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Coacervation is a phe nom e non in which a macromolecular
aque ous so lu tion sep a rates into two im mis ci ble liq uid
phases, i.e. the more dense phase is colloid-rich (the coa -
cervate), and is in equi lib rium with the rel a tively di lute
colloid-poor phase. This liq uid-liq uid phase sep a ra tion
tech nique has been ex ten sively used in cos metic for mu la -
tions and phar ma ceu ti cal microencapsulations.  Phase sep -
a ra tion into coacervates also oc curs fol low ing the
in ter ac tion of op po sitely charged biopolymers: hyaluronic
acid-chitosan sys tem. [1-2].

Iso ther mal ti tra tion cal o rim e try (ITC) has been widely
used for the char ac ter iza tion of poly mer/ligand and com -
plexes be tween op po sitely charged spe cies. Ex clu sively,
there are only a few stud ies on the use of ITC for com plex
for ma tion be tween op po sitely charged polyelectrolytes.
ITC is now rou tinely used to di rectly char ac ter ize the ther -
mo dy nam ics of biopolymer bind ing in ter ac tions. [3-4].

Our pur pose here is to use ITC to in crease our un der -
stand ing of the com plex for ma tion be tween op po sitely
charged hyaluronic acid and chitosan. The in ter ac tion be -
tween chitosan (a weak polycation) and hyaluronic acid (a
weak polyanion) was stud ied by ITC to ob tain in for ma tion
about bind ing energetics, ther mo dy nam ics and
stoichiometry of the in ter ac tions pres ent in the sys tem. All
ex per i ments were per formed at 25 °C us ing a GE
Healthcare (Microcal) VP-ITC in stru ment. The ex per i -
ments were car ried out at dif fer ent ionic strengths to de ter -

mine the ef fect of salt con cen tra tion on the bind ing pro cess.
At con stant salt con cen tra tion, change in the ra tio of
hyaluronic acid to chitosan fol lowed a non-monotonic be -
hav iour. At con stant hyaluronic acid to chitosan ra tio (by
mole), in crease in salt con cen tra tion re sulted as lower bind -
ing con stants in di cat ing the ef fect of charge screen ing.
Pos i tive en tropy val ues in di cate that the in ter ac tion is
entropically driven due to counterion re lease. Pos i tive
enthalpy val ues in di cate that the in ter ac tion is en do ther -
mic. In sum mary, hyaluronic acid-chitosan in ter ac tion is
both enthalpically and entropically driven.
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Biochem. 434 (2013) 233–241.
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Car bonic anhydrases (CAs) are metalloenzymes that
catalyse the con ver sion be tween car bon di ox ide and bi car -
bon ate [1]. These pro teins are in volved in many phys i o log -
i cal and patho log i cal pro cesses. Their in hi bi tion with small 
mol e cule lig ands can be ap plied for treat ment of dif fer ent
dis eases, such as glau coma, can cer, obe sity, ep i lepsy, os -
teo po ro sis, etc. There are nearly 30 small mol e cule lig ands
that are used as drugs for car bonic anhydrase re lated dis -
eases. The main chal lenge for gen er a tion of new CA lig -
ands is to at tain spec i fic ity to wards a se lected CA isozyme,
as there are 12 cat a lyt i cally ac tive CA isoforms in hu mans
that have very sim i lar struc ture.

Dur ing sulfonamide ligand bind ing to car bonic
anhydrase at least four dif fer ent re ac tions takes place [2]:
1) bind ing of deprotonated sulfonamide ligand to car bonic
anhydrase when wa ter mol e cule is co or di nated to Zn2+ ion
in its ac tive cen ter; 2) protonation of Zn2+ co or di nated hy -
drox ide ion; 3) deprotonation of ligand sulfonamide group; 
4) com pen sat ing protonation or deprotonation of buffer.
ITC or other bio phys i cal meth ods mea sure the sum of all
these re ac tions. How ever, for the QSAR anal y sis, only the

in trin sic pa ram e ters (Kb, DH) are rel e vant.
By us ing ob served ex per i men tal pa ram e ters and em -

ploy ing ther mo dy namic additivity meth ods, it is pos si ble to 
dis sect the in trin sic bind ing pa ram e ters that do not de pend
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on linked re ac tions or ap plied re ac tion con di tions [3]. One
such ex am ple of the dis sec tion, sulfonamide ligand bind ing 
to hu man car bonic anhydrase XIII, is pre sented here.

1. Aggarwal et al., J. Inz. Med. Chem. 2013, Vol/ 28,
267-277.

2. Krishnamurthy et al., Chem. Rev., 2008, Vol. 108,
946-1051.

3. Baker & Murphy, Biophys. J., 1996, 71, 2049-2055.
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The un folded pro tein re sponse (UPR) is ini ti ated upon
endoplasmic re tic u lum (ER) stress that leads to the ac cu -
mu la tion of misfolded pro teins in the ER. This homeostatic 
re sponse ac ti vates sig nal ling path ways that seek to re in -
state a proper ER pro tein fold ing bal ance or even tu ally in -
duces apoptosis if ER stress per sists. Re cently, we
iden ti fied hu man FICD (Filamentation in duced by cy clic
AMP do main-con tain ing pro tein) as a new UPR tar get [1].
This find ing was cor rob o rated by a re cently pub lished
study [2]. FICD, which is the fo cus of this pro ject, con tains
458 amino ac ids com pris ing a pre dicted transmembrane
(TM) do main fol lowed by two tetratricopeptide re peat
(TPR) re gions. TPR mo tif has a ba sic he lix-turn-he lix fold
and is typ i cally in volved in pro tein-pro tein in ter ac tions [3]. 
In ad di tion, FICD is the only hu man pro tein known to con -
tain a so-called FIC (filamentation in duced by cy clic
adenosine monophosphate) do main.      

FICD pro tein is able to carry out a post-translational
mod i fi ca tion called AMPylation or adenylylation. This
mod i fi ca tion is de fined as the sta ble and re vers ible co va -
lent ad di tion of an adenosine monophosphate (AMP)
group to a hydroxyl side chain of a pro tein. Our cur rent
work has shown that im mu no glob u lin-bind ing pro tein
(BiP), which is a key me di a tor of the UPR, is a bonafide
tar get of FICD-me di ated AMPylation in ER-de rived
micro somes. 

In ini tial ex per i ments of pull down, FICD was able
to form an in ter ac tion with the BiP pro tein. By MicroScale
Thermophoresis (MST), we found that BiP bound to
full-length FICD-WT with a bind ing af fin ity around KD =

1mM. These are still pre lim i nary data and we in tend to use
also the FICD mu tant with hy per ac tiv ity for AMPylation to 
in ter act with the BiP pro tein. In ad di tion to the af fin ity
deter mi na tions, we will in ves ti gate the ther mo dy nam ics of
the bind ing be tween FICD and BiP, since FICD also has

the po ten tial to AMPylates it self and the link be tween
auto-AMPylation and tar get AMPylation is still un known
in hu mans. In bac te ria, it’s known that the NmFIC-
 auto-AMPylation (FIC pro tein in Neisseria meningitides)
is an es sen tial pro cess and ear lier than the tar get
AMPylation and this lat ter has an in flu ence of the
tetramerization mech a nism of NmFIC [4]. 

More over, we in tend to in ves ti gate the role of the
TPR do mains of FICD in the in ter ac tion with BiP. For that,
we have a con struct of FICD that lacks the TPR do mains
and it can be used for bind ing as says and fur ther com par i -
son with the full-length FICD. In ad di tion, we made a con -
struct that con tains only the TPR re gion and a par tial linker
re gion aim ing to un der stand the TPR’s role in the struc ture
of the FICD pro tein. We hy poth e size that the par tial linker
re gion could works as a groove to the ligand bind ing due to
the re cent work that solved the par tial crys tal struc ture of
FICD [5]. Here, we ex pect to dis close the mech a nism in -
volv ing FICD and its sub strate BiP aim ing to un der stand
the FICD’s role in the UPR sys tem and how the
AMPylation can in flu ence BiP func tion as a chaperone. 

1. Hansen, H. G. et al, The Jour nal of Bi o log i cal Chem is try,
2011, Vol. 287, 39513-23.

2. Sanyal, A. et al, The Jour nal of Bi o log i cal Chem is try,
2015, Vol. 290, 8482-99.

3. D’Andrea, L. D. et al, Trends Biochem Sci 28, 655-662.

4. Stanger F. V. et al, PNAS, Vol. 113, E529-E537.

5. Bunney T. D. et al, Struc ture, Vol. 22, 1831-43.
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Neurodegenerative dis or ders are char ac ter ized by the pro -
gres sive dys func tion of the cen tral ner vous sys tem (CNS),
mostly re sult ing from the loss of CNS neu rons. The most
prev a lent neurodegenerative con di tions in clude Alz hei -
mer’s dis ease, Par kin son’s dis ease, Hun ting ton’s dis ease,
as well as prion dis eases; how ever, Alz hei mer’s dis ease
cor re sponds to about 70% of those dis or ders. Acetyl -
cholinesterase in hib i tors, re ferred to as the first line of ther -
apy, con sti tute the prin ci pal group of agents used in the
ther apy of Alz hei mer’s dis ease.

9-amino-1,2,3,4-tetrahydroacridine, re ferred to as
tacrine, is a re vers ible acetylcholinesterase in hib i tor. It was 
de scribed in 1961 for the first time, and in 1993 U.S. FDA
reg is tered it as the first agent used in the caus ative treat -
ment of Alz hei mer’s dis ease. De spite its great ther a peu tic
ef fect, it is highly toxic to hepatocytes and have a num ber
of other ad verse ef fects. One of the ideas that can help
over come ad verse ef fects of tacrine with out los ing its ac -
tiv ity is hy brids. They con sti tute a novel group of tacrine
de riv a tives; the role of these com pounds is com plex. Their
struc ture is sim i lar to that of dimers, but the sec ond mol e -
cule is a sub stance char ac ter ized by dif fer ent struc ture or
ef fect rather than the tetrahydroacridine de riv a tive it self.
[1, 2] Such mod i fi ca tion would im prove the se lec tiv ity to
cholinesterases and de crease tox ic ity on one hand, and ex -
ert pos i tive ef fect on Alz hei mer’s dis ease-as so ci ated pro -
cesses on the other. 

