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EXPRESSION, PURIFICATION AND CRYSTALLIZATION OF EPIGENETIC READER
OF THE NUCLEOSOME: THE PHD ZINC FINGER DOMAIN OF BAZ1A

Anastasia Amato1, Alessio Bortoluzzi1, Alessio Ciulli 1,2

1Di vi sion of Bi o log i cal Chem is try and Drug Dis cov ery, Col lege of Life Sci ences, Uni ver sity of Dundee, 
United King dom

2De part ment of Chem is try, Uni ver sity of Cam bridge, United Kingdom

The plant homeodomain (PHD) fin gers are small pro tein
do mains found in sev eral nu clear fac tors that in ter act with
chromatin. In par tic u lar they have been found to func tion
as epigenetic read ers of histone tails post-translational
mod i fi ca tions (PTMs). Se quence anal y ses of the hu man
ge nome have re vealed a prev a lence of hu man pro teins con -
tain ing PHD fin gers ad ja cent to Bromodomains and other
epigenetic do mains to form tan dem units.

The PHD zinc fin ger do main is con sti tuted of about 60
res i dues and it is pres ent in sev eral eukaryotic pro teins en -
gaged in the con trol of gene tran scrip tion and chromatin
dy nam ics. It is char ac ter ized by a Cys4-HisCys3  con served
zinc bind ing mo tif. It has been proven that this do main rec -
og nizes un mod i fied as well as post-translational mod i fied
res i dues on H3 tails and, in some cases, it has been found to 
in ter act with non-histone pro teins. The PHD ac tiv ity is the
re sult of a com bi na tion of sev eral dif fer ent epigenetic in -
ter ac tions. Fur ther more, it is note wor thy a link age be tween 
the ac tiv ity of some PHD zinc fin gers and the on set of some 
hu man af fec tions as can cer, im mu no de fi ciency syn dromes
and neu ro log i cal dis or ders.

We are in ter ested to study the PHD zinc fin gers do -
mains of the hu man pro tein BAZ1A. This pro tein, be long -
ing to BAZ fam ily, con tains other im por tant do main as
WAC, WAKZ mo tif and C-ter mi nus-bromodomain im por -
tant for as sem bling the chromatin re mod el ling com plex of
HuCHRAC.  The bi o log i cal and ther a peu tic im por tance of
this pro tein is re lated to the fact that BAZ1A seems im pli -
cated in male fer til ity in ac cord with its high ex pres sion in
male germ cells, in deed  its de fi ciency causes male-spe cific 
ste ril ity. BAZ1A may rep re sent a novel tar get for male
con tra cep tive de vel op ment. 

The pur pose of the pro ject is elu ci dat ing the struc ture-
func tion re la tion ship of PHD-histone in ter ac tion and,

even tu ally, tar get ing this in ter ac tion us ing frag ment-based
ap proaches thereby pav ing the way for the de sign of small
mol e cule chem i cal probes as novel mod u la tors.

The PHD BAZ1A con struct has been gen er ated us ing
the PCR-based clon ing tech nol ogy. For en hanc ing the sol -
u bil ity and sta bil ity dur ing the ex pres sion and pu ri fi ca tion
of the pro tein we have used a pCri11b vec tor, con tain ing
Sumo tag in ad di tion to N-ter mi nal 6-histidine tags. We
have es tab lished and op ti mized a pro to col for the ex pres -
sion and pu ri fi ca tion, com pris ing four-steps pro ce dure in -
clud ing first Ni-af fin ity chro ma tog ra phy, fol lowed by
cleav age of the Sumo tag, a sec ond Ni-af fin ity chro ma tog -
ra phy to re move the cleaved tag, an ad di tional cat ion ex -
change chro ma tog ra phy and last pol ish ing step per formed
by size ex clu sion chro ma tog ra phy.

Fol low ing the pro to col de scribed we are able to achieve 
high level of pu rity and we are cur rently ex plor ing crys tal -
li za tion tri als for PHD BAZ1A.

1. C. Musselman et al, Hand pick ing epigenetic marks with
PHD fin gers, Nu cleic Acid re search, 2011. 

2. C. Musselman et al, PHD fin gers: epigenetic effectors and
po ten tial drug tar gets., Mol.Interv., 2009. 

3. D. G. H. B. e. a. Poot RA, HuCHRAC, a hu man ISWI
chromatin re mod el ling com plex con tains hACF1 and two
novel histone-fold pro teins, EMBO J., vol. 13, n. 19, pp.
3377-78, 2000. 

4. A. e. a. Fer gu son, Tar get ing Low-Druggability
Bromodomains: Frag ment Based Screen ing and In hib i tor
De sign Against the BAZ2B Bromodomain., J.Med.Chem.,
2013. 
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5’ un trans lated re gions of mRNA con tain cis-reg u la tory el -
e ments fre quently form ing sec ond ary struc tures in clud ing
IRESes, bind ing sites for RNA bind ing pro teins, uAUGs
and uORFs. These se quences play an im por tant role in
trans la tion reg u la tion by pro mot ing or in hib it ing trans la -
tion ini ti a tion, af fect ing mRNA’s sta bil ity and also act ing
as riboswitches. As im pair ment of this reg u la tion ma chin -
ery per turbs cel lu lar me tab o lism, lead ing to var i ous phys i -
o log i cal ab nor mal i ties study ing it at a struc tural level
seems to be an im por tant re search sub ject. 

The aim of my re search is to de ter mine the struc ture of
5’ UTR RNA mo tifs us ing mainly X-ray crys tal log ra phy
method, in com bi na tion with low-res o lu tion struc tural
prob ing meth ods and the o ret i cal struc ture pre dic tion. Al -
though X-ray crys tal log ra phy method for struc ture de ter -
mi na tion is widely used for pro tein struc ture de ter mi na tion
it can be also used for RNA. X-ray crys tal log ra phy tech -
nique em ploys sin gle crys tal X-ray dif frac tion (SXRD) to
un am big u ously de ter mine the three di men sional struc ture
of large bi o log i cal mol e cules at atomic res o lu tion. The
strength of this method lies in the high level of ac cu racy it

pro vides and lack of the size lim i ta tion for the mol e cules
that are an a lyzed. The steps in volved in this tech nique con -
sist of sam ple prep a ra tion, crys tal li za tion, X-ray dif frac -
tion and struc ture de ter mi na tion. But as the sur face of RNA 
mol e cules is dom i nated by a poor dif fer en ti ated reg u lar ar -
ray of neg a tively charged phos phates, the crys tal li za tion of
RNAs re mains a for mi da ble ex per i men tal chal lenge which
makes low-res o lu tion struc tural prob ing meth ods like
SHAPE, CD etc. and the o ret i cal struc ture pre dic tion also
im por tant. 

Struc tural in sight ob tain us ing dif fer ent struc tural char -
ac ter iza tion meth ods will help in un der stand ing the dif fer -
ent mech a nisms of trans la tion reg u la tion, im pact of 5’
UTR struc ture on gene ex pres sion and link age be tween
mu ta tions in UTR cod ing se quence and ex pres sion

abnormlities. 

