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Do main swap ping is a mech a nism for two or more pro tein
mol e cules to form a dimer or higher oligomer by ex chang -
ing an iden ti cal struc tural el e ment. This phe nom e non holds 
ad di tional in ter est be cause it can serve as a mech a nism for
re vers ible oligomerization, and con ceiv ably for patho log i -
cal oligomerization, such as amyloidogenesis lead ing to
neurodegenerative dis eases. Sev eral pos si ble mech a nisms
of the do main swap ping were de scribed in the lit er a ture.
The high en ergy bar rier ex ist ing be tween closed mono mer
and the do main-swapped oligomer can be re duced by mod -
i fi ca tion of pH, tem per a ture, in tro duc tion of mu ta tions, and 
pres ence of denaturants or bind ing of lig ands [1].

Ini tially, we in ferred the most prob a ble se quence of an -
ces tral en zyme AncHLD-RLuc of haloalkane dehaloge -
nase (HLD) LinB and Renilla lu ci fer ase (RLuc). The gene
en cod ing the pre dicted se quence was syn the sized, ex -
pressed in Esch e richia coli, and the res ur rected en zyme
was pu ri fied by metallo-af fin ity chro ma tog ra phy [2].
X-ray struc tural anal y sis re vealed that AncHLD-RLuc can
adopt two dif fer ent con for ma tions: monomeric con for ma -
tion, very sim i lar to that of LinB and RLuc mono mers, and
do main-swapped dimer con for ma tion, which has never
been de tected be fore for any HLD mem ber or RLuc. The
qua ter nary struc ture of AncHLD-RLuc was there fore char -
ac ter ized in more de tails by size ex clu sion chro ma tog ra phy 
equipped with static light scat ter ing, re frac tive in dex, ul tra -
vi o let and dif fer en tial viscometer de tec tors. The changes in 

its quaternary structure were monitored during the
long-term incubation at 40°C.

The anal y sis of the oligomeric states re vealed that
AncHLD-RLuc ex ists un der tested con di tions in the equi -
lib rium be tween mono mer, two types of dimer, and
tetramer. The hy dro dy namic ra dius and in trin sic vis cos ity
of pre sented dimers un cov ered dif fer ent ar range ment of
their qua ter nary struc ture and thus ver i fied the pres ence of
pre vi ously iden ti fied do main-swapped dimer. The
long-term in cu ba tion re vealed that the mono mer is highly
sta ble dur ing whole in cu ba tion at 40°C. On the con trary,
the con cen tra tion of the do main-swapped dimer de creased
af ter 4 hours of in cu ba tion and sub se quently in creased af -
ter 6 hours of in cu ba tion at 40 °C, while the clas si cal dimer
and tetramer slowly ag gre gated dur ing whole ther mal in cu -
ba tion ex per i ment. The re sults dem on strated that the do -
main-swapped dimer is cre ated from the less sta ble
clas si cal dimer. Fur ther more, the sta bil ity of AncHLD-
 RLuc tetramer in di cates the struc tural sim i lar ity with the
clas si cal dimer. The size ex clu sion chro ma tog ra phy with
tetra detectors system is a powerful tool for the studying
mechanisms of enzyme oligomerization.
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Oli go mers formed by the N-ter mi nal do main of E. coli
HypF (HypF-N) are con sid ered an im por tant model for in -
ves ti gat ing the struc ture of misfolded pro tein oli go mers in -
volved in neurodegenerative dis or ders, par tic u larly
Alz hei mer’s dis ease. In deed, such oli go mers have mor pho -
log i cal, struc tural and tinctorial fea tures sim i lar to those
formed by pro teins in volved in dis eases and im pair cell vi -
a bil ity in neuronal cells and neu rons both in vi tro and in
vivo. Two types of sta ble HypF-N oli go mers were pre vi -
ously formed in vi tro, show ing sim i lar mor pho log i cal and
tinctorial fea tures, but struc tur ally dis clos ing dif fer ent de -
grees of pack ing within their cores and dif fer ent tox ic i ties.

In this work we at tempted to char ac ter ise the toxic type
A and non toxic type B oli go mers of HypF-N in de tail us ing 
solid-state NMR and site-di rected fluorophore-la bel ling
cou pled to flu o res cence res o nance en ergy trans fer (FRET)
to re port on intermolecular dis tances be tween 12 dif fer ent
po si tions within the two oligomer types. The aim of the
work is to ob tain in for ma tion on the struc ture and dy nam -
ics of the two oligomeric forms at the level of in di vid ual
res i dues and in ter ac tions and iden tify the spe cific struc tural 
el e ments and sites re spon si ble for their dif fer ence of tox ic -
ity.

