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Ab stract
Bac te rial cell di vi sion in Esch e richia coli and Ba cil lus
subtilis is a well stud ied pro cess where spe cific pro teins as -
sem ble into highly or dered pro tein com plexes at the proper
time of the cell cy cle. We know most of the pro tein play ers
in volved in this pro cess, their lo cal iza tion, hi er ar chy of
their as sem bly, some of the pro tein-pro tein con tacts and
the crys tal struc ture some of these pro teins. This short re -
view sum ma rizes the re cent de vel op ment in this field with
em pha sis to struc ture and func tion of pro teins in volved.

Bac te rial cell di vi sion

The ba sic pro cess of cell di vi sion is con cep tu ally sim i lar in
eukaryotic and prokaryotic cells. This pro cess is char ac ter -
ized by cre at ing the di vi sion sep tum be tween the du pli -
cated chro mo somes. There are sev eral ad van tages of
study ing cell di vi sion in prokaryotes. In gen eral, it is still
more sim ple pro cess in bac te ria than in eukaryotic cells and 
there are sev eral out stand ing mod els as Esch e richia coli
and Ba cil lus subtilis. The pro cess of cell di vi sion is in ten -
sively stud ied on mo lec u lar level for de cades but there are
still many un an swered ba sic ques tions. Prob a bly most is
known about the mech a nism of cell di vi sion of rod shaped
bac te ria, mainly Gram-neg a tive Esch e richia coli and
Gram-pos i tive B. subtilis. Cell di vi sion, of ten called
septation, con sists of invagination of cytoplasmatic mem -
brane and peptidoglycan syn the sis. Al though many play ers 
in this pro cess are well known, the mech a nism of where,

how and when cells form the di vi sion sep tum with high fi -
del ity is of ten pos tu lated in fully dif fer ent mod els. Prob a -
bly the most con tro ver sial ques tion in cell di vi sion of rod
shaped bac te ria is where to di vide, in other words, how the
po si tion of the di vi sion site is de ter mined. 

The ear li est event in the cell di vi sion cy cle is the for ma -
tion of the FtsZ ring at the fu ture sep tum site (Fig. 1). FtsZ
is highly con served GTPase with high de gree of sim i lar ity
with the tubulins, eukaryotic cytoskeletal pro teins. Dur ing
veg e ta tive growth the FtsZ ring forms at midcell and cell
di vides at this site (Fig. 1A). At least two dis tinct mech a -
nisms are in volved in ac cu rate place ment of the di vi sion
ma chin ery: the Min sys tem and nucleoid occlusion.

Veg e ta tive cell di vi sion in Esch e richia coli and
Ba cil lus subtilis 

FtsZ is the most highly con served of the known cell di vi -
sion pro teins. It is pres ent in the ma jor ity of prokaryotic
spe cies ex am ined to date as well as it is pres ent in lower
and higher plants. A struc tural role for FtsZ was ini tially
pro posed be cause of its abun dance in the cell and by its lo -
cal iza tion by immunogold la bel ing to a ring struc ture, so
called Z ring, at the fu ture site of di vi sion [1]. FtsZ is a
homologue of tubulin, the eukarytic cytoskeletal pro tein
in volved in many es sen tial pro cesses in clud ing mi to sis [2].
The solved crys tal struc tures of FtsZ (Fig. 2A) and tubulin
show ex ten sive struc tural homology through out the pro tein 
de spite only lim ited pri mary se quence homology [3]. FtsZ
and tubulin bind and hy dro lyze GTP and as sem ble into
protofilaments that have struc tures sim i lar to those within
microtubules. The next di vi sion pro tein that as sem bles at
the di vi sion site is FtsA. FtsZ and FtsA pro teins are the
only cell di vi sion pro teins that lack the clear mem -
brane-span ning se quences. The crys tal struc ture of FtsA
from Thermotoga maritima was solved (Fig. 2B) [4]. B.
subtilis FtsA was shown to dimerize and hy dro lyse ATP
but it does not ap pear to poly mer ise in vi tro [5]. E. coli
ZipA pro tein was shown to in ter act with FtsZ and to sta bi -
lize the Z ring im me di ately af ter it is as sem bled. ZipA is
not par tic u larly con served among bac te ria and B. subtilis
has no such homologue. Crys tal struc ture of ZipA was re -
cently solved (Fig. 2C)[6]. The other di vi sion pro teins in E. 
coli as sem bles in lin ear man ner: FtsK, FtsQ, FtsL, YgbQ,
FtsW, FtsI and FtsN. This is in con trast with B. subtilis
where the equiv a lent di vi sion pro teins are re cruited in a
much more con certed man ner (re viewed in [7]). DivIB,
DivIC, FtsL, PBP-2B and prob a bly FtsW are all com -
pletely in ter de pen dent for as sem bly at the di vi sion site. 