This work is sup ported by the Pol ish Na tional Sci ence Cen -
ter (NCN; grant 2012/04/A/NZ2/00455 to J.M.B.) Par tic i -
pa tion in the Course was sup ported by FEBS YTF grant to
Astha.¨
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DROSOPHILA CTCF PROTEIN
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Drosophila CTCF is con served genomic in su la tor pro tein
able to sup port long-dis tance (at 5kb) genomic in ter ac -
tions. Ob vi ously self-as so ci a tion ac tiv ity of the pro tein is
in volved in this pro cess. Anal y sis of re com bi nant de le tion
de riv a tives by chem i cal cross-link ing re vealed pres ence of
dimerization do main in the N-ter mi nal part of Drosophila
CTCF. Lim ited pro te ol y sis fol lowed by MALDI-TOF MS
anal y sis al lowed us to de ter mine pre cise po si tion of
dimerization do main. No homology with known pro tein
do mains was found. De spite the small coiled-coil re gion is
pre dicted within the do main, it self it is not suf fi cient to sup -
port dimerization. N-ter mi nal se quences which are not re -
quired for dimerization con trib utes to the over all sta bil ity

of the re com bi nant pro tein. Large-scale bac te rial ex pres -
sion and pu ri fi ca tion scheme was es tab lished. Anal y sis of
the re com bi nant pro tein by both size-ex clu sion chro ma tog -
ra phy and DLS re vealed ap par ent mo lec u lar weight of the
pro tein cor re spond ing to the tetramer rather than to the
dimer dis cov ered by cross-link ing. These dif fer ences can
be ex plained by the elon gated shape of the mol e cule. A pri -
mary screen ing of crys tal li za tion con di tions for re com bi -
nant CTCF N-ter mi nal do main was per formed.

Par tic i pa tion in the Course was sup ported by FEBS YTF
grant to A.B.
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X- RAY DIFFRACTION ANALYSIS OF THE VIR U LENCE-RE LATED PERIPLASMIC
CHAPERONE, SURA, FROM BURKHOLDERIA PSEUDOMALLEI 

Suraya Diaz and N Harmer 

School of Bio sci ences, Uni ver sity of Exeter, Exeter, EX4 4QD, UK

In Gram-neg a tive bac te ria the Outer Mem brane (OM) de -
liv ers a phys i cal pro tec tion to ad verse com pounds and is
cru cial for mi cro bial patho ge nic ity. SurA is a
peptidyl-prolyl isomerase chaperone that par tic i pates in the 
translocation path way of outer mem brane pro teins
(OMPs). Ad di tion ally, SurA is thought have a cen tral role
in the as sem bly of the ma jor ity of OMPs con trib ut ing for
the fold ing and in ser tion of OMPs in the OM [1,2]. Fur -
ther more, it has been re ported that mu ta tions on SurA gene
have di min ish the vir u lence of Sal mo nella enterica,
Shigella flexneri and uropathogenic E. coli, sug gest ing
SurA as a new suit able ther a peu tic tar get against sev eral
patho gens [3]. How ever, the only avail able mo lec u lar
struc tures for this fam ily of pro teins come from E. coli. The 
E. coli struc tures of fer only a par tial view of the role of the
SurA. Structure de ter mi na tion of SurA from ad di tional
clin i cally rel e vant spe cies would have an im por tant im pact
in un der stand ing the bi o log i cal func tion of this pro tein. 

In E. coli, SurA was re ported to be con sti tuted by three
sep a rate do mains (N/C, P1, and P2) [4], with the N/C-P1
do main dis play ing sig nif i cant en zy matic activity [5]. In
this study, the N/C-P1-do main of SurA from Burkholderia
thailandensis, an avirulent rel a tive of Burkholderia
pseudomallei [6], was ex pressed, pu ri fied and screened for
crystallisation. 

The suc cess ful crystallisation and mo lec u lar struc ture
de ter mi na tion of SurA N/C-P1-do main could have a crit i -
cal im pact in our un der stand ing of the bi ol ogy of this pro -
tein fam ily. This may have im por tant im pli ca tions in the
de vel op ment of new mi cro bi o log i cal ther a peu tic strat e gies
in an era of in creas ing an ti bi otic re sis tance, with the ur gent
need for new ther a peu tic strat e gies.

1. Bos, M. P., Rob ert, V., and Tommassen, J. (2007).
Biogenesis of the gram-neg a tive bac te rial outer mem brane. 
Annu. Rev. Microbiol., 61, 191-214.

2. Knowles, T. J., Scott-Tucker, A., Overduin, M., and
Henderson, I. R. (2009). Mem brane pro tein ar chi tects: the

role of the BAM com plex in outer mem brane pro tein as -
sem bly. Na ture Re views Mi cro bi ol ogy, 7(3), 206-214.

3. Behrens, S., Maier, R., De Cock, H., Schmid, F. X., and
Gross, C. A. (2001). The SurA periplasmic PPIase lack ing
its parvulin do mains func tions in vivo and has chaperone
ac tiv ity. The EMBO jour nal, 20(1), 285-294.

4. Bitto, E., and McKay, D. B. (2002). Crys tal lo graphic struc -
ture of SurA, a mo lec u lar chaperone that fa cil i tates fold ing
of outer mem brane porins. Struc ture, 10(11), 1489-1498.

5. Rouvière, P. E., and Gross, C. A. (1996). SurA, a
periplasmic pro tein with peptidyl-prolyl isomerase ac tiv ity, 
par tic i pates in the as sem bly of outer mem brane porins.
Genes and de vel op ment, 10(24), 3170-3182.

6. Brett, P. J., and Woods, D. E. (2000). Pathogenesis of and
im mu nity to melioidosis. Acta tropica, 74(2), 201-210.
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STRUCTURES OF BACTERIAL KYNURENINE FORMAMIDASE

Laura Díaz-Sáez, Velupillai Srikannathasan, Mar tin Zoltner and Wil liam N. Hunter

Di vi sion of Bi o log i cal Chem is try and Drug Dis cov ery, Col lege of Life Sci ences, Uni ver sity of Dundee, Dow
Street, Dundee DD1 5EH, UK.

Kynurenine formamidase (KynB, EC 3.5.1.9) is the sec ond 
en zyme in volved in the aer o bic deg ra da tion of L-trypto -
phan to anthranilate [1]. This path way pro vides pre cur sors
for biosynthetic path ways such as anthranilate ca tab o lism,

2-oxo-glutarate and quinolinate for ma tion. Kynurenine
formamidase ca tal y ses the hy dro ly sis of N-formyl- L-
 kynurenine to L-kynurenine and formate [2]. This en zyme
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Fig ure 1.  The ac tive site of KynB is highly con served. Su per po -
si tion of BaKynB (dark grey), BcKynB (grey) and PaKynB (light 
grey) ac tive sites struc tures. 



is pres ent in eukaryotes, which is called KNase, but is not
re lated to bac te rial KynB. 

To as sess the char ac ter iza tion of the bac te rial KynB
three dif fer ent struc tures were de ter mined; Ba cil lus
anthracis KynB (BaKynB, 4CO9, 4CZ1), Burkholderia
cenocepacia KynB (BcKynB, 4COG) and Pseu do mo nas
aeruginosa KynB (PaKynB, 4COB). The struc tures show
a novel amidase fold and a crowded binuclear Zn2+ cat a -
lytic site that is a key fea ture for the re ac tion ca tal y sis. The
over all struc ture is highly con served be tween the
Gram-neg a tive and Gram-pos i tive bac te ria as well as the
ac tive site pocket amino ac ids (Fig ure 1). KynB is a

homodimer show ing a b-bar rel-like do main in each sub -
unit. The ac tive site can only ex ist with the amino acid con -
tri bu tion of both sub units. The two Zn2+ are lo cated in a
rigid ac tive site and pres ent a co or di na tion num ber of 5 or
6. The pres ence of these ions fa vours an acidic amidase re -
ac tion. The BaKynB struc ture complexed with 2-amino -

acetophenone (4CZ1) de fines sub strate rec og ni tion and
sug gests a re ac tion mech a nism. In the case of the BcKynB
struc ture, one of the Zn2+ was re placed by a Cd2+ (Fig ure
1), which was pres ent in the crys tal li za tion con di tion.

Ad di tion ally, kynurenine formamidase ac tiv ity for
BaKynB, BcKynB and PaKynB was con firmed us ing a
spec tro pho to met ric as say [1]. Km val ues were com pa ra ble
to the Ba cil lus ce reus KynB [3] and sub strate in hi bi tion
was not ob served.

1. O. Kurnasov, L. Jablonski, B. Polanuyer, P. Dorrestein, T.
Begley & A. Osterman, FEMS Microbiol. Lett., 227 (2003) 
219-227.