P3

UNFOLDING MECHANISM OF HUMAN FIBROBLAST GROWTH FACTOR 2 AND ITS
COMPUTATIONALLY DESIGNED THERMOSTABLE VARIANTS

A. Kunka
1,2

, S. Mazurenko
1,2

, D. Bednar
1,2

, V. Stepankova
3
, P. Dvorak

2,4
, J. Damborsky

1,2*
, 

Z. Prokop
1,2,3*

1Loschmidt Lab o ra to ries, Cen tre for Toxic Com pounds in the En vi ron ment RECETOX and De part ment of 
Ex per i men tal Bi ol ogy, Fac ulty of Sci ence, Masaryk Uni ver sity, 625 00 Brno, Czech Re pub lic

2In ter na tional Clin i cal Re search Cen ter, St. Anne’s Uni ver sity Hos pi tal, Pekarska 53, 656 91 Brno, 

Czech Re pub lic
3Enantis Ltd., Bio tech nol ogy In cu ba tor INBIT, Kamenice 34, 625 00 Brno, Czech Re pub lic

4De part ment of Bi ol ogy, Fac ulty of Med i cine, Masaryk Uni ver sity, 625 00 Brno, Czech Re pub lic

Jiri Damborsky – jiri@chemi.muni.cz, Zbynek Prokop – zbynek@chemi.muni.cz

Hu man fibroblast growth fac tor 2 (FGF2) serves as a reg u -
la tor of pro lif er a tion, mi gra tion, and dif fer en ti a tion in a va -
ri ety of hu man cell types. Stud ies re vealed its po ten tial use
in the treat ment of can cer, car dio vas cu lar dis eases and
mood dis or ders [1-3]. More over, FGF2 is ef fi cient in
wound and ep i the lium heal ing and is used as an es sen tial
com po nent of me dia for hu man stem cells cul ti va tion [4-6]. 
Such ver sa tile roles of the FGF2 pro tein make it a very
prom is ing tar get for bio tech no log i cal ap pli ca tions. How -
ever, its ex ten sive use in these ap pli ca tions is hin dered by
its short ac tiv ity half-life (10 hrs at 37 °C). Re cently, two
highly sta ble vari ants of FGF2 have been computationally
de signed, con structed and char ac ter ized in our lab o ra tory.
Both showed dra mat i cally pro longed half-lives to sev eral
days, whilst pre serv ing their bi o log i cal ac tiv ity [7].

Com plex un fold ing study of the wild type and the two
con structed vari ants was per formed to ob tain deeper un -

der stand ing of sta bi liz ing ef fects of in tro duced mu ta tions.
The ther mal un fold ing mech a nisms of the three FGF2 mol -
e cules were ana lysed by dif fer ent bio phys i cal tech niques.
The global fit of re sult ing data ob tained by DSC, CD, flu o -
res cence spec tros copy and nanoDSF re vealed a two-step
un fold ing mech a nism in clud ing one in ter me di ate for the
wild-type and both vari ants. Based on the es ti mates of the
en ergy bar ri ers it was con cluded that the sta bil ity of both
vari ants can be at trib uted to the in crease in the Gibbs free
en ergy of ac ti va tion of the first un fold ing step. These re -
sults per fectly cor re late with the ones ob tained from chem i -
cal de na tur ation experiments, where the kinetics of
unfolding in urea was followed by using CD.

This study dem on strates how the com bi na tion of sev -
eral bio phys i cal tech niques to gether with global math e mat -
i cal anal y sis of the data helps to re solve mul ti ple-step
un fold ing mech a nism from the sim ple two-state one. Each



tech nique fol lows a unique struc tural prop erty and pro -
vides a dif fer ent view into the struc tural changes oc cur ring
dur ing pro tein tran si tions. More over, this ap proach en ables 
quan ti fi ca tion of the in di vid ual un fold ing steps in terms of
energetics and thus per mits to make im por tant con clu sions
about the introduces changes of the stabilized variants.
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Helicobacter pylori is a Gram-neg a tive, microaerophilic
bac te rium, known for its abil ity to col o nize hu man stom ach 
and to par tic i pate in de vel op ment of many dis eases as gas -
tric ul cers and stom ach can cer [1]. Study of the H. pylori,
due to the ever grow ing in fec tion rate and in crease of H.
pylori an ti bi otic re sis tance, is cen tred on un der stand ing
pathogenesis and find ing a way to at tack and erad i cate H.
pylori.