The prin ci pal aim of hereby pre sented re search is to
mod ify the ba sic struc ture, i.e. the tetrahydroacridine com -
pound. The tar geted hy brids were ob tained as a re sult of

1,2,3,4-tetrahydroacridine cou pling with other tacrine de -
riv a tives. An aliphatic chain with var i ous num ber of car bon 
at oms is the linker be tween these two moi eties. We ex pect
the syn the sized com pounds to have better ADME and
TOX pro file com par ing with tetrahydroacridine it self. Af -
ter the syn the sis, in silico tests were made to con firm the
ex pected mech a nism of ac tion.  3D-mo lec u lar dock ing of
the most prom is ing com pounds to the ac tive site of AChE
and BuChE and pharmacophore mod el ing were held us ing
SCIGRESS, mo lec u lar de sign mod el ing soft ware de vel -
oped by Fujitsu. [3] The ob tained re sults let us pre dict the
ac tiv ity of the syn the sized com pounds and may be used in
fur ther QSAR stud ies. Nev er the less, the pre dic tive power
of the con structed model must be es ti mated dur ing fur ther
bi o log i cal stud ies. 

1. Zawadzka A1, Loziñska I, Molêda Z, Panasiewicz M,
Czarnocki Z. Highly se lec tive in hi bi tion of
butyrylcholinesterase by a novel melatonin-tacrine
heterodimers. J Pi neal Res. 2013 May;54(4):435-41. doi:
10.1111/jpi.12006.

2. Thiratmatrakul S1, Yenjai C2, Waiwut P3, Vajragupta O4,
Reubroycharoen P5, Tohda M6, Boonyarat C7. Syn the sis,
bi o log i cal eval u a tion and mo lec u lar mod el ing study of
novel tacrine-carbazole hy brids as po ten tial multifunctional 
agents for the treat ment of Alz hei mer’s dis ease. Eur J Med
Chem. 2014 Mar 21; 75:21-30. doi:
10.1016/j.ejmech.2014.01.020.

3. http://www.fqs.pl/chem is try_ma te ri als_life_sci ence/prod -
ucts/scigress.
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Alz hei mer’s dis ease (AD – Alz hei mer’s dis ease) is a pro -
gres sive dis ease that is the most com mon form of de men tia. 
This dis ease be longs to neurodegenerative fa tal dis or ders
and af fects mainly el derly peo ple. AD af fects about 6% of
the pop u la tion in the world, aged over 65. Dis ease in -
creases dra mat i cally with age be ing ba sic risk fac tor. It is
char ac ter ized by mem ory loss, pro gres sive cog ni tive de -
cline, and be hav ior changes caused by re duced lev els of the 
neu ro trans mit ter ace tyl cho line. De spite dy namic prog ress
in sci ence, both in nanotechnology and bio tech nol ogy, the
ef fec tive meth ods of early de tec tion of Alz hei mer’s dis -
ease, it is still in cur able. There are only four acetyl choli -
nesterase in hib i tors ap proved by Food and Drug
Ad min is tra tion so far. They are re garded to one of the most
im por tant meth ods in AD treat ment. First drug ap proved
was tacrine (THA, 9-amino-1,2,3,4-tetrahydroacridine). It
is the stron gest and most ef fec tive acetylcholinesterase in -
hib i tor, but it in ter acts with many other drugs and causes a
lot of side ef fects. There fore it was with drawn from the
mar ket due to its hepatotoxicity. Dur ing the last de cades
sci en tists put a lot of ef fort in AChEIs (AChEIs -
acetylcholinesterase in hib i tors) mod i fi ca tions and at tempt
to find new struc tures. Un for tu nately there is still no ef fec -
tive method in AD ther apy. More over, we still don’t know
the ex act cause of that dis ease. There are a few the o ries
about the AD oc cur rence mech a nisms but de spite in ten sive 
stud ies it was n’t pos si ble to de velop ef fec tive drugs with -
out se ri ous side ef fects. Due to evergrowing num ber of AD

pa tients, in ten sive re search of the in no va tive ther a pies is
highly rec om mended. 

The main goal of the pro ject is to de velop new hy brids
of the tetrahydroacridine and iden tify their po ten tial for
neurodegenerative dis ease ther apy. Anal y sis of their AChE 
and BuChE in hi bi tion po ten tial will be made by dif fer ent in 
vi tro meth ods, in clud ing beta-am y loid ag gre ga -
tion, cytotoxicity and of the pharmacokinetic and pharma -
codynamics prop er ties of the ob tained com pounds us ing
meth ods of com pu ta tional chem is try. The syn the sis of
new, ac tive com pounds can also be use ful for fur ther re -
search and de vel op ment of the po ten tial drugs for neuro -
degenerative dis ease ther apy.

1. M. Esquivias-Perez, E. Maalej, A. Romero, F. Chabchoub,
A. Samadi, J. Marco-Contelles, M. J. Oset-Gasque, Chem.
Res. Toxicol. 2013, 26, 986-992. 

2. M. I. Fernandez-Bachiller, C. Perez, L. Monjas, J.
Rademann, M. I. Ro dri guez-Franco, J Med Chem 2012, 55, 
1303-17.

3. 10. M. Bajda, J. Jonczyk, B. Malawska, K. Czarnecka, M.
Girek, P. Olszewska, J. Sikora, E. Mikiciuk-Olasik, R.
Skibinski, A. Gumieniczek, P. Szymanski, Bioorg. Med.
Chem. 2015, 23, 5610-5618. 
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The prom i nent role of a Dam age-as so ci ated Mo lec u lar Pat -
terns (DAMPs) pro tein, namely the High Mo bil ity Group
Box-1 (HMGB1), in the non-in fec tious in flam ma tory re -
sponse of sev eral dis eases (myo car dial in farc tion, sep sis,
autoimmunity, ath ero scle ro sis and can cer) lately emerged
with in creas ing im pact. In par tic u lar, it has been re cently
re ported, that the in hi bi tion of the HMGB1 in flam ma tory
axe re mark ably re duces the mo til ity and growth of ma lig -
nant me so the li oma (MM) as well as the met a static pro gres -
sion of mel a noma [1].

At this re spect, we iden ti fied, by a com bi na tion of
com pu ta tional stud ies and ex per i men tal ev i dences, the nat -
u ral com pound glycyrrhizin as se lec tive HMGB1 in hib i tor
of its cytokine-re leas ing ac tiv ity, al though with a high dis -
so ci a tion con stant (Kd) of ~150 ?M [2]. Ad di tion ally, Sal i -
cylic Acid (SA) and its de riv a tive Amorfrutin were
dis cov ered to weakly bind HMGB1 (Kd in high
micromolar range) and work as in hib i tors of the
extracellular func tions of HMGB1 (IC50~5-10 ?M [3]). SA
was also shown to de lay MM growth by xenograft mice
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and sig nif i cantly im proved sur vival of treated an i mals.
Start ing from these ref er ence com pounds, we are cur rently
in ves ti gat ing fur ther this prom is ing as rel a tively un ex -
plored HMGB1 path by iden ti fy ing new and more po tent
in hib i tors to in ter fere with the met a static pro gres sion of
types of can cer with in flam ma tion-in duced phenotypic
plas tic ity. 

In a multidisciplinary ap proach, we started with a
vir tual screen ing of a large ZINC da ta base of com pounds
and shortlisted a set of plau si ble lig ands. Eight dif fer ent
chem i cal cores (C1-C8) were iden ti fied and used to
clusterize a re duced set of leads. We tested rep re sen ta tive
mol e cules of C1, C6 and C8, re cord ing their abil ity to in -
hibit HMGB1 cytokine ac tiv ity in cell mi gra tion as says,
with IC50 of 10, 50 and 70 ?M re spec tively. Most im por -
tantly, a very prom is ing hit emerged from C7, rep re sented
by 5,5’-Methylenedi-2,3-cresotic acid (MCA) that dis -
played an in hib i tory ef fect of HMGB1 chemotaxis ac tiv ity
in the submicromolar range, better than any other HMGB1
in hib i tor so far. Hence, a pre lim i nary char ac ter iza tion by
re cep tor- (15N HSQC) and ligand-based (STD,
waterLOGSY) NMR tech niques is here pre sented fo cus ing 
our at ten tion on the MCA-HMGB1 in ter ac tion.

1. T. Bald, T. Quast, J. Landsberg, M. Rogava, N. Glodde, D.
Lopez-Ramos, J. Kohlmeyer, S. Riesenberg, D. van den
Boorn-Konijnenberg, C. Hömig-Hölzel, R. Reuten, B.
Schadow, H. Weighardt, D. Wenzel, I. Helfrich, D.
Schadendorf, W. Bloch, M. E. Bianchi, C. Lugassy, R. L.
Barnhill, M. Koch, B. K. Fleischmann, I. Förster, W.
Kastenmüller, W. Kolanus, M. Hölzel, E. Gaffal, T.
Tüting, Na ture 2014, 507, 109–113.

2.  L. Mollica, F. De Marchis, A. Spitaleri, C. Dallacosta, D.
Pennacchini, M. Zamai, A. Agresti, L. Trisciuoglio, G.
Musco, M. E. Bianchi, Chem. Biol. 2007, 14, 431–441.