The main ques tion that arose from the be gin ning of
study of cell di vi sion pro cess in rod-shaped bac te ria was:
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Fig ure 1. Veg e ta tive (A) and asym met ric (B) cell di vi sion in B.
subtilis.



'How do the bac te ria rec og nize the site of septation with
high fi del ity at the midcell po si tion?' It is be com ing ap par -
ent that the Min sys tem and nucleoid oc clu sion in flu ence
the po si tion ing of the di vi sion site in E. coli and B. subtilis
(re viewed in [8]).

The Min sys tem func tions mainly to pre vent the pos si -
bil ity of di vi sion at the cell poles. In E. coli the Min sys tem
con sists of MinC, MinD and MinE pro teins. MinD ac ti -
vates MinC in hi bi tion func tion and MinE is a top o log i cal
fac tor al low ing re lief of di vi sion in hi bi tion in the cen tral
re gion of the cell [9]. The re cent lo cal iza tion ex per i ments
in liv ing cells re vealed that MinD, which is a mem -
brane-as so ci ated ATPase [10], os cil lates from pole to pole
in di vid ing cells [11, 12]. This amaz ing os cil la tion re peats
about ev ery 10-20 sec onds. The di vi sion in hib i tor MinC
can not os cil late on its own, but it binds to MinD and co-os -
cil lates with the same pat tern as MinD [12,13]. The MinE
was orig i nally shown to form the ring like struc ture at the
mid-cell site [14]. How ever, the re cent stud ies have shown
that in liv ing cells the lo cal iza tion of MinE pro tein un der -
goes also a rapid os cil la tion what is cou pled to MinD os cil -
la tion [15]. This os cil lat ing move ment of MinD and MinE
is co-de pend ent be cause lack of MinE causes uni form dis -
tri bu tion of MinD around the cytoplasmatic mem brane
[16]. This view of Min pro tein dy nam ics has now been re -
fined by the work of Shih et al. [17] who showed that
MinCDE pro teins are in fact or ga nized into ex tended spi -
rals that wind around the cell. Taken to gether, all these re -
sults raise im por tant ques tion - how does the os cil la tion

work? Al though, the crys tal struc tures of MinC, MinD and
MinE have been solved re cently, it did not help to ex plain
this un usual os cil la tion phe nom e non of these pro teins (Fig. 
2D-F) [18,19]. Al though, there are few mod els ex plain ing
this pro tein os cil la tion pro cess [20,21], fur ther ge netic, lo -
cal iza tion and struc tural stud ies will be re quired for more
com plete un der stand ing of this process.  

B. subtilis, sim i larly as E. coli and wide va ri ety of other
prokaryotes, has MinC and MinD homo logues, and these
are im por tant for the pre ven tion of asym met ric septation
dur ing veg e ta tive growth. How ever, B. subtilis lacks MinE
and no MinC and MinD os cil la tion was ob served [22,23].
In B. subtilis, DivIVA pro tein serves as the top o log i cal fac -
tor of mid-cell di vi sion [24,25]. How ever, DivIVA is not
homologuoes with MinE and forms higher oli go mers in
com par i son to MinE dimer [26,27,]. DivIVA func tions dif -
fer ently in com par i son with MinE. DivIVA re quires FtsZ
and other cell di vi sion pro teins for its lo cal iza tion to the di -
vi sion sites late in their mat u ra tion [22,25,28]. Un like most
of other di vi sion pro teins, it is then re tained at the com -
pleted cell poles. The MinCD com plex is also re cruited to
di vi sion sites, partly in de pend ently of DivIVA, but
DivIVA is needed to bind the com plex at the poles to block
the asym met ric di vi sion in newly formed daugh ter cells
[22,23]. The DivIVA/MinCD di vi sion sys tem ap pears to
have no di rect role in ini ti a tion of FtsZ ring for ma tion at the 
mid-cell site but rather it in hib its the di vi sion at the po lar
sites. DivIVA seems to have a sec ond func tion dur ing
sporulation pro cess, spe cif i cally at the stage of prespore
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Fig ure 2. Crys tal and NMR struc tures of pro teins in volved in bac te rial cell di vi sion. A. FtsZ from Methanococcus jannaschii  (PDB ID: 
1FSZ). B. FtsA from Thermotoga maritima (PDB ID: 1E4G). C. ZipA dimer from Esch e richia coli (PDB ID: 1F46). D. MinC tetramer
from Thermotoga maritima (PDB ID: 1HF42). E. MinD from Archeoglobus fulgidus (PDB ID: 1HYQ). F. 15 NMR struc tures of MinE
dimer from Esch e richia coli (PDB ID: 1EV0). 



