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Abdgtract :

Two plagid divison genes, NtFtsZl and NtFtsZ2 ilated from Nicotiana tabacum L. werefused

with ofp and expressed in Escherichia cdli. The regular localizations of full length NtRsZs GFP dong thefilar
mentous bacteria indicated that the NtRtsZs could recognize the potential divigon dtesin E. cdi and be poly-
merized with heterogeneous RsZ from bacteria. The overexpresson of NtFtsZs ofp inhibited the divison of
hog drain cdls and resulted in the long filamentous bacterid norphology. These results suggested that eukary
otic ftsZs have dmilar function to their prokaryotic hormmologs. Meanwhile , the different deletions of notifs of
NtRsZs are a9 enployed to invedigeate the functionsof these proteinsin E. cdi. The results showed that the
Gtermind domains of NtRsZswere related to the correct locdization of NtRsZsin E. cdi and the N-termina
domains of NtRsZs were regongble for the polymerization of hormogeneous and heterogeneous RsZ proteins.
The dgnificance of these results in underdanding the functions of NtRsZs in plagid divison were discussed.

Key words:

RsZ is a conservative and primitive cytoskel eton pro-
tein found from the BEscherichia cdi temperature sendtive
mutant Z (filamentation temperature- sendtive Z, ftsz) .
During the cdl dividon cycle, RsZ assembles into a ring
dructure a the divison dte beore any other known cell
dividon proteins, and the condriction of the ring sructure
resultsin cdl divison!). RsZ is a GTRbinding protein
with GTPase activity and d shares ome condderable
biochemical and gructural Smilarities with eukaryotic cy-
toskeleton conponent tubulin, leading to the hypothess
that eukaryotic cytoskdoton might be ewlved from
prokanyotic cytoskeletal elements 3. Conpared with
other known cdl divison proteins, RsSZ emerges in the
early gage of cedl divison and plays an organizer to re-
cruit the other cdl divison proteins forming a putative
nolecular gpparatus dedicated to dividing the cdll. Thus,
RsZ isthe nog important cell divigon protein in prokary-
otic cdl divison cycle hereto krown'*?!.

More recently , RsZ a9 has been found in higher
plant!* and its role in the plagtid divison has been esab-
lished preliminarily!®®!. However , there are some differ-
ent views about the functiond patterns of plant RsZ in
oontrol of plagids dividon and/ or plagid shape maintain-
ing. Inanoss Physcomitrela patens, RsZ not only irflu-
enced the plagtid divison!®! , but do posibly conssed
o a new subcdlular sructureplagoskdeton'”!. In Ara
bidopsis, RsZsfrom different families seemly form a ring:
like gructure located at two sSdes of membrane of plas
tid!®®) ; the ring sructure is thought to be a reminiscence
o prokaryotic RsZ ring. However , recent gudies on a
unicdlular eukaryotic red aga Cyanidiaschyzon meroae
suggested that the RsZ may not be the component of the
plagiddividing rings, a leag rot be the component of
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outer i ng[gl. All the gudies make the functiona patterns
o plant RsZs nore corfused.

Because of the inportance and conservetive function
of RsZs in prokaryotic cell dividon, it provides an €fi-
cient method to gudy heterogeneous RsZ function in E.
cdil™®. To further undersand the difference between
plant and prokaryotic RsZs, here we report that two plas
tid divison proteins NtRsZ1 and NtRsZ2 , which are enr
ooded by tobacoo gemomic genes and were tagged with
green fluorescent protein (GFP) |, localized in living bac-
teriad cdlsin a visble method. The polymerization, lo-
calization and dfects of fugon proteins on bacterid nor-
phology were worked on. Mearwhile , the dfectsof differ-
ent ddetions of NtRsZ proteins on the polymerization and
localization of fuson proteinsin E. coli were a9 and-
ysed.

