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Abs tract

For years, the In sti tute of Mo lec u lar Bi ol ogy of the Slo vak
Acad emy of Sci ences has been in volved in the lead ing
trends of mo lec u lar bi ol ogy, in clud ing genomics and
proteomics, es pe cially in the se quenc ing, clon ing and ex -
pres sion of genes as well as in the iso la tion and pu ri fi ca tion 
of pro teins us ing bio chem i cal meth ods. The pro teins stud -
ied here have been used as re search mod els and some of
them were also used in in dus trial ap pli ca tions. To better
un der stand the struc ture-func tion re la tion ship of these pro -
teins we fo cused our at ten tion on pro tein crys tal log ra phy.
The In sti tute of Mo lec u lar Bi ol ogy was the first in sti tu tion
in the for mer Czechoslovakia that used the meth ods of pro -
tein crys tal li za tion and struc ture de ter mi na tion. Ribo nucle -
ase from the mi cro bial strain Streptomyces aureofaciens,
de ter mined in 1988, was the first pro tein struc ture from the
Czecho slo vak Re pub lic. Sev eral of the lab o ra to ries of this
In sti tute are fo cused on pro tein crys tal log ra phy, mak ing it
the lead ing Slo vak in sti tu tion in struc tural biology. 

La bo ra to ry of pro tein crys tal lo gra phy 
(head Ing. Jo zef Ševèík, DrSc.)

Ap prox i mately in 1980 I read one of the ear li est pa pers
deal ing with the crys tal li za tion of pro teins. Be cause of my
orig i nal ed u ca tion in elec tron ics I had been work ing pri -
mar ily in the sphere of in stru men ta tion. How ever, hav ing
worked in a bi o log i cal en vi ron ment, the crys tal li za tion of
pro teins be came a chal lenge for me. I started with crys tal li -
za tion ex per i ments, ini tially se cretly, with a few com mer -
cially avail able pro teins, ob vi ously not over look ing
lysozyme. At that time I had no ex pe ri ence with pro tein
crys tal li za tion and the in ter est of the Czecho slo vak sci en -
tific com mu nity in the de ter mi na tion of the ter tiary struc -
tures of pro teins was min i mal, a cir cum stance  which
cer tainly did not cre ate an en cour ag ing at mo sphere. What
was encouraging it was the ap pear ance of some pro tein
crys tals, which paved the way for the crys tal li za tion of a
guanylspecific ribonuclease from Streptomyces aureo -
faciens (RNase Sa), which was dis cov ered and well- char -
ac ter ized at our In sti tute [1, 2, 3]. Al though the iso la tion of
this pro tein was very dif fi cult (from 50 litres of fer men ta -
tion me dia, only ~4 mg of pro tein could be ob tained), we
were able to pre pare the en zyme in high pu rity and in suf fi -
cient qual ity for crys tal li za tion ex per i ments [4]. Af ter

count less crys tal li za tion ex per i ments in Petri dishes
with out pres ent-day equip ment and knowl edge, large,
beau ti ful, high-qual ity crys tals of RNase Sa fi nally ap -
peared (Fig. 1). These re sults were ap pre ci ated by Prof.
Zelinka, the di rec tor of the In sti tute, who pro vided funds
for the pur chase of the only equipment avail able at that
time: a Mikrometa 2 X-ray gen er a tor with a sealed 1.2 kW
tube and a pre ces sion cam era, which was con structed by
Dr. Hanic at the In sti tute of Chem is try, SAS. Given the
high qual ity and large size of the RNase Sa crys tals I was
able to get X-ray dif frac tion pat terns on a film (Fig. 2) in
spite of the very low power of the gen er a tor. These pat terns 
were used to de ter mine the es sen tial char ac ter is tics of the
na tive crys tals and to ver ify the qual ity of the isomorphous
crys tals. Heavy atom sub sti tu tion was clearly seen in the
dif fer ences in in ten si ties as shown for the mersalyl (Hg)
de riv a tive (Fig. 3). At this stage our ca pa bil i ties in the pro -
cess of struc ture de ter mi na tion had been ex hausted.
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Fig ure 1. RNase Sa crys tal (1.2 x0.8 x 0.5 mm).

Fig ure 2. Pre ces sion pho to graphs taken from RNase Sa crys tals.