chro mo some seg re ga tion [29]. Pos si bly, the most im por -
tant fac tor of mid-cell di vi sion site se lec tion in B. subtilis is
the po si tion of the nucleoid. Re cent stud ies of cell di vi sion
in out grow ing spores in di cated the cru cial role of nucleoid
po si tion for FtsZ ring for ma tion [30]. DivIVA/MinCD sys -
tem seems to be in volved in in hi bi tion of di vi sion at the po -
lar nucleoid-free re gion sites and it is not cru cial for
mid-cell site se lec tion [8]. The pro posed nucleoid oc clu -
sion mech a nism [31] is very at trac tive but still poorly de -
fined model. This model states that the nucleoid had a
neg a tive ef fect on di vi sion wher ever it oc cu pies space in
the cell. Thus, the mid-cell site ap pears and dis ap pears cy -
cli cally dur ing veg e ta tive growth with rounds of chro mo -
some rep li ca tion [7]. 

Asym met ric cell di vi sion dur ing sporulation in
Ba cil lus subtilis

Fully dif fer ent type of cell di vi sion is ob served in
rod-shaped spore form ing Ba cilli and Clostridia spe cies
dur ing sporulation pro cess. The first clear mor pho log i cal
fea ture of such sporulation pro cess is the for ma tion of an
asym met ric sep tum (Fig. 1B) that bi sects the bac te rial cell
into two un equally sized com part ments, the larger mother
cell and the smaller forespore. The proper po si tion ing of
this sporulation sep tum is de pend ent on Spo0A ac tiv ity,
which me di ates the as sem bly of di vi sion pro teins near the
cell pole in stead of at mid-cell. Spo0A con trols the switch
of FtsZ ring from midcell po si tion to the po lar po si tions
dur ing sporulation through a spi ral in ter me di ate [32]. Such
a po si tional switch could be par tially trig gered through the
ac tiv ity of the sporulation spe cific pro tein SpoIIE, also a
com po nent of the sporulation sep tum, that is ex pressed as a
re sult of Spo0A ac tiv ity [33, 34, 35]. The cen tral do main of 
SpoIIE is in volved in oligomerization of the pro tein and is
re spon si ble for in ter ac tion with FtsZ, the pro tein es sen tial
for cell di vi sion [36, 37]. In B. subtilis, the di vi sion sep tum
is a rel a tively thick struc ture con tain ing a sub stan tial
amount of peptidoglycan (PG) that sep a rates the two
daugh ter cells at cytokinesis. In con trast, the asym met ric
sep tum formed dur ing sporulation is much thin ner and
most of the PG sep a rat ing the two lipid bilayers that com -
prise the septal struc ture is re moved soon af ter septation is
com plete. The pli able septal struc ture then mi grates to ward 
one pole of the cell, even tu ally en gulf ing the forespore
com part ment, which will ma ture into a dor mant endospore. 
Based on elec tron mi cro graphs of sporulating cells, it has
been sug gested that lo cal ized re gions of lipid bilayer fu sion 
might oc cur within the septal struc ture fol low ing re moval
of PG. This event might be a key to com mu ni ca tion or
trans mis sion of a sig nal be tween two sporangium com part -
ments [38].