1 Materialsand Methods

1.1 Materials

The plasnids oontaining full-lengh cDNA  of
NtFtsZ1 and NtFtsZ2 , cloning vector pBluescript KS
(+) and Escherichia cdi grain JIM109 are kept in our
laboratory. The GFPmut2 plasmid, which oontained
of psssa vea 724 Mutants, was a gft from Pof. L1 Jiu-Di
(Ingitute of Botany , the Chinese Academy of Sciences) .
PCR primers were from Shanghai Sangpn. DNAs were =
quenced by TaKaRa (Ddian, China) . Anti- GFP poly-
clond antiserum was purchased from CLONTECH.
1.2 Condruction of expression vectors

The congructionsdof different expresson vectors refer
to FHg.1. All the congructswere made by PCR. The rel-
ative podtions of primersin different congructs are shown
in Hg. 1. To ensure the fiddity o PCR amplification,
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Tag was replaced by @fu in the PCR reaction. The fuson
junctions were corfirmed by DNA sequencing. To facili-
tate cloning and expresson , dl the fuson genes were in-
serted between the BamH  and Sac  dte of pBlue
sript - KS (+) and under the control of |ac promoter.
1.3 Genera nolecular manipulations were carried out
acoording to Mdecular Cloni ng!™!,
1.4 Wedgern blotting

The preparation , sgparation and e ectroblotting of to-
tad proteins were conducted by the gandard proce
durest™ . The correct expressons of fusion proteins were
corfirmed by immunoblot analys swith anti- G-P polyclon
a antiserum (Fg.2).
1.5 Microscopic techniques

In generd , the trandormed cells were cultured urn-
der the conditions as described!™! and modified dightly.
Overnight growth of colonies on LB plate with armpicillin
were resugpended in 5L LB and a equd volume of warm
0.5 % low mdlting tenperature agarose ,the mixture olu
tion was immediately dropped on a gass dide and covered
with a cover gass. Microsoopic observation and photograr
phy were performed under Leica DMRE microsope.  Inr
ages of bacterid norphology were obtained using differerr
tid interference contrag (Nomarski) optics. For GFPflu
orescence microsoopy , an FITC (excitation 455 - 495
nm, emisdon 512 - 575 nm) filter st was used and inr
ages were captured with a Leica DC200 Digitd Camera.
All the images were assembled for publication usng
Adobe Potoshop 5. 0.

2 Resaults

2.1 Srategy of expression vector condruction

All the known RsZ proteins contain two different do-
mains, the conservetive N-termina GTP binding domain
and the divergent Gtermind variation region (Fig. 1).
There are two Pecia notifsof RsZ protein exiged in the
N-termind  conservetive regon, i.e. FTSZ1:
V1G/ GGGGNAVNRM (PROSITE PS01134) and FTSZ
2: FATAGUGGGTGY TGRAPY/ IV/IA  ( PROSITE
PS01135) . The FTSZ2 d9 includes a typica tubulin
dgnature notif GGGTGY TG (PROSITE PS00277) and
itsfunction had been studied in prokaryotic RSZ proteins,
indicating that it isinvolved in the polymerization and the
GTI'Pase activity of RsZ. The ddetion of FTSZ2 disrupted
the norma polymerization of RsZ and the formation of Z
ring, and then the norma cell divison cyclel*?!. Ste
gecific mutation examinations a o corfirmed that FTSZ2
isinmportant for GTPase activity of RsZ proteint*?**!, On
the other hand, the function of FTSZ1 dill kept urr
known. The Gterminad domain of RsZ protein had no ob-
vious sequence Smilarity anong different RsZ proteins ex
cept for the extreme Gterminus™. Pimary gtudies in
prokaryotic cells shows that the function of the G terminal
regon may be reppongble for the interaction of RsZ with
other cell divison proteint®!. Based on the previous
dudies, we oondructed a series of expresson vectors
(Fg.1) and gudied the functions of NtRsZsin E. cali.

