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ABSTRACT: As a significant epigenetic modification, DNA methylation plays a critical role in regulating gene expression and
maintaining genomic stability in mammals and flowering plants. DNA methylation level and pattern of change will lead to abnormal
phenotype or even death. The level and pattern of 5-mC are determined by both DNA methylation and demethylation processes.
Demethylation of DNA can be passive and active. The formation of DNA methylation pattern depends on the active demethylation. Five
potential mechanisms of DNA active demethylation are reviewed in this paper: base excision repair involved with DNA glycosylases,
base excision repair involved with enzymatic deamination, nucleotide excision repair, oxidative demethylation and hydrolysis.

Key words: DNA demethylation; DNA glycosylases/lyase; Base excision repair; Nnucleotide excision repair

Chinese Library Classification CLC : Q341, Q75 Document code: A

Article ID 1673-6273(2012)01-160-03

base excision repair BER

5-mC  DNA o
DNA . ®
5-mC T G/T BER o
. DNA . ®
CpG nucleotide excision repair NER
0, 5- 5-mC CpG . @ -
DNA - DNA . ®
° S DNA 3
DNA 2 DNA
DNA - DNA DNA
2 DNA 2.1 DNA DNA
ER DNA
DNA ) BER ®, BER 5-mC
DNA AP (apurillic/apyrimidinic) AP
1 DNA AP o DNA
DNA DNA DNA C 5-mC,
DNA ROS1(REPRESSOR
. DNA D DNA OFSILENCING1) DME DEMETER
* 30900115, 31070275 DL09AB13
FWI11C201
1985- Email caolinggai@163.com
A Email lyhshen@]126.com

( 2011-10-05 2011-10-28)



www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.1 JAN.2012 - 161 -

67 BER
DNA LIS
BER DNA
ROS1 DME DNA AP
101 CpG CpG
CpNpG CpG ROS1 DME
5-mC, ROS1 g
(213
COR 78 COLD REGULATED 78)
COR 78 siRNA,
siRNA rosl
o ROSI siRNA DNA
o DME
b4 FWA
DME
FWA o
DNA
4 0sl
DNA DNA
BER o Hela
DNA DNA
uel, DNA
TDG 5-mC DNA i,
DNA MBD4
5-mC DNA s TDG MBD4
G/T o mbd4
DNA o DNA
DNA
2.2 DNA
DNA 5-mC
T T/G C
T,
DNA ., DNA
RNA . I
AID B
. AID  APOBECI
o0
G/T DNA
5-mC DNA
DNA o DNA
Dnmt3a  Dnmt3b 5-mC T, T
G/T . Dnmt3a  Dn-
mt3b G/T DNA .
Dnmt3  5-mC G/T
DNA DNA

[217, DNA
DNA 5-mC C/T o
3 DNA
DNA
NER ® NER
-DNA XPC
Xeroderma pigmentosum .DNA
o DNA
NER XPF XPG
25-30 nt DNA DNA 5
DNA C 5-mC DNA
DNA Gadd45a  growth arrest
and DNA-damage-inducible alpha p53
NER 121 Gadd45a
Oct4
5-mC o Gadd45a XPG
5-mC o DNA NER o
4
DNA R
Alkb 1-
I-mA  3- 3mC Fe II «-
R 5-mC 5-
5-hmC ., 5-hmC DNA
\Purkinje J,TET1 «- Fe
I 5-mC
5-hmC, DNA
5-hmC C, 5-hmC
o JmjC Ju-
mon;jiC
H3K9K36 24 Fe I a-
o JmjC
KIAA1718 (KDM7A)
H3K9K27 2R LSD1
H3K4 FAD
26
5
DNA
MBD2.CpG
e
)
6
DNA



162 - www.shengwuyixue.com

Progress in Modern Biomedicine VolL12 NO.1 JAN.2012

BER DNA o BER
. DNA
DNA DNA
References

[1] Ooi SK, Bestor TH. The colorful history of active DNA demethylation
[J]. Cell, 2008, 133(7): 1145-1148

[2] Zhu JK. Active DNA Demethylation Mediated by DNA Glycosylases
[J]. Annu Rev Genet, 2009, 43:143-166

[3] Gehring M, Reik W, Henikoff S. DNA demethylation by DNA repair
[J]. Trends in Genetics, 2009, 25(2):82-90

[4] Jost JP, Siegmann M, Sun L, Leung R. Mechanisms of DNA demethy-
lation in chicken embryos. Purification and properties of a 5-methyl-
cytosine-DNA glycosylase [J]. J Biol Chem, 1995, 270 (17):
9734-9739

[5] Kress C, Thomassin H, Grange T. Local DNA demethylation in verte-
brates: how could it be performed and targeted [J]. FEBS Lett, 2001,
494(3):135-140