Adenylosuccinate synthetase (AdSS) is one of the key
en zymes in pu rine sal vage path way. It ca tal y ses a re vers -
ible re ac tion uti liz ing IMP, GTP and aspartate in the pres -
ence of Mg2+ to form adenylosuccinate, GDP and in or ganic 
phos phate. H. pylori AdSS rep re sents po ten tial drug tar get
as this bac te rium can not syn the size pu rine rings through de 
novo path way and has to rely on pu rine pro duc tion through
purine salvage pathway [2].  

Adenylosuccinate synthetase gene purA was iso lated
from genomic DNA of Helicobacter pylori (strain 26695)
and am pli fied us ing Phusion High-Fi del ity PCR kit with
the set of spe cific DNA prim ers for both 5’ and 3’ ends of
the gene. Plasmid pET21b-HP26695purA was con structed
by clon ing H. pylori purA gene into pET21b ex pres sion
vec tor, with ampicillin re sis tance and with out pu ri fi ca tion
tag. This plasmid was trans formed into E. coli strain

BL21-CodonPlus(DE3)RIL. Stan dard IPTG-in duc tion
con di tions were used for AdSS ex pres sion in E. coli.

Pu ri fi ca tion of overexpressed AdSS from the bac te rial
pro tein ex tract was per formed by cat ion ex change chro ma -
tog ra phy on SP-Sepharose FF col umn, fol lowed by
size-ex clu sion chro ma tog ra phy (SEC) on Sephacryl S-200
col umn. Fi nal step, which gave sin gle pro tein band on
SDS-PAGE was fast pro tein liq uid chro ma tog ra phy
(FPLC), per formed on an ion exchange MonoQ 5/50 GL
column.

En zyme’s mo lec u lar weight was es ti mated by
SDS-PAGE and elu tion vol ume from SEC. It was con -
cluded that in ap plied con di tions en zyme ex ists in so lu tion
as a dimer. Ki netic stud ies in volv ing all three sub strates
(IMP, GTP and aspartate) were con ducted. Pro tein crys tals
ap peared in sev eral con di tions of used com mer cial crys tal -
li za tion screens. Struc ture solv ing of adenylosuccinate
synthetase from H. pylori is under way.

1. D. Makola, J. Krenitsky, C. R. Parrish, Gastrointest.
Endosc. Clin. N. Am., 17, (2007), 747–764.

2. G. Liechti, J. B. Goldberg, J. Bacteriol., 194, (2011),
839–854.
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Bac te rial transcriptional repressors are reg u la tory pro teins
act ing as mo lec u lar switches of gene ex pres sion. The
mech a nism of the reg u la tion is based on repressor bind ing
to spe cific DNA op er a tor se quences by its N-ter mi nal
DNA-bind ing do main (DBD) and block ing the tran scrip -
tion of genes. Their func tion is mod u lated by the bind ing of 
an effector mol e cule to its C-ter mi nal effector-bind ing do -
main (EBD). Un der stand ing the struc ture-func tion re la -
tion ship and mo lec u lar mech a nisms by which in di vid ual
repressors ex e cute their reg u la tory func tions greatly ben e -
fits from knowl edge of their 3D struc tures. In this pro ject,
we se lected two repressors, which are in volved in car bon
catabolite re pres sion, as tar gets for struc tural char ac ter iza -
tion.

The DeoR pro tein from Ba cil lus subtilis neg a tively reg -
u lates the ex pres sion of cat a bolic genes for the uti li za tion
of deoxyribonucleosides and deoxyribose. The struc ture of 
the EBD was de ter mined in free form and in co va lent com -
plex with its effector [1]. Our aim is a de ter mi na tion of
struc ture of full-length DeoR in com plex with its DNA op -
er a tor. The re com bi nant pro tein was ex pressed in host bac -
te ria E. coli BL21(DE3). For the pu ri fi ca tion of the pro tein
we used an im mo bi lized nickel af fin ity chro ma tog ra phy,
N-ter mi nal His-tag was re moved by TEV pro te ase cleav -
age. The yield of the pro tein prep a ra tion was 2.9 mg from 1
L of bac te rial cul ture. The com plex of DeoR with its DNA
op er a tor (18bp) was pre pared by mix ing of the pro tein and

DNA in ra tio 1:1.1. The pres ence of the DNA in the crys -
tals was proven by flu o res cence mi cros copy. Crys tal li za -
tion screen ing fol lowed by op ti mi za tion yielded nee dle- 
shaped monocrystals dif fract ing to res o lu tion 7Å at
a synchrotron radiation source. Optimization of
crystallization conditions is now in progress.