3. H. W. Choi, M. Tian, F. Song, E. Venereau, A. Preti, S.-W. 
Park, K. Ham il ton, G. V. T. Swapna, M. Manohar, M.
Moreau, A. Agresti, A. Gorzanelli, F. De Marchis, H.
Wang, M. Antonyak, R. J. Micikas, D. R. Gen tile, R. A.
Cerione, F. C. Schroeder, G. T. Montelione, M. E. Bianchi, 
D. F. Klessig, Mol. Med. 2015, 21, 526–535.
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Flavonoids, plant sec ond ary me tab o lites pres ent in fruits,
veg e ta bles and prod ucts such as tea and red wine, show an -
ti ox i dant, anti-in flam ma tory, antithrombotic, an ti vi ral and
antitumor ac tiv ity [1]. Punicalagin and ellagic acid are
polyphenolic com pounds, iso lated from pome gran ate fruit. 
They have shown re mark able phar ma co log i cal ac tiv i ties
in clud ing anti-in flam ma tory, hepatoprotective and anti -
genotoxic ac tiv i ties. Other po ten tial ap pli ca tions in clude
in fant brain ischemia, male in fer til ity, Alz hei mer’s dis ease, 
ar thri tis, and obe sity [2]. PDIA3, a mem ber of the pro tein
disulfide isomerase fam ily, is an ER pro tein mainly in -
volved in the cor rect fold ing of newly synthetized glico -
proteins. This pro tein is as so ci ated with dif fer ent hu man
dis eases such as can cer, prion dis or ders, Alz hei mer’s and
Par kin son’s dis eases and it has the po ten tial to be a phar -
ma co log i cal tar get [3]. In this study the in ter ac tion of dif -
fer ent flavonoid, as well as pome gran ate ex tracts, with
PDIA3 and their ef fects on pro tein reductase ac tiv ity were
eval u ated. The in ter ac tion was in ves ti gated by quench ing
anal y sis of pro tein in trin sic flu o res cence. This anal y sis was 
ex tended to the PDIA3 a’ do main, and the ef fect of
flavonoids on the DNA bind ing prop er ties of a’ do main
was eval u ated by EMSA anal y sis. A higher af fin ity for
PDIA3 was ob served for flavonoids with an in ter me di ate
hydrophilicity de gree (1-3 hydroxyl groups) which also in -

hibit disulphide reductase ac tiv ity of the PDIA3, but do not
sig nif i cantly af fect the DNA bind ing ac tiv ity of the a’ do -
main. Prob a bly this in ter ac tion in volves a dif fer ent bind ing 
site from that of green tea catechins, which, as pre vi ously
dem on strated, can bind to the a’ do main and de crease its in -
ter ac tion with DNA [4]. Dif fer ent from all the other
flavonoids an a lyzed punicalagin, but not ellagic acid,
showed a marked in hib i tory ef fects on pro tein reductase
ac tiv ity as well as a good bind ing af fin ity. On the ba sis of
these ob ser va tions punicalagin seem to be a prom is ing
com pound to de velop spe cific in hib i tors for PDIA3.   

1. Heim, K. E., Tagliaferro, A. R., Bobilya, D. J. Flavonoid
an ti ox i dants: chem is try, me tab o lism and struc ture-ac tiv ity

re la tion ships. J Nutr Biochem. 2002; 13(10):572-584.

2. Jurenka J.S. Ther a peu tic ap pli ca tions of pome gran ate
(Punica granatum L.): a re view. Altern Med Rev. 2008

Jun;13(2):128-44.

3. Turano, C., Gaucci, E., Grillo, C., Chichiarelli, S.
ERp57/GRP58: a pro tein with mul ti ple func tions. Cell Mol
Biol Lett. 2011; 16(4):539-63.

4. Trnková, L., Ricci, D., Grillo, C., Colotti, G., Altieri, F.
Green tea catechins can bind and mod ify ERp57/PDIA3
ac tiv ity. Biochim Biophys Acta. 2013;1830(3):2671-82.   
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STRUC TURAL AND FUNC TIONAL STUD IES OF THE TRANSLOCATOR PRO TEIN

Elis a beth Graeber

Paul Scherrer Institut, Villingen, Swit zer land

The translocator pro tein (TSPO) is a 18kDa pro tein with
five al pha-he li cal transmembrane do mains. It is lo cated in
the outer mi to chon drial mem brane of ste roid-syn the sis ing
cells and is of phar ma co log i cal in ter est as it is used both as
a biomarker and a ther a peu tic tar get. It has been as so ci ated
with a num ber of patho log i cal con di tions such
neurodegenerative dis eases and can cer and is pro posed to
be in volved in cho les terol trans port through the mi to chon -
drial mem brane; pos si bly to gether with the steroidogenic
acute reg u la tory pro tein (StAR). Sev eral struc tures of bac -
te rial TSPO homo logues have been pub lished so far, but
nev er the less there are a num ber of open ques tions re gard -
ing TSPO struc ture and func tion, such as the fold of the
eukaryotic TSPO homo logues and the rel e vance of the
oligomerisation state for ac tiv ity, as well as how TSPO in -
ter acts with its sub strates and bind ing part ners.

The aim of this pro ject is to gain a better un der stand ing
of the func tion and fold of TSPO us ing struc tural, bio phys -
i cal and bio chem i cal meth ods, along with ob tain ing a

high-res o lu tion crys tal struc ture of a eukaryotic TSPO
homologue.

So far, dif fer ent con structs of 12 eukaryotic TSPO
homo logues have been ex pressed in small scale in HEK
cells. Ex pres sion lev els and ho mo ge ne ity of the ex pressed
pro teins were ana lysed us ing FSEC, and their qual ity was
char ac ter ised by radioligand bind ing and thermostability
as says. The most prom is ing con structs were cho sen for
large scale ex pres sion in sus pen sion cul ture by in duc tion of 
stably transfected cells. The pu ri fied pro tein will be used
for in ter ac tion stud ies with lig ands and po ten tial bind ing
part ners (such as StAR), bio phys i cal char ac teri sa tion and
crystallisation tri als. Pre lim i nary re sults are very prom is ing 
and show that the es tab lished ex pres sion and pu ri fi ca tion
pro to col will re sult in suf fi cient amount of pro tein to con -
duct struc tural stud ies and gain mech a nis tic in sight into
this fam ily of pro teins.

P9

EX PLOR ING THE LINK BE TWEEN CA TAL Y SIS AND REG U LA TION OF A KEY LIPID

BIOSYNTHETIC EN ZYME FROM THE MA LARIA PAR A SITE

F. Hajdu1,2, G. N. Nagy1,2, L. Marton2,3, E. Guca4, R. Cerdan4, B. G. Vertessy1,2

1Uni ver sity of Tech nol ogy and Eco nom ics Fac ulty of Chem i cal Tech nol ogy and Bio tech nol ogy, De part ment
of Ap plied Bio tech nol ogy and Food Sci ence, Bu da pest, Hun gary

2In sti tute of Enzymology Re search Cen tre of Nat u ral Sci ences, Hun gar ian Acad emy of Sci ences, Bu da pest,
Hun gary

3Doc toral School of Multidisciplinary Med i cal Sceince, Uni ver sity of Szeged, Szeged, Hun gary
4Université de Montpellier 2, Montpellier, France

De spite on go ing antimalarial re search, ma laria is still one
of the most se ri ous in fec tious dis eases, with the vast ma jor -
ity of death cases caused by Plasmodium falciparum.
Emer gence of multidrug-re sis tant par a site strains urges the
iden ti fi ca tion of antimalarials with a novel mech a nism of
ac tion [1]. Ac cord ingly, de novo phosphatidylcholine bio -
synthesis of the par a site was rec og nized as a val i dated
antimalarial tar get [2]. Within this path way, CTP:phospho -
choline cytidylyltransferase (PfCCT) was shown to cat a -
lyze a rate-lim it ing step [3, 4].

The un der stand ing of the mo lec u lar mech a nism of the
PfCCT reg u la tion stands in the fo cus of our in ter est. Spe -

cif i cally, we an a lyze the role of the aE he lix seg ment lo -
cated at the C-ter mi nal of the cat a lytic do main in the
en zy matic cy cle. Im por tantly, this re gion was pro posed to
be in volved in the lipid-in duced reg u la tory ac tion of the en -
zyme as it pro vides es sen tial con tact to the re vers ible mem -

brane bind ing seg ment of CCT en zymes [5]. We en gi -
neered cat a lytic do main con structs of PfCCT with a se ries
of trun ca tions at its C-ter mi nal áE he lix and char ac ter ized
their bi o log i cal func tion with a com bi na tion of en zyme ac -
tiv ity as says and ligand bind ing mea sure ments with ITC
and tryptophan flu o res cence. We found that the trun ca tion
caused in ac ti va tion of PfCCT as well as a se vere at ten u a -
tion of its CTP sub strate bind ing ca pa bil ity. Nev er the less, a 

stepwise elon ga tion of the C-ter mi nal part in clud ing the aE 
he lix and the sub se quent nonconserved re gion re stored the
cat a lytic func tion of the en zyme. In sights from the re cently
solved crys tal struc ture data of the trun cated PfCCT con -
struct (E. Guca et al. 2016, to be pub lished) re vealed the
steric dis place ment of two con served threonine res i dues

within the aE he lix could ex plain the ob served per tur ba -
tion of en zy matic func tion. In deed, we ver i fied the crit i cal
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role of these threonines by bio chem i cal char ac ter iza tion of
their alanine point mu tants.

Our fur ther aims are to en gi neer a con struct con tain ing
the mem brane bind ing do main of this en zyme and dis cover
the mem brane lipid-pro tein in ter ac tion in or der to gain a
com pre hen sive pic ture of the in ter play be tween ca tal y sis
and reg u la tory mech a nism with rel e vance for the whole
CCT en zyme fam ily. The pros pect of the well-de fined role
of these key reg u la tory seg ments of the en zyme could be
fur ther ex ploited for more spe cific drug tar get ing.

1. World Health Or ga ni za tion, Ma laria, 2014.

2. I. Petersen, R. East man, M. Lanzer, FEBS Lett. 2011, 585,
1551–1562.

3. G. N. Nagy, L. Marton, A. Contet, O. Ozohanics, L.-M.
Ardelean, A. Révész, K. Vékey, F. D. Irimie, H. Vial, R.
Cerdan, et al., Angew. Chem. Int. Ed. Engl. 2014, 53,
13471–6.

4. L. Marton, G. N. Nagy, O. Ozohanics, A. Lábas, B.
Krámos, J. Oláh, K. Vékey, B. G. Vértessy, PLoS One
2015, 10, e0129632.