N 2B KSt CFPaut? |
2220y I -
et
GP1 GP2
PCR
BamH] Xbal Sacl Xba [+ Sac 1

NtFtsZ1/2 full-length ¢cDNAs

N-domain C—domain
I | | B i
FTSZ-1 FTSZ-2 PCR Sac 1
BagH 1
BagH 1+Xbal . b+ I
8
Basll 1 Xba 1
P1/P3 P2/P4 PCR primers sequences:
i -
NtFtsZs:GFP —i.._..l AT : GP1: 5-GLTGTAGAGAGTARAGEAGAAGAACT-3
I " Gap] P2 SOBCOAGCTCTTATITGIATAGITCATC.F
Baml] 1 Aba P1: 5 GEGEAT GEAACAATGGLCAGCAT GTTAGS 7
P1/P3 P2 8. GCTETABAAABAACAGCETCE GAGT-3
. P3: 5.G BOBATCCAAT GGG GATGT TAGGACTG-2
NiFtsZs AC:GFP | I P4 5. GCTCTAGAAAGAACA GEGT CCGAG-2
P6: 5GCTCTAGADGCT GAT G CACAAGAGC-Z'
PE PT PE: 5-AGAT DG AT GOAAGCTTAATGTT GRCAGAT
iy P7: 5.AGAT GCAT GGG AAATT B GABAACTTC TG
NtFtsZsAN1 :GFP =M I P& 6-ACATGCATGLCAGAAGTTETG CAATTTGS
3 5-AGATGCATGEG CATT CAGGTTTBAABDAY
P8 P9

NtFtsZsAN2 :GFP =i ]

Fig. 1.

Schemetic representation of the congdruction drategy of NtFRtsZs: ofp fudon expresson vectors.

Parsdof PCR primers were goecific for NtFtsz1 full-length cDNA (PL and P2) , NtFtsz2 full-length cDNA (P3 and P4) , Gtermind deetion
of NtRsZs (PL and P5 for NtFRtsz1, P3 and P5 for NtFtsZ2) , N-termind ddetion of NtRsZs (P6 and P7 for NtFtsZ&AN1, P8 and P9 for
NtFtsZAAN2) , regectively. Purified plasmids containing NtFtsZ1 or NtFtsz2 cDNA were used as the templates for PCR anplification.
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Fig.2. Wedern blotting anayses of fuson proteins expresson.
Andyzed were NtRsZs GFP (lanes 1 and 5 ) , NtRsZ& C GFP
(lanes 2 and 6) , NtRSZAN1 GFP (lanes 3 and 7) , NtRsZ&A N2
GFP (lanes 4 and 8) and GFP only (lane C) , regectively. The
cdcuaed nolecuar weight of fuson protenwas 73, 70, 69 kD for
ful-length NtFtsZs, Gtermind deetions and N-termind deletions,
regpectively.

2.2 Localization o the full length NtFtsZs ofp in
E. cali

The full length N. tabacum NtFtsZ1l and NtFtsZ2
cDNAs lacking 9op codons were fused in a frame with
O pwssa vea sz gene and expresed in E. cdi drain
JM109. The E. cdi cdls cultured on plateswithout IPTG
had no obvious changes (Fg. 3A) , and diglayed a Smi-
lar morphology with that of the control cells (Fg. 3B) .
When the cells were cultured on plates with IPTG, the
norphology o the cels changed sharply , FHg. 3 C and D
show two extreme pherotypes. Although the divison of
hog bacteriawere inhibited , the NtRszZs GFPfuson pro-
teins ill could be regularly digributed in the cels. This
di gribution pattern was smilar to the locdization of GFP
tagged endogeneous RsZ protein in E. cdlit™ | and indi-
cated that NtRsZs could recognize the potentid cdll divi-
gon dtein E. cdi and interact with the bacterial cdl di-
vison proteins. On the other hand , the overexpresson of
the fudon proteins in E. cdi d< blocked the hog cell
dividon and resulted in a filamentous phermotype o the
cdls, which is dmilar to the overproduction of endoge-
nous RsZ in E. cdi®™!, Thee resuits suggeted that
NtRsZs had the functions Smilar to those of bacterid .