The GntR pro tein from B. subtilis is a neg a tive reg u la -
tor which is re spon si ble for gluconate me tab o lism in B.
subtilis. Its struc ture has not been re solved yet. Our aim is
to de ter mine its EBD in com plex with its effector
gluconate. For re com bi nant ex pres sion and pro tein pu ri fi -
ca tion was per formed sim i larly to DeoR de scribed above.
The yield was 0.9 mg of pu ri fied pro tein from 1 L of bac te -
rial cul ture. Crys tal li za tion of GntR EBD in the pres ence of 
high mo lar ex cess of gluconate yielded hex ag o nal

monocrystals with max i mal di men sion of 30´30´3 µm.
Op ti mi za tion of crystallization conditions is now in
progress.

This work was sup ported by the Min is try of Ed u ca tion of
the Czech Re pub lic (programme “NPU I”) pro ject 
LO1304.
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The pro cess in which a newly syn the sized polypeptide
chain trans forms it self into a per fectly folded pro tein de -
pends both on the prop er ties of the amino-acid se quence
and on mul ti ple con trib ut ing in flu ences from the crowded
cel lu lar mi lieu. Un cov er ing the mech a nism of pro tein fold -
ing and un fold ing is one of the grand chal lenges of mod ern
sci ence. The three-di men sional ar range ment of the
polypeptide chain de cides about the spe cific bi o log i cal
func tion of the pro tein in the cell. Only cor rectly folded
pro teins are fully func tional, ran domly ar ranged
polypeptide chain does n’t have bi o log i cal ac tiv ity. The
state of pro tein fold ing is con trolled and reg u lated by the
pro tein qual ity con trol sys tem. The sys tem is formed by
chaperones in volved in pro tein fold ing and the
proteasomal deg ra da tion sys tem. The proper func tion ing
of the sys tem is re quired be cause its dys func tion may lead
to neurodegenerative dis eases. The prion-re lated ill nesses
such as Creutzfeldt-Jakob dis ease, am y loid-re lated ill -
nesses such as Alz hei mer’s dis ease as well as intra -
cytoplasmic ag gre ga tion dis eases such as Hun ting ton’s and 
Par kin son’s dis ease those are neurodegenerative dis eases
whose pathogenesis is as so ci ated with pro tein ag gre ga tion
of in cor rectly folded pro teins. 

Many chaperones are heat shock pro teins. Their ex -
pres sion is in creased when cells are ex posed to el e vated
tem per a tures or other stress con di tions. The pro ject fo cuses 
on the pro tein Hsp104 which be longs to the Hsp100 fam ily
and the AAA+ superfamily. Hsp104 is im por tant in the cell

due to its abil ity to solubilize and refold pro teins trapped in
ag gre gates formed dur ing heat stress [1]. It achieves this in
co op er a tion with the Hsp70 chaperone sys tem. The ac tive
form of the pro tein is a ring-shaped hexamer, which is
thought to drive pro tein disaggregation by di rectly trans -
locating sub strates through its cen tral chan nel. How ever,
there is still no gen eral con sen sus re gard ing the do main or -
ga ni za tion within the hexameric mo lec u lar ma chine. Sub -
stan tial ef forts have been made to elu ci date the lo ca tion of
domain M, but the results are contradictory [2, 3]. 

Re sults of char ac ter iza tion and ini tial crys tal li za tion
stud ies of the heat shock pro tein Hsp104 and its vari ant
with mod i fied length of do main M will be presented. 

1. K. Liberek, A. Lewandowska, S. Zietkiewicz, Chaperones
in con trol of pro tein disaggregation, EMBO J., 27, (2008),
328–335. 

2. S. Lee, M.E. Sowa, J.M. Choi, F.T. Tsai, The
ClpB/Hsp104 mo lec u lar chaperone a pro tein
disaggregating ma chine, J. Struct. Biol., 146, (2004),
99-105. 

3. P. Wendler, J. Shorter, C. Plisson, A.G. Cashikar, S.
Lindquist, H.R. Saibil, Atyp i cal AAA+ sub unit pack ing
cre ates an ex panded cav ity for disaggregation by the pro -
tein-re mod el ing fac tor Hsp104, Cell, 28, (2007), 1366-77. 