West ern blot anal y sis of frac tion ated cell ex tracts from
mother cell and forespore, us ing polyclonal an ti body
against the glob u lar part of SpoIIE, showed the pos si bil ity
to tar get this pro tein spe cif i cally into asym met ric septa
[39]. These re sults were sur pris ing, con sid er ing the fact
that spoIIE ex pres sion starts be fore the asym met ric
sporulation sep tum be gins to form and SpoIIE should be
de tected in mem brane frac tion of forespore and mother
cell. Fur ther lo cal iza tion ex per i ments, with SpoIIE-GFP
fu sions in B. subtilis [40] and B. megaterium [39] us ing flu -

o res cent mi cros copy, clearly showed the lo cal iza tion of
SpoIIE in the asym met ric sporulation sep tum. There are at
least two pos si bil i ties to ex plain these re sults. SpoIIE pro -
tein can spe cif i cally rec og nize the septation site or it can be
built spe cif i cally into al ready formed septa. The sec ond
event is not very likely in view of elec tron-mi cros copy
stud ies of SpoIIE mu tant cells [33,41,33]. Some of these
mu tants (spoIIE20, spoIIE21, spoIIE60 and other) were
noted, with thick asym met ric septa sim i lar to veg e ta tive
septa. It seems, that pres ence of SpoIIE is nec es sary at the
be gin ning of the for ma tion of the sporulation septa. Some
re sults sup port the pro posal that asym met ric septation is a
mod i fied form of veg e ta tive septation and uses the same
ba sic ma chin ery, in clud ing pro teins as FtsZ, FtsA and oth -
ers. SpoIIE pro tein is the only one known sporulation spe -
cific pro tein which de le tion or mu ta tion change the
ultrustructural fea ture of asym met ric septa. 

What is known about the ac ti va tion of asym met ric di vi -

sion dur ing sporulation? Spo0A and sH pro teins are clearly 
in volved in the shift of cell di vi sion to po lar sites [42,32]. It 
was pre vi ously sug gested that the switch in FtsZ ring lo cal -
iza tion is ef fected by a mech a nism which blocks for ma tion
of such ring at mid-cell and re leases the po lar sites in hi bi -
tion [42,43,]. The asym met ric di vi sion oc curs at about the
time nor mal me dial di vi sion would oc cur. There fore, in the 
cell with two com plete chro mo somes where sporulation
was ini ti ated, the me dial di vi sion has to be blocked. Mu tant 
cells af fected in Spo0A, di vide at mid-cell site with out FtsZ 
ring relocalization ef fect [42]. How ever, re cently it was
shown that the switch from me dial to po lar Z rings is ac -
com plished by spi ral like struc ture of FtsZ that grows from
mid-cell out ward to ward the cell poles, where it is con -
verted into bi po lar rings (Fig. 1B) [32]. In ter est ingly, the
pro cess is re vers ible and both FtsA and EzrA were shown
to co-lo cal ize with the FtsZ. SpoIIE plays a cru cial role in
this pro cess, pos si bly by ac ti vat ing the bi po lar Z rings for -
ma tion and by sta bi liz ing of such struc tures. 

The next event, af ter the FtsZ and SpoIIE rings for ma -
tion, in volves re po si tion ing of the en tire di vi sion ma chin -
ery to the cell poles. In ter est ing char ac ter is tic of this
pro cess is that po ten tial di vi sion sites are ac tu ally at both
cell poles and they are used for septa for ma tion in the
disporic mu tants, as ob served in spoIIE, spoIIAA, spoIIAC

(cod ing sF), spoIIGA and spoIIGB (cod ing sE) mu tants. It
is cru cial, that in wild type cell the di vi sion oc curs at only

one of the sites. It is known that sE -de pend ent genes block
the mat u ra tion of the sec ond po lar di vi sion site [44]. 

Al though, the asym met ric cell di vi sion dur ing
sporulation re sem bles the veg e ta tive di vi sion, we do not
know the mech a nisms what are in volved in ac cu rate place -
ment of the di vi sion ma chin ery. Firstly, it ap pears that it
does not in volve the Min sys tem be cause mu ta tions in
minC and minD have lit tle ef fect on the sporulation fre -
quency [24, 25, 43, 45]. How ever, it is not pos si ble fully
ex clude the par tial role of Min sys tem dur ing sporulation in 
light of the fact that in small pro por tion of minD mu tant
cells sporulation-like sep tum is mis placed from its nor mal
po lar site [29, 46]. Sec ondly, the po lar sep tum dur ing
sporulation over comes nucleoid oc clu sion and con stricts
around the nucleoid. The na ture of the effector that over -
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comes or elim i nates the spa tial veto ex erted by the nucleoid 
is not known. 