2. F. P. Zummo, S. Marineo, A. Pace, F. Civiletti, A. Giardina 
& A. M. Puglia, Appl. Microbiol. Biotechnol., 94 (2012)
719-728.

3. J. M. Bougie, Mas ters the sis, George Man son Uni ver sity,
USA, 2011.
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STRUC TURAL CHAR AC TER IZA TION OF IN TER AC TIONS BE TWEEN
AC CU MU LA TION AS SO CI ATED PRO TEIN (AAP) AND SMALL BA SIC PRO TEIN

(SBP)-TWO ES SEN TIAL PRO TEINS GOV ERN ING STAPH Y LO COC CUS EPIDERMIDIS
BIOFILM FOR MA TION

Fayyaz, M., Perbandt, M., Rhode, H.,  and Betzel, C.
1Institut für Biochemie und Molekularbiologie Mar tin-Lu ther-King Platz 6 - 20146 Ham burg, Ger many 

2Universitätsklinikum Ham burg-Eppendorf, Medizinische Mikrobiologie, Martinistr. 52, 20246 Ham burg, 
Ger many

A score of bi otic and abiotic sur faces can be in fected by a
sin gle or mixed mi cro bial spe cies by form ing biofilms, a
mesh work of uni cel lu lar or gan isms en closed in an
extracellular bac te rial de rived ma trix com posed of pro -
teins, poly sac cha rides and nu cleic acid [1,2]. Staph y lo coc -
cus epidermidis, a coagulase neg a tive op por tu nis tic
bac te rium is a lead ing patho gen in nosocomial in fec tions
[3].The es tab lish ment of biofilm by S. epidermidis takes
place by a two-step pro cess, a pri mary at tach ment and an
ac cu mu la tion mat u ra tion phase [4].

The ac cu mu la tion phase starts with cell to cell ad he sion 
and two types of poly mers: pro teins and poly sac cha rides
intercellular adhesins are in volved in this pro cess. The ac -
cu mu la tion as so ci ated pro tein, the Aap, con sists of two do -
mains A and B [5]. Once, the do main A is proteolytically
cleaved, the C- ter mi nally lo cated do main B be comes ac ti -
vated and takes part in cell to cell ad he sion [6].Very re -
cently it has been found that an 18kDa small ba sic pro tein 
con sist ing of 513bp,  is in volved in the in ter ac tion with
Aap and con trib utes to biofilm for ma tion (Decker et al.,
sub mit ted). 

The Aap pro tein is sug gested to play an im por tant role
in biofilm for ma tion and Sbp has been found to be in volved 
in in ter act ing with Aap. How ever, the func tional and struc -
tural char ac ter is tics of the in ter ac tion, which are not known 
to date, have to be in ves ti gated to un der stand the biofilm
for ma tion.We have es tab lished the pro to cols for the ex -

pres sion and pu ri fi ca tion of Sbp suc cess fully. The pu ri fied
pro tein is in sol u ble and monodispersed as dem on strated
by Dy namic Light Scat ter ing. In or der to get an idea about
the sec ond ary struc tures of the pro tein, Cir cu lar dichroism
spec tros copy was ap plied, show ing that Sbp mainly con -
tains ß-sheets along with some coiled struc tures and al pha
he li ces. Im por tantly, DLS and an a lyt i cal gel chro ma tog ra -
phy sug gest that Sbp forms multimers when in so lu tion.
Small an gle scat ter ing anal y sis as well as Sbp res o lu tion of
crys tal struc ture are now nec es sary to un der stand the bi ol -
ogy of Sbp in great de tails. In ad di tion, work will fo cus on
the anal y sis of Sbp in ter ac tions with Aap Do main B. To
this end, sub-do mains of re pet i tive B do main have been
cloned into E. coli ex pres sion vec tor and work is in prog -
ress to ex press and pu rify them suc cess fully. These pro -
teins will be used to char ac ter ize Sbp-Aap in ter ac tions by
us ing in sur face Plasmon res o nance (SPR) and microscale
thermophoresis (MST). Since an in ter act ing struc tural
char ac ter iza tion be tween the two pro teins is re quired,
co-crys tal li za tion tech niques will be ap plied. The ob tained
struc tural data will help to un der stand the cru cial func tion
of Sbp in Aap de pend ent biofilm for ma tion.

1.  O’Toole G, Kaplan H B, Kolter R, (2000). Biofilm for ma -
tion as mi cro bial de vel op ment.  Rev. mi cro bial. 54:49-79.
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2.  Fey D P, Olson M E, (2011). Cur rent con cepts in biofilm
for ma tion of staph y lo coc cus epidermidis. Fu ture mi cro -
bial. 5(6): 917–933.  

3. Mack D, Sauder U, Birkenstock T A, Kristian A S, (2008).
Biofilm For ma tion In duces C3a Re lease and Pro tects
Staph y lo coc cus epidermidis from IgG and Com ple ment
De po si tion and from Neutrophil-De pend ent Kill ing. J In -
fect Dis. 197 (7): 1028-1035.

4. Rohde H, Frankenberger S,  Zähringer U, Mack D, (2010).
Struc ture, func tion and con tri bu tion of polysaccharide
intercellular adhesin (PIA) to Staph y lo coc cus epidermidis
biofilm for ma tion and pathogenesis of biomaterial-as so ci -
ated in fec tions.

5. Ban ner MA,  Cunniffe JG, Macintosh RL, Fos ter TJ,
Rohde H, Mack D, Hoyes E, Der rick J, Upton M, Handley
PS, (2007). Lo cal ized tufts of fi brils on Staph y lo coc cus
epidermidis NCTC 11047 are com prised of the ac cu mu la -
tion-as so ci ated pro tein. J. Bacteriol. 189:2793–2804.

6. Rohde H, Burandt EC, Siemssen N, Frommelt L, Burdelski 
C, Wurster S, Scherpe S, Davies AP, Har ris LG, Horstkotte 
MA, Knobloch JK, Ragunath C, Kaplan JB, Mack D,
(2007). Polysaccharide intercellular adhesin or pro tein fac -
tors in biofilm ac cu mu la tion of Staph y lo coc cus
epidermidis and Staph y lo coc cus aureus iso lated from pros -
thetic hip and knee joint in fec tions Biomaterials
28:1711–1720.
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XYLOGLUCAN ENDOTRANSGLYCOSYLASE (XET) FROM GERMINATING
NASTURTIUM SEEDS (TROPAEOLUM MAJUS)

Zuzana Firáková1, Jaroslav Klaudiny1, Stanislav Kozmon1, Dana Flodrová2, Ivan Zelko1 and
Eva Stratilová1

1In sti tute of Chem is try, Slo vak Acad emy of Sci ences, Dúbravská cesta 9, 845 38 Bratislava, Slo vak re pub lic
2In sti tute of An a lyt i cal Chem is try, Acad emy of Sci ences of Czech re pub lic, Veverí 97, CZ-60200, Brno,

Czech re pub lic

Xyloglucan endotransglycosylase (XET, EC 2.4.1.207) is
plant cell wall-mod i fy ing en zyme act ing on the cel lu -
lose-xyloglucan net work. In re cent years it has been found,
that this en zyme is able to cat a lyze the frag ments trans fer
be tween sac cha rides of dif fer ent type, so called hetero -
trans glyco sylation [1], [2].

There fore, the aim of my work was the de tec tion of
heterotransglycosylating ac tiv ity of the crude pro tein ex -
tract from the ger mi nat ing nas tur tium seeds. For this pur -
pose, we used fluorescently la belled oli go sac cha rides and
dif fer ent fluorimetric meth ods [3]. More over, the meth ods
of mo lec u lar bi ol ogy and cDNA se quenc ing were used for
de ter mi na tion of pri mary struc ture of un spe cific nas tur -
tium XET in or der to pro pose the ter tiary struc ture of the
pro tein by homology mod el ing. 

