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ASYMMETRIC CELL DIVISION DURING SPORULATION IN BACILLUS SUBTILIS

Imrich Barák1, Katarína Muchová1, Adam Wolman2, Zuzana Chromiková1, 
An thony J. Wilkinson3 and Mark Leake2

1In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, 845 51 Bratislava, Slovakia
2De part ments of Phys ics and Bi ol ogy, Uni ver sity of York, York YO10 5DD, UK

3De part ment of Chem is try, Uni ver sity of York, YO10 5DD, York, UK 

Ba cil lus subtilis is a Gram-pos i tive mi cro or gan ism which
is able to dif fer en ti ate dur ing pro cess called sporulation. A
hall mark of sporulation in B. subtilis is the po lar cell di vi -
sion. As oc curs dur ing veg e ta tive cell di vi sion, the tubulin- 
like FtsZ forms a ring-like struc ture at mid-cell. At the on -
set of sporulation, how ever, the Z-ring mi grates from
mid-cell on a spi ral tra jec tory to the two cell poles in a pro -
cess that de pends on the pres ence of SpoIIE. This pro tein
colocalizes with the po lar Z-rings. Asym met ric cell di vi -
sion oth er wise ap pears to in volve the same set of pro teins
as con sti tute the divisome dur ing veg e ta tive cell di vi sion.
How ever, the re sult ing sporulation sep tum is much thin ner. 
Ac com pa ny ing these mor pho log i cal changes is a co or di -
nated programme of dif fer en tial gene ex pres sion, in volv -
ing intercellular sig nal ling pro cesses, that leads to the

ac ti va tion of the RNA poly mer ase sigma fac tors, sF and sG

in the forespore and sE and sK in the mother cell [1]. 
Al though, SpoIIE has a crit i cal func tion in de ter min ing

the site of for ma tion of the sporulation sep tum, it is not un -
der stood (i) how it local ises to the po lar sep tum (ii) how it
causes FtsZ to relocalise from mid-cell to the po lar site (iii)
what role SpoIIE plays in septal thin ning, (iv) how its

SpoIIAA~P phosphatase ac tiv ity is con trolled so that sF

acitivation is de layed un til the sep tum is com pleted (v)
what role SpoIIE playes in SpoIIQ-SpoIIIAH channel
formation. 

SpoIIE from B. subtilis is an 827 res i due pro tein that
con sists of three re gions. It has 10 pu ta tive mem brane-
 span ning seg ments (re gion I) at its amino ter mi nus and a
PP2C-type phosphatase do main (re gion III) at its C-ter mi -
nus. The cen tral re gion II is re quired for lo cal isa tion of

SpoIIE to the divisome and its re ported in ter ac tion with
FtsZ. The struc ture of the PP2C phosphatase do main of
SpoIIE as well as a part of cen tral do main to gether with
phosphatase do main were al ready solved [2,3]. In con trast,
the struc ture of N-ter mi nal more than one thirds of SpoIIE
and the char ac ter of its in ter ac tions with part ner pro teins
are un known. We re cently iden ti fied a new part ner of
SpoIIE, the cytoskeletal pro tein, RodZ, which is es sen tial
for cell shape de ter mi na tion. This in ter ac tion is ad di tion -
ally required for asymmetric septum formation and
sporulation. 

We eval u ated the po si tion ing of the asym met ric sep tum 
and its ac cu racy by sta tis ti cal anal y sis of the site of
septation. We also clar i fied the role of SpoIIE, RefZ and
MinCD on the ac cu racy of this pro cess. In ad di tion, we
have em ployed a new method of “slimfield” mi cros copy to
study the copy num ber, the oligomeric state and dif fu sion
co ef fi cient of SpoIIE in live cells and dur ing its dif fer ent
roles in asym met ric sep tum site rec og ni tion, ac ti va tion of

sF and forespore engulfment. 
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vak Acad emy of Sci ences and by a Grant from the Slo vak
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EVOLUTIONARY UPGRADE OF STEFINS FOR SECRETION IN PARASITES
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Fasciolosis caused by the liver fluke Fasciola he pat ica is a
world wide spread par a sitic dis ease of ru mi nants and is rec -
og nized as an emerg ing hu man dis ease. This work is fo -
cused on FhCY2, a mem ber of cystatin superfamily, which
is pres ent in sev eral tis sues of F. he pat ica and its ex cre -
tory/se cre tory prod ucts. Struc tural and phylo gen etic anal y -
ses re vealed that FhCY2 be longs to stefins (type 1
cystatins). Stefins are typ i cally intracellular, with out sig nal 
se quence and with out di sul fides. How ever, FhCY2 breaks

these rules, thus re sem bling mem bers of extracellular type
2 cystatins. Our work shows that FhCY2 is an evo lu tion ary
ad ap ta tion to the ab sence of type 2 cystatins in the F. he pat -
ica ge nome. FhCY2 is a broad-se lec tive in hib i tor of host
cysteine cathepsins as well as se creted di ges tive cysteine
cathepsins of F. he pat ica, sug gest ing a dual role of FhCY2
in the phys i o log i cal reg u la tion of ex og e nous and en dog e -
nous proteolytic sys tems.
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G-quadruplexes are four-stranded nu cleic acid struc tures
typ i cally made up of stacked GGGG tet rads con nected by
short loops [1].  Al though most stud ies in ves ti gat ing po ten -
tial bi o log i cal roles of G-quadruplexes have fo cused on
monomeric struc tures, re cent work sug gests that
multimeric G-quadruplexes could also be im por tant.  We
re cently iden ti fied mu ta tions in the cen tral tetrad of a
monomeric G-quadruplex that in duce for ma tion of higher- 
or der struc tures [2-4].  Here we show that both DNA-DNA
and DNA-RNA G-quadruplexes con tain ing a guanosine to
adenosine mu ta tion at a spe cific po si tion in this tetrad be -
have like mo lec u lar switches in which the equi lib rium be -
tween monomeric and multimeric G-quadruplex is
con trolled by GTP con cen tra tion.  Anal y sis of the nu cle o -
tide spec i fic ity of in hi bi tion and char ac ter iza tion of the
mech a nism of bind ing by NMR sug gest that GTP sta bi lizes 
the monomeric form of the G-quadruplex by be com ing in -