Al though, the spa tial reg u la tion of veg e ta tive and
sporulation cell di vi sion sig nif i cantly dif fer, both pro -
cesses use es sen tially the same pro tein ma chin ery, ex cept
SpoIIE pro tein what is spe cific com po nent only of the
sporulation sep tum. B. subtilis has homo logues of most E.
coli di vi sion pro teins, in clud ing FtsZ, FtsA, FtsL, FtsQ
(DivIB in B. subtilis), FtsW (YlaO in B. subtilis) and PBP3
(PBP 2B in B. subtilis) [46]. The hi er ar chy of as sem bly of
mid-cell and sporulation di vi sion ap pears to be sim i lar for
both pro cesses (again ex cept SpoIIE). 

Chro mo some par ti tion ing dur ing sporulation

Gen er ally, the cell must co or di nate the cell di vi sion with
the faith ful seg re ga tion of the newly du pli cated chro mo -
somes to each daugh ter cell. This is fol lowed in vege ta -
tively grow ing B. subtilis cell by com plex mech a nism. The
switch to po lar cell di vi sion dur ing sporulation has an in ter -
est ing con se quence for chro mo some seg re ga tion. Strik -
ingly, at the be gin ning of sporulation, in stead of split ting
two chro mo somes, they form an elon gated struc ture known 
as ax ial fil a ment. Lo cal iza tion ex per i ments of oriC by us -
ing Lac repressor (tar geted to a lacO gene cop ies placed
near oriC) and chro mo some seg re ga tion pro tein Spo0J by
means of GFP fu sion re vealed that ax ial fil a ment for ma tion 
is ac com pa nied by mi gra tion of the oriC re gions to wards
op po site poles of the cell [47]. Thus, the chro mo somes in
this predivisional sporangium are ori ented with their rep li -
ca tion or i gin re gions to op po site poles of the cell. In ter est -
ingly, the an chor ing sites of chro mo somes are in re gion
ly ing about 150-300 kbp away from oriC. One pro tein can -
di date in volved in re cruit ing the chro mo somes to this sites
is the DivIVA pro tein [29], which forms an oligomer like
struc tures [48]. The move ment of two chro mo somes is un -
der the con trol of the phosphorelay sys tem [49]. There are
three known DNA-bind ing pro teins in volved in chro mo -
some seg re ga tion dur ing sporulation - Spo0J, RacA and
Soj. Soj has an abil ity to un dergo co-op er a tive re lo ca tion
from nucleoid to nucleoid [50] or pole to pole [51] and this
move ment re quires Spo0J pro tein, which binds to con den -
sa tion re gions at the chro mo some near the oriC. RacA was
shown that also binds at the chro mo some and is a part of the 
mech a nism that at ta ches the two chro mo somes to the poles, 
likely con tact ing DivIVA pro tein al ready lo cal ized at the
cell pole (Fig. 3) [52,53].

Sporulation sep tum bi sects the ax ial fil a ment leav ing
only one third of one chro mo some in the forespore, cre at -
ing the tran sient ge netic asym me try [54]. The re main ing
two-thirds of the chro mo some is then trans ferred, af ter
10-20 min utes, from the mother cell into the forespore via
con ju ga tion-like mech a nism di rected by SpoIIIE par ti tion -
ing pro tein [55]. The SpoIIIE pro tein is tar geted to the sep -
tum [55] and has ATP-de pend ent DNA-track ing ac tiv ity
with di rect role in DNA trans fer [56]. SpoIIIE hy dro pho bic 
amino-ter mi nal do main is in volved in tar get ing of the pro -
tein to the sporulation sep tum [56]. Ad di tional func tion of
SpoIIIE is in pos si ble mem brane-fu sion process, later
during forespore engulfment [57]. 

Con clu sion and di rec tions

Cell di vi sion as a fun da men tal cel lu lar pro cess still holds
many se crets that are wait ing to be un rav eled. The ma jor
chal lenges now lie in un der stand ing of as sem bly and dis as -
sem bly of the pro tein com plexes at the site of di vi sion. To
un der stand the mo lec u lar mech a nisms of these pro cesses
would re quire state of art ex per i men tal meth ods to solve
the struc ture not only par tic u lar pro teins but rather the pro -
tein com plexes and their proper in ter pre ta tion to ex plain
such phe nom ena as asym me try of pro tein lo cal iza tion, pro -
tein os cil la tion, pro tein spi ral for ma tion and other.