By a co in ci dence of favourable cir cum stances, the
well-known struc tural bi ol o gist Prof. Da vid Phillips from
Ox ford Uni ver sity vis ited a num ber of bi o log i cal in sti tu -
tions in Czecho slo va kia, in clud ing our In sti tute. He ap pre -
ci ated our re sults and rec om mended us to con tact Prof. G.
Dodson at the Uni ver sity of York for co op er a tion. The re -
sponse was fa vor able; I re ceived fund ing from the Brit ish
Coun cil for two short vis its to Prof. Dodson’s lab o ra tory.
The dif frac tion power of the RNase Sa crystals, as well as
those of its com plex with guanosine-3’-monophosphate
(3’-GMP) and the isomorphous crys tals were tested on a
Hilgert-Watts diffractometer. The re sults con firmed the
qual ity of the crys tals and re sulted in my stay at the Uni ver -
sity of York for one year. Dif frac tion data from crys tals of
RNase Sa and a com plex with 3’-GMP were measured us -
ing syn chro tron ra di a tion at Daresbury lab o ra tory with a
res o lu tion of 1.8 A. One set of data with 1.8 A res o lu tion
con tained about 270 films. We also col lected data at 1.2 A
res o lu tion, but these were not used ow ing to a lack of time.
Data from three isomorphous crys tals con tain ing Hg, Pt
and I were col lected us ing a lab o ra tory source with an
Arndt-Wonacott ro ta tion cam era. The measurement of in -
ten si ties us ing Joyce-Loebel Scandig 3 den si tom e ter was a
very time con sum ing pro cess and re quired a large amount
of com puter mem ory, which was not avail able at that time,
there fore we had to use mag netic tapes. The po si tions of
the heavy at oms were de ter mined by di rect meth ods us ing
MULTAN [5]. They were also iden ti fied us ing the
Patterson func tion. Elec tron den sity maps were plot ted on
trans lu cent plas tic sheets and the polypeptide chains were
con structed by man u ally con nect ing elec tron den sity max -
ima. The coordinates of about 50 iden ti fy ing po si tions in
the back bone of each mol e cule were re corded and used to
la bel the backbone when dis play ing the map on an Ev ans & 
Suther land PS300 graphics sys tem using the pro gram
FRODO [6]). The atomic po si tions were re fined by the
stereochemically re strained least-squares method [7]. The
structures of RNase Sa (Fig. 4) and its com plex with
3’-GMP were com pleted in 1988 [8, 9]. The co or di nate file
was de pos ited with the PDB as the 589th struc ture. This was 
fol lowed by struc tures of a com plex with the cy clic nu cle o -
tide guanosine 2’,3’-cyclophosphorothioate [10], a com -
plex with guanosine-2’-monophosphate [11] and the
atomic res o lu tion struc ture of RNase Sa  [12]. 

Based on these re sults and on the pos si bil ity of im ple -
ment ing struc tural bi ol ogy in our coun try, our ap pli ca tion
for a grant from the Howard Hughes Med i cal In sti tute

(1995) in co op er a tion with Prof. Wil son was suc cess ful.
The money from the grant helped us to cre ate a pro tein
crys tal log ra phy lab o ra tory and to be come in de pend ent
from for eign lab o ra to ries by pur chas ing what was at the
time a top com puter graphics station (Sil i con Graphics).
Since then, we have been able to carry out all ac tiv i ties re -
lated to struc tural work ex cept for data col lec tion, which
still re quires the use of for eign fa cil i ties.

Later, RNases Sa2 and Sa3 from Streptomyces
aureofaciens were also iso lated and pu ri fied. The prop er -
ties of these pro teins (small size, sim i lar func tion, high sta -
bil ity, high pro duc tion of re com bi nant prod ucts) have
made them the ob ject of in tense struc tural stud ies in our
lab o ra tory and in the lab o ra to ries of our co-work ers
(EMBL Ham burg, Texas A&M Uni ver sity, Uni ver sity of
Wis con sin) for more than two de cades. These en zymes are
highly spe cific endoribonucleases which hy dro lyse the
phosphodiester bond of a sin gle-stranded RNA at the
3’-side of guanosine nu cleo tides [2, 13]. They have been
in valu able in shed ding light on the mech a nism of cat a lytic
ac tion [8, 10, 14, 15, 16, 17], mo lec u lar rec og ni tion [18],
the conformational sta bil ity and fold ing of pro teins [13, 19, 
20, 21, 22], cytotoxicity [23] and they have also pro vided
solid ev i dence of the flex i bil ity of pro tein mol e cules [24,
25, 26, 27]. Some struc tures of RNase Sa have been solved
at truly atomic res o lu tion, 0.85 C. 

