating that epigenetic changes can be used as biomarkers for early diagnosis
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of heart failure.
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FEALAHCR, DNA F AL 2 B 5 35 1 R B AR R HE 2
—, B LA R R A S i e i S A LA B A T K
A, FEARAE T LB WL R A (1) CpG % B IR 7
FIHRBL, 78 B, DNA FF AL Je 2 LI 2 50
JUE 975 140 973 1ok A, DINA B Ak S 25 ol DR 25 5 762 o0
DiRe ORI 25 B E A G EM. 25T DNA H L 1
FU B AL W B A F B I JZ IR, #OaT 13 1) RNA B 1@
N CRNA R AL 7 T 20 55 — AN A 42
SRR, 7E EUR 20 il mRNA 1, N6-FF L AR FE (mBA) Al
5- 1 EL g iE (m5C) 1X F A RNA B g 2 i 7, &
i1 BLAE 3'9EHH 1+ X (3" untranslated region, 3' UTR) Al
ZORERD T, $R H S 5 T 5 1T A/ E R 1
T T TR IR B A AR AR RS ARk, B
OV T2 5 P R AL SO O K 2 SR e T R RN S )
T e PR SO U8, R 4 ik K 4 DNA &S RNA
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A1) Ik E 40 ) 56 3R, A DR PR 2 W i A B A A
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Vevo 3100 & 4r #F /NS W FE 4 R4 (W& R
VisualSonics 2 #); KZ-11 & %4 230 & {3 ([ Ser-
vicebio 2 7); 5810R & = i ¥4 ¥ B 0 Bl (1
Eppendorf 22 ®]); SQP 1 /7 4r Z — HLF 4 B K ¥ Al
Arium Comfort &8 2l 7K Hl. (4% [E Sartorius 2 ]); Nano-
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T 7K HL Pk FI GE AI600 8 R B % Th g A=) 45 7 BRAZAX
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H (guanosine, rG).N6- H1 & Jlit 1 (N6-methyladenosine,
m6A) R tF (adenoside, rA) (1 E % s b A 7)o
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W TR I SRR S M E T AR AR, FATIE S
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PZE R IRE
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S T b SR IR BRI SR BB RS PROIR A&, e i S A A
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UL HE4T . RNA K DNA B4 NanoDrop One i1
B EICEE TR S AR . @ RNA K& DNA i
fift: % 500 ng £ K 41 DNA F1 1 pg & RNA FE S R A A
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EGAE O LZH 24 DNA K2 RNA (1) &, DL K B fii DNA
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6080 f1120 ng-mL%) B A %2 000 ng-mL™ rA 1, 7853
PRGIRS o LA B ORAFT—-20 °CUKAA, 1 FH I B2 7T
B . © REEEGECH]: BA RS 5mdC (2.5,
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rG w1, ¥ A [ ¥k 5 mBA (10.15.50 A1 100 ng-mL?) Jii
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IR IEM, SR RGIRST . L B WA A7 T-20 °C
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Analysis B.09.00 4 {4 £ il & — 4> 43 B #L i b 14 il 2 5%
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(P<0.001). [FH, 5 sham ZHAH bb, #5870 40 K B A0 00 5
s SRIHAT Y R G, O E TR, LT 0K
3 (FI1E) . N A A0 2 A AT 1 HE B (000 JUE 42 5%
R S5 R BoR, BERNAH KGR e O = B IR 25 R ) AR 4L
T P T o, G0 R sham 41 2 2 45k (B 1F). A IE
15 B — 4% Sk P48 O 22 1) masson He {0 45 L 5 R, sham 41
KON R R, HRHS 85, B R R 4F
S B, TS TR A K RO UL ZE 2R AT 3 25 IX 0 LT 4
He# KL, R IE MR, T R R A 4R 20 28, H Ak AE O LA
U U LN A A AN 3, S5 B IR T E (] 1G).,
SIS 25 B O Y AL R B )
2 GHEEE-RRKRESHFNRL