Ac knowl edge ments
The work in I.B.'s lab o ra tory is sup ported by grant
2/1004/21 from the Slo vak Acad emy of Sci ences and
Wellcome Trust Grant 066732/Z/01/Z. 

1. E. Bi & J. Lut ke nhaus, Na tu re, 354 (1991) 161-164.

2. H. P. Erickson, Trends Cell Biol., 7 (1997) 362-367.

3. J. Lowe & L. A. Amos, Na tu re, 391 (1998) 203-206.

4. F. van den Ent & J. Lowe, EMBO J., 19 (2000) 5300-5307.

5. A. Feucht, I. Lu cet, M. Yud kin & J. Erring ton, Mol. Micro -
bi ol., 40 (2001) 115-125.

6. F. J. Moy, E. Glas feld, L. Mosyak & R. Powers, Bi o chem.,
39 (2000) 9146-9156.

7. J. Erring ton, A. Da niel & D. J. Schef fers, Micro bi ol. Mol.
Biol. Rev.,(2003) 52-65.

8. E. J. Har ry, Mol. Micro bi ol., 40 (2001) 795-803.

9. P. A. J. de Boer, R. E. Crossley & L. I. Ro th field,
J. Bac te ri ol., 174 (1992) 63-70.

10. P. A. J. de Boer, R. E. Crossley, A. R. Hand & L. I. Ro th -
field, EMBO J., 10 (1991) 4371-4380.

11. D. M. Raskin & P. A. J. de Boer, PNAS USA, 96 (1999)
4971-4976.

12. D. M. Raskin & P. A. J. de Boer, J. Bac te ri ol., 181 (1999)
6419-6424.

13. Z. L. Hu & J. Lut ke nhaus, Mol. Micro bi ol., 34 (1999)
82-90.

14. D. M. Raskin & P. A. J. de Boer, Cell, 91 (1997) 685-694.

15. X. L. Fu, Y. L. Shih, Y. Zhang & L. I. Ro th field, PNAS
USA, 98 (2001) 980-985.

Ó Krystalografická spoleènost

10 BAC TE RIAL CELL DI VI SI ON - STRUCTU RE AND FUNCTI ON OF PRO TEINS IN VOL VED

Fig ure 3. Out line of chro mo some seg re ga tion dur ing
Ba cil lus subtilis sporulation.



16. S. L. Rowland, X. Fu, M. A. Sayed, Y. Zhang, W. R. Cook 
& L. I. Ro th field, J. Bac te ri ol., 182 (2000) 613-619.

17. Y. L. Shih, T. Le & L. Ro th field, PNAS USA, 100 (2003)
7865-7870.

18. S. C. Cor dell & J. Lowe, FEBS Lett., 492 (2001) 160-165.

19. G. F. King, Y. L. Shih, M. W. Ma cie jewski, N. P. S. Ba ins, 
B. L. Pan, S. L. Rowland, G. P. Mul len & L. I. Ro th field,
Na tu re Struct. Biol., 7 (2000) 1013-1017.

20. W. Mar go lin, Curr. Biol., 11 (2001) R395-R398.

21. Z. L. Hu & J. Lut ke nhaus, Mol. Cell, 7 (2001) 1337-1343.

22. A. L. Mar s ton, H. B. Tho mai des, D. H. Ed wards, M. E.
Shar pe & J. Erring ton, Gen. Dev., 12 (1998) 3419-3430.

23. A. L. Mar s ton & J. Erring ton, Mol. Micro bi ol., 33 (1999)
84-96.

24. J. H. Cha & G. C. Ste wart, J. Bac te ri ol., 179 (1997)
1671-1683.

25. D. H. Ed wards & J. Erring ton, Mol. Micro bi ol., 24 (1997)
905-915.

26. K. Mu cho va, E. Ku tejo va, D. J. Scott, J. A. Bran ni gan, R.
J. Lewis, A. J. Wil kin son & I. Ba rak, Micro bi ol.-Sgm, 148
(2002) 807-813.