An other class of pro teins that has be come the sub ject of 
struc tural re search are hydrolytic en zymes and en zymes
ac tive on car bo hy drates. The most thor oughly stud ied so
far is glucoamylase from Saccharomycopsis fibuligera.
This en zyme was iso lated and crys tal lized in the lab o ra tory
of pro tein chem is try. The struc ture of this en zyme was de -
ter mined at 1.8 C res o lu tion [28], and it was the first re port
of the three-di men sional struc ture of a yeast fam ily 15

glucoamylase. The en zyme has the fold of an (a/a)6 bar rel,
which is com posed of six antiparallel he li ces (Fig. 5). Later 
the res o lu tion was ex tended to 1.1 C and the struc ture of a
com plex with acarbose [29] was solved. The struc ture of
the com plex re vealed the pres ence of the raw starch bind -
ing site di rectly on the cat a lytic do main. It is the only en -
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Fig ure 3. In ten si ties from na tive and isomorphous crys tals con -
tain ing mersalyl (Hg). Dif fer ences in in ten si ties are clearly vis i ble 
in the boxes. 

Fig ure 4. Struc ture of RNase Sa (96 amino ac ids).



zyme so far known that does not con tain a sep a rate raw
starch bind ing site do main. 

We have also been in volved in a NASA pro ject for the
crys tal li za tion of pro teins in a microgravity en vi ron ment.
One of our pro teins, glucoamylase, was crys tal lized in the
space shut tles Co lum bia and Atlantis in 1988, Fig. 6. Be -
fore the flight the crys tal growth con di tions were op ti mized 
in ground-con trolled ex per i ments with the pro to type
hardware for the lab o ra tory. The crys tal li za tion ex per i -
ments in the shut tle were suc cess ful.  

In co op er a tion with Men del Uni ver sity in Brno we have 
also stud ied the struc ture-func tion re la tion ship of

b-1,4-glucosidase from Zea mays. The en zyme has a (b/a)8
bar rel struc ture and ac cord ing to the CAZy clas si fi ca tion
be longs to the glycoside hy dro las es fam ily 30. Be cause the
struc ture of the en zyme with a free ac tive site is known
[30], we fo cused on struc tural stud ies of mu tants and com -
plexes with flavonoid in hib i tors. At pres ent, five struc tures
of en zyme-ligand com plexes at 1.6-2.5 C res o lu tion are be -
ing fin ished.

The struc ture-func tion re la tion ship and mo lec u lar rec -
og ni tion are also the main top ics of the study of xylanase A
from the plant patho gen Erwinia chrysanthemi be ing done
in co op er a tion with the Chem i cal In sti tute, SAS in
Bratislava. This en zyme be longs to the glycoside hy dro las -
es fam ily 1 and its struc ture con sists of a cat a lytic do main

with a (b/a)8 bar rel struc ture and an ad di tional do main with 
an im mu no glob u lin like struc ture [31]. The struc ture of a
com plex with the prod uct of the en zy matic re ac tion was 
de ter mined at 1.4 C res o lu tion [48].

We have also re cently be gun to co op er ate with the Bi o -
log i cal Re search Cen ter, HAS, Szeged on the struc tural
study of en zymes tak ing part in the pho to syn the sis of pur -
ple sul phur bac te ria.  Crys tals of the first en zyme un der
study, flavocytochrome c4, have been ob tained.

In the last de cade we have fo cused pri mar ily on pro -
teins that are im por tant in hu man med i cine: plectin, tau
pro tein, the ryanodine re cep tor and the vas cu lar en do the lial 
growth fac tor re cep tor. 

In col lab o ra tion with the Uni ver sity of Vi enna, we were 
in volved in the study of plectin. It is a widely ex pressed
cytolinker pro tein, com posed of sev eral subdomains that
har bor bind ing sites for a va ri ety of dif fer ent in ter ac tion
part ners. Plectin con tains more than 5000 amino ac ids. De -
fects in the plectin gene cause a se vere skin blis ter ing dis -
ease com bined with mus cu lar dys tro phy. We de ter mined
the struc ture of the actin bind ing do main of plectin at 2 C
res o lu tion [32], Fig.7. The actin bind ing do main of plectin
is struc tur ally sim i lar to that of fimbrin, both hav ing closed
con for ma tions which dif fer from the open con for ma tion of
dystrophin and utrophin. 