In E. cdi , RsZ ocould form an obvious ring gruc
ture & the divison ste!™ | but in our experiments we
oould ot find any ring or band gructures around the bac-
teria. The fudon protein was didributed mainly on the
dded cdls (Fg. 3E, arrowheads) . Thus, it is unde-
fined whether NtRsZs are involved in the formetion of
prokaryotic divison ring. Although the overexpresson of
NtRsZs blocked hog cdl dividon, no any ring gructure
was observed. It is suggtsed that the inhibition of cel di-
vigon possbly came from the right cell dividon Ste which
might be occupied by the polymerization of NtRsZs with
endogeneous RsZ, and findly , the formetion of divison
ring could be interrupted. In addition to some regular dots
polymerized along the filamentous cdls, it is notenorthy
thet fuson proteins a o could form ome Pecia gructures
(Fg.3, F, G, arrowheads) . As above mentioned , RsZ
isa GIPaxe and shares me dmilar gructurd and bio-
chemica characters with tubulin, we eculae these e

cid dructures smilar to the tubulin-like polymers formed
by polymerization of prokaryotic RSZs in vitro or in vi-
vol2®1 - These gructures should be, to our knowledge ,
the firg denondration of eukaryotic RsZ polymerization
invivo in E. cdi. However, whether these gdructures
represented the polymerization patternsof NtRsZs in plas
tids remained to be seen.

Fig.3. Locdizationsd full-lengh NtRsZs G-Pin E. cdli.

A. IM109/ NtRsZ1 GFP cels were from colonies on plaes without
IPTG. B. JM109/ GFPmut cell swere from colonies on plateswithout
IPTG C, D. The typicd filamentd cel with NtRsZL GFP or
NtRsz2 GFP vector , showing the regularly gaced dots, regpective
ly. E. Hlamentous cel showing the digtribution of fuson protein.
F, G FHlamentous cdls sowing the gecuaed <ird fluores
cences. Bars: AandB,5um; C,D, E, Fand G, 2um.

2.3 Hfectsd Cterminal deleted NtFtsZs on thefu
sion protein localization in E. cali

There were two manly localization paterns of
NtRsZ& C GFPin E. cdi: 1) Fudon proteins was dis
tributed at a gpecia regon, but the digribution gpace was
mot amilar to thet of full-length NtRsZs GFP fuson pro-
teins which had obvioudy regular digtribution (Fig.4, B,
C). 2) In addition to the fluorescence dots distributed
aong bacteria cels, Gtermina deetion fuson proteins
a9 ocould be polymerized into ome uncortinuous ira
fluorescence throughout the filamentous cedlls (Fig. 4, D,
E, F, . Qonpared with the locdization of full-length
NtRsZs GFP, the fudon proteins with Gtermind dde
tion log the ability to be located correctly and digtributed
randomly in cdls. Mearwhile, the fuson proteins d
oould be polymerized in cdls, suggeding that the poly-
merization function of NtRsZs could ot be dfected by G
termina deletion. Based on the above observetions, we
goeculated that the Gterminad domain of NtRsZs might be
inwlved in the selection of correct divison dte. In E.
cdi , the function of RsZ Gterminus was reponsble for
the interaction of FtsZA with ZipAl*!. However , thereis
m RsZA or ZipA honolog found in higher plants till
now , thus the function of eukaryotic RsZ Gtermind do-
main might be different from that of prokaryotic honolog.
Furthermore , it d < provides a posible explain to the lo-
calization observations of full-length NtRsZs GFP in
which we could not find any ring sructures, i.e. ,the G
termina domains of NtRsZs were inconpetent for the for-
metion of prokaryotic divison ring. In addition , the sird
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fluorescence observed in Gtermind deletion experiments
further showed that the eukaryotic RsZ d< could be
polymerized into tubulinlike protofilaments as that of its
prokaryotic counterpart. This may a0 provides the imr
portant cluesfor underganding the role of RsZin divison
o chloroplag and its norphology maintained.

Fig.4. Locdizations of Gtermind deleted NtRsZs GFP in E.
cali.