Transglycosylating en zyme/en zymes able to cat a -
lyze the in vi tro for ma tion of co va lent bonds be tween sac -
cha rides of dif fer ent type were de tected in the nas tur tium
seeds, by HPLC anal y ses and pa per method. The en zyme
ac tion led to heterotransglycosylating re ac tion be tween
xyloglucan and all tested fluorescently la belled oli go sac -
cha rides. Even af ter the change of do nor sub strates, the hy -
brid prod uct for ma tion cat a lyzed by nas tur tium seed
ex tract was ob served. In ter est ingly, the frag ments of
hydroxyethyl cel lu lose were also in cor po rated to typ i cal
yeast sac cha rides, ß-(1,6)-D-glucooligosaccharides [4].
Al though the mi cro scopic anal y ses showed cer tain dif fer -
ences in the bind ing sites of fluorescently la belled oli go -

sac cha rides in side the nas tur tium cells, the method largely
con firmed the pres ence of un spe cific transglycosylases.

We suc cess fully gained the struc tural in for ma tion
about un spe cific XET (pI 6,3) from the ger mi nat ing nas tur -
tium seeds. The com plete cDNA is 1078 bp long with out
poly(A) tail and it con tains the ORF cod ing for 280 amino
acid res i dues (http://www.ebi.ac.uk/ena/data/view/
HF968473). The 3D model of XET6.3 cre ated on the ba sis
of ob tained pri mary struc ture and al ready de scribed spe -
cific XET, has the typ i cal struc tural fea tures of the GH16
en zymes. The amino ac ids po ten tially re spon si ble for so
broad unspecificity of nasturtium XET6.3  were proposed.

1. O. Kosík, R.P. Au burn, S. Rus sell et al.: Polysaccharide
microarrays for high-through put screen ing of
transglycosylase ac tiv i ties in plant ex tracts,
Glycoconjugate Jour nal, 27 (2010) 79-87.

2. E. Stratilová, F. Ait Mohand, P. Rehulka et al.: Xyloglucan 
endotransglycosylases (XETs) from ger mi nat ing nas tur -
tium (Tropaeolum majus) seeds: iso la tion and char ac ter iza -
tion of the ma jor form, Plant Phys i ol ogy and Bio chem is try, 
48 (2010) 207-217.

3. O. Kosík, V. Farkaš: One-pot flu o res cent la bel ing of
xyloglucan oli go sac cha rides with sulforhodamine,
Analytical Bio chem is try, 375 (2008) 232-236.

4. Z. Zemková, S. Garajová, D. Flodrová et al.: In cor po ra tion
of ß-(1,6)-linked glucooligosaccharide
(pustulooligosaccharides) into plant cell wall struc ture,
Chem i cal pa pers, 66 (2012) 814-820.
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IN TER AC TION OF THE NON-COD ING RNA 7SK, A REG U LA TOR OF HU MAN
TRAN SCRIP TION ELON GA TION, WITH ITS STA BI LIZ ING PART NER LARP7 

Xiao HAN*1, Emiko Uchikawa*2, Kundhavai Natchiar*2, Flor ence Proux1, Elodie Zhang1,
Alexandre Durand2, Bruno Klaholz2 and Anne-Catherine Dock-Bregeon1

1IBENS , 46 rue d’Ulm 75005 PARIS
2IGBMC , BP10142, 1 rue Laurent Fries, 67404 Illkirch Cedex, France

Xiao HAN: xhan@biologie.ens.fr, Dr. Anne-C. Dock-Bregeon: dock@biologie.ens.fr

The non-cod ing 7SK snRNA, an abun dant RNA dis cov -
ered in hu man nu cleus, reg u lates tran scrip tion by RNA
poly mer ase II [1]. It se ques ters and in hib its the tran scrip -
tion elon ga tion fac tor P-TEFb which, by phosphorylation
of RNAPII and the paus ing fac tors NELF and DSIF,
switches tran scrip tion from ini ti a tion to processive elon ga -
tion and re lieves pauses of tran scrip tion [2]. This reg u la -
tion pro cess de pends on the as so ci a tion be tween 7SK and
pro tein HEXIM, nei ther iso lated part ner be ing able to in -
hibit P-TEFb alone. LaRP7, a pro tein with a La do main,
has been shown to bind 7SK spe cif i cally, and en sure its sta -
bil ity [3]. 

In or der to clar ify how 7SK struc tural or ga ni za tion with 
its part ners sup ports its func tional re la tion ship and as sess
how is trig gered the reg u la tion, we use a mul ti ple ap -
proach, com bin ing bio chem i cal and struc tural meth ods.
We showed pre vi ously by NMR map ping com bined with
mu ta gen e sis and EMSA ex per i ments that the HEXIM in -
ter ac tion re lies upon a re peated GAUC mo tif [4]. Bind ing
trig gers an open ing of the GAUC motif and stabilization of
an internal loop.

We fo cus now on the in ter ac tion of LaRP7 with 7SK, in 
or der to high light which el e ments of 7SK are re spon si ble
for the spec i fic ity of the in ter ac tion. Footprinting as says
show that on the whole, LaRP7 does not change dra mat i -

cally the 7SK re ac tiv ity pro file, but in creases the sen si tiv -
ity of the core re gion to V1 RNAse. Elec tro pho retic
mo bil ity shift as says per formed with 7SK or its sub-do -
mains show that the N-ter mi nal re gion of LaRP7, com pris -
ing the homology do main with pro tein La binds the 3’-end
of 7SK, a stretch of uridines. Spec i fic ity is pro vided by an -
other do main, at the C-ter of the protein.  Our recent results
will be presented.

1 Nguyen, V. T., Kiss, T., Michels, A. A. & Bensaude, O.
7SK small nu clear RNA binds to and in hib its the ac tiv ity
of CDK9/cyclin T com plexes. Na ture 414, 322-325 (2001).

2 Zhou, Q. & Yik, J. H. The Yin and Yang of P-TEFb reg u -
la tion: im pli ca tions for hu man im mu no de fi ciency vi rus
gene ex pres sion and global con trol of cell growth and dif -
fer en ti a tion. Microbiol.Mol.Biol.Rev. 70, 646-659 (2006).

3 He, N. et al. A La-re lated pro tein mod u lates 7SK snRNP
in teg rity to sup press P-TEFb-de pend ent transcriptional
elon ga tion and tumorigenesis. Mol.Cell 29, 588-599
(2008).

4 Lebars, I. et al. HEXIM1 tar gets a re peated GAUC mo tif in 
the riboregulator of tran scrip tion 7SK and pro motes base
pair re ar range ments. Nu cleic Ac ids Res. (2010).

P9

STRUC TURAL CHAR AC TER IZA TION OF CATHEPSIN D PRO TE ASE FROM THE
HARD TICK IXODES RICINUS

Iva Zebrakovska1, Jiri Brynda1, Radka Hobizalova1, Dan iel Sojka2, Petr Kopacek2, Mar tin
Horn1 and Mi chael Mares1 

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, 16610
Prague, Czech Re pub lic

2In sti tute of Par a si tol ogy, Bi ol ogy Cen tre of the Acad emy of Sci ences of the Czech Re pub lic, 37005 Ceske
Budejovice, Czech Re pub lic

The hard tick Ixodes ricinus is the ma jor vec tor of Lyme
dis ease and tick-borne en ceph a li tis in Eu rope.  Host blood
pro teins serve as the ul ti mate sources of nu tri ents for its
growth, de vel op ment and re pro duc tion. IrCD1, a gut-as so -
ci ated cathepsin D-type pro te ase from I. ricinus, is crit i -
cally in volved in blood pro tein di ges tion, namely it is
re spon si ble for the ini tial step of this pro cess. IrCD1 rep re -
sents a po ten tial anti-tick vac ci na tion tar get. Crys tal struc -
tures of both in ac tive IrCD pre cur sor (zymogen) and fully
ac tive ma ture IrCD were de ter mined at 2.3 C and 1.88 C

res o lu tion, re spec tively, which al lowed us to study the
pro cess of IrCD ac ti va tion. Fur ther more, two dif fer ent
mech a nisms of in hi bi tion of IrCD ac tiv ity were in ves ti -
gated us ing crys tal struc tures of com plexes with an ac -
tive-site peptidomimetic in hib i tor (solved at 1.46 C) and a
propeptide-de rived in hib i tor bind ing to an exosite (solved
at 1.81 C). 