XT 1 pg-mLBRAEVE O T 44, A SIS S
MBS TR NIRRT B (selected ion
monitoring, SIM) it ft. & 4 & i [ HL /& (fragmentor),
PLARIEBE 2T (precursor ion) A& 2R . N 72
T4 (product ion scan) A E AL AL I (1) B 40 H 11 E
JE 3% R 5B T, LUK AEFE A8 & (collision energy,
CE), 2L 17 B Fmi B (R 1). N H MRM B2
BB AL BANE B DB R AR RE R . SIS A
T 9 0.2 mL-mint B B i 5% 1R O R R OO £
T SR A T IR N, &AL A P Ok BRI RS [, BT DA SE 4
(K 2).
3 HEFERHER
31 EMESHEE  HEIAURE M I HEh AR %
B, B ELRE 1Ak bm v 1 4R, 4 /AN R BE KT 19 o %
FE &, 2090 A i 52 &= R BR (lower limit of quantifica-
tion, LLOQ). %18 J# = (low level quantitation control,
LQC).HH &z (middle level quantitation control, MQC)

A B 60 _
40_|
B.\a G‘Q LEL S LEE S wEE
= &
M = 20
0_]
Sham 1w 4w 8w
C D 15_
£ E » % e
£ E
— —
=3 8
5 S
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F Sham Iw _ 8w

Figure 1 Echocardiographic assessments of left ventricular (LV)
function. A: Ejection fraction (EF); B: Fractional shortening (FS);
C: Left ventricular end-systolic diameter (LVIDs); D: Left ventric-
ular end-diastolic diameter (LVIDd). n = 5-10, X  s. "P<0.05, “P<
0.01, ™P<0.001 vs sham group; E: Representative M-mode echo-
cardiograms showing anterior and posterior LV wall motion in
each group; F: Representative HE staining images of histological
cross-sections taken in bright-field mode processed from sham,
1w-MI, and 8w-MI; G: Representative masson trichrome staining
images of histological cross-sections taken in bright-field mode
processed from sham, 1w-Ml, and 8w-MI. HE: Hematoxylin-eosin;
w: Week; MI: Myocardial infarction

FIEE % (high level quantitation control, HQC), f4™
WREEPAT 500 . 3R 3 LN J Atk Inl (A ifh 5 5k 2 e 5
H, Hor Inter-assay CV/% £ 7 I 4k (R RS %5 FE AR 7 &
el MEEIEZRX A A (LLOQ CV% < 20%,
H Ak B K CV% < 15%), Bt B b 7 v25 1 A o A
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Table 1 Mass spectrometry operating parameters. CE: Collision
energy

Compound F?recursor Product ion  Fragmentor CEN

ion (m/z) (m/z) N

5-Methyl-2'-deoxy- 242.1 126.1 90 2
cytidine (5mdC)
2'-Deoxyguanosine 268.2 152.1 100 3
hydrate (dG)
5-Methylcytidine 258.2 126.1 95 8
(5mrC)
Guanosine (rG) 284.2 152.1 90 2
N6-Methyladenosine ~ 282.2 150.1 115 7
(m6A)
Adenoside (rA) 268.1 136.1 110 10

Table 2 The retention time of 5mdC, 5mrC, m6A, dG, rG, and rA

Compound Retention time/min
5mdC 1.184
5mrC 1.029
m6A 4.277
dG 2.309
rG 2.005
rA 1.736

Table 3 Validation of within-run and between-run accuracy and
precision (n = 5). C: Concentration; Exp: Experiment; CV: Coeffi-
cient of variance; RE: Relative error

Cey Crinal Intra-assay Inter-assay
Compound o ml+  mgml®  cvie  RE® cvme
5mdC/dG  2.50 251+0.03 113 0.4 4.28
4.00 4.06+0.04 0.96 14 2.98
18.00 18.26+0.07  0.39 15 2.13
80.00 80.13+0.15  0.19 0.2 1.57
5mrC/rG 2.00 1.99+0.09 4.62 -0.6 2.19
3.00 2.68+0.07 245 -10.6 2.83
1500 14.98+0.23  1.52 -0.1 2.56
60.00 66.10+1.30  2.02 10.1 1.60
mM6A/rA 10.00  10.25+0.05  0.52 2.5 7.33
1500 1443+0.14  1.02 -3.8 3.49
50.00 51.71+0.34  0.67 34 1.61
100.00 104.79+059  0.55 4.8 3.12