Tau pro tein, re spon si ble for Alz hei mer’s dis ease and its 
re lated de men tia, is one of the nat u rally dis or dered pro -
teins. Neuronal dam age in AD is ac com pa nied by self-as -
sem bly of tau pro tein mol e cules into paired he li cal
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Fig ure 6. Poster show ing our par tic i pa tion in the NASA pro ject.

Fig ure 5. Struc ture of glucoamylase (490 amino ac ids).

Fig ure 7. Struc ture of the actin bind ing do main of plectin (232
amino ac ids).



fil a ments. The core of these fil a ments has a clearly de fined
ter tiary struc ture, which can be mapped by bind ing
monoclonal an ti bod ies to them fol lowed by struc ture de ter -
mi na tion of the com plexes of an ti bod ies with their
epitopes. In co op er a tion with the In sti tute of
Neuroimmunology, SAS, we de ter mined the struc ture of
the com plex of monoclonal an ti body MN423 with the
C-ter mi nal hexapeptide of the core PHF tau at a res o lu tion
of 1.65 C [33].

The ryanodine re cep tor is the larg est known ion chan -
nel and con sists of four sub units, each con tain ing ~5000
amino acid res i dues. The re cep tor is ex pressed in the heart
mus cle. Mu ta tions in this pro tein cause ar rhyth mia and
sud den car diac death. We have pre pared three do mains of
this pro tein in sol u ble monomeric form, which are be ing
sub jected to bio phys i cal mea sure ments and crys tal li za tion.
CD spec tra and sec ond ary struc ture pre dic tions sug gest
that the do mains have a glob u lar fold  [34]. This study is
be ing per formed in co op er a tion with the In sti tute of Mo -
lec u lar Phys i ol ogy and Ge net ics, SAS.

The vascular en do the lial growth fac tor re cep tor
(VEGFR-2) is con sid ered to be cru cial in the pro cess of en -
do the lial cell ac ti va tion which re sults in tu mor
neoangiogenesis and its me tas ta sis, or in dis eases con -
nected with patho log i cal vascularisation such as macular
de gen er a tion. Here we co op er ate with De part ment of
Chem is try, Comenius Uni ver sity. The iso la tion and pu ri fi -
ca tion of the re com bi nant pro tein as well as its
crystallization is under way.

De part ment of Micro bial Ge ne tics 
(head Dr. I. Ba rák, DrSc.)

Dur ing the last de cade, the De part ment of Mi cro bial Ge -
net ics has fo cused on study ing the func tion and struc ture of 
pro teins in volved in the cell di vi sion and sporulation of the
Gram-pos i tive bac te rium Ba cil lus subtilis, an in ter na tion -
ally-rec og nized model or gan ism, whose phys i ol ogy, bio -
chem is try and ge net ics have been stud ied for many years. 

In re sponse to nu tri ent lim i ta tion, B. subtilis can dif fer -
en ti ate and form a highly re sis tant endospore within a
mother cell. This spore is then re leased and can lie dor mant
in def i nitely and ger mi nate into new veg e ta tive cell when

fa vor able con di tions for growth are re stored. The
sporulation pro cess is reg u lated by com plex reg u la tory cir -
cuits. The reg u la tion of gene ex pres sion dur ing sporulation 
in B. subtilis is well-un der stood and pro vides a text book
ex am ple of gene reg u la tion by al ter nate RNA poly mer ase
sigma fac tors. Sporulation be gins when a thresh old con -
cen tra tion of phosphorylated Spo0A is reached. Phospho -
rylated Spo0A causes pro found changes in the global
pat tern of gene ex pres sion in the cell. Spo0A~P ac ti vates
the tran scrip tion of sporulation spe cific genes and, at the
same time, re presses the tran scrip tion of many sta tion ary
phase spe cific genes. 

Our col lab o ra tion with York Uni ver sity led to the de ter -
mi na tion of a se ries of crys tal struc tures of the reg u la tory
and trans-ac ti va tion do mains of Spo0A [35, 36, 37]. The
struc ture of the N-ter mi nal re ceiver do main in its
phosphorylated form was de ter mined at 2.5 C res o lu tion
(Fig. 8) and in its unphosphorylated form at 1.65 C res o lu -
tion. A com par i son of these struc tures re vealed the struc -
tural changes as so ci ated with phosphorylation and
sug gested a pos si ble mech a nism of Spo0A ac ti va tion upon
phosphorylation. 