The work was sup ported by GACR grant 13-11043S, the
course par tic i pa tion by RIGAKU grant.
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STRUCTURAL STUDIES OF THE 14-3-3/PDC COMPLEX USING NMR AND SAXS

Miroslava Kacirova1,2, Jiri Novacek3, Lukas Zidek3 and Tomas Obsil1,2

1Fac ulty of Sci ence, Charles Uni ver sity in Prague, 12843 Prague, Czech Re pub lic
2In sti tute of Phys i ol ogy, Acad emy of Sci ences of Czech the Re pub lic, 14220 Prague, Czech Rep.

3Masaryk Uni ver sity, CEITEC – Cen tral Eu ro pean In sti tute of Tech nol ogy, 60177 Brno, Czech Rep.

Phosducin (Pdc), a highly con served 30 kDa phospho -
protein, reg u lates vi sual sig nal transduction by in ter act ing
with the beta and gamma sub units of the ret i nal G-pro tein.
Be sides its well-es tab lished role in the reg u la tion of the
G-pro tein sig nal ing, Pdc is also in volved in the
transcriptional con trol and the mod u la tion of blood pres -
sure. The func tion of Pdc is reg u lated through its
phosphorylation and a bind ing to the reg u la tory 14-3-3
pro tein. The 14-3-3 pro teins are 57 kDa (dimer) scaf fold -
ing mol e cules that reg u late the func tion of other pro teins
through a num ber of dif fer ent mech a nisms. The ex act role
of the 14-3-3 pro tein in reg u lat ing of Pdc func tion is still
un clear, but it is en tirely pos si ble that 14-3-3 ei ther
sterically oc cludes and/or af fects the struc ture of Pdc. Both
14-3-3 bind ing mo tifs are lo cated within the N-ter mi nal
do main of Pdc, which par tic i pates in the bind ing to the beta 
and gamma sub units of the ret i nal G-pro tein as well as con -
tains the SUMOylation site Lys-33.

Our pre vi ous study re vealed that phosphorylated Pdc
and the 14-3-3 pro tein form a sta ble com plex with 1:2 mo -
lar stoichiometry. Com plex for ma tion with 14-3-3 af fects
the struc ture and re duces the flex i bil ity of both the N- and
C-ter mi nal do mains of dpPdc, sug gest ing that dpPdc un -
der goes a conformational change when bind ing to 14-3-3.
To fur ther in ves ti gate this in ter ac tion and mainly the
14-3-3 pro tein-me di ated conformational changes of Pdc,

we per formed struc tural stud ies us ing NMR, SAXS and
tryptophan flu o res cence. NMR stud ies con firmed the in -
trin si cally dis or dered be hav ior of the N-ter mi nal do main of 
Pdc and prop erly folded C-ter mi nal do main. From SAXS
we ob tained low-res o lu tion en ve lopes for both Pdc alone
and the com plex.

1. R. Gaudet, A. Bohm, P. B. Sigler, Cell 87 (1996), 577-588.

2. B. Y. Lee, C. D. Thulin, B. M. Willardson, J. Biol. Chem.
279 (2004), 54008-54017.

3. Ch. Klenk, J. Humrich, U. Quitterer, M. J. Lohse, J. Biol.
Chem. 281 (2006), 8357-8364.

4. N. Beetz et al, J. Clin. In vest. 119 (2009), 3597-3612.

5. X. Zhu, Ch. M. Craft, Mol. Vi sion 4:13 (1998).

6. X. Zhu, Ch. M. Craft, Mol. Cell. Biol. 20 (2000),
5216-5226.

7. L. Rezabkova, M. Kacirova, M. Sulc, P. Herman, J. Vecer,
M. Stepanek, V. Obsilova, T. Obsil, Biophys. J. 103
(2012), 1960-1969.

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject P305/11/0708), Grant Agency of Charles Uni ver -
sity in Prague (Pro ject 793913) and Acad emy of Sci ences
of the Czech Re pub lic (Re search Pro jects RVO: 67985823
of the In sti tute of Phys i ol ogy). Par tic i pa tion in the Course
was sup ported by RIGAKU grant.
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PHR1 AND PHR2 TRANSGLYCOSYLASES OF THE CANDIDA ALBICANS CELL
WALL - THE BIO CHEM I CAL CHAR AC TER IZA TION AND SUB STRATE SPEC I FIC ITY

K. Kováèová1, V. Farkaš1 and L. Popolo2

1In sti tute of Chem is try, Slo vak Acad emy of Sci ences, 84538 Bratislava, Slovakia,
2Università degli Studi di Milano, Dipartimento di Bioscienze, Via Celoria 26, 20133 Milano, It aly

The yeast cell wall is an es sen tial com po nent that de fines
cell shape, pre serves the cell´s os motic in teg rity, is in -
volved in floc cu la tion, sporulation and me di ates cell-cell
in ter ac tions. More over, in fun gal patho gens the cell wall
plays an es sen tial role in the in ter ac tion with the host cells
and in vir u lence. In ner layer of the yeast cell wall con sists
mainly of polysaccharide poly mers. The ex ter nal layer of
the cell wall is formed by mannoproteins. The ma jor struc -
tural com po nent of the polysaccharide poly mers is

b-(1,3)-glucan, next b-(1,6)-glucan and mi nor but sig nif i -
cant amount of chitin. These in di vid ual com po nents are
mu tu ally linked by co va lent bonds into large

macromolecular com plexes, which are based on b-(1,3)-

 glucan back bone. Our at ten tion is fo cused on
transglycosylases, spe cif i cally to pH-reg u lated en zymes
Phr1 and Phr2 (fam ily GH72) from Candida albicans,

which cat a lyze the link ing of part of b-(1,3)-glucan to an -

other mol e cule of b-(1,3)-glucan. 
The pro teins Phr1 and Phr2 were heterologously ex -

pressed in Pichia pastoris. The transglycosylation ac tiv i -
ties of Phr1 and Phr2 were de ter mined by a flu o res cent in
vi tro as say and size-ex clu sion chro ma tog ra phy. Laminarin
and laminarioligosacharides were used as the do nors and
the oli go sac cha rides la beled by sulforhodamine (SR) as the 
ar ti fi cial ac cep tors. The wide spec trum of (SR)-oli go sac -
cha rides (OS-SR) was tested as ac cep tors: lami nari-
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 OS-SR; N-acetyl-chito-OS-SR, cello-OS-SR and SR-oli -
go sac cha rides de rived from xyloglucan, mixed-link age

b-(1,3/1,4)-glucan; b-(1,6)-glucan (pustulan), b-(1,4)-

 linked mannan and a-(1,4)-glucan (starch). Re sults based
on rel a tive rates of transglycosylation and elu tion pro file of 
the re ac tion mix tures mea sured by SEC have shown that

b-(1,3)-linked laminarioligosaccharides were only ac cep -
tors in re ac tions cat a lyzed by Phr1 and/or Phr2. The rate of

transglycosylation me di ated by Phr2 was higher than by
Phr1. The pH op ti mum was 5,6 for Phr1 and 3 for Phr2.
The op ti mum tem per a ture was 30°C for both. The prod ucts 
of the transglycosylation re ac tions were iden ti fied by
MALDI-TOF as the mol e cules com posed of the ac cep tor
and por tions of the do nor mol e cule at tached to its non-re -
duc ing end.