This work was sup ported by Grant 2013/08/S/NZ1/00750
from Na tional Sci ence Cen ter (NCN).
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Ob tain ing well dif fract ing crys tals and solv ing pro tein
struc ture can be te dious work and suc cess ful pro cess may
in clude var i ous crys tal li za tion tech niques and tricks. Here

we pres ent one di dac tic story of crys tal li za tion a-L- Rham -

no syl-b-D-glucosidase (Rutionsidase) from Asper gi lus
niger. Dur ing the crys tal li za tion pro cess, we per formed
screen ing us ing vapour dif fu sion method, op ti mi za tion by
coun ter dif fu sion tech nique, and fi nal crys tals soak ing of
heavy at oms in mi cro batch ex per i ments, which al lowed

struc ture so lu tion by SIRAS. How ever, to re peat the crys tal 
growth, we had to deglycosylate the en zyme and per form
new screen ing fol lowed by Ma trix Microseed Screen ing.
More over, as fi nal re pro duc ible pro ce dure, for grow ing the 
pro tein crys tals, we used un der oil mi cro batch ex per i -
ments. With this op ti mised method, we were able to grow
crys tal that dif fracted up to 1.27C res o lu tion and see struc -
tural de tails that shall be used in the fu ture.
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A novel en zyme, DbeA, be long ing to the fam ily of halo -
alkane dehalogenases (EC 3.8.1.5) was iso lated from
Bradyr hizobium elkanii USDA94. This haloalkane
dehalogenase is closely re lated to DbjA en zyme from
Bradyrhizobium japonicum USDA110 (71% se quence
iden tity), but has dif fer ent bio chem i cal prop er ties. DbeA is 
gen er ally less ac tive and has a higher spec i fic ity to wards
brominated and io din ated com pounds than DbjA. The
DbeA pro tein was crys tal lised us ing the sit ting-drop
vapour-dif fu sion method and the crys tal struc ture of a
DbeA en zyme has been solved and de pos ited at World wide 
Pro tein Data Bank un der PDB ID 4k2a. The DbeA wt
struc ture re vealed the pres ence of two ha lide-bind ing sites.
The first chlo ride-bind ing site is lo cated in the ac tive site in
be tween two ha lide-sta bi liz ing res i dues. The sec ond chlo -
ride-bind ing site is unique to DbeA and has not been pre vi -

ously re ported in any other struc ture of this en zyme fam ily.
To elu ci date the role of the sec ond ha lide-bind ing site, a

two-point vari ant DbeA DCl (I44L+Q102H) lack ing this
site was con structed and bio chem i cally char ac ter ized [1].
Elim i na tion of the sec ond ha lide-bind ing site de creased the 
sta bil ity and cat a lytic ac tiv ity, and dra mat i cally al tered the
sub strate spec i fic ity. The two-point sub sti tu tion re sulted in
a shift of the sub strate-spec i fic ity class, which is the first
time this has been dem on strated for this en zyme fam ily.
Ra tio nal de sign of bur ied ha lide-bind ing sites rep re sents a
novel strat egy for en gi neer ing of en zymes with mod i fied
cat a lytic prop er ties.

The work was sup ported by the Grant Agency of the Czech
Re pub lic P207/12/0775

1. Chaloupkova R, et al., Acta Crystallogr. D70, 1884-1897
(2014).
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Oligomerization plays an im por tant role in the func tion of
many pro teins and is of ten re lated to the sur round ing con -
di tions of the pro tein en vi ron ment [1]. From the per spec -
tive of struc tural bi ol ogy, pro tein–pro tein in ter ac tions have 
mainly been an a lyzed in terms of the bio phys i cal na ture
and evo lu tion of pro tein in ter faces [2]. Oligomerization
can have a pos i tive im pact on pro tein func tion al ity, lead ing 
to the for ma tion of sta ble and func tional multimeric pro -
tein, or neg a tive im pact, lead ing to dis eases such as
Amyloidosis, Alz hei mer´s or Par kin son´s dis ease [3]. Here 
we in ves ti gated the model pro tein fam ily of haloalkane

dehalogenases (HLDs), which has been phylo gen eti cally
di vided into three subfamilies HLD-I, HLD-II and
HLD-III [4]. Con trary to the HLD-I and HLD-II sub -
families, from which most of so-far char ac ter ised HLD
mem bers orig i nated, the HLD-III subfamily has not been
struc tur ally ex plored due to dif fi cul ties in en zyme pro duc -
tion. Pre lim i nary test ing re vealed that HLD-III mem bers
oc cur in high mo lec u lar weight clus ters with an av er age