HOPERLT

32 HREBMN H W4 sh A AR 1 mg-mLt ()
5mdC.dG.5mrC.rG.m6A J rA [¥1fi# i & 500 ng-mL™,
B 2 JyiE L3k £ 6 YK 500 ng-mL IR A ISR I 1IRE
FIREA, BT LLE W, 3 82 m iR B R i, 5 7 i
W #3278 378K F- LLOQ [ 20%

33 ERYESEWE FAFRKEAKFH 5mdC.dG.
5mrC.rG-m6A Az rAbRE i ¥ W 43 ) Jn 1) i it 22 1 VR
Ik, HdismdC 5 dG, 5mrC 511G, m6A 5 rAkx
YA iV TS 7T BE ORRE — B, 4% HRRE i A 2R TR
RNA Jz DNA [ i fifE #5 0% B85 00 i 2E REAS DU, LU A i 97

HZE 57, BERIE RN 125 1 3 0 42 HE B S AL B T
RNA K DNA P 20 B8 250 S B3, IMNAS [R5
K1 5mdC.dG.5mrC.rG.m6A Az rA FrifE iAW, t
B [R5 O 25 A3 I PR A 2 e, R R
e WS EL &S E Y VAL M CL ST S R
JEE AR 1, 2% AR KT 1 R o AR 38 7 85% ~115%
P, T B JO 205 A 2 5 T A i (18] S B I 5 A o

Table 4 Validation of recovery and matrix effect (n = 5, X % s)

Compound C/ng-mL* Average Matrix effect/%
recovery/%

5mdC 4 100.47 +0.36 103.12 +1.93
18 100.14 + 1.42 99.71+0.30

80 99.55 + 1.56 100.56 + 0.55

dG 4 99.80 + 1.00 93.82+1.18
18 102.69 + 3.95 97.48 +0.13

80 98.77 + 5.88 96.77 +0.39

5mrC 3 98.11 £ 0.90 93.49 +0.69
15 100.10 + 0.66 92.03+0.71

50 99.50 + 1.28 92.59 +1.02

rG 3 106.79 + 2.41 96.64 + 1.35
15 101.63 +0.91 86.60 + 0.97

50 98.12 £ 4.01 96.61 + 0.56

m6A 15 98.19 + 0.67 101.79 +1.58
50 100.46 + 3.23 100.87 +0.36

100 101.58 + 0.97 100.22 +0.72

rA 15 100.16 + 1.33 94.42 +1.40
50 100.80 +0.71 96.73 +0.35

100 99.02 +2.15 97.53 +4.26

34 TREM FUIREMEFE L INARIKE K1 B

P, 59 8 LQC MQC ATHQC i & T = i 2 h Al
Ha A4 h e e, KRR EEEEMET4°C
VKA 7 RAN-20 °COKAE 30 R e M. K58 TAEMRE
R A AR e A L, BB I AR 2R IX A Y (LLOQ
CV% < 20%, H R LK CV% < 15%), Ui B TAF R
E MG 18] 5 Bl N DR FR AR E
4 LC-ESI-MS/MS 434 DNA 71 RNA R E 4L

PLIE A AR FE FH 5mdC A1 dG.5mrC F1 rG.m6A Al rA
{747 5 D JoR e B A R O Jo % i o 57 TR AR ) LG AL A
el A h 2, 3R19 & A LK 40 DNA J s RNA F &
2 bnitt TAE 2. 245 3 27K, 5mdC/dG.5mrC/rG
K mBA/rA 7 0.5%~20%- 0.1%~4% }% 0.5%~6% P
H 25 R AP AR G, T F T F A 2 1) 0 24 AT
5 DALAESE KR O ALZE ZR K2 S B itk BB 20 Bl v R AR
KT

5E B 52 O JLRE E K SR O UL 23 % 4 A 1 ok 2 4
Ji 4= JE TR 2 DNA K2 5 RNA () R AR K T, 98
5 sham 20 idE 47 LU, 45 R 2o, O 1 41 DNA & RNA
LA R S G ks 9%, b 8w 2 5 sham 4 HE A, A



1846 - 2254 Acta Pharmaceutica Sinica 2020, 55(8): 1841 -1848
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Figure 2 The liquid chromatographic of 5mdC (A), 5mrC (B), dG (C), m6A (D), rA (E), and rG (F) in blank sample