5. J. Lee, S. G. Taneva, B. W. Hol land, D. P. Tieleman, R. B.
Cor nell, J. Biol. Chem. 2014, 289, 1742–1755.

Financial sup port from the grant ICGEB CRP/HUN14-01
is grate fully ac knowl edged.

P10

IDEN TI FI CA TION OF TRAIL-BIND ING AND -IN HIB IT ING PEP TIDES

E. Hofmann1, C. Klein1, A. Koppensteiner1, K. Önder2, A. Eger1, H. Hundsberger1

1IMC Uni ver sity of Ap plied Sci ences Krems, 3500 Krems, Aus tria
2Paracelsus Med i cal Uni ver sity of Salzburg, 5020 Salzburg, Aus tria

Novel ap proaches to sep sis ther apy make use of tar geted
in hi bi tion of spe cific sig nal ling mol e cules such as TNF,
which would re sult in mod u la tion of the im mune re sponse
and fi nally in sep sis symp tom re lief [1]. The sig nal ling
mol e cule TNF-re lated apoptosis in duc ing ligand (TRAIL,
TNFSF10) has been re ported to be cru cially in volved in es -
tab lish ing the immunoparalysis by sup press ing the adap -
tive im mune re sponse as well as to be in volved in tis sue
dam age [2]. We would ex pect TRAIL-in hib it ing sub -
stances to re in force the adap tive im mu nity in the course of
sep sis lead ing to an im proved con trol of sec ond ary in fec -
tions. More over, TRAIL in hi bi tion should re sult in re -
duced tis sue dam age. 

TRAIL is a mem ber of the TNF superfamily, and as
such is a type II mem brane pro tein that is pro cessed
proteolytically at the cell sur face to form a sol u ble ligand
(res i dues 114–281). Its extracellular do main is highly ho -
mol o gous to that of tu mour ne cro sis fac tor (TNF) and FAS
ligand (CD95, FASLG, TNFSF6). TRAIL can bind two
apoptosis-in duc ing re cep tors TRAIL-R1 (DR4) and
TRAIL-R2 (DR5), and ad di tion ally cell-bound re cep tors
in ca pa ble of trans mit ting an apoptotic sig nal, the de coy re -
cep tors TRAIL-R3 (LIT, DcR1) and TRAIL-R4
(TRUNDD, DcR2). Fi nally, the sol u ble re cep tor

osteoprotegerin (OPG) has also been shown to be ca pa ble
of bind ing to TRAIL [3]. 

In this pro ject we fol low dif fer ent ap proaches in clud ing 
phage dis play, yeast-2-hy brid sys tem as well as in silico
de sign and screen ing ap proaches to iden tify TRAIL- or
TRAIL-re cep tor bind ing pep tides. Based on an
alanin-screen of TRAIL pub lished by Hymowitz et al. [4]
we have cho sen re gion for the vir tual de sign/screen ing ap -
proach. Four pep tides re sult ing from the vir tual mod el ling
shall be tested for bind ing to DR5, and/or for in ter fer ing
with the bind ing of TRAIL to its cog nate re cep tors. They
are cur rently tested in a bi o log i cal sys tem to in ves ti gate the
pep tide-me di ated in ter fer ence with TRAIL-in duced
apoptosis. 

1. Reinhart, K & Karzai, W. Crit Care Med. 2001 Jul; 29(7
Suppl): S121-5.

2. Gurung, P. et al., J Immunol. 2011, Sep 1; 187(5): 2148-54.

3. Falschlehner, C. et al., Im mu nol ogy. 2009 Jun; 127(2):
145-54. Re view.

4. Hymowitz, S. G. et al., Bio chem is try. 2000 Feb 1; 39(4):
633-40.

We grate fully ac knowl edge sup port from the Aus trian Re -
search Pro mo tion Agency (FFG: FEMtech pro gram),
grant No. 835544).
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SCREEN ING AND QUANTITATION OF GALECTIN-3C CAR BO HY DRATE LIG ANDS

M. Jovanoviæ1,4, U. J. Nilsson2 and H. Leffler3

1In sti tute of Med i cal Phys ics and Bio phys ics, Uni ver sity of Münster, Münster, Ger many
2Cen ter for Anal y sis and Syn the sis, De part ment of Chem is try, Lund Uni ver sity, Lund, Swe den

3Sec tion Mi cro bi ol ogy, Im mu nol ogy and Glycobiology (MIG), De part ment of Lab o ra tory Med i cine, Lund Uni -
ver sity, Lund, Swe den

 De part ment of Bio tech nol ogy, Uni ver sity of Rijeka, Rijeka, Croatia

Galectins rep re sent an im por tant multifunctional class of
an i mal lectins, play ing roles in var i ous bi o log i cal pro -
cesses, such as in flam ma tion, im mu nity and can cer. They
can con tain one or two car bo hy drate rec og ni tion do mains

(CRDs), re spon si ble for bind ing of b-galactosides. In af -
fin ity mass spec trom e try study (AMS) we used the C-ter -
mi nal frag ment of the re com bi nant hu man galectin-3.

AMS is a tool that is gain ing pop u lar ity for study ing
pro tein-ligand in ter ac tions. Its main ad van tages are speed,
sen si tiv ity, as well as the abil ity to de ter mine the
stoichiometry of macromolecular com plexes. How ever,
the ac cu racy of the data ob tained with AMS of ten de pends
on the sys tem stud ied, com plex ity of ligand mix tures
tested, as well as the na ture of the galectin-ligand in ter ac -
tion. For ex am ple, we found that while some lig ands do not
ex hibit sig nif i cant vari abil ity in galectin bind ing based on
its charge state, oth ers may do so. The N-glycans  tested
showed sig nif i cantly higher de gree of non-spe cific bind ing 
with in creased charge state of Gal-3C. The quan ti ta tive
AMS data anal y sis showed that the Kd val ues ob tained are
in good agree ment with the data avail able in the lit er a ture.

How ever, due to lack of ITC (iso ther mal ti tra tion cal o rim e -
try) data for most lig ands, it is dif fi cult to es ti mate the ac cu -
racy of AMS ex per i ments.

While val i da tion, as well as op ti mi za tion of AMS stud -
ies rep re sents an ac tive field of re search, flu o res cence po -
lar iza tion (FP) as say rep re sents an al ter nate method for
quick mea sure ments of Kd val ues for a se ries of car bo hy -
drate lig ands. Since the flu o res cent tag of ten con trib utes to
galectin-car bo hy drate bind ing in ter ac tions, com pet i tive FP 
as says are pre ferred. While ITC rep re sents a method of
choice for ac cu rate mea sure ment of Kd val ues for the
galectins, it re quires much big ger amounts of analytes, and
is not suit able for large screen ing stud ies. Thermophoresis
rep re sents a pos si ble al ter na tive for FP as says, with bo nus
abil ity to per form the bind ing stud ies un der phys i o log i cal
tem per a ture con di tions. Fi nally, while sur face plasmon
res o nance (SPR) stud ies are not suit able for mea sur ing
galectin-car bo hy drate in ter ac tions, they are well suited for
study ing pro tein-pro tein in ter ac tion prop er ties of the
galectins, in clud ing their oligomerization phe nom ena.

P12

FLU O RES CENCE ANAL Y SIS FOR COM PET I TIVE BIND ING OF GLICLAZIDE AND
QUERCETIN ON HU MAN SE RUM ALBUMIN

Mi ro sla va Ka me ní ko vá1, Mária Kla c so vá2, Mi lan Nagy1

1De part ment of Pharmacognosy and Bot any , Fac ulty of Phar macy, Comenius Uni ver sity in Bratislava,
Slovakia

2De part ment of Phys i cal Chem is try of Drugs, Fac ulty of Phar macy, Comenius Uni ver sity in Bratislava,
Slovakia

Co-ad min is tra tion of a syn thetic drug and a com pound of
nat u ral or i gin is com mon for pa tients, who com bine their
pharmacotherapy us ing var i ous di etary sup ple ments. Many 
of them of ten con tain nat u ral polyphenols. The ef fect of
co-ad min is tra tion is not com pletely clear. The com pet i tive
bind ing of com pounds can cause a de crease in the amount
of drug bound to pro tein and in crease the bi o log i cal ac tive
frac tion of the drug. 

The aim of this study was to ana lyse si mul ta neous in ter -
ac tions of a com mon flavonoid quercetin (Q) and the
antidiabetic drug gliclazide (G) with hu man se rum al bu min 
(HSA) in phos phate buffer (pH=7.4). Flu o res cence anal y -
sis was used to de ter mine the bind ing and quench ing prop -

er ties of HSA–ligand com plexes in bi nary and ter nary sys -
tems. The as so ci a tion con stants (Ka) of sys tems were de ter -
mined with the use of Scatchard anal y sis.  The quench ing
(KQ) con stants were de ter mined on the ba sis of the mod i -
fied Stern-Volmer equa tion. Flu o res cence quench ing
mech a nism of HSA–drug com plexes both was sug gested
as static quench ing. The in flu ence of Q on the com plex of
G with HSA has been de scribed for the bi nary and ter nary
sys tems by the quench ing curves and bind ing con stants
com par i son. The ef fect of drugs on the con for ma tion of
HSA was ana lysed us ing syn chro nous flu o res cence spec -
tros copy. 
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Flu o res cence data anal y sis showed that the pres ence of
Q hin dered the in ter ac tion be tween HSA and G, as the
bind ing con stant for G in the ter nary sys tem was re mark -
ably lower com pared to the bind ing con stant of the bi nary
sys tem. This in di cates a pos si bil ity for an in crease of
non-bound frac tion of G and can lead to more sig nif i cant
hypoglycemic ef fect of G, what can be con sid ered as an
undesired ad verse ef fect.

1. Mohseni-Shahri, F.S. et al., J So lu tion Chem, 2016, Vol.
45,  265-268.

2. Mahaki, H. et al., J Lu mi nes cence, 2013, Vol. 134,
758-771.

3. Maciazek-Jurczyk, M. et al., J Mo lec u lar Struc ture, 2009,

Vol. 924-926: 378-384.