Mw ³ 1 MDa, ex hib it ing low ac tiv ity when com pared to
other HLD mem bers [5].
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This pro ject is fo cused on op ti mi sa tion of pro tein pro -
duc tion and struc tural char ac ter iza tion of se lected en zymes 
be long ing to HLD-III subfamily: DhmeA from halophilic
archea Haloferax mediterranei ATCC 3350 and DhcA
from halophilic ma rine bac te rium Hahella chejuensis
KCTC 2396. Both en zymes were ex pressed with and with -
out fu sion pro tein ubiquitin in Escherichia coli
BL21(DE3) and cul ti vated in Luria broth, Ter rific broth or
EnPressoB me dium un der var i ous tem per a tures. Sol u bil ity 
of ex pressed pro teins was fur ther op ti mized by us ing var i -
ous buff ers with dif fer ent pH and ad di tives dur ing dis in te -
gra tion step. The qua ter nary struc tures of DhmeA and
DhcA were an a lyzed by size-ex clu sion chro ma tog ra phy
equipped with static light scat ter ing, re frac tive in dex, ul tra -
vi o let and dif fer en tial viscometer de tec tor de ter min ing the
pro tein size and dy namic light scat ter ing es ti mat ing hy dro -
dy namic ra dius of the pro teins. Cryo-elec tron mi cros copy
was used to as sess DhmeA qua ter nary struc ture in its close
to na tive state. Si mul ta neously, sev eral crystallisation tri als 

with DhmeA and DhcA were per formed, how ever, no crys -
tals suit able for X-ray dif frac tion ex per i ments were ob -
tained. One of the pos si ble ex pla na tions could be the
polydisperse character of the proteins. Future experiments
will focus on increasing monodispersity of the protein
sample.

1. R. Jaenicke, Bio chem is try, 30, (1991), 3147-3161.

2. T. Perica, C. Chothia, S. A. Teichmann, PNAS, 109,

(2012), 8127-8132.

3. L. C. Walker, H. Le Vine, Mol Neurobiol, 21, (2000),

83-95.

4. E. Chovancova, J. Kosinski, M. J. Bujnicki, 

J. Damborsky, Pro teins, 67, (2007), 305-3016.

5. A. Jesenska, M. Monicova, T. Koudelakova, K. Hasan, R.
Chaloupkova, Z. Prokop, A. Geerlof, J. Damborsky, Appl.
En vi ron. Microbiol.,75, (2009), 5157-5160.
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Met a bolic transcriptional reg u la tors are pro teins con trol -
ling tran scrip tion of spe cific genes in volved in bac te rial
me tab o lism. These pro teins typ i cally con sist of two do -
mains, C-ter mi nal effector-bind ing do main (EBD) and N-
 ter mi nal DNA-bind ing do main (DBD). When an effector
(usu ally a small me tab o lite) binds to the EBD, pro tein
changes con for ma tion and ei ther binds to DNA (in the case
of ac ti va tor) or leaves it (in the case of repressor). The pres -
ence or ab sence of the reg u la tor on DNA op er a tor then af -
fects tran scrip tion of reg u lated genes.

LutR, for merly YvfI [1], be longs to the GntR fam ily
of bac te rial transcriptional reg u la tors. In un do mes ti cated
strain RO-NN-1 and prob a bly many other strains of Ba cil -
lus subtilis LutR reg u lates tran scrip tion of genes re quired
for L-lac tate uti li za tion [2, 3]. In ter est ingly, LutR from lab -
o ra tory strains PY79 and 168 lacks the first 21 amino ac ids
(Met1 – Asp21, des ig nated here as LutR 1_21del)
and plays a role as a global reg u la tor [3, 4]. In these do mes -
ti cated strains LutR 1_21del pos i tively or neg a tively reg u -
lates many genes as so ci ated with tran si tion
from ex po nen tial growth to sta tion ary phase [4]. The miss -
ing 21 amino-acid res i dues long frag ment in cludes a part
of the pre dicted winged he lix-turn-he lix DNA-bind ing mo -
tif and de le tion in this region apparently alters DNA
sequence specificity.

To fully un der stand the im pact of this short de le tion
on the mech a nism of DNA rec og ni tion we ini ti ated struc -
tural stud ies of both LutR vari ants. Our aim is to char ac ter -

