Spo0J (stage O sporulation protein J, a member of the ParB superfamily) is an essential component of the ParABS related bacterial chromosome segregation system. ParB and its regulatory protein, ParA, act
cooperatively through parS DNA to facilitate chromosome segregation. ParB binds to chromosomal DNA at specific parS site as well the neighboring non-specific DNA sites. Various ParB molecules can
assoclate together and spread along the chromosomal DNA. ParB oligomer and parS DNA interact together to form a high order nucleoprotein that Is required for the loading of the SMC (structural
nromosomal DNA condensation. In this report, we characterized the binding of parS and Spo0J from Helicobacter pylori (HpSpo0J) and
nSpo0J folds Into an elongated structure that includes a flexible N-terminal domain for protein-protein interaction and a conserved DNA-
with one parS. Ct-HpSpo0J interacts vertically and horizontally with its neighbors through the N-terminal domain to form an oligomer.
These adjacent and transverse interactions are accomplished via a highly conserved arginine patch, “RRLR”. These interactions might be needed for molecular assembly of a high order nucleoprotein complex
and for ParB spreading. We also solve the molecular envelope of full-length Spo0J by SAXS, The model were combined with HpSpo0OJ and EpP1ParB C-terminal domain. A structural model for ParB
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Spo0J, the ParB spreading protein in chromosome partitioning system

spreading and chromosomal DNA condensation that lead to chromosome segregation Is proposed. The study of full length HpSpo0J and parS interaction in the chromosome partitioning system is undergoing.
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ATP binding, dimerization, cooperative Spo0J-DNA binding. (Bottom) ParB spreads along chromosome DNA by binding at
specific parS and non-specific DNA sites to form a high order partition complex. This partition complex is required for the

il

Chromosome segregation

IOading of SMC onto the chromosome DNA. (2014 Genes Development 28(11):1140-1142.)

1 10 20

30 40

34/52% PaParB - MAAKKRGL[ERGLDALLGG. . . .|S[SPA
32/53% CcParBl .M SEGRRGLER|GL[SACWAS. .. .[RRRA

HpSpo0J/-MAKN . KVL[ERIGLADIFPE. . . .[[[NEV
39/55% TtSpo0J - [MSRKPSGLERGLEALLPK. . . . T|GAG
38/58% BsSpo0J - [MAKG . . .[LEKGINALFNQ. .. .VDLS
15/26% P1 ParB\MSKKNRPT|I[dR/T/NPSILSGFDS|SSAS

ARREES

YEQGLYERANR. .VVELGIDEVMP. . ... ... ..... NPY|Q PR
............. VVRLPLASIIRP.............NPRQPR
EET.......... VEEIKIADLRP............. NPY|Q PR
KLQEEAVQADRRELOOQIPLDLMOR . . . . . . .. .. .. GKY[QPR
GSGPGEQFGG. . .[SREAPIEILQOR. . .. .. .. .. ... N PD|Q|P[R

GDRVEQVFKLSTGROATIFIIEE[VIPPNQVESDTFVDQHNNGRD|Q

box |

box Il

50 60 70

8 0 90 100 110

KVFSEDSHHEELAQIS T K[EHGLILQP[V|LAYV
KRFAEESHMKELAD|S I REKGL|ILQPLLEMYR
KHFDDE AELKEISVLIQHGIILQPLIINMR
RDMDPQ EELAQIS TKAQGNVIMQP|IIIVIYR
RTFREEDMEDL SN|S I RIE KGV|L QP|T|LEYR
ASLTPESHMKSTIRSTIKHQQEY PA[TGR

SE[. . .NGRYHL IA[EESALRASKLAKMPTIIIKIAIWMVD IIEQEKMRE
PIQl. . . GDGY|EL VIA[e]ERAY R AALMAGLIQEVIPAVEKD LITDREA|LE

Sl. . .LKGY|D|I VARIERSAFRAAKLAGLDTVIPAIGRELSEALMRE
PII|G. . NGRYE|I I|AGERRAWR A S|QQAGLEKIPALMRDVPDEAATA
PISIPDTAGEY|Q|I VIA[EERIAWR A AQR AGLKTVIPIIMRELDDLAV|ILE
RAIT. . . GKIEI LD[ESEIHRASATILENVG . [LIRVLYTDOEI|ISVQEA

120 130 140

150 160 170 180

VALIENIWMREDLNPLELARSYKE|LLE|S
LALVENLﬂREDLSPVEEARGYQALLE.
IALLENL@REDLSPLEEAQAYDS|ILLKH
MALIENI[@REDLNPIEEAAALQRILQQE
IGITIENVERADLNVLEEALSYKVLMEK
OINLAKDV[§ TALIQHS|IRE I|GLRLMRMEK|N

YQOMTMEELSKI VIKKSRAHVANIMRLL|TL|SSKVONALILEE . K[IT

MGLTEIEEVARRV|IGKARSTVANALRLLQLPPEALEALERG.EIIT

LDILTEEQLAKRLGKSRPHIANHLRLLTLPENIQQLIAEG.TLS

FQLTEOQVAEAV|GKSRATITNLLRLIGLPEEIKTLILSHG . DILE
N KSR|SHVANTMRLLALPDEVQSY¥LIVSG . EILT
D A

FERT@EENIAQTI
DGMSEKDIAAKEGLSQAKVTRALQAASAPEELVALFPVQOSELT

G GEaaa=N

190 200 210

260 270

SIGHAKVLVGLDGE . KQELILINS|IIIIGQKLS|VROTEDMARDFKINANFDNKKHGFKQYOTLIAGDELERLNQ
AGHARALLMLEPEDRLWG . LKEILEKGLSVROQAEAMRERLAMAP . . . . ... .. .. {RISAEPSPLS|LIEL|ISR
MGHGRTLLGLENKNKLEPLVIQKVIAEQLNVREQLEQMIQQLNQNVPRETKKK. .EP DAVLEKERE|S|YLIQN
MGHARALLGLPAERQVEG . ARHVVAHGLTVRQTEAMVRQWTHAPGKPAG. .. . PVHSDPDIARLE[QRLAE
AGHARATIAAAADP. . .VALAKQIIEGGLSVRETEAMARKAPNLSAGKSKGGRPPR DTDTQALEISDL|ISS
FISDYKTLCAVGDEMGNKNLEFDOLIQNISPEINDIMS IEEMAEDEVEKNKILRLITHEASLLTDKG|SKDEKS