P12

NU TRI ENT UP TAKE BY UBIQ UI TOUS MA RINE BAC TE RIA

Moritz M. Machelett1, Ivo Tews1, Mikhail V. Zubkov2

1Uni ver sity of Southampton, Cen tre for Bi o log i cal Sci ences, In sti tute for Life Sci ences, Southampton SO17
1BJ,  United King dom

2Na tional Ocean og ra phy Cen tre, Southampton SO14 3ZH, United King dom

Oligotrophic oce anic gyres are the larg est eco sys tems on
earth and pro foundly af fect global biogeochemical cy cles.
The mi cro bial com mu nity of these eco sys tems is dom i -
nated by the SAR11 group of -proteobacteria and Prochlo -
rococcus cyanobacteria [1, 4]. Their suc cess in these
nu tri ent de pleted hab i tats is based on a va ri ety of high af -
fin ity sub strate trans port ers. Even at nanomolar nu tri ent
con cen tra tions these trans port ers are ca pa ble of a rapid up -
take [5, 9, 8] which gives a dis tinct ad van tage in the ex -
treme com pe ti tion for mul ti ple nu tri ents in oligotrophic
sys tems.

Gen er ally, nu tri ents en ter the periplasm via porines
through the outer mem brane. They are then trans ported
into the cy to plasm by ei ther low af fin ity ion driven trans -
port sys tems or high af fin ity ABC-Trans port sys tems
which are in duced at very low nu tri ent level [6, 2]. ABC
trans porter con sist of a high-af fin ity sub strate-bind ing pro -
tein (SBP), two hy dro pho bic transmembrane do mains
(TMD) and two nu cle o tide-bind ing do mains (NBD) [3]. It
has been shown that high-af fin ity SBPs dom i nate the
metaproteome of SAR11 bac te ria [7]. We will use pro tein
crys tal log ra phy to un der stand the un der ly ing mo lec u lar
mech a nisms of pri mar ily phos phate and iron up take sys -
tems of SAR11 and Prochlorococcus. The mi cro bial turn -
over rates of these nu tri ents will be mea sured by
ra dio ac tively la belled pre cur sors in the field. Un til now, we 
have been able to pu rify the SBP for Iron (FutA) and Phos -
phate (PstS) of Prochlorococcus as well as solv ing the
crys tal struc ture of PstS. This model shows con sid er able
struc tural con sis tency com pared to other known PstS. To
an swer the cen tral ques tion why the nu tri ent up take of
these bac te ria is so highly ef fi cient we will have to re gard

each nu tri ent up take sys tem in its en tirety, mea sure af fin i -
ties and de ter mine reg u la tory pro cesses.

1. S.W. Chis holm, R.J. Olson, E.R. Zettler, R. Goericke, J.B.
Wa ter bury, and N.A. Welschmeyer. Let ters to Na ture,
334(2):340–343, 1988.

2. T. Ferenci. Cur rent opin ion in mi cro bi ol ogy, 2(1):208–213, 
1999.

3. K.P. Locher. Phil. Trans. R. Soc. B, 364(1514):239–245,
2009.

4. R.M. Mor ris, M.S. Rappé, S.A. Connon, K.L. Vergin,
W.A. Siebold, and S.J. Cralson, C.A .and Giovanonni. Let -
ters to Na ture, 420(19):806–810, 2002.

5. M. del Carmen Muñoz Marín, I. Luque, M.V. Zubkov,
P.G. Hill, J. Diez, and J.M. García-Fernández. PNAS,
110(21):8597–8602, 2013.
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4(7):1083–1090, 1990.

7. S.M. Sowell, L.J. Wil helm, A.D. Norbeck, M.S. Lipton,
C.D. Nicora, D.F. Barofsky, C.A.Carlson, R.D. Smith, and
S.J. Giovanonni. The ISME jour nal, 3(1):93–105, 2009.

8. M.V. Zubkov, B.M. Fuchs, G.A. Tarran, P.H. Burkill, and
R. Amann. Appl. En vi ron. Microbiol., 69(2):1299–1304,
2003.

9. M.V. Zubkov, I. Mary, E.M.S. Wood ward, P.E. Warwick,
B.M. Fuchs, D.J. Scanlan, and P.H. Burkill. En vi ron men tal 
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MANGANESE HOMEOSTASIS IN DEINOCOCCUS RADIODURANS: MEMBRANE
PROTEINS, EXPRESSION, PURIFICATION AND CRYSTALLIZATION STRATEGIES

C.S. Mota, S. McSweeney, D. De Sanctis

Struc tural Bi ol ogy Group, Eu ro pean Syn chro tron Ra di a tion Fa cil ity, Rue Jules Horowitz 6, 38043 Grenoble
Cedex, France

 
Deinococcus radiodurans (Dr), known as the world’s
tough est bac te rium, is ex tremely re sis tant to sev eral ox i da -
tion agents such as ion iz ing ra di a tion or hy dro gen per ox -
ide. This ro bust ness is mainly due to ef fi cient and pre cise
DNA re pair pro cesses and a strong ox i da tive stress re sis -
tance mech a nism that pro tects pro teins from ox i da tive
dam age [1].

Re cently, it was found that Dr is so sus cep ti ble to dou -
ble strand DNA dam age as all other spe cies. How ever, the
Dr Proteome re vealed to be better pro tected to ox i da tion
when com pared with ra di a tion sen si tive spe cies. The level
of sus cep ti bil ity to pro tein ox i da tion seems to be an in di ca -
tion of the bac te rial sur vival rate [2].

The an ti ox i dant de fence in bac te ria could be me di ated
by en zymes and/or non-en zy matic scav en gers, as for in -
stance di va lent man ga nese com plexes or carotenoides.
Man ga nese com plexes were iden ti fied as the most pow er -
ful re ac tive ox y gen spe cies scav en ger in Dr [2, 3]. The Dr
intracellular man ga nese con cen tra tion is around 20 times
higher when com pared for in stance with E. coli [3, 4]. The
un der stand ing of the man ga nese ho meo sta sis in this bac te -
rium could give some clues about its high re sis tance to ox i -
da tion agents. 

Two Mn-de pend ent transcriptional reg u la tors
(DR2539 and DR0865) were iden ti fied to reg u late the Mn
ho meo sta sis, while, two ABC-type trans port ers (DR2523
and DR2238), a NRAMP fam ily Mn trans porter (DR1709)

and an efflux pro tein (DR1236) are in volved in Mn trans -
port [1]. 

Dr2539 is a neg a tive reg u la tor of Mn trans port ers and
pos i tive reg u la tor of Fe-de pend ent trans port ers while
DR0865 is thought to reg u late the Mn-ABC trans port ers
[5]. DR1709 is up-reg u lated when the cells are ex posed to
ra di a tion and the DR1236 gene de le tion leads to cell sus -
cep ti bil ity to high Mn con cen tra tion [1,6]. 

Now a days, the heterologous ex pres sion, pu ri fi ca tion
and crys tal li za tion of mem brane pro teins are one of the big
chal lenges. In this work, we op ti mized a pro to col to
overexpress, solubilise and pu rify the efflux pro tein
DR1236. The use of a new pro to col in which the pro tein is
cloned into a GFP-fu sion vec tor re vealed to be an as set in
overexpression, solubilisation and pu ri fi ca tion steps [7].

1. D. Slade and M. Radman, Microb. and Mol. Biol. Re views
75, 133 (2011).

2. M. J. Daly et al, PLOS Bi ol ogy 5, 769 (2007).
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4.  M. J. daly et al, PLOS one 5, 1 (2010).