ize struc ture of pro tein-DNA com plex for both LutR and
LutR 1_21del by X-ray crys tal log ra phy and NMR. We
plan to work with sin gle do mains (DBD) as well
as with full-length pro teins. We op ti mised pro to cols
for heterologous ex pres sion of pro teins in sol u ble form
in Esch e richia coli and sub se quent pu ri fi ca tion pro to col
us ing im mo bi lized che late af fin ity chro ma tog ra phy. Suf fi -
cient amounts of pro teins for fur ther crys tal li za tion
and bio chem i cal ex per i ments were pre pared. Yields
of unlabelled and 15N- or SeMet-la beled pro teins ranged
be tween 12.8 – 85.8 mg/l of bac te rial cul ture
and 3.5 – 18.5 mg/l of bac te rial cul ture, re spec tively. We
are us ing elec tro pho retic mo bil ity shift as say, size ex clu -
sion chro ma tog ra phy and NMR spec tros copy for char ac -
ter iza tion of pro tein-DNA com plex prop er ties. We
ini ti ated crys tal li za tion ex per i ments and ob tained pre lim i -
nary crys tals for LutR, LutR 1_21del and com plex of LutR
DBD with DNA operator. Further crystallization trials
and optimization of crystallization conditions are
in progress.
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Haloalkane dehalogenases (HLDs; EC 3.8.1.5) are en -
zymes with broad po ten tial ap pli ca tion in biocatalysis,
biore mediation, biosensing and cell im ag ing as a con se -
quence of their prop erty to catalyse hydrolytic cleav age of
halo gen-car bon bond in a wide range of aliphatic
halogenated hy dro car bons and their de riv a tives via SN2

nucleophilic sub sti tu tion fol lowed by ad di tion of wa ter, re -
leas ing ha lide ion, pro ton, and the cor re spond ing al co hol as 
the re ac tion prod ucts [1; 2]. 

A new HLD DpcA from Psychrobacter cryohalolentis
K5 is al lo cated among of all bio chem i cally char ac ter ized
HLDs by it’s unique prop erty -the high est ob served ac tiv -
ity at 25 °C (with re tained al most 27 % of its max i mal ac -
tiv ity at 5 °C) and the nar row est sub strate spec i fic ity
pro files .That prop erty makes DpcA valu able source of us -
ing it at con di tions which are not suitable for another
HLDs. 

To ana lyse DpcA struc ture, the en zyme was crys tal -
lized [4] (P21 space group) and the data dif frac tion were
col lected on the beamline 14.2 at the BESSY II elec -
tron-stor age ring (Helmholtz-Zentrum Berlin (HZB), Ger -
many), equipped with a Rayonics MX-225 CCD de tec tor at 
the wave lengths of 0.978 C. The data were re fined to the
res o lu tion 1.05 C and phases were solved by MOLREP
from the CCP4 soft ware suite us ing the co or di nates of
Xanthobacter autotrophicus (PDB code: 1B6G; 40% se -
quence iden ti ties for 121 res i dues and 53% se quence sim i -
lar ity).

DpcA crystall struc ture con firmed DLS and 1H NMR
spec trum re sults show ing the monomeric glob u lar form.
The struc ture com posed of two do mains. The ac tive site is
burried be tween them and is typ i cal for HLD-I subfamily:
nucleophile D123, cat a lytic base H280, cat a lytic acid D250 
and ha lide-sta bi liz ing W124 and W164. 

As the en zyme sta bi li za tion with out di lut ing and de -
creas ing it’s ac tiv ity is cru cial for the the in dus trial cat a -
lysts [5], the first HLD cross-linked en zyme crys tals
(CLECs) of were ob tained and DpcA CLECs spe cific ac -
tiv ity was ex am ined to wards 1-bromohexane, to wards
which the na tive en zyme has the highest specific activity. 

1. Janssen, D. B. (2004). Curr. Opin. Chem. Biol. 8, 150–159.
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zati on of a no vel ha lo al ka ne de ha lo ge na se from a
cold-adap ted bac te ri um. Appl En vi ron Micro bi ol, 78(14),
4995-4998. doi:10.1128/aem.00485-12.
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K5 and DmxA from Ma ri no bac ter sp. ELB17. Acta Crys -
tal lo gr Sect F Struct Biol Cryst Com mun, 69(Pt 6),
683-688. 

5. Ze lin ski, T. and Wal d mann, H. (1997), Cross-Lin ked En -
zy me Crys tals (CLECs): Ef fi ci ent and Sta ble Bi o ca ta lysts
for Pre pa ra ti ve Or ga nic Che mis t ry. An gew. Chem. Int. Ed. 
Engl., 36: 722–724. 
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A wide range of meth ods are cur rently avail able for de ter -
min ing the dis so ci a tion con stant be tween a pro tein and in -
ter act ing small mol e cules. How ever, most of these re quire
ac cess to spe cial ist equip ment, and of ten re quire a de gree
of ex per tise to ef fec tively es tab lish re li able ex per i ments
and an a lyze data. Dif fer en tial scan ning fluorimetry (DSF)
is be ing in creas ingly used as a ro bust method for ini tial
screen ing of pro teins for in ter act ing small mol e cules, ei -
ther for iden ti fy ing phys i o log i cal part ners or for hit dis cov -
ery. This tech nique has the ad van tage that it re quires only a
PCR ma chine suit able for quan ti ta tive PCR, and so suit able 
in stru men ta tion is avail able in most in sti tu tions; an ex cel -
lent range of pro to cols are al ready avail able; and there are
strong pre ce dents in the lit er a ture for mul ti ple uses of the
method. Past work has pro posed sev eral means of cal cu lat -