The re search lead ing to these re sults has re ceived fund ing
from the grants UK/163/2015 and VEGA 1/0916/16.
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CHAR AC TER IZA TION OF IN TER AC TIONS BE TWEEN PRO TEINS ISO LATED FROM
CANDIDA SPP. CELL WALL AND HU MAN PRO TEINS IN VOLVED IN IN FLAM MA TORY 

RE SPONSE AND IN NATE IM MU NITY 

J. Karkowska-Kuleta1, D. Zajac2, K. Seweryn1, G. Bras1, O. Bochenska2,  A. Kozik2, and 
M. Rapala-Kozik1

1De part ment of Com par a tive Bio chem is try and Bioanalytics, Fac ulty of Bio chem is try, Bio phys ics and Bio -
tech nol ogy, Jagiellonian Uni ver sity in Krakow, Gronostajowa 7, 30-387 Krakow, Po land

2De part ment of An a lyt i cal Bio chem is try, Fac ulty of Bio chem is try, Bio phys ics and Bio tech nol ogy, Jagiellonian
Uni ver sity in Krakow, Gronostajowa 7, 30-387 Krakow, Po land

Patho gens pro duce a wide range of mol e cules called vir u -
lence fac tors, that al low them to pen e trate into a host or gan -
ism, com bat the im mune sys tem and which fa cil i tate
ac qui si tion of nu tri ents and fur ther spread. Among the ma -
jor vir u lence fac tors of patho genic fungi are ad he sive pro -
teins ex posed at their cell sur face. The pri mary role of
adhesins is bind ing of host pro teins, in clud ing those in -
volved in the de fense mech a nisms, such as com po nents of
plasma proteolytic cas cades, antimicrobial pep tides or pro -
teins as so ci ated with neutrophil extracellular traps (NETs). 
There fore, patho gens might hi jack and af fect the host sys -
tems in volved in main tain ing ho meo sta sis and pos sess the
abil ity to evade host im mune re sponse [1].

Dur ing work in our re search team, we iden ti fied with
the use of af fin ity chro ma tog ra phy and chem i cal cross-
 link ing sev eral pro teins de rived from the cell walls of the
ma jor fun gal patho gens of hu mans — Candida  spp. — that 
bind to com po nents of proinflammatory plasma con tact
sys tem [2], NET-as so ci ated pro teins and antimicrobial
pep tide – cathelicidin LL-37. Within this group, there were
both typ i cal adhesins co va lently bound to the fun gal cell
wall via GPI an chor, such as ag glu ti nin-like se quence (Als) 
pro teins, as well as atyp i cal pro teins, more loosely as so ci -
ated with fun gal cell sur face, in clud ing enolase, phospho -

glycerate mutase, 6-phosphogluconate dehydro genase or
triosephosphate isomerase. 

The in ter ac tions be tween in di vid ual pairs of pu ri fied
candidal pro tein and host pro tein were tested with
microplate en zyme-linked ligand sorbent as says, and then
char ac ter ized kinetically and ther mo dy nam i cally with the
sur face plasmon res o nance mea sure ments [3]. Hence, an -
other chal lenge is to cor rob o rate ob tained data us ing ad di -
tional ad vanced meth ods in or der to con firm the im por tant
role of par tic u lar fun gal pro teins in in ter ac tions with se -
lected host mol e cules in volved in in nate im mu nity. Such
ad vanced meth ods will also be ap plied for study ing mo lec -
u lar mech a nisms of fun gal pathogenesis that are re lated
with bind ing and ac ti va tion of com po nents of host
fibrinolytic sys tem, in clud ing hu man plasminogen and its
ac ti va tors.

1. Karkowska-Kuleta J. et al., 2009. Acta Biochim Pol. 56:
211-24. 

2. Karkowska-Kuleta J. et al., 2011. Pep tides. 32: 2488-96. 

3. Seweryn K. et al., 2015. Acta Biochim Pol. 62:825-35.

Fac ulty of Bio chem is try, Bio phys ics and Bio tech nol ogy of
Jagiellonian Uni ver sity  is a part ner of the Lead ing Na -
tional Re search Cen ter (KNOW) sup ported by the Min is try
of Sci ence and Higher Ed u ca tion.
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IN VESTI GA TING COLD SHOCK PRO TEIN IN TERACTI ONS WITH SIN G LE STRAN DED 
DNA USING SIN G LE MO LE CU LE FOR CE SPECTROSCOPY

K. E. Kendrick, M. Wil son, E. Paci, D. J. Brockwell, L. Dougan

School of Phys ics and As tron omy, Uni ver sity of Leeds, Leeds LS2 9JT, UK

Sin gle-mol e cule force spec tros copy (SMFS) is a tech nique
that pro vides a di rect me chan i cal mea sure ment of mo lec u -
lar forces caused by a sin gle pro tein un fold ing [1] or a com -
plex un bind ing [2]. SMFS tech niques can be ap plied to the
in ves ti ga tion of pro tein-DNA in ter ac tions by (i) mea sur ing 
the im pact of sin gle stranded DNA (ssDNA) bind ing on the  
me chan i cal sta bil ity of a pro tein and (ii) mea sur ing the un -
bind ing force of ssDNA-pro tein com plexes. These mea -
sure ments can be com ple mented with ex per i ments on the
bind ing en er gies and ki net ics to ex plore the link be tween
the sin gle mol e cule and bulk stud ies. Greater un der stand -
ing of the mech a nism of bind ing can be gained us ing mo -
lec u lar dy nam ics sim u la tions.  Com bin ing these meth ods
will en hance the in ves ti ga tion into the im pact that bind ing
has on the sta bil ity and dy nam ics of each macromolecule.

The cold shock pro tein (CSP) from the bac te rium Ba -
cil lus subtillis, BsCSP was cho sen as a good can di date to
in ves ti gate ssDNA-pro tein in ter ac tions as pre vi ous stud ies
in our group have dem on strated that BsCSP has a clear me -
chan i cal fin ger print in SMFS ex per i ments [3]. BsCSP reg -
u lates bi o log i cal func tions and is key for adapt ing sys tems
to cold shock [4]. The func tion of CSPs is there fore highly
tem per a ture spe cific and in volves the bind ing of nu cleic

ac ids over a tem per a ture range that de pends on the nat u ral
en vi ron ment of the or gan ism. The ef fect of ssDNA bind ing 
on the me chan i cal sta bil ity of the BsCSP has been mea -
sured at dif fer ent tem per a tures, show ing an in crease in the
force re quired to un fold the pro tein of up to 50% or 20 pN.

1. Hoffmann, T., & Dougan, L. (2012). Sin gle mol e cule force 
spec tros copy us ing polyproteins. Chem i cal So ci ety Re -
views, 41(14), 4781. doi:10.1039/c2cs35033e.

2. Farrance, O. E., Paci, E., Radford, S. E., & Brockwell, D.
J. (2015). Ex trac tion of ac cu rate biomolecular pa ram e ters
from sin gle-mol e cule force spec tros copy ex per i ments. ACS 
Nano, 9(2), 1315–24. doi:10.1021/nn505135d.

3. Tych, K. M., Bat che lor, M., Hoffmann, T., Wil son, M. C.,
Paci, E., Brockwell, D. J., & Dougan, L. (2016). Tun ing
pro tein me chan ics through an ionic clus ter graft from an
extremophilic pro tein. Soft Mat ter, 12(10), 2688–2699.
doi:10.1039/c5sm02938d.

4. Horn, G., Hofweber, R., Kremer, W., & Kalbitzer, H. R.
(2007). Struc ture and func tion of bac te rial cold shock pro -
teins. Cel lu lar and Mo lec u lar Life Sci ences: CMLS,
64(12), 1457–70. doi:10.1007/s00018-007-6388-4.

P15

GAPDH IN TER ACTS WITH ABASIC SITES IN DNA: 
A NEW PU TA TIVE FUNC TION OF A WELL-KNOWN EN ZYME

A. A. Kosova, S. N. Khodyreva, O. I. Lavrik

In sti tute of Chem i cal Bi ol ogy and Fun da men tal Med i cine SB RAS, Novosibirsk, Rus sia

Glyceraldehyde-3-phos phate dehydrogenase (GAPDH) is
an evo lu tion ary con ser va tive and abun dant pro tein widely
known as a glycolytic en zyme. Ac tive GAPDH is a
tetramer con sist ing of iden ti cal 37 kDa-sub units. In ter est -
ingly, GAPDH has many ad di tional pu ta tive func tions: it
takes part in mem brane trans port, microtubule bun dling,
sig nal transduction and many other pro cesses. GAPDH is
known to in ter act with DNA and RNA, some types of DNA 
dam ages and DNA re pair en zymes (APE1, HMGB1).

Abasic (AP) sites are among the most com mon
genomic DNA le sions. The loss of DNA bases and the sub -
se quent for ma tion of AP sites oc cur as a re sult of the spon -
ta ne ous hy dro ly sis of the N-glycosidic bond or the re moval 
of the dam aged bases at the early stage of base ex ci sion re -
pair, which is cat a lyzed by DNA glycosylases. Unrepaired
AP sites are mutagenic and cytotoxic.

Cer tain pro teins can in ter act with the deoxyribose of an
AP site to form a Schiff base, which can be sta bi lized by
borohydride treat ment. Sev eral types of AP DNA were
used to trap pro teins in hu man cell ex tracts by this method.
In the case of sin gle-stranded AP DNA and the AP DNA
du plex with both 5’- and 3’-pro trud ing ends, the ma jor
crosslinking prod uct had an ap par ent mo lec u lar mass of 45
kDa. Us ing pep tide mass map ping based on mass-spec -
trom e try data, we iden ti fied the pro tein form ing this adduct 
as an isoform of GAPDH. Next, we have stud ied in ter ac -
tion of GAPDH pu ri fied from HeLa cells with dif fer ent AP
DNAs. In trigu ingly, about 30% of GAPDH–AP DNA ad -
ducts were borohydride-in de pend ent. These data in di cate
that GAPDH, at least par tially, may be co va lently linked
with an AP site by a mech a nism other than the Schiff base
for ma tion. In deed, GAPDH was shown to lose the abil ity
to form ad ducts with AP DNA af ter disulfide bond re duc -
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tion. NAD+ also in hib ited GAPDH–AP DNA adduct for -
ma tion. GAPDH was proven to crosslink pref er en tially to

AP DNA cleaved via the b-elim i na tion mech a nism (spon -
ta ne ously or by AP lyases), but it did not dis play the AP
lyase ac tiv ity. More over, we used AP DNA as a probe for
GAPDH de tec tion in cell ex tracts. 