Table 5 Validation of working solution stability (n = 5). LQC: Low level quantitation control; MQC: Middle level quantitation control;

HQC: High level quantitation control; RT: Room temperature

» LQc MQC HQC
Compound Condition Coo/ng-mL™ RE/% Coo/ng-mL? RE/% C./ng-mL™ RE/%
5mdC RT-2h 3.915 21 17.584 23 78.917 14
Sampler-4 h 3.831 4.2 17.303 -39 77.775 -2.8
4°c-7d 4.187 47 19.003 6.1 87.849 9.8
~20°C-30d 4.134 33 16.808 6.6 76.005 5.0
5mrC RT-2h 2.905 32 15.116 0.78 57.307 45
Sampler-4 h 3.104 35 15.037 0.24 56.813 53
4°c7d 3.051 17 16.287 8.6 63.830 6.4
~20°C-30 d 3.081 2.7 17.223 7.7 57.882 -35
m6A RT-2h 15.451 3.0 51.375 2.7 99.865 01
Sampler-4 h 15.642 42 52.152 43 100.022 0.0
4°c7d 15.369 25 51.420 2.8 97.671 23
~20°C-30 d 15.088 0.6 54.968 8.4 100.103 18

HREEMZES (P<0.01), H 4 i itk B 40 i 5 0 UL
2 () AL R AR A — 2 (3).

g

R ML A R 2 35 v o U R R S I P RS G B
PEFIRA, 7 R0 38 1 2 o (R 2R a8 A% 22 AR A T] Dy 39

W IR YT BRI ERIT AR R 5 B 1) A T
A . O SCHRIE S e O 0 BB A I A AR R 4
DNA H Ak 2 2 i 15 HR 209, Jiang 26040 5 1L 3% 4F
ek 975 KB A A JE) I BEUA% 40 L DNA FR Ak A 2 R Ak
KB B T i, 5 e IR B Rk o A A A R B R TR A O
B 2 mRNA [ 5 55 5 A8 1 ik 2 e e v Rt i 4 e



ARBTG5 s K R 0 ) 0 i R A S PR 2 DNA J2 L RNA I FR AR 7K AR AL - 1847 -

g 13+ D = 15—
% g *%
= ek 3
£ 124 =
< = = 10
2 udm | T z
S ulE 2
2 : el
g 104 s
= o
A 9 Ee
T T T T WA
Sham 1w 4w Bw Sham Iw Bw
B
8 2219 % E = 15 -
Z ] *%
= 204 % =}
| =
% 18 - ) . 1 z 10
2ol f £ F :
% 144 = S 05 -
e )
D 124 ° §
& 10— T T T 5 00
Sham Iw 4w Bw Sham 1w Bw
C o 259 o F 1.5 =
z ‘
.: % =}
= A B ]
; 20 " —} Z 1o
e g™
S isd{2E S 0.5
= £
L0-— T T T 0l
Sham 1w 4w Bw Sham 1w 8w
Figure 3 Increased 5mdC in genomic DNA, 5mrC, and m6A in

total RNA in failing rat (post-myocardial infarction ischemic)
hearts and blood. Quantification of 5mdC in genomic DNA in LV
(A), 5mrC in total RNA in LV (B), and m6A in total RNA in LV
(C). n = 4-9, X % s; Quantification of 5mdC in genomic DNA in
blood (D), 5mrC in total RNA in blood (E), and m6A in total RNA
in blood (F). n = 3-5, x + 5. "P<0.05, “P<0.01, "“P<0.001 vs sham
group

5 BN B T PR AN A B £ g i 28 OC EE S,
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and obesity associated, FTO) 5 m6A H 3 4% 2§ 3 (N6-
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AEAH IS RNA B 22—, mBA [ 2 1 A2 i FLsh P 0 77
T 0 [ B AR ST, RNA FH AL mBA ZKF 138 in =
SEAREE O HUAE K, T mEA 5 /b U] £ 5 85 i 0o O
JUL 20 o T 22 R0 T fg B A5, METTL3 4 3 (1) m6A [
MRNA 3 A ey AL i) (] 4 9 F T 2 55 15 5 10 I
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