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A study of boundary regions of the Ter domain, which is
organized at the replication terminus region of E.coli

chromosome

mXBEEZR F & Bz IR RE
B WA sz
R BH 0D
HEHIE FEH DA
g AN &

— 209 —




RXPAEDEE

A circular chromosome of vprokaryote has a single replication origin, oriC, at which
bidirectional replication is initiated. Bidirectionally progressive replication forks meet at the
opposite chromosomal region of oriC and the replication terminates. In general, this chromosomal
region has been referred to the replication terminus. The large chromosomal region including the
replication terminus is organized as a domain. It is called the Ter domain. In addition to the main
function of the replication terminus, this chromosomal region plays a crucial role for physical
separation of replicated daughter chromosomes. Recombination between circular daughter
chromosomes can produce a jointed molecule of them, or dimer. The dimer of daughter
chromosomes cannot physically segregate to each daughter cell. A mechanism of site-specific
recombination is provided to circular bacterial chromosomes to resolve the dimer to monomers.
In E.coli, an unique sequence for the dimer resolution (dif) is located at the center of the
replication terminus. Interestingly, chromosomal position of dif is on just the opposite site of oriC
and function of the dimer resolution. When dif is translocated out of the replication terminus,
chromosomal dimers are accumulated at high frequently. To reveal positional effect of dif,
choﬁosome arrangement of the terminus region has been studied using deletion mutants in the
replication terminus. In consequence, it is thought that organization of the replication terminus
contributes for effective function of the dimer resolution at dif.

In addition, it is known that a membrane protein FtsK can help to resolve dimers. FtsK is
integrated into inner membrane only at septum when cells divide. Thus, the chromosomal dimer
can be effectively resolved according to the cell division cycle. An enzymatic function of FtsK is
known as DNA translocase, which directionally pulls a DNA strand depending of specific

sequences (KOPS). Consensus sequences of KOPS are scattered at the entire chromosome. They
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are not at random, but polarized distribution in the E.coli genome. KOPS is symmetrically
distributed around the axis between oriC and dif on the E.coli circular chromosome so that the dif
sites tend to be stayed at the middle of cells at which FtsK is positioned. Recently, it was found
that the replication terminus is organized as folded structure by a DNA binding protein, MatP. The
binding sites of MatP (matS) are distributed only within the replication terminus. Depending on
growth conditions, cells with a mutation of matP are defective in chromosome segregation.
However, the biological function of the MatP-marS DNA binding system is not clear. Thus, a
complex system is involved in accurate segregation of circular chromosomes at the replication
terminus. Probably the unique chromosomal configuration at the replication terminus promotes
physical separation of daughter chromosomes. How and what chromosomal configuration of the
replication terminus can contribute for chromosome segregation? In this study, a series of
experiments using inversion mutants between the oriC and dif were carried out to investigate
configuration of the terminus region for proper chromosome segregation.

The analysis of chromosomes using inversion mutations, as well as deletion analysis of
chromosome, is helpful to consider effects of chromosomal configuration on accurate
chromosome segregation. In fact, it has been known that the inversion between two chromosomal
positions, the 84.054 min locus near the oriC (84.6 min) and the 33.092 min locus near the dif
(34.6 min), Inv(84.054-33.092), causes a defect in chromosome segregation so that anucleate cells
are produced at high frequency (29% of total cells). It seems likely that the inversion,
Inv(84.054-33.092), splits the replication terminus into two parts. To confirm it, localization of
MatP fused with fluorescent protein mCherry was observed. While one or two discrete foci were
seen in the wild type, the number of MatP-mCherry foci increased in the Inv(84.054-33.092)
mutant, indicating that the replication terminus was split. In contrast, Inv(84.054-22.483)

mutation, in which one inversion position is far from dif as compared with the Inv(84.054-33.092)
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and entire the replication terminus was inverted without splitting, hardly affects chromosome
segregation. These results suggest that distance of the inversion position from dif is of critical
importance for accurate chromosome segregation aﬁd splitting of replication terminus
compromise it. |

To know why the splitting of terminus in the Inv(84.054-33.092) causes a defect in accurate
chromosome segregation, effect of the genetic system was examined. Either mutation of fisK or
matP was introduced into the inversion mutants and frequency of production of anucleate cells
was tested. The fisK mutant that lacks its ATPase activity for DNA translocation remarkably
reduced production of anucleate cells in the Inv(84.054-33.092). The matP null mutation also
remarkably suppressed production of anucleate cells. Thus, both FtsK and MatP were closely
related to the deficiency of accurate chromosome segregation in Inv(84.054-33.092).