A. IM109/ NtRsZA C GFP cdls were from the colonies on plates
without IPTG. B, C. Hlamentous cels showing the localization pat
terndf NtRsZA C GFP or NtRsZA C GFP, regpectivdy. D, E,
F, G Arrowheads sowing the gecuaed uncontinuous, ird
gructures in filamentous cdls. Bars: A, B, Fand G, 10um; C,

Dand E, 5pm.

2.4 Localization of Nterminal deeted NtFtsZs
GFP in E. cadli

The deletion of notif FTSZ1 had no obvious dfects
on the polymerization of fudon proteins, their fluores
cence dots gill could be observed in cells (Fg.5, A, B,
C,D). This result indicted that the deletion of FTSZ1
did mot &fect the polymerization of fugon proteins. It is
worth to note that the NtRsZAN1 GFP fuson proteins
exhibited a smilar localization pattern in cdls as the
NtRszZé\ C GFP did, but it remained to be seen if these
observations meant the FTSZ 1 nuotif was a9 regponshle
for the function of sdlecting dividon ste. The fuson pro-
teins with deletion of notif FTSZ2 did not digplay any
gecific locdization patterns such as dotsor ird fluores
cence. The green fluorescence could be seen throughout
the wiole cdls (Fig.5, E, F, G, H) , which appearsto
be the case asthat in control cels. Thus, the function of
the FTSZ2 notif of NtRsZs is likdy dmilar to their

Localizations of N-termind ddeted NtRsZs GFP in E.

Fig.5.
cali.
A, C. Locdizations of NtRSZAN1 GFP showing the irregularly
digtribution of fuson proteins. B, D. Locdizations o NtRsZA N1
GFP dowing the irregularly digtribution of fugon proteins. Digribu
tion patterns of NtRSZAN2 GFP, E and Ffor NtRSZAN2 GFP,
Gand Hfor NtRSZAN2 GFP. Bars: AandB,5um; C,D, E,
F, G, H, 5um.

prokaryotic honologs, that is regponsble for the polymer-
ization of honmogeneous/ heterogeneous RsZ proteins. The
bright fluorescence dots at the poles of cells were thought
as incluson bodies produced by overexpresson of exoge
neous proteinsl™! | because it d could be found in corr
trol cellswithout NtRsZs GFP plasmids (Fg. 3, B ,ar
rowhead) . Thus, these fluorescence dots a poles might
represent a non ecific aggregation of proteins in cdls.

3 Discussion

Padids are a group of inportant organelles in plant
cells and inwlved in the whole gronth and development
process of plant cels. Hadid divison is an indigpenshle
dage for development and differentiation of plant cels.
Recent gudies have revealed the role of eukaryotic RsZin
plagid diviSon process. However , what patterns of RsZ
play in controlling plagid dividon is gill a metter of de-
bate. In this paper , we firg report thet the in vivo loca-
ization and polymerization of eukaryotic RsZ in E. cdli ,
and provide a direct evidence to support the view tha
NtRsZs a9 have the typica charactersof RsZ proteinin
prokaryote and can form ome ecia dructures by sdlf-
polymerization. It was given that there were no any ring
gructure formed by NtRsZs observed in our experiments,
whether they a0 act as a ring pattern in tobacoco chloro-
plags, gill needsto be further gudied. Moreover , al of
these resultswill help us to further undergand which pat-
tern could represent the function of eukaryotic RsZ, i. e.
it is a dnple succesdon of prokaryotic cdl divison
mechinery (plagtid division ring) !®! or a novel subcellular
gructure (plasoskeeton) !’ | or both, in higher plarts.
In addition , these results not only provide the direct evi-
dence to support the endosymbioss hypothess, but do
edablish afeadble foundation for further udiesadf in vit-
ro polymerization and in vivo subcdlular locdization of
eukanyotic RsZ. Certainly , there are many obvious differ-
ences exig between chloroplasts and their prokaryotic evo-
|utionary ancegtors in norphology , sructure of chloroplas
ts and their dtuated erviroments. The experiments that
teg the functions of NtRsZs in plagid divison and shape
mai ntenance in tobacoo plants are under way.
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