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| Check for updates Cell division is a central process in all living organisms and requires the coor-
dinated action of many proteins and regulatory elements. In most bacteria, the
division and cell wall (dcw) gene cluster is regulated by the first gene of the dew
operon, mraZ, a highly conserved DNA-binding transcriptional regulator. Here




A research team led by Universitat Autonoma
de Barcelona (UAB) scientist David Reverter
has identified the molecular mechanism that
regulates bacterial cell division. The discovery
reveals how the MraZ protein binds to the dcw
gene cluster to control this process. The find-
Ings were published in Nature
Communications.




Cell division i1s essential for all living organisms and de-
pends on the coordinated activity of many proteins and
regulatory components. In most bacterna, the instructions

for this process are organized within a group of genes
known as the dcw operon. This cluster contains the ge-

netic information needed to produce proteins responsible
for both cell division and the construction of the bactenal

cell wall.



MraZ binding boxes
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Mycoplasma genitalium GATAAAAGTGfTTAAAAGTGTCGCAAAGTGfGACAAAGTGGAAAAA
Mycoplasma pneumoniae ATATAAAGTGT’;'ITTAAAGTGfCACAAAGTGGCATAAAGTGGTAAAA
Mycoplasma gallisepticum TTGAAAAGTGT'TAAAAAGTG'I’GACAAAGTGGGAAAAAATGATTTAA
Staphylococcus aureus ATAAATAGTGG,TGGATAGTGGGGAGAT’GTGG,‘I’AAATT'ATATATAAG
Bacillus subtilis TGAAGTT‘GTGGAGCGAAGTGQTGAATAGTGG:TGAGTTAAGGAGAGA
Escherichia coli CCTTTCA.GTGGIGAAAT}GTG&:GGCAAA'GTGG'GAATAA'GGGG;TGAGG
Neisseria gonorrhoeae TCTTATA'GTGT'CGATTG'GTGG'GGAATI;GTGG'GGCAAA'GTGT'CTCTT

Burkholderia cenocepacia CTCTAAAGTGGGAGACAGTGTGAGAAAGTGTATTTTTGTGTGATTT



Operon:
A unit of DNA in bacteria and some other organisms consisting of a
group of genes controlled by a single promoter and regulated together.
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The genes in this cluster are turned on by proteins known
as transcription factors. These proteins attach to a specific

section of DNA called the promoter, which marks where
transcription begins. This starting point appears just be-
fore the first codon (the basic unit of gene information)

that signals the beginning of the protein sequence.



Imaging the Molecular Mechanism of Bacterial

Division

The UAB research group, led by David Reverter, full pro-
fessor in the Department of Biochemistry and Molecular
Biology and researcher at the Institute of Biotechnology
and Biomedicine of the UAB (IBB-UAB), uncovered the
detailed mechanism behind this regulation. The team uset

advanced structural biology methods including X-ray crys-
tallography and cryo-eleciron microscopy.

These techniques allowed the scientists to determine how
the MraZ transcription factor attaches to the promoter of
the dcw operon In the bacterium Mycoplasma genitalium.
This microorganism Is frequently used in laboratory stud-
les because it possesses an extremely small genome.




MraZ octamer MraZ nonamer
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The promoter region of the dcw operon contains four re-
peated segments, or "boxes " each composed of siX nu-

cleotides. These repeated DNA sequences play a key role

In regulating transcription.

By examining the system with cryo-electron microscopy.
the researchers were able to observe the interaction be-
tween the MraZ protein and the DNA bases of these four
repeated boxes at nearly atomic resolution. Their observa-
tions showed that MraZ must undergo a structural change

In order to bind successfully to the operon.




DNA concatemer
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to regulate cell division we see how the donut
breaks and deforms in such a way that four of the sub-
units can join the four boxes of the promoter



A Major Advance in Understanding Bacterial Cell
Division

Directly visualizing how MraZ interacts with the promoter
DMNA that initiates cell division represents a significant
breakthrough. Until now, researchers studying this system

relied largely on biochemical experiments and computer
modeling to infer how the mechanism worked.

the requlatory system identified in

this study is likely widespread among bacteria. "is univer-
sal to most bacteria, since all MraZ proteins are very simi-

lar, have the same octamer structure, and the DNA se-
quences of the promoters of the operons that regulate cell
division are also similar,
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