Ac cord ing to lit er a ture data, un der ox i da tive stress
GAPDH un der goes disulfide bond for ma tion that re sults in 
the en hance ment of its DNA-bind ing ca pac ity and is
translocated to the nu cleus. At the same time, ox i da tive
DNA dam ages lead to the ac ti va tion of PARP-1, which
syn the sizes poly(ADP-ribose) us ing NAD+. As a re sult, the 

pool of NAD+ is ex hausted and the NAD+-bind ing site of
GAPDH is empty. Thus, the en zyme ac quires the abil ity to
bind DNA and can be trapped in a sta ble co va lent com plex
with an unrepaired AP site that would ham per DNA re pair.
This may be a sui cidal event in the case of mul ti ple DNA
dam age that could be one of the fac tors lead ing to cell
death.

1. Kosova et al., Mutat. Res., 2015, Vol. 779, 46–57.

The work was sup ported by the Rus sian Sci en tific Foun da -

tion pro ject no. 14-14-00501.
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KI NETIC STUD IES OF MELANOCORTIN-4 RE CEP TORS US ING FLU O RES CENCE

ANI SO TROPY

Reet Link, Santa Veiksina, Ago Rinken, Sergei Kopanchuk

In sti tute of Chem is try, Uni ver sity of Tartu, Ravila 14a, 50411, Tartu, Es to nia

The melanocortin-4 (MC4) re cep tors are im por tant drug
tar gets as they reg u late en ergy ho meo sta sis, eat ing be hav -
ior and sex ual func tions. The ligand bind ing pro cess to
these G pro tein-cou pled re cep tors is sub ject to con sid er -
able com plex ity. The dif fer ent steps of the com plex dy -
namic reg u la tion could be char ac ter ized by ligand bind ing
ki net ics [1]. Op ti mi za tion of these ki netic pa ram e ters in
terms of on-rate and res i dence time can in crease rapid on -
set of drug ac tion and re duce off-tar get ef fects [2].

There are a num ber of ho mo ge neous flu o res cence-
 based as says that al low con tin u ous on line mon i tor ing of
ligand bind ing ki net ics. Among them, flu o res cence ani so -
tropy (FA) has been im ple mented for the ki netic stud ies of
MC4 re cep tors ex pressed on bud ded baculoviruses [3, 4].
How ever the slow dis so ci a tion of the used fluorescently la -

belled pep tide NDP-a-MSH does not en able to reach equi -
lib rium. To over come this prob lem, two novel red-shifted
flu o res cent lig ands were de signed. These cyclized
heptapeptide de riv a tives were re ferred to as UTBC101 and
UTBC102.

Both of these lig ands ex hib ited nanomolar level af fin ity 
to wards MC4 re cep tors, but had rel a tively dif fer ent ki netic

prop er ties. The dis so ci a tion half-lives of UTBC101 (t =

151 min) and UTBC102 (t = 8 min) were shorter com pared 

to the pre vi ously re ported Cy3B-NDP-a-MSH (t = 224
min) [3]. The sig nif i cantly shorter dis so ci a tion half-life of
UTBC102 en ables to achieve equi lib rium in screen ing as -
says, whereas the higher af fin ity of UTBC101 helps to re -
solve a wider range of com pet i tor po ten cies. In sum mary,
these two lig ands could po ten tially com ple ment each other
in the on-rate and res i dence time screen ing of unlabeled
lig ands.

1. Kopanchuk, S., et al. (2006). Neurochem. int., 49(5),
533-542.

2. Hoffmann, C., et al. (2015). Mo lec u lar phar ma col -
ogy, 88(3), 552-560.

3. Veiksina, S., et al. (2010). Anal. biochem. 402(1), 32-39.

4. Veiksina, S., et al. (2014). BBA-Biomembranes, 1838(1),
372-381.

The work has been fi nanced by the Es to nian Min is try of Ed u ca -
tion and Sci ence (IUT20-17) and by the Eu ro pean Un ion through
the Eu ro pean Re gional De vel op ment Fund to the Com pe tence
Cen tre of Health Tech nol o gies (EU48695).
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TAR GET ING CATHEPSIN B IN THE TU MOUR MICROENVIRONMENT BY IN HIB I TORY

DARPINS

L. Kramer1,2, M. Renko1,3, D. Turk1,3, M. A. Seeger4, O. Vasiljeva1, V. Turk1,3,  M. G. Grütter5, 
B. Turk1,3,6

1Jozef Stefan In sti tute, De part ment of Bio chem is try and Mo lec u lar Bi ol ogy, Ljubljana (Slovenia)
2In ter na tional Post grad u ate School Jozef Stefan, Ljubljana (Slovenia)

3Cen ter of Ex cel lence CIPKEBIP, Ljubljana (Slovenia)
4In sti tute of Med i cal Mi cro bi ol ogy, Uni ver sity of Zürich, Zürich (Swit zer land)

5De part ment of Bio chem is try, Uni ver sity of Zürich, Zürich (Swit zer land)
6Fac ulty of Chem is try and Chem i cal Tech nol ogy, Uni ver sity of Ljubljana (Slovenia)

Cathepsin B is a lysosomal cysteine pro te ase in volved in
tu mour cell invasiveness and angiogenesis . While nor -
mally the lo cal iza tion of the pro te ase is con fined to the
endo-lysosomal ves i cles, in tu mours it is se creted to the
mem brane or the extracellular space by tu mour as well as
stromal cells, such as tu mour-as so ci ated macrophages,
fibroblasts and en do the lial cells . 

Phar ma co log i cal in hi bi tion of cathepsin B by small-
 mol e cule in hib i tors was shown to in hibit tu mour growth
and me tas ta sis in an i mal mod els, and tu mour-spe cific
up-reg u la tion of cathepsin B has been ex plored for di ag -
nos tic pur poses as well as tar geted drug de liv ery .

We pro pose that small pro tein bind ers such as
DARPins  of fer a great op por tu nity for de sign of highly se -
lec tive re vers ible cathepsin B in hib i tors that could be ap -
plied with theranostic mode of ac tion – as cathepsin
pro te ase in hib i tors and as di ag nos tic im ag ing probes.
These en gi neered pro teins have sev eral key char ac ter is tics
that al low de mand ing chem i cal or bio chem i cal mod i fi ca -
tions with out af fect ing the binder ac tiv ity, namely the
small size, high sta bil ity and ease of site-spe cific la bel ling.

Here we pres ent the se lec tion and char ac ter iza tion of
two in hib i tory DARPins with high af fin i ties for hu man and 
mouse cathepsin B and no de tect able af fin ity for highly ho -
mol o gous cysteine cathepsins. We used a com bi na tion of
com pe ti tion as says and en zyme ki netic stud ies to char ac -

ter ize the bind ing, and we con firmed the re sults with solved 
crys tal struc tures of the com plexes. Fur ther more, both
DARPins suc cess fully in hib ited cathepsin B in hu man and
mouse can cer cell lines, which sug gests they are suit able
can di dates for fur ther ther a peu tic and di ag nos tic im ag ing
de vel op ment.

1. Vasiljeva, O., et al., Tu mor cell-de rived and
macrophage-de rived cathepsin B pro motes pro gres sion and 
lung me tas ta sis of mam mary can cer. Can cer Res, 2006.
66(10): p. 5242-50.

2. Cavallo-Medved, D., et al., Mu tant K-ras reg u lates
cathepsin B lo cal iza tion on the sur face of hu man colorectal 
car ci noma cells. Neo pla sia, 2003. 5(6): p. 507-19.

3. Mikhaylov, G., et al., Se lec tive tar get ing of tu mor and
stromal cells by a nanocarrier sys tem dis play ing lipidated
cathepsin B in hib i tor. Angew Chem Int Ed Engl, 2014.
53(38): p. 10077-81.

4. inz, H.K., et al., High-af fin ity bind ers se lected from de -
signed ankyrin re peat pro tein li brar ies. Nat Biotechnol,
2004. 22(5): p. 575-82.

We thank J. Završnik, R. Vidmar and R. Zbinden for tech ni -
cal as sis tance. The work was sup ported by EC 7th Frame -
work programme LIVIMODE and Slovenian Re search
Agency.
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A GE NERIC PRO TO COL FOR THE CHAR AC TER IZA TION OF PRO TEIN SMALL
MOL E CULE COM PLEXES US ING AF FIN ITY-TAGGED PRO TEINS SHEDS NOVEL

LIGHT ON NDPK1 AND CAMP IN TER AC TION IN PLANT CELLS

Marcin Luzarowski, Monika Kosmacz, Dan iel Veyel, Izabela Kasprzyk, Lothar Willmitzer,
Aleksandra Skirycz

Max Planck In sti tute of Mo lec u lar Plant Phys i ol ogy, Potsdam, Ger many

Mul ti ple bi o log i cal pro cesses are trig gered by mol e cule-
 mol e cule in ter ac tions. These in clude in ter ac tions be tween
pro teins, pro teins and nu cleic ac ids, and pro teins and small
mol e cules. Dis cov ery and char ac ter iza tion of the role of
these com plexes are ob jects of in ten sive in ves ti ga tion. In

re cent years,  many new tech niques al low ing anal y sis of
pro tein-small mol e cules in ter ac tions, also at “omics”-
 scale, be came avail able . 