27. Y. Zhang, S. Rowland, G. King, E. Braswell & L. Ro th -
field, Mol. Micro bi ol., 30 (1998) 265-273.

28. A. L. Mar s ton, H. B. Tho mai des, D. H. Ed wards, M. E.
Shar pe & J. Erring ton, Gen. Dev., 12 (1998) 3419-3430.

29. H. B. Tho mai des, M. Fre e man, M. El Ka roui & J. Erring -
ton, Gen. Dev., 15 (2001) 1662-1673.

30. E. J. Har ry, J. Rodwell & R. G. Wake, Mol. Micro bi ol., 33
(1999) 33-40.

31. C. L. Wol dringh, E. Mul der, P. G. Huls & N. Vischer, Res.
Micro bi ol., 142 (1991) 309-320.

32. S. Ben Ye hu da & R. Lo sick, Cell, 109 (2002) 257-266.

33. I. Ba rak & P. Young man, J. Bac te ri ol., 178 (1996)
4984-4989.

34. A. Feucht, T. Mag nin, M. D. Yud kin & J. Erring ton, Gen.
Dev., 10 (1996) 794-803.

35. A. Khvo ro va, L. Zhang, M. L. Hi g gins & P. J. Pi g got, J.
Bac te ri ol., 180 (1998) 1256-1260.

36. I. Lu cet, A. Feucht, M. D. Yud kin & J. Erring ton, EMBO
J., 19 (2000) 1467-1475.

37. P. Pre pi ak, Z. Chro mi ko va & I. Ba rak, Fo lia Micro bi ol., 46
(2001) 292-296.

38. M. L. Hi g gins & P. J. Pi g got, Mol. Micro bi ol., 6 (1992)
2565-2571.

39. I. Ba rak, J. Be ha ri, G. Ol me do, P. Gu zman, D. P. Brown,
E. Castro, D. Wal ker, J. West phe ling & P. Young man,
Mol. Micro bi ol., 19 (1996) 1047-1060.

40. F. Ari go ni, K. Po glia no, C. D. Webb, P. Stra gier & R. Lo -
sick, Science, 270 (1995) 637-640.

41. N. Il ling & J. Erring ton, J. Bac te ri ol., 173 (1991)
3159-3169.

42. P. A. Le vin & R. Lo sick, Gen. Dev., 10 (1996) 478-488.

43. I. Ba rak, P. Pre pi ak & F. Schmeis ser, J. Bac te ri ol., 180
(1998) 5327-5333.

44. P. Ei chen ber ger, P. Fa w cett & R. Lo sick, Mol. Micro bi ol.,
42 (2001) 1147-1162.

45. I. Ba rak, P. Pre pi ak & F. Schmeis ser, J. Bac te ri ol., 180
(1998) 5327-5333.

46. J. Erring ton, Curr. Opi ni on Micro bi ol., 4 (2001) 660-666.

47. P. Gla ser, M. E. Shar pe, B. Ra e ther, M. Pe re go, K. Ohl sen
& J. Erring ton, Gen. Dev., 11 (1997) 1160-1168.

48. K. Mu cho va, E. Ku tejo va, D. J. Scott, J. A. Bran ni gan, R.
J. Lewis, A. J. Wil kin son & I. Ba rak, Micro bi ol.-Sgm, 148
(2002) 807-813.

49. P. L. Grau mann & R. Lo sick, J. Bac te ri ol., 183 (2001)
4052-4060.

50. A. L. Mar s ton & J. Erring ton, Mol. Cell, 4 (1999) 673-682.

51. J. D. Qui sel, D. C. H. Lin & A. D. Grossman, Mol. Cell, 4
(1999) 665-672.

52. S. Ben Ye hu da, D. Z. Rud ner & R. Lo sick, Science, 299
(2003) 532-536.

53. L. J. Wu & J. Erring ton, Mol. Micro bi ol., 49 (2003)
1463-1475.

54. L. J. Wu & J. Erring ton, Science, 264 (1994) 572-575.

55. L. J. Wu & J. Erring ton, EMBO J., 16 (1997) 2161-2169.

56. J. Bath, L. J. Wu, J. Erring ton & J. C. Wang, Science, 290
(2000) 995-997.

57. M. D. Sharp & K. Po glia no, PNAS USA, 96 (1999)
14553-14558.

 

Ó Krystalografická spoleènost

I. Barák, P. Florek, K. Muchová, L. Pribišová, Z. Chromiková   11