ing dis so ci a tion con stants from DSF data, but these are
math e mat i cally de mand ing. Here, we dem on strate a
method for es ti mat ing dis so ci a tion con stants from a mod -
er ate amount of DSF ex per i men tal data. These data can
typ i cally be col lected and an a lyzed within a sin gle day. We
dem on strate how dif fer ent mod els can be used to fit data
col lected from sim ple bind ing events, and where co op er a -
tive bind ing or in de pend ent bind ing sites are pres ent. Fi -
nally, we pres ent an ex am ple of data anal y sis in a case
where stan dard mod els do not ap ply. These meth ods are il -
lus trated with data col lected on com mer cially avail able
con trol pro teins, and two pro teins from our re search pro -
gram. Over all, our method pro vides a straight for ward way
for re search ers to rap idly gain fur ther in sight into pro -
tein-ligand in ter ac tions us ing DSF.
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Many pro teins rely on conformational plas tic ity to per form
in tri cate struc tural and bio chem i cal tasks. This plas tic ity
can be the mo tion of do mains in sin gle pro teins or the re ori -
en ta tion of the sub units within a com plex. In both cases the
over all change in shape of the par ti cle can be mon i tored by
small an gle X-ray scat ter ing (SAXS). High bril liance syn -
chro tron X-ray ra di a tion al lows for short ex po sure times
and hence time-re solved de tec tion of scat ter ing data.
Time-do main THz sources pro duce ultrashort elec tro mag -

netic pulses that can ex cite con certed mo lec u lar mo tions in
en ergy ranges as so ci ated with do main or sub unit
conformational dy nam ics. In con junc tion with time re -
solved shape in for ma tion from SAXS, we aim to study the
poly mer iza tion dy nam ics and dy namic plas tic ity of pro -
teins. Microtubules are a fun da men tal com po nent of the
cytoskeleton with well-de fined sub unit plas tic ity and poly -
mer iza tion dy nam ics and are there fore an in ter est ing model 
sys tem for such in ves ti ga tions. We de signed a flow cell
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Fig ure 1. De sign sketch of the THz- and X-ray-com pat i ble flow cell. The cham ber pro to type is made of 3D-printed, THz-trans par ent
poly propy lene with win dows made of biaxially-ori ented poly eth yl ene terephthalate (BoPET) for X-ray transmission.



that is com pat i ble with both, X-ray and THz ra di a tion to
en able a study us ing si mul ta neously both fre quency
regimes. Due to the strong absorption of THz radiation by
water, the THz optical path has to be minimized. 

We pres ent the proof of prin ci ple of our sam ple cham -
ber de sign with a static X-ray scat ter ing ex per i ment of
Taxol-sta bi lized microtubules and other pro teins. Fu ture
de signs will in clude con stant flow for time re solved mea -
sure ment, tem per a ture con trol and si mul ta neous ir ra di a tion 
of the sam ple cham ber with THz ra di a tion per pen dic u lar to 
the X-ray path. The im pli ca tions of ex cit able mo tions in
pro tein mono- and poly mers are man i fold: En zy matic ac -
tiv ity, sub strate bind ing and as sem bly-dis as sem bly events
associated with conformational changes could be ob served
un der non-equi lib rium con di tions, pro vid ing deeper in -
sight into their re spec tive mech a nisms.

1. Turton, D. A., Senn, H. M., Har wood, T., Lapthorn, A. J.,
Ellis, E. M., & Wynne, K. (2014). Na ture Com mu ni ca -

tions, 5, 3999. 

2. Plusquellic, D. F., Siegrist, K., Heilweil, E. J., & Esenturk,

O. (2007). ChemPhysChem, 8(17), 2412–2431.

3. Zhao, Y., & Zhan, Q. (2012). The o ret i cal Bi ol ogy and

Med i cal Mod el ling, 9(1), 26.
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Fig ure 2. SAXS pro files re corded at the P12 BioSAXS beamline at
the EMBL out sta tion in Ham burg, Ger many. Tests of the flow cell
with lysozyme, bo vine se rum al bu min and hu man dipeptidyl
peptidase 3 (DPP3) are shown along side the scat ter ing of Taxol-sta -
bi lized microtubules.