5. H. Sun et al, PLOS one 7, 1 (2012).

6. H. Sun et al, BMC Mi cro bi ol ogy 10, 319 (2010).

7. D. Drew et al, Na ture Meth ods  3, 303 (2006).

P14

THE COMPUTER MODELING OF PLANT LIPOXYHENASES-SUBSTRATES COMPLEX

E.Osipova1,2, Y.Gogolev1, A.Grechkin1

1Kazan In sti tute of Bio chem is try and Bio phys ics, Kazan Sci en tific Cen ter of Rassian Acad emy of Sciense,
Kazan, Rus sia

2Institute of Fun da men tal Med i cine and Bi ol ogy, Kazan Fed eral Uni ver sity, Kazan, Rus sia

Lipoxygenases (LOX) are the first en zymes of lipoxy -
genase path way in all liv ing or gan isms, cat a lyzed the ste -
reo- and regiospecific for ma tion of un sat u rated fatty ac ids
hydroperoxides. There are a few the o ries of spec i fic ity
prod uct for ma tions of lipoxygenases. Based on mo lec u lar
dy namic and dock ing data we pro posed a new model of
plant lipoxygenases spec i fic ity. In this re search we use
high res o lu tion X-ray struc ture of (13S)-spe cific soy bean
lipoxygenase-1 (GmLOX1) and homology mod el ing
(9S)-spe cific maize lipoxygenase-3 (ZmLOX3). Our data
sug gest dif fer ent shapes of lipoxygenase sub strate-bind ing
pock ets. The Y-shape of ZmLOX3 ac tive site is di vided

into three parts, flanked by the S272 (part I), W518 (part II) 
and G515 (part III) amino ac ids side chains. Sim i lar to
ZmLOX3 GmLOX1 ac tive site is also di vided into three
parts flanked by homology amino ac ids (T257 for part I,
W498 for part II and S567 for part III). Part III of
GmLOX1 ac tive site is turned to an other side of pro tein. 

The align ment of sub strate on amino ac ids site chains is
sim i lar with some ex cep tions. For ex am ple, the align ments
of na tive sub strate (linoleic acid) in the ac tive sites are sim -
i lar in the 1,4-cis,cis-pentadiene sys tems ori en ta tions. The
aliphatic chain of sub strate is placed in the part II and III, its 
car boxyl chain is only in part III of the ZmLOX3 ac tive
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site. Its pen e tra tion is re stricted by the W518 side chain.
The aliphatic chain of sub strates is placed in part I, II and
III, its car boxyl chain only is in part III of the GmLOX1 ac -
tive site. The GmLOX1 ac tive site is  wider and lon ger in
com par i son with ZmLOX3 ac tive site. The shape of
GmLOX1 ac tive site al lows to pen e trate the arachidonic
acid with two con ju gated 1,4-cis,cis-pentadiene sys tems
in side it, in con trast to ZmLOX3. Also we re vealed two dif -
fer ent ways of free fatty ac ids pen e tra tion into ac tive sites.
The en trances of ac tive sites are in dif fer ent parts of
lipoxygenase. For the ZmLOX3 it is near the G515 and
R727 amino ac ids. For GmLOX1 it is near the S567 and
Q495 amino ac ids. The mo lec u lar dy namic sim u la tions re -
vealed the mo bil ity of the amino ac ids side chains in those
parts. The next stage of our in ves ti ga tion is to get the crys -
tal struc ture of (9S)-spe cific lipoxygenase (ZmLOX3).
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Mem brane pro teins of the rhom boid-fam ily are evolution -
arily highly con served and in clude rhom boid intra -
membrane serine pro teas es and rhom boid-like pro teins.
The lat ter have lost their cat a lytic ac tiv ity in evo lu tion but
re tained the abil ity to bind transmembrane he li ces. Rhom -
boid-fam ily pro teins play im por tant roles in intercellular
sig nal ling, mem brane pro tein qual ity con trol and traf fick -
ing, mi to chon drial dy nam ics, par a site in va sion and wound
heal ing. Their med i cal po ten tial is steeply in creas ing, but
in con trast to that, their mech a nis tic and struc tural un der -
stand ing lags be hind. Rhom boid pro te ase GlpG from
E.coli has be come the  model for the rhom boid fam ily pro -
teins and the main model intramembrane pro te ase - it was
the first one whose X-ray struc ture was solved. GlpG
cleaves sin gle-pass transmembrane pro teins, but how sub -
strates bind the en zyme and what de ter mines sub strate
spec i fic ity is still un clear. Based on the struc ture of the
empty en zyme and on bio chem i cal anal y ses, sub strate ac -
cess into the ac tive site was pro posed to oc cur be tween
transmembrane he lix (TMH) 5 and TMH2, but mo lec u lar
de tails have long re mained ob scure. We have re cently suc -
ceeded in solv ing the crys tal struc tures of rhom boid with a
frag ment of the sub strate. They re veal the S1 to S4 subsites

of the en zyme (which de ter mine the kcat of the re ac tion),
and elu ci date some as pects of the mech a nism. Fur ther -
more, our bio chem i cal anal y ses re veal the im por tance of
the transmembrane he lix of the sub strate in its rec og ni tion
by GlpG. We find that sub strate’s TMH con trib utes sig nif i -
cantly to the bind ing af fin ity to the en zyme, hence to cleav -
age ef fi ciency, but it also plays a role in cleav age site
pre sen ta tion to the ac tive site of GlpG. More over, we iden -
tify four res i dues in transmembrane do mains 2 and 5 of
GlpG, whose mu ta tions shift sub strate spec i fic ity of GlpG,
which means that they most likely in ter act with the top o -
log i cally cor re spond ing re gion of the sub strate – its
transmembrane he lix. Taken to gether, our data sup port the
model of the en zyme-sub strate in ter ac tion where the ini tial
con tact be tween the two oc curs at an intramembrane
exosite of GlpG, which fa cil i tates and is fol lowed by the
bind ing of the scissile-bond re gion of the sub strate into
rhom boid ac tive site in a se quence-de pend ent man ner. To
ob tain a full struc tural de scrip tion of the intramebrane
proteolytic re ac tion, our next goal is to solve the struc ture
of GlpG in com plex with a full transmembrane sub strate.
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Fig ure 1. The schema of ZmLOX3 (9S) and GmLOX1 (13S) ac tive
sites . The sub strate (linoleic asid) is pres ent as white ball (car bon)
and grey ball (ox y gen); its hy dro gens are not pres ent. The amino ac -
ids side chains are pres ent as ovals with its type and num bers. The
iron is pres ent as marked as Fe ball.
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The mi to chon drial DNA (mtDNA) mol e cules are or ga -
nized into nucleoprotein com plexes termed nucleoids.
These struc tures play a cru cial role in th mtDNA main te -
nance and seg re ga tion, but their or ga ni za tion and the role
in the mtDNA rep li ca tion and dy nam ics re main un known.
In this study we in ves ti gated the pro tein Mgm101 as so ci -
ated with the nucleoids in yeast mi to chon dria. In
Saccharomyces cerevisiae Mgm101 pro tein is es sen tial for
the main te nance of the wild-type cir cu lar-map ping
mtDNA and it is thought to be in volved in the ini ti a tion of
mtDNA rep li ca tion and the re pair of ox i da tively dam aged
mtDNA mol e cules. To an a lyze role(s) of Mgm101 in yeast
with a lin ear mi to chon drial ge nome em ploy ing a dis tinct
rep li ca tion strat egy, we in ves ti gated bio chem i cal prop er -
ties of Mgm101 pro tein in Candida parapsilosis. Here we
dem on strate that al though CpMGM101 com ple ments de -
fects as so ci ated with mgm101-1ts mu ta tion in S. cerevisiae
and is as so ci ated with mi to chon drial nucleoids in C.
parapsilosis, it ex hib its sev eral pe cu liar dif fer ences com -

pared with its S. cerevisiae coun ter part. In ter ac tion of
CpMgm101 with DNA is se quence non-spe cific and the
pro tein is able to bind to sin gle- and dou ble-stranded DNA
or DNA with blocked 3’ end. CpMgm101 forms
homooligomers with mo lec u lar weight of about 85-kDa
cor re spond ing to a trimer. Re sults from trans mis sion elec -
tron mi cros copy of the com plex of CpMgm101 with DNA
dem on strated that CpMgm101 forms ho mo ge neous
trimeric ring-shaped struc tures at sin gle-stranded ends of
mi to chon drial telomere-like se quence. In ad di tion, we used 
small-an gle X-ray scat ter ing anal y sis for de ter mi na tion of
the qua ter nary struc ture of CpMgm101 trimer and built an
ab in itio model of Mgm101 oligomer and its com plex with
DNA.