We ex ploited pro tein-to-small mol e cule strat egy based
on af fin ity pu ri fi ca tion method. We ad justed pre vi ously
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avail able yeast pro to col and used IgG an ti bod ies against
chi me ric pro teins con sist ing of an IgG-bind ing do main
fused to the pro tein of in ter est to un ravel po ten tial pro -
tein-small mol e cule com plexes in na tive plant lysate . We
ex am ined small mol e cule lig ands of three nucleoside-
 diphosphate kinase pro teins (NDPK1-3). Pri mary role of
these multifunctional pro teins is to main tain nucleoside
triphosphates (NTP) level. They trans fer phos phate mainly
from ATP to cog nate nucleoside diphosphates (NDP) via
ping-pong mech a nism. NDPK pro teins might play cru cial
role in sig nal transduction by el e vat ing GTP level and thus, 
en abling ac ti va tion of GTP-bind ing pro teins . 

Here we pro pose that NDPK1 but not NDPK2 and
NDPK3, binds 3’, 5’ cy clic adenosine monophosphate
(3’,5’ cAMP). 3’5’cAMP is an im por tant sec ond mes sen -
ger, con vey ing cAMP-de pend ent path way. Nu mer ous vi tal 

an i mal pro cesses are ini ti ated by in ter ac tion be tween
cAMP and cAMP-de pend ent kin ases hence we sug gest
that our re sults open an ex cit ing new par a digm on cAMP
sig nal ing in plants.

1. McFedries, A., A. Schwaid, and A. Saghatelian, Meth ods
for the Elu ci da tion of Pro tein-Small Mol e cule In ter ac tions.
Chem is try & Bi ol ogy, 2013. 20(5): p. 667-673.

2. Maeda, K., et al., A ge neric pro to col for the pu ri fi ca tion
and char ac ter iza tion of wa ter-sol u ble com plexes of af fin -
ity-tagged pro teins and lipids. Nat. Pro to cols, 2014. 9(9): p. 
2256-2266.

3. Hasunuma, K., et al., Pu ta tive func tions of nucleoside
diphosphate kinase in plants and fungi. Jour nal of
bioenergetics and biomembranes, 2003. 35(1): p. 57-65.
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THYMIC STROMAL LYMPHOPOIETIN (TSLP) AND ITS RE CEP TOR AS TAR GETS

FOR THE DE VEL OP MENT OF ANTI-IN FLAM MA TORY IN HIB I TORY AGENTS

I. Markovic1,  A. Borowski1, A. Wohlmann1, M. Kuepper2 and K. Friedrich1

1Uni ver sity Hos pi tal Jena, In sti tute of Bio chem is try II, 07743 Jena, Ger many
2De part ment of Pneumology, Uni ver sity of Rostock, 18057 Rostock, Ger many

Thymic Stromal Lymphopoietin (TSLP) is an
interleukin-7-re lated cytokine ex pressed in ep i the lial cells
and keratinocytes. It plays a cen tral role in the pa thol ogy of
in flam ma tory al ler gic dis or ders such as asthma, atopic rhi -
ni tis, as well as in other non-al ler gen in duced con di tions.
The ac ti vated TSLP re cep tor (TSLPR) is formed by
ligand-in duced heterodimerisation out of the spe cific
TSLP re cep tor al pha chain and the IL-7 re cep tor al pha
chain and sig nals via the JAK/STAT path way. Be cause of
its in volve ment in var i ous dis eases, the TSLP/TSLPR sys -
tem is a po ten tially in ter est ing ther a peu tic tar get. [1]

We have ex plored pos si bil i ties to spe cif i cally block
TSLP-in duced re cep tor ac ti va tion for the hu man cytokine
(hTSLP) by means of (i) re com bi nant ligand bind ing re -
cep tor exodomains, (ii) func tional an ti bod ies to both re cep -
tors [2] and lig ands and (iii) TSLP vari ants. These agents

were an a lyzed for bi o log i cal ac tiv i ties and in hib i tory prop -
er ties em ploy ing cel lu lar mod els such as novel TSLP-re -
spon sive re porter cell lines.

Re com bi nant TSLPR exodomains proved as com pet i -
tive in hib i tors of TSLP ac tiv ity. Monoclonal an ti bod ies
were iso lated and able to block TSLPR ac ti va tion and
intracellular sig nal ing. Based on struc tural con sid er ations
and mutational anal y sis, TSLP vari ants with an tag o nis tic
prop er ties were iden ti fied. These ap proaches are sys tem at -
i cally fur ther ex tended and ex ploited.

1. Zhang et al., Immunol Res., 2012, Vol. 52(3): 211–223.

2. Borowski et al.,Cytokine, 2013, Vol. 61: 546-555.

We grate fully ac knowl edge sup port from the Inter -
disziplinäre Zentrum für Klinische Forschung in Jena.
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EX PLOR ING THE NON-CAT A LYTIC RE GIONS OF THE LYSINE SPE CIFIC

DEMETHYLASE FAM ILY AS SITES FOR DRUG TAR GET ING

Biagina Marrocco, Simona Pilotto, Chiara Marabelli and Andrea Mattevi

De part ment of Bi ol ogy and Bio tech nol ogy, Uni ver sity of Pavia, Via Ferrata 9, 27100 Pavia, It aly

The epigenetic sys tem al lows the cell main tains his
homeostatic bal ance by con trol ling the chromatin struc ture
of genes. Even tual al ter ations to such con trol sys tems es -
tab lish changes in chromatin struc ture that are re lated to
some dis eases as can cer. In ad di tion to DNA methylation
and histone acetylation, re cently the re search has been very 

in ter ested in un der stand ing of histone methylation ef fect.
Two en zyme fam i lies, lysine methyltransferases (KMTs)
and demethylases (KDMs) con trol histone lysine
methylation. KDMs en com pass the Jumonji C (JmjC) do -
main–con tain ing pro teins and the Lysine spe cific
demethylase (LSD) fam ily. LSD1 was the first dis cov ered
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histone demethylase as re ported in de pend ently by our and
Shi’s groups [1,2].

The en zyme is tightly as so ci ated to the co-repressor
CoREST, form ing the com plex LSD1/CoREST, for which
cur rent lit er a ture de scribes at least 30 interactors, in clud ing 
tran scrip tion fac tors and non-histone sub strates, many of
them di rectly in volved in can cer bi ol ogy. The link be tween
LSD1, tu mor pathogenesis and the dis cov ery that the
monoamine oxidase (MAO) in hib i tor tranylcypromine
(TCPA) blocks LSD1 ac tiv ity, rep re sented the start ing
point for in ten sive drug dis cov ery pro grams aimed at
TCPA based ir re vers ible ac tive-site LSD1 in hib i tors [3]. 

On the other hand, the ex is tence of so many
inter-macromolecular in ter ac tions finds a struc tural coun -
ter part in char ac ter is tic non-cat a lytic do mains, as sites for
drug tar get ing.

The aim of the pres ent pro ject is to ad vance our knowl -
edge on the char ac ter is tic non-cat a lytic do mains of LSD1,
in or der to un der stand how they con trol sub strate spec i fic -
ity (also with ref er ence to non-histone sub strates), con trib -
ute to the rec og ni tion of the nucleosomal par ti cle, and
in ter act with other pro teins and RNAs. The main goal will
be to dis cover and ex plore sites to be tar geted by in no va tive 

in hib i tors as op posed to the more “clas sic” ac tive-site lig -
ands. 

Bind ing of the can di date com pounds are ex per i men -
tally ver i fied by ther mal shift as says, a meth od ol ogy by
which we screen can di date com pounds that ex ert a sta bi liz -
ing ef fect on pro teins by mea sur ing the un fold ing tem per a -
ture [4]. More over, the bind ing af fin i ties of la belled/tagged 
pep tides and oligonucleotides can be mea sured di rectly by
prob ing the changes in flu o res cence po lar iza tion. Then, to
carry out a com pe ti tion as say, untagged lig ands com pet ing
with a flu o res cent mol e cule for the same site are used. In
this way there is the pos si bil ity to probe both ac tive site and 
non-ac tive site lig ands.

These in hib i tors can be ex pected to se lec tively tar get
LSD1 only in the con text of pro cesses in volv ing spe cific
pro tein com plexes and can be con sid ered as in no va tive lig -
ands for fu ture epi-drug de sign and de vel op ment.

1. Shi Y. et al., Cell, 2004, 119(7), 941-53.

2. Forneris F. et al., J. Biol. Chem., 2005, 280(50), 41360-5.

3 Hrjfeldt JW et al., Nat Rev Drug Discov., 2013, 12(12),
917-30.

4. Forneris F. et al., FEBS J., 2009, 276(10), 2833-40.
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PHYCOCYANOBILIN, A BIOACTIVE TETRAPYRROLIC COM POUND OF MICROALGA
SPIRULINA, BINDS WITH HIGH AF FIN ITY TO HU MAN SE RUM AL BU MIN AND

EN HANCES ITS STA BIL ITY

S. Miniæ1, D. Staniæ-Vuèiniæ1, M. Milèiæ1, M. Radibratoviæ2, T. Sotiroudis3, M. Nikoliæ1, 
T. Æirkoviæ Velièkoviæ1

1Fac ulty of Chem is try, Bel grade, Ser bia 
2 In sti tute of Chem is try, Tech nol ogy and Met al lurgy, Bel grade, Ser bia 

3 In sti tute of Bi ol ogy, Me dic i nal Chem is try and Bio tech nol ogy, Ath ens, Greece

Hu man se rum al bu min (HSA) is an im por tant reg u la tor of
the pharmacokinetic prop er ties of bioactive com pounds.
Phycocyanobilin (PCB) is a blue tetrapyrrole chromo phore 
of C-phycocyanin with proven health-pro mot ing ac tiv i ties. 
The aim of our study was to ex am ine bind ing of PCB for
HSA and to in ves ti gate its ef fects on pro tein sta bil ity.
Based on a com pu ta tional ap proach, we dem on strated two
pu ta tive high-af fin ity bind ing pock ets on HSA of vir tu ally
iden ti cal en er gies (subdomains IB and IIA). Re sults ob -
tained by pro tein and pig ment flu o res cence mea sure ments,
cir cu lar dichroism (CD), and bil i ru bin (struc tural an a log of
PCB)-dis place ment  ex per i ments con firmed high af fin ity

(bind ing con stant of 2.2 ´ 106 M-1), stereoselective bind -
ing of PCB M-con former to HSA and its com pe ti tion with
war fa rin (subdomain II A marker) and hemin (subdomain
IB marker). Flu o res cence and UV/VIS ab sorp tion spec tra
in di cated that PCB un der went conformational change from 
cy clic to more stretched con for ma tion, upon bind ing to
HSA. CD and flu o res cence melt ing curves of HSA in the

pres ence of PCB showed in creased ther mal sta bil ity of
HSA upon chromo phore bind ing. Trypsin di ges tion study
showed that HSA?PCB adduct was more re sis tant to pro te -
ol y sis than free HSA. Fou rier trans form in fra red spec tros -
copy and CD spec tra have re vealed slightly higher
al pha-he li cal con tent in HSA?PCB adduct than in free pro -
tein. The pres ent re sults pro vide valu able in for ma tion for
the trans por ta tion and dis tri bu tion of PCB in vivo, which
may be of im por tance for the un der stand ing of its nu mer -
ous ben e fi cial ef fects, in clud ing par tial sta bi li za tion of

HSA as a con se quence of PCB bind ing.