The results of the inversion mutants also suggest existence of the core of the terminus
region required for accurate chromosome segregation. To identify the core of the terminus region,
frequencies of producing anucleate cells were measured in a nested series of inversion mutants.
The frequencies of producing anucleate cells increased gradually between 27.859 min and 28.469
min, and steeply between 28.469 min and 28.473 min. Thus, it is concluded that the boundary is
located between 28.469 min and 28.473 min (268 kb far from dif). In this boundary, matS4, a
single binding sequence of MatP, is located. Similar analysis identified the other boundary at 4.9
min (248 kb) far from dif in the opposite direction, where matS21 is located. Therefore, the core
of the terminus region is located between 27.859 min and 39.592 min (544 kb). This region is
referred to cTer.

The 544 kb cTer region is thought to form folded structure by binding to MatP and this
structure or organization is required for accurate chromosome segregation. This region also has

dif that plays a curial role for dimer resolution and the dimer resolution requires a specialized
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mechanism to promote the directional reaction. Perhaps the specialized mechanism might be the
chromosomal organization that is composed of cTer and might contribute to accurate chromosome
segregation. Further analysis of cTer will reveal an exact mechanism for coupling the

chromosome segregation and cytokinesis at septum, because FtsK localizes at septum when cells

divide and brings the dif sites to the middle of the cells.
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RBERAKIIRR T, TOERIIE—DORBRTH D oriC 1 OIEE D BH MICET
LESCRERIRTHARWET 5, TOM oniC EIRAER S Wik e E %25 -
RD LD ICHOEBICBE L, PRIZE SN ICERKERESRR IO L TZhTh
MRS EL ST EHA~ L W5, MEOHE. TO—EOREEOER, SHEIC
RENEL D LEFRE EEMEOBRICHEY) ORWEZMREECSBE1HD, Y
BEOER, SEICIT oriC OBECERKERE TONBMINEERBHE 2HE TV
LEZbNDH, BEEGHEEROEENT O OWTUIRBE R AR L,

HEE Th 5 B ORI, KIBERREEEOERKIERR OSBRI T D% B
ENTT A7, HEERZ ZFH LG EO—EH %2 ¥Ex (inversion) X¥77-#K%2%
BEH L, N 0P REENEICE 2 2B B ORBER TR, BRKEE
WO FINTIE, REEOFTEICE df TN SEFIBEET D, 0 dIffRFI0E

fEE onCfHEE ANRDD L, EBEMIBEEN EFETEZENMBALE, £ZTH
ARIZE bIicE < OBEREHEOWER % /B UM RE A R & I O B
ERANTZE Z A, difeFls b Uiz 544 kb OFEED oriCHHE & AN D &, A E
BHRBEREN ERETHI L 2RR U, TOEBROMEMHTIIE b 272287 (boundary)
DFEETIENDL, BORIIZE IS, REESBECEHRET a2 7ERE FHEL “cTer”
L&D T, FOBEBOBRELEDL 2O, HOKIIHRA RRaESBHCED 2 EREKT
FfRDEZHIREERZITV, 2 00BRETF (matP. ftsK) WERPELS L cTer
DT & D EBRARERNBOTAZLEZRWE L, SOICHRKIX cTer DK
BAEAT 21TV, dif 2D OFEBHMRFEIICE OBENBESN TWA Z L 22X k)T,
Pb%5FEZT, cTer DL AT 2K (EF V) & LT MatP & X7 B cTer
ITBECEEFET 2 matSEINCHEE L. S5 MatP BB EE6THZ LIk Y cTer

- REEREEER L., TR EIC—VFTOLGEET S Z L DNA 2 BB X g 5E

—Z—=F R E FtsK OIEE 2SRRI HNERDO TRV EEZ TN D,

HOKROKRE LizcTerlI TN F THREIN-EEKEEIRO R LINME L., ZOER
LA THDZ b, LAKEOSBECH < B/IMERRER TH I FREELH D, DI
HOKDRETHET ML, SETIRBVFHFLVHDOTHD, ZRETHREINL TS
FERELFELRY, LEORREEZREETHE LT, RRXIXE %O Z 055 O3
HBIIRELBEBRTI2bDEEILND,
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