The struc ture of the C-ter mi nal DNA bind ing do main
was de ter mined at 2 C res o lu tion (Fig. 9). The high-res o lu -
tion of the crys tal struc tures of both Spo0A do mains pro -
vide a frame work for fur ther un der stand ing Spo0A
func tion and in ter pret ing its rich ar ray of mutational data.

Later we stud ied the B. subtilis cell di vi sion pro tein
DivIVA. It has a cu ri ous dual role in FtsZ ring place ment
dur ing veg e ta tive growth and chro mo some seg re ga tion
dur ing sporulation. It ap pears to have an in trin sic ca pac ity
to rec og nize cell poles. In vege ta tively grow ing cells it lo -
cal izes at the cell poles fol low ing the as so ci a tion of the cell
di vi sion ap pa ra tus. In ter est ingly, DivIVA lo cal izes to cell
poles also in heterologous sys tems such as E. coli or the
yeast Saccharomyces pombe. We solved the TEM (trans -
mis sion elec tron mi cros copy) struc ture of DivIVA [38].
Fig. 10 shows doggy-bone shaped par ti cles of length 28.5
nm (a). These par ti cles serve as build ing blocks in the for -
ma tion of higher or der as sem blies giv ing rise to strings
(b,c), wires and two-dimensional lattices (d). 

In our re cent work we have fo cused on the
SpoIISA–SpoIISB toxin-an ti toxin sys tem which is in -
volved in pro grammed cell death in B. subtilis. The
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Fig ure 8. Struc ture of the phosphorylated N-ter mi nal do main of
Spo0A.

Fig ure 9. Struc ture of the C-ter mi nal do main of Spo0A.



spoIISA gene en codes a 248-res i due pro tein con tain ing
three pu ta tive trans-mem brane do mains with the last
two-thirds pre dicted to be lo cated in the cy to plasm. On the
other hand, the spoIISB gene en codes a ba sic, hy dro philic,
56-res i due pro tein. 

We pre pared a com plex con tain ing the C-ter mi nal re -
gion of SpoIISA (C-SpoIISA) and SpoIISB, suc cess fully
crys tal lized it, and de ter mined its structure. 

De part ment of Bi o che mis t ry 
(head Dr. E. Ku tejo vá, CSc.)

The ATP-de pend ent pro te ase Lon is one of the key com po -
nents of mi to chon drial ho meo sta sis. It is re spon si ble for
the deg ra da tion of ox i da tively dam aged, misfolded,
misassembled and also short-lived pro teins in the mi to -
chon drial ma trix. In the yeast S. cerevisiae Lon was found
to be im por tant for mi to chon drial DNA sta bil ity and in hu -
man mi to chon dria Lon is bound to the mtDNA cod ing re -
gion. The cryoelectron mi cros copy stud ies of S. cerevisiae
Lon pro te ase that were done  in close co op er a tion with the
Uni ver sity of Basel showed that Lon forms a heptamer
ring-like struc ture, Fig. 12 [39]. On the other hand, crys tal -
lo graphic stud ies of the proteolytic do main of hu man mi to -
chon drial Lon, done in close co op er a tion with the
Uni ver sity of York, sug gested a hexamer ring-like as sem -
bly, Fig. 13 [40]. These crys tal lo graphic stud ies en abled us
to hy poth e size that oligomer for ma tion al lows a
conformational shift to oc cur, which con verts an in ac tive
ac tive site con for ma tion to an ac tive one. 

La bo ra to ry of Mo le cu lar Micro bi o lo gy
(head Dr. M. Far ka šov ský, CSc.)

