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Alphaproteobacteria methylate DNA by using the cell cycle-regulated DNA methyltransferase
(CerM). CerM does not contain a functional unit of restriction endonuclease, thus belonging to an
orphan methyltransferase. By methylating adenine in DNA sequences, CcrM influences the
interaction between DNA and proteins, regulates the expression of numerous genes, and is crucial
for the regulation of processes such as the cell cycle of Alphaproteobacteria. We reviewed the
function, structure, and epigenetic regulation of CcrM, clarified the mechanisms of CcrM in DNA
recognition, catalysis, and activity regulation, summarized the mechanism by which the global cell-
cycle regulator (GerA) utilizes the methylation signals produced by CcrM to regulate gene
expression, and provided an outlook on the potential future research directions of CcrM, providing

a reference for further in-depth study of the epigenetic regulation mechanisms in bacteria.
Keywords: CcrM; bacterial DNA methylation; epigenetic regulation; GerA
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2R, g (o B A SR s A TUN AL R RS | S (0 BRI 32 B 00 S 7 i A MR R
SMEA, HMBLAENA R T CaMP B FEMLGANTCHILE, T IRBIGANTCIHLTF I JL /ALY
PIREHIE AR, P i (i (B A REHOR A IR — SRR b i i (LA, SIS (A Hok A 181 CZE M
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Figure 1 Sequence recognition and catalytic mechanism of CcrM. A: Schematic diagram of CcrM catalyzing
the formation of G(6mA)NTC from GANTC (The adenine residue is presented in structural formula, and “dR”
represents phosphodeoxyribose); B: Structure of the CcrM monomer (PDB: 6PBD); C: Mechanism of CcrM
binding to and catalyzing DNA (PDB: 6PBD)!'”). The dsDNA is shown in red. The blue and green colors indicate
the two monomers of the CerM dimer, respectively. The blue monomer mainly functions in recognition and
methyl-transfer of target site, while the green monomer is mainly involved in non-specific binding to the
complementary strand of the target site. The content within the dashed box on the right side shows a schematic
diagram of the mechanism by which CerM recognizes and catalyzes GANTC. Several motifs used for
recognizing the GANTC motif are all marked in a modular form. The modules with a blue background are from
the blue monomer in figure C, and the module with a green background is from the green monomer of the dimer
in figure C. The green arcs represent the motifs used for non-specific recognition of the complementary strand of
the target site.
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Figure 2 Regulatory mechanism of CcrM. The grey
arrows represent the genes to be transcribed, the black
arrow indicates transcription, the red arrows indicate
the blue
inhibition, and “CHj3” represents the methyl group
transferred to the GANTC motif catalyzed by CcrM.
Each rectangle contains the biochemical processes

activation, “T”-shaped lines indicate

regulated by CcrM, and only representative genes and

biochemical processes are included.

(Ensifer meliloti) 5 20 T i 25 77 & 06 T gy 112,
LKW CorM WY AE LI BEXS o 28 JF T 2K 1 1 41
B, A RIBEFFLRIK coM BN F 3K
GANTC o7 m 75 R A 20 SR 3 v df 2 A e 4 R
FACIRZS, M A i 2 BUR 2 5L By g
lk, B2IHREILE, JRERENGE T2,
CerM b . 35 52 W 240 1 1 3z s 1k . A= ) P

>4 actamicro@im.ac.cn, 7 010-64807516

Ji AN B SV FEARE B P CorM 5 A A
A7 G,

T8 C. vibrioides H K2y 10% (3 ik &
cerM SR KA AR AL, Hh & K
Z: 55 4 e JE) R A g R DR, s S R R A L
2 IX Sl H S — AN E S GANTC 370,
C. vibrioides T2 i J&) 195 K A9 4 e F1iE 2 4 i
oAk, CtuA JAFE N FAEH R E AR .
ctrd J3 B FUFRE XA 2 4> GANTC %
¥, %A s FAUTE: BT A BRI cord 5%
F3 T CorM 76 DNA &I B A ZR L, 1
A DNA b T4 IR, BRI il 2= 4:
2 AR H B RS TR DNA, CerM IES&7E I B
WS s, A B 2k DNA a4 H E{E
DNA M, #Emiai] CueA 5845 1y %
KB CtrA RERS5 52 RS2 & DR R R
FACIRZS s gl e i )s , AeliEsh 40 i
CtrA 3R 5 JF S 4h &, iR AT
B EARS, AR RS K
TERARA Y, CtrA 8 HBE/K AR SR TS, 2
Jit i 58 4 AR S AT AE DnaA B4R H T HR-0R
B 2 HIPY . % T AE C. vibrioides TF', CerM 7E
A. radiobacter™ | B. melitensis® . R. meliloti®>"
25 o W TE Bl i CtrA JE 45 DNA & il i WLl
HAGSF . HECER, CorM X4 73k 45
il /& Caulobacter Fi51EH o