Ac knowl edge ments. This re search was funded by the
grants from the Howard Hughes Med i cal In sti tute
(55005622), Slo vak Re search and De vel op ment Agency
(APVV-0123-10), Slo vak Grant Agency (VEGA 2/0122/11, 
VEGA 2/0113/14) and Postbiomin-FP7- REGPOT- 2007-1
(GA205872).
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My o sin VI is unique among all of the my o sin superfamily
mem bers ex pressed in meta zo ans in that it traf fics in the re -
verse di rec tion on actin. Re verse directionality ob vi ously
cre ates the po ten tial to serve unique roles in cells that can -
not be ac com plished by any other my o sin [1]. Im por tant
stud ies have iden ti fied sev eral part ners for this my o sin
[2,3] and have high lighted its role in the main te nance of
actin-rich ul tra-struc tures of the cell and in dif fer ent steps
of mem brane traf fic nec es sary for cell di vi sion, cell mi gra -
tion and autophagy [4,5]. Given its directionality, it has
been pro posed that My o sin VI could fa cil i tate endocytosis
by serv ing a trans port role of endosomes away from the
plasma mem brane [6]. For most of its sug gested cel lu lar
func tions, it may in fact func tion as a load-de pend ent an -
chor that can pull on struc tures and hold them in close op -

po si tion to actin fil a ments [7]. The un con ven tional my o sin
VI mo tor can ex ist as both a monomeric and dimeric form
and some part ners are thought to pro mote dimerization to
ac ti vate the mo tor. 

The main chal lenge of this pro ject is to in ves ti gate how
fea tures of My o sin VI and how its bind ing part ners can
spec ify its func tion as ei ther an an chor, a trans porter or a
mem brane tensioning/shap ing mo tor in di verse cel lu lar
pro cesses. To de scribe the ac tive form of My o sin VI and
how dif fer ent part ners shape the mo tor upon its re cruit ment 
for spe cific ac tions de pend ing on the cel lu lar con text,
high-res o lu tion struc tures of its C-ter mi nal glob u lar do -
main bound to dif fer ent part ners will be de ter mined. The
goal is thus to gain in sights on the struc tural and mech a nis -
tic fea tures that spec ify mo tor ac tiv ity and on the pre cise
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ar chi tec ture of the part ner/mo tor com plexes to de sign in vi -
tro and cell stud ies that will iden tify the spe cific roles the
mo tors serve in par tic i pat ing in dif fer ent cel lu lar pro cesses.
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 En ergy cou pling fac tor (ECF) trans port ers are the new
class of ATP- bind ing cas sette (ABC) trans port ers,  mainly
found in prokaryotes and also in Gram pos i tive bac te ria.
The ECF trans port ers are re spon si ble for vi ta mins and es -
sen tial micro nut ri ents up take. Re cently, two crys tal struc -
tures of ECF trans port ers from Lactobacillus brevis have
been re ported [1] [2]. Both re ported struc tures are sub strate 
and nu cle o tide free and shows over all sim i lar struc ture.
The stoichiometry ra tio for this com plex is 1:1:1:1 for Ecf
A, Ecf A’, Ecf T and Ecf S . EcfA and Ecf A’are nu cle o tide
bind ing sub unit, EcfT is an en ergy cou pling mod ule and
Ecf S is the sub strate bind ing pro tein. The S-com po nents
can bind dif fer ent sub strates and were also crys tal lized
with the re spec tive sub strates [3][4][5]. Very in trigu ingly,
the po si tion of S-com po nent in the full com plex is very un -
usual as it is nearly par al lel to the mem brane plane. But to
an a lyze how rel e vant this po si tion and to un der stand trans -
port mech a nism, more dif fer ent states are es sen tial, and

this is our aim to get the high res o lu tion crys tal struc tures of 
ECF trans port ers in dif fer ent states (substate bound-nu cle -
o tide bound, etc.) by  X-ray crys tal log ra phy. We will pres -
ent pre lim i nary re sults and our prog ress in this
con tin u a tion. 
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Stefin B is a cysteine pro te ase in hib i tor (cystatin). Its struc -
tures have al ready been de ter mined [1-4]. It has been re -
ported that it lo cal izes to am y loid plaques of var i ous or i gin
[5]. We have stud ied the in ter ac tion be tween stefin B and
am y loid beta pep tide (Aß pep tide). The in hi bi tion of Aß
pep tide am y loid fi bril for ma tion (due to in ter ac tion be -
tween them) is stefin B oligomeric state de pend ent. Stefin
B Y31 isoform, which is dimer only (do main-swapped
dimer), in hib its Aß pep tide am y loid fi bril for ma tion com -
pletely. We have also been able to de fine the stoichiometry
of the com plex by mass spec trom e try. They in ter act in the
ra tio 1:1 (one stefin B dimer with one Aß pep tide mol e -
cule). Stefin B E31 isoform (which is so called wild type
pro tein) forms set of oli go mers, from mono mers, dimers
and tetramers to even higher oligomeric spe cies. Only

tetramers (con sist of two do main-swapped dimers) in hibit
Aß pep tide am y loid fi bril for ma tion, higher oli go mers
show par tial in hi bi tion, while mono mers and dimers have
al most no ef fect on the pro cess [6]. The struc ture of do -
main-swapped dimer is not the one in hib it ing the pro cess,
since we tried to see the same ef fect on Aß pep tide am y loid
fi bril for ma tion by the do main-swapped dimers of other
cystatins [7].

We will try to de ter mine the struc ture of the com plex
be tween stefin B Y31 isoform and Aß pep tide to fur ther
clar ify the in ter ac tion.
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Al though zinc is the most abun dant tran si tion metal in the
cell, the in for ma tion on zinc-metalloproteins is lim ited to
DNA bind ing struc tures and a few en zymes, where Zn2+

ion plays ei ther struc tural or cat a lytic role [1]. Min ing the
data from struc tural da ta bases on interprotein metal bind -
ing sites, where Zn2+ is a me di a tor of ter nary com plex, is
still a chal lenge, since many of such in ter ac tions could be
un sta ble or tran sient, as most likely they play a reg u la tory
role in liv ing cells. Fur ther more, a num ber of struc tures
con tains Zn2+ ion as an crys tal li za tion ar ti fact, with no bi o -
log i cal im por tance [2]. Search ing se quence da ta bases is
also in ef fi cient, since metal-bind ing res i dues are de rived
from two or more pro tein sub units. All things con sid ered,
the only way to study interprotein zinc-bind ing sites is to
de ter mine them ex per i men tally, fol lowed by ver i fi ca tion of 
their bi o log i cal sig nif i cance.

Hence, we plan to iden tify and char ac ter ize metallo -
proteins ca pa ble of bind ing to im mo bi lized Zn2+ ion with
or ganic and pep tide chelators on IMAC-like col umn, serv -
ing as mo lec u lar “baits” for pro teins with sur face zinc-

 bind ing site. All pro teins se lected on the col umn will be
iden ti fied by MudPIT tech nol ogy [3]. Their Zn2+-bind ing
ther mo dy nam ics and pos si ble Zn2+-in duced struc tural
changes will be in ves ti gated, as well as  struc ture, sta bil ity,  
or bi o log i cal func tion in case of pre vi ously un known pro -
teins. The most prom is ing metalloproteins will be char ac -
ter ized by biocrystallography and/or so lu tion NMR.
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