Reg u lar chro mo somes seg re ga tion dur ing cell di vi sion is a
cru cial pro cess, which de pends on spa tial and tem po ral co -
or di na tion of cytokinesis with nu clear mi gra tion. The
cleav age ap pa ra tus is com posed of two ma jor com po nents:
septins and the ac to my o sin con trac tile ring. Septins are
con served GTP-bind ing pro teins pres ent in most
eukaryotic or gan isms and were first dis cov ered in screens
for tem per a ture sen si tive mu ta tions that con trol bud ding
yeast cell cy cle (41). CDC3, CDC10, CDC11, CDC12 and
SHS1mu tants were found to cause cell cy cle ar rest and de -
fects in the cytokinesis. These pro teins were iso lated from
yeast as a 340 kDa pro tein com plex, which is ca pa ble to

form fil a ments in vi tro [42]. Us ing elec tron and
immunofluorescence mi cros copy, yeast septins were lo cal -
ized to the bud neck re gion, where they form higher or der
fil a men tous struc tures (Fig. 14). The mo lec u lar func tion of
septins in the bud for ma tion, in cytokinesis and mem brane
traf fick ing in yeast and higher or gan isms is not well un der -
stood. One hy poth e sis on the com mon role of septins is that 
they func tion as poly meric, GTP-reg u lated scaf folds re -
cruiting other pro teins. Septin cor tex also serves as a dif fu -
sion bar rier for in te gral mem brane proteins, which is
highly selective for proteins exclusively localized to the
bud or mother com part ment [43].
14 septins were found in hu man cells that as sem ble along
ex ist ing actin bun dles into higher-or der struc tures, which
pro vide scaf fold for other pro teins and help to or ga nize
actin-based struc tures. Septins have also been found to
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Fig ure 10. TEM struc ture of DivIVA.

Fig ure 12. EM anal y sis of Lon pro teas es. (A1) (A2)
Saccharomyces cerevisiae Lon non-symmetrized av er age im -
ages with di am e ters of the ring and cen tral hole (11 and 2.5 nm,
re spec tively). The leg-like struc tures are less con trasted in the
av er age im age be cause of their high flex i bil ity. (B) (C) Cor re -
la tion av er ages of E. coli Lon wild type and E. coli Lon E614K
mu tant with the di am e ters of the ring and cen tral hole of EcLon
(11 and 3 nm, re spec tively) and of EcLon E614K mu tant (12
and 4 nm, re spec tively) (adapted from Park Mol. Cell. 21,

Fig ure 13. Crys tal struc ture of the hu man Lon proteolytic do -
main. Left: Hu man Lon proteolytic do main dimer ob served in the
crys tal struc ture. The asym met ric unit con tained two dimers and
two in de pend ent mono mers. Right: A hexamer con structed us ing
the hu man Lon dimer and the E. coli Lon hexamer. 



play a role in some kinds of can cers and found to ac cu mu -
late into patho log i cal struc tures in neurodegenerative dis -
or ders in hu mans e.g. Alz hei mer`s dis ease [44]. In
col lab o ra tion with Prof. Wittinghofer (MPI fuer
molekulare Physiologie, Dortmund, Ger many) we pre vi -
ously solved the crys tal struc ture of the SEPT2 G do main
in its GDP-bound state and the low-res o lu tion struc ture of a 
hu man oligomeric septin com plex con sist ing of SEPT2/6/7 
(Fig. 15). X-ray struc tures re vealed that fil a ment for ma tion 
in volves con served in ter ac tions be tween ad ja cent nu cle o -
tide-bind ing sites (G in ter face) and N- and C-ter mi nal ex -
ten sions (NC in ter face) of the protomers. These re sults,
com ple mented by elec tron mi cros copy stud ies of septin
com plexes from hu man, Caenorhabditis elegans and S.
cerevisiae dem on strated a uni ver sal prin ci ple for the
assembly of septins into nonpolar linear fil a ments ([45, 46]
and Fig. 16). 

Very re cently, we re ported the crys tal struc ture of
SEPT2 bound to GppNHp at 2.9 C res o lu tion. GTP bind -
ing in duces conformational changes in the switch re gions
at the G in ter faces, which are trans mit ted to the N-ter mi nal
he lix and also af fect the NC in ter face. Based on our bio -
chem i cal and struc tural stud ies, we pro pose that GTP bind -
ing/hy dro ly sis in flu ence the sta bil ity of in ter faces in
heterooligomeric and poly meric septins and are re quired
for proper septin fil a ment as sem bly [47]. In spite of re cent
de vel op ment, it is still not well un der stood how these spe -
cific pro tein-pro tein in ter ac tions lead to changes in the
poly mer iza tion of septin fil a ments or as sem bly of
higher-or der struc tures in vivo. De tailed char ac ter iza tion of 
the dy nam ics of septin as sem bly and the in volved reg u la -
tory mech a nisms will be im por tant in un der stand ing septin
func tion.
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Fig ure 16. EM septins - sin gle par ti cle anal y sis.