[6] Choi Y, Gehring M, Johnson L, et al. DEMETER, a DNA glycosylase
domain protein, is required for endosperm gene imprinting and seed
viability in Arabidopsis [J]. Cell, 2002, 110(1):33-42

[7]1 Gong Z, Morales-Ruiz T, Ariza RR, et al. ROS1, a repressor of tran-
scriptional gene silencing in Arabidopsis, encodes a DNA glycosy-
lase/lyase [J]. Cell, 2002, 111(6):803-814

[8] Ikeda Y, Kinoshita T. DNA demethylation: a lesson from the garden
[J]. Chromosoma, 2009, 118:37-41

[9] Gehring M, Huh JH, Hsieh TF, et al. DEMETER DNA glycosylase es-
tablishes MEDEA polycomb gene self-imprinting by allele-specific
demethylation [J]. Cell, 2006, 124(3):495-506

[10] Morales-Ruiz T, Ortega-Galisteo AP, Ponferrada-Mari n MI, et al.
DEMETER and REPRESSOR OF SILENCING 1 encode 5-methylcy-
tosine DNA glycosylases [J]. Proc Natl Acad Sci U S A, 2006, 103
(18):6853-6858

[11] . DNA
[J]. ,2008,30(4) 426-432
Xia Han, Liu Mei-qin, Yin Wei-lun, et al. DNA methylation regulat-
ing factors in plants [J]. Hereditas, 2008, 30(4) 426-432

[12] Penterman J, Zilberman D, Huh JH, Ballinger T, et al. DNA
demethylation in the Arabidopsis genome [J]. Proc Natl Acad Sci U S
A, 2007, 104(16):6752-6757

[13] Zhu J, Kapoor A, Sridhar VV, et al. The DNA glycosylase/lyase

ROS1 functions in pruning DNA methylation patterns in Arabidopsis
[J]. Curr.Biol, 2007, 17(1):54-59

[14] Lauria M, Rupe M, Guo M, et al. Extensive maternal DNA hy-
pomethylation in the endosperm of Zea mays [J]. Plant Cell, 2004, 16
(2):510-522

[15] Hsieh TF, Ibarra CA, Silva P, et al. Genome-wide demethylation of
Arabidopsis endosperm [J]. Science, 2009, 324(5933):1451-1454

[16] Vairapandi M, Liebermann DA, Hoffman B, et al. Human
DNA-demethylating activity:a glycosylase associated with RNA and
PCNA [J]. ] Cell Biochem, 2000, 79(2):249-260

[17] Zhu B, Zheng Y, Hess D, et al. 5S-methylcytosine-DNA glycosylase
activity is present in a cloned G/T mismatch DNA glycosylase associ-
ated with the chicken embryo DNA demethylation complex [J]. Proc
Natl Acad Sci U S A, 2000, 97(10):5135-5139

[18] Zhu B, Zheng Y, Angliker H, et al. 5-Methylcytosine DNA glycosy-
lase activity is also present in the human MBD4 (G/T mismatch gly-
cosylase) and in a related avian sequence [J]. Nucleic Acids Res,
2000, 28(21):4157-4165

[19] Conticello SG. The AID/APOBEC family of nucleic acid mutators
[J]. Genome Biol, 2008 9(6):229

[20] Muramatsu M, Kinoshita K, Fagarasan S, et al. Class switch recombi-
nation and hypermutation require activation-induced cytidine deami-
nase (AID), a potential RNA editing enzyme [J]. Cell, 2000, 102(5):
553-563

[21] Mé tivier R, Gallais R, Tiffoche C, et al. Cyclical DNA methylation
of a transcriptionally active promoter [J]. Nature, 2008, 452(7183):
45-50

[22] Kazantsev A, Sancar A. Does the p53 up-regulated Gadd45 protein
have a role in excision repair [J]. Science, 1995, 270 (5238):
1003-1004

[23] Trewick SC, Henshaw TF, Hausinger RP, et al. Oxidative demethyla-
tion by Escherichia coli AIkB directly reverts DNA base damage [J].
Nature, 2002, 419(6903):174-178

[24] Yamane K, Toumazou C, Tsukada Y, et al. JHDM2A, a JmjC-con-
taining H3K9 demethylase, facilitates transcription activation by an-
drogen receptor [J]. Cell, 2006, 125(3):483-495

[25] Huang C, Xiang Y, Wang Y, et al. Dual-specificity histone demethy-
lase KIAA1718 (KDM7A) regulates neural differentiation through
FGF4 [J]. Cell Res, 2010, 20(2):154-165

[26] ShiY, Lan F, Matson C, et al. Histone demethylation mediated by the
nuclear amine oxidase homolog LSDI1 [J]. Cell, 2004, 119(7):941-953

[27] Bhattacharya SK, Ramchandani S, Cervoni N, et al. A mammalian
protein with specific demethylase activity for mCpG DNA [J]. Nature,
1999, 397(6720):579-583