| |ParA binding domain

220 230 240 250

280 290

SLWDHYKLEKAALK.GNK. .. ... IVLER
HLIGLPVIRVIVGG .[K. KGK]. .. ... VVIQ
YFIGTTVNIKRQKK . KGK/. .. ... TIETE
RLIGASVIQIRHGQKGKGQ. . . . . . LVIR
VILIGLDV|ISIDHRG|S|. TGT|. . . . .. LTIT
VVITELWKFEDKDRFARKRVKGRAFSYE

o N
e e vl
= RN
[l = 1
HEHOEHEKW®D

DMMDRILELLISERES . . .. ..

EOGVLAHTIR. . .. ...... HTH domain
OMDDLCNR[L/TRGI . . . . ...

FNRLSKELQ

F1gZ. IVIUITIPIEe Ssequence al

Multiple sequence alignments of the ParB superfamily members from
Helicobacter pylori (HpSpo0J), Thermus thermophilus (TtSpoQJ), Bacillus
subtilis (BsSpo0J), Pseudomonas aeruginosa (PaParB), Caulobacter
crescentus (CcPlParB) and Enterobacteria phage P1 (Pl ParB).
Completely conserved residues are boxed in red, and conservatively
exchanged residues are shown in red text. The residue numbering uses that
of HpSpoOJ. Secondary-structure elements of HpSpoOJ are as cylinders
and arrows for its a-helices (a1-10) and [-strands (31-3), respectively. The
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Fig3: Full length HpSpo0J, HpSpo0J, HpSpo0J-parS complex (A) Size
exclusion chromatography of full length HpSpo0OJ (dash line), HpSpoOJ (dot line)
and HpSpo0J-parS complex (solid line). (B) MALS of full length HpSpo0J (green)
and the HpSpo0J-parS complex (purple) at concentrations of 4 mg/ml. MALS of
HpSpo0J (blue) at concentration of 5 mg/ml. (C) Fluorescence anisotropy of
HpSpo0J and DNA binding. (D) Electrophoretic mobility shift assays of full
length HpSpo0J (lane 2-4) and HpSpo0J (lane 6-8) were incubated with parsS.

20

recruit O SMC

Higher-order complex assembly

EEMDRMIGH|[ILRKSLDKKPKE, :Dimerization domain

SLMEAFMKKMMS . . ... .... : : :
B} EALLRRGYQA } spreading domain

A

©

WEHOOOPFOZZOM0-H® || OO0 4440 HOO0 O H:,
OFOOOHOA-HOOZPO | OO OPO00O>w

C-terminal
1 123 240 290

Fig4: The protein-DNA interaction of HpSpo0J-parS complex and
Ct-HpSpo0J monomer.

(A) Two Ct-HpSpo0J molecules and one 24-bp parS DNA are shown.
The two binding sites on a parS (16-bp, red), one each for the
HpSpoOJ A (green) and B (magenta) molecules, are boxed. (B) A
ribbon diagram of Ct-HpSpo0J is shown. The molecule contains 10 o
helices (a1-10) and three B strands (B1-3). The N-terminal domain
(green) and the DNA-binding domain (darker green) are shown.
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Fig6: ParB spreading model. The C-terminal dimerization (in white sphere), the DNA-binding (in
green rectangle) and the flexible N-terminal domains (in green sphere) of ParB are shown. A ParB
dimer is formed via the C-terminal dimerization domain. ParB binds chromosomal DNA at specific
parsS site (in red) or non-specific sites (in gray). Multiple ParB molecules spreading along the lengthy
and looping chromosomal DNA through the N-terminal domain by adjacent interactions (boxed in
magenta) horizontally and transverse interactions (boxed in orange) vertically. Consequently, a high

order ParB-DNA complex is formed.

Fig7: A structural model of the full-length HpSpoOJ. The superposition of the Y
shaped SAXS envelop and the structural model of the full-length HpSpoOQJ are shown.
HpSpoO0J is shown as a dimer. The N-terminal and DNA-binding domain of the two
HpSpo0J molecules are colored separately in green and magenta. Their C-terminal

domains are shown as a dimer and colored in grey.
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Fig.5: The oligomeric Ct-HpSpo0J-parS complex. (A) The Ct-HpSpoOJ-parS complex. Within the
crystal, four Ct-HpSpoOJ molecules (A/green, B/magenta, C/orange, and D/cyan) and four parS DNAS
(yellow) form as a tetramer. Each Spo0J monomer interacts with a parS half-site and only one of the two
HpSpo0J molecules on each parS site is shown. (B) The AB dimer is formed by adjacent interactions. (C)
Arginine patch, “89RRLR%”, interactions at AB dimer. (D) The AC dimer is formed by transverse
interactions. (e) Arginine patch, “®RRLR®2”, interactions at AC dimer.
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