PR T CrA 845 DNA 9 52 il A0 4i i 4
1k, CerM 50— 51 20 it JE 30 AH DG PR i)
IR 2)BY, T8 C. vibrioides 125 DNA &l
ligd . gyrd. nrdA 5 3 H 0 3R iK% CorM 7K
- ) RS Ftsz JEANMI A I E A, A
C. vibrioides. B. melitensis  A. radiobacter W
CerM 13 [A] GerA V& 2 FtsZ B 3¢ k2241, %
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FlaY . ZHHTE A0 H T CreS %332 5| CarM
LR TEEEPL BF5E LW CorM A3 19 H 34k
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dnad Wik 5 corM oM, B T 98737 40 L A
1, A. radiobacter 1) CerM A i 1 GerA W% Ti
JEok A DL RNEE SRR FR . &2 CorM VA 40
i ST A S SE R ) B B LR 1,

FEH 45 A0 M B 30 AR v R DR SFAE o SR T A 2k
PSP BRI T AR R, 10 popZ FN
popJ 1E C. vibrioides ' %5 CerM & ¥, 1 1E
B. melitensis P ANSZ LM, CerM VAR5
PR B B0 S A B A S L AR AR T CorM
DIRe AR e . RAETE DR LA 257,
B CorM 4 55 K 22 38 i HIL I B R R w8 B RS

TER o BB H T CorM A IIER AL E L RIER SZIRELN PR T #2iE i GerA
FI7E DNA &2l . B S5T5H, AT CaM 2B 7 SRIKAAFEGE 1.
&1 CorMEHE B 406 E BRIt X & F
Table 1  Cell cycle-related genes regulated by CerM
Gene Function Activated (A)/ Activated by GerA Validated strain References
repressed (R) by
CerM
dnaAd DNA replication Controversial Repressed by GerA Cv [8,33,45-47]
ligd DNA replication A - Cv [8]
gyrd DNA replication A - Cv, Bm [8,40,46]
nrdA DNA replication A - Cv [8]
recJ DNA replication A - Cv [8]
ssb DNA replication A - Cv [8]
thyA DNA replication A - Cv [8]
repABC DNA replication A Yes Ar [8]
nst4 Chromosome segregation A Yes Cv [41]
parE Chromosome segregation A - Cv, Bm [8]
ftsZ Cell division A Yes Cv, Bm, Ar [8,38-40]
fisN Cell division A Yes Cv, Bm [4,8,38,40]
ftsW Cell division R - Cv [8]
fisE Cell division A - Cv [8]
mipZ Cell division A Yes Cv, Bm [4,38,40,45]
pleC Polarity A Yes Cv [4,43]
popZ Polarity R - Cv [8]
podJ Polarity regulator A Yes Cv [4,38,45]
tipF’ Polarity regulator A Yes Cv [4]
flay Motility A Yes Cv [4]
staR Stalk biogenesis A - Cv [8,46]
creS Cell shape A Yes Cv [8,43]
ctrd Cell cycle regulator R Yes Cv, Ar, Bm, Em [4,8,38,45,48]
mopJ pleiotropic regulator A Yes Cv [42]

— indicates that no information is available. Cv: C. vibrioides; Bm: B. melitensis; Ar: A. radiobacter; Em: E. meliloti.
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Figure 3 Mechanism of GcerA activating gene expression. The blue structure represents the schematic model of
the DNA-binding domain (DBD) of GcerA. The purple structure represents the schematic model of the o-factor
interaction domain (SID) of GcrA. The two are connected by a grey linker (schematic model). The yellow
structure is the schematic model of the c’° factor, and the light-grey structure represents the schematic model of
RNA polymerase. GerA recognizes the G(6mA)NTC motif (rectangle with red background) through the DBD,
and then interacts with the ’° factor through the SID to activate transcription. The model was summarized and

drawn based on the research findings of Gonzalez et al. and Wu et al.
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