cor po rated into one of the tet rads.  Hun dreds of se quences
with the po ten tial to form such GTP-de pend ent switches
are pres ent in the hu man ge nome, in clud ing some that are
evolutionarily con served.  Our ex per i ments pro vide new
in sights into the small mol e cule-me di ated con trol of
G-quadruplex multimerization, and raise the pos si bil ity
that a GTP-de pend ent switch con trols G-quadruplex
multimer for ma tion in cells.
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INSIGHTS INTO THE STRUCTURE AND CONFORMATION OF BIOMOLECULES TO
UNDERSTAND THEIR BIOLOGICAL FUNCTION FOR NEW DRUG SYSTEMS USING

SAXS IN THE LABORATORY
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The de vel op ment of new and better drugs, to over come dis -
eases like Alz hei mer’s dis ease, Par kin son or an ti bi otic re -
sis tance, are a main fo cus of re search in the bi o log i cal,
phar ma ceu ti cal and med i cal field. In the last de cades the
in ter est in bi o log i cal macromolecules and com plexes pro -
vid ing prop er ties to treat and cure dis eases has tre men -
dously in creased. To un der stand their bi o log i cal func tion
in vi tro es pe cially small-an gle X-ray scat ter ing (SAXS)
gains in creas ing at ten tion of fer ing com ple men tary in for -
ma tion to the tra di tion ally used bi o log i cal tech niques.
SAXS en ables to study the struc ture and dy nam ics of
biomolecules in so lu tion where phys i o log i cal key pa ram e -
ters can be tuned and tested.

SAXS is a ver sa tile tech nique used for shape and size
char ac ter iza tion of nanostructured ma te ri als be tween 1 nm
and 200 nm. Bi o log i cal sam ples, like pro teins, pep tides,
monoclonal an ti bod ies or vi ruses are al ready well known
to be in ves ti gated with SAXS. Fur ther more drug de liv ery
sys tems like drug loaded ves i cles, where size and shape pa -
ram e ters of the ves i cle and the drug are found or gran u late
pow ders, where the in ter nal sur face ob tained by SAXS
cor re lates with the tab let hard ness, are interesting
examples of applications.

In the pres ent con tri bu tion we show se lected ap pli ca -
tions of bi o log i cal macromolecules, us ing a multi -
functional lab o ra tory Small and Wide An gle X-ray

Scat ter ing (SWAXS) sys tem, the SAXSpoint 2.0. The
SAXSpoint 2.0 sys tem is a com pact lab-scale sys tem with
ded i cated point collimation, which en ables SAXS, WAXS
and graz ing-in ci dent (GISAXS) scat ter ing stud ies un der
am bi ent and non-am bi ent con di tions, in-situ ten sile
SWAXS ex per i ments, and RheoSAXS stud ies. It sat is fies
the ad vanced user with a wide range of ded i cated sam ple
stages, full ex per i men tal flex i bil ity to meet the right en vi -
ron ment for each sam ple, and high est res o lu tion. The sys -
tem pro vides sim ple op er a tion, short mea sure ment times
and ex cel lent an gu lar res o lu tion, en abled by a smart beam
for ma tion concept while maintaining a laboratory-friendly
compact size and small footprint.

Dif fer ent SAXS and WAXS stud ies on bi o log i cal
macromolecules and phar ma ceu ti cally rel e vant sam ples
were per formed on the pre sented SAXSpoint 2.0 sys tem.
Some of the sam ples re quired high res o lu tion (very low
min i mum scat ter ing an gle) in or der to re solve large struc -
tural di men sions. The unique sam ple-po si tion ing mech a -
nism en abled WAXS mea sure ments to de ter mine
crystallinity with out re-align ing any part of the SWAXS
sys tem. The pre sented stud ies clearly show that high-res o -
lu tion and high-qual ity SWAXS data can be ob tained for
bi o log i cal macromolecules and com plexes in ves ti gated in
their native state with a laboratory SWAXS system.
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Gene trans fer agents (GTAs) are extracellular par ti cles that 
en able high-fre quency hor i zon tal gene trans fer among
prokaryotes and thus ac cel er ate their evo lu tion. GTAs are
de rived from phages that were in de pend ently ac quired by
sev eral bac te rial and archaeal lin eages. In spite of their im -
por tance for ad ap ta tion and di ver si fi ca tion of prokaryotes,

the struc ture and mech a nism of DNA de liv ery of GTA are
un known. Here we used cryo-elec tron mi cros copy to show
that GTA of Rhodobacter capsulatus re sem bles bacterio -
phage from the fam ily Siphoviridae with sev eral unique
fea tures. The DNA-con tain ing head of the GTA is short -
ened in the di rec tion of GTA tail rel a tive to the reg u lar