This work was sup ported by the Min is try of Ed u ca tion, Sci -
ence and Tech no log i cal De vel op ment of the Re pub lic of
Ser bia (Grant Num bers 172035 and 172024) and FP7
RegPot pro ject FCUB ERA GA No. 256716. The EC does
not share re spon si bil ity for the con tent of the ar ti cle. We
are grate ful to Ms Maja Krstic for help with CD data col -
lec tion.
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BINDING OF TRICHINELLA SPIRALIS MUSCLE LARVAE EXCRETORY-SECRETORY
ANTIGENS TO DC-SIGN

N. Mitiæ, J. Cvetkovic, A. Gruden-Movsesijan

In sti tute for the ap pli ca tion of nu clear en ergy-INEP, 11080 Bel grade, Ser bia

Dur ing the course of in fec tion par a site T. spiralis com mu -
ni cates with the host or gan ism and af fects the cells of im -
mune sys tem through ex cre tory-se cre tory prod ucts (ES
L1) re leased from the mus cle lar vae. Pre vi ous re sults
showed that in vi tro stim u la tion of den dritic cells (DCs),
key play ers in the po lar iza tion of im mune re sponse, with T. 
spiralis ES L1 an ti gens led to par tial mat u ra tion of these
cells [1], how ever, re cep tors on DCs in volved in this in ter -
ac tion are not yet re vealed. It has been shown that ES L1
an ti gens are highly glycosylated and, among oth ers, dec o -
rated with high-mannose glycans [2], a struc ture that has a
po ten tial to be rec og nized by cal cium de pend ent den dritic
cell sur face re cep tor DC-SIGN (den dritic cell-spe cific
ICAM-3-grab bing non integrin). DC-SIGN is in volved in
rec og ni tion and bind ing of en dog e nous or ex og e nous an ti -
gens and in mod u la tion of DC mat u ra tion sta tus.  In the
cur rent study, pos si ble in ter ac tion be tween ES L1 and

DC-SIGN was in ves ti gated us ing re com bi nant
DC-SIGN-Fc (DC-SIGN fused at the COOH ter mi nus to a
hu man IgG1-Fc frag ment). Bind ing of DC-SIGN-Fc to im -
mo bi lized ES L1 an ti gens was de tected in solid-phase as -
say - ELISA, and in west ern-blot. A chelator agent EDTA
was used as in hib i tor in or der to con firm the spec i fic ity of

this in ter ac tion.

1. Gruden-Movsesijan A, Ilic N, Colic M, Majstorovic I,
Vasilev S, Radovic I, Sofronic-Milosavljevic Lj. Comp
Immunol Microbio In fect Dis, 2011; 34:429-39.

2. Gruden-Movsesijan A, Ilic N, Sofronic-Milosavljevic Lj.
Parasitol Res. 2002; 11:1004-7.

The study was sup ported by the Min is try for Ed u ca tion,
Sci ence and Tech no log i cal De vel op ment of the Re pub lic of 
Ser bia, grants 173010, 173047.
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IN VES TI GA TION AND CHAR AC TERI SA TION OF A STAPH Y LO COC CUS AUREUS

EN ZYME-IN HIB I TOR COM PLEX

Veronika Papp-Kadar

Bu da pest Uni ver sity of Tech nol ogy and Eco nom ics

Staph y lo coc cus aureus is a vir u lent patho gen that is cur -
rently the most com mon cause of in fec tions in hos pi tal ized
pa tients. The suc cess of S. aureus as a patho gen and its
abil ity to cause such a wide range of in fec tions are the re -
sult of its ex ten sive vir u lence fac tors. It be comes re sis tant
rap idly against the com monly used an ti bi otic agents, thus
in ves ti ga tion of its mo lec u lar pro cesses is cru cial in the de -
vel op ment of new drugs and ther a pies.

Main tain ing of DNA in teg rity against mutagenic ef -
fects and agents is im por tant for the cell vi a bil ity. For that
pur pose, the bac te rial cell pro duces sev eral com mon DNA
re pair en zymes that can act in cas cade sys tems. The first
mem ber of the base ex ci sion re pair sys tem is an ura -
cil-DNA glycosylase en zyme (UDG) which can re move
the uracils in DNA that re sult from the spon ta ne ous
deamination of cy to sine or the in cor po ra tion of dUTP dur -
ing rep li ca tion.

In ter est ingly the S. aureus ge nome en codes a re cently
de scribed in hib i tory pro tein of SaUDG, so-called S. aureus 
ura cil-DNA glycosylase in hib i tor (SaUGI) [1]. Pre vi ously
only two ura cil-DNA glycosylase in hib i tors (PBS2 phage

UGI and Ba cil lus phage p56 pro tein) have been de scribed.
SaUGI is there fore the third ura cil-DNA glycosylase in hib -
i tor that has been iden ti fied, and the first in a spe cies other
than bac te rial phage.

In the pres ent work we fo cused on char ac ter iza tion of
the in ter ac tion be tween SaUDG and SaUGI. Our ob jec tive
is to dis cover the im por tant amino ac ids in bind ing, but
only those which are the part of the nat u ral di ver sity. For
this aim, firstly we aligned nat u rally oc cur ring SaUGIs and
then ana lysed the amino acid se quence in the in ter ac tion
sur face. We made site-di rected mu ta gen e sis, and pu ri fied
three mu tant pro teins, that showed dif fer ent kinetical be -
hav iour as com pared to wild-type en zymes. In our re search
we ap plied sev eral meth ods in clud ing thermofluorimetry,
iso ther mal ti tra tion cal o rim e try, ac tiv ity mea sure ment and
flu o res cence spec tros copy to char ac ter ize the en zy matic
re ac tion and de ter mine the kinetical pa ram e ters.

1. H. C. Wang, K. C. Hsu, J. M. Yang, M. L. Wu, T. P. Ko, S. 
R. Lin, and A. H. J. Wang, “Staph y lo coc cus aureus pro tein
SAUGI acts as a ura cil-DNA glycosylase in hib i tor,” Nu -
cleic Ac ids Res., vol. 42, no. 2, pp. 1354–1364, 2014.
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AC QUI SI TION OF EX OG E NOUS HAEM IS ES SEN TIAL FOR TICK RE PRO DUC TION

Perner J1, Sobotka R2, Šíma R1, Konvièková J1, Sojka D1, Oliveira PL3, Hajdušek O1,
Kopáèek P1

1In sti tute of Par a si tol ogy, Bi ol ogy Cen tre of the Czech Acad emy of Sci ences, Èeské Budìjovice
2 In sti tute of Mi cro bi ol ogy, Czech Acad emy of Sci ences, Tøeboò

3 Instituto Nacional de Ciência e Tecnologia em Entomologia Mo lec u lar, Brasil, Brazil

Haem and iron ho meo sta sis in most eukaryotic cells is
based on a bal anc ing flux be tween the op pos ing path ways
of haem syn the sis in a multi-en zy matic path way and haem
deg ra da tion me di ated by haem oxygenase (HO). In our
work, we show that haem and iron me tab o lism in ticks de -
part from its ca non i cal func tion ing de scribed for other
eukaryotic or gan isms [1].

We showed, by thor ough min ing in avail able ge nome
and transcriptome da ta bases, that ticks pos sess an in com -
plete haem biosynthesic path way. Our ex per i ments con -
firmed that ticks do not syn the sise haem de novo. In stead,
ticks ac quire haem from host hae mo glo bin and re cy cle it as
a pros thetic group needed for their en dog e nous
haemoproteins. Re duced lev els of di etary haem/hae mo glo -
bin led to aborted lar vae hatch ing sug gest ing a crit i cal in -
volve ment of host haem in the embryogenesis of ticks. As
se rum supplementation with hae mo glo bin or myoglobin,
rather than equimolar supplementation with haemin, led to
higher lev els of haem de pos its in tick eggs, we spec u late
that ticks ex press a spe cific re cep tor with af fin ity to wards
haemo-/myo-glo bin struc ture in the tick in tes tine. We fur -
ther dem on strated that ticks, as well as other mites, lack the
gene en cod ing HO. Loss of HO seems to be an an ces tral
trait in evo lu tion of mites, fol lowed by loss of haem

biosynthesis in the or i gin of ticks. We have ex per i men tally
shown that ticks, in deed, do not ac quire iron from host
haem/hae mo glo bin but rather from a host transferrin, a ma -
jor non-haem iron trans porter pro tein found in mam ma lian
blood. The mode of internalisation of host transferrin in the 
tick in tes tine is not clear as a gene orthologue of bona fide
transferrin re cep tor was not found in the tick ge nome.

Tick midgut RNA-seq anal y ses of blood- and se -
rum-fed ticks re vealed a clear up-reg u la tion of a tran script
en cod ing a delta class Glutathione S-transferase (GST) in
blood-fed group. Fur ther anal y ses con firmed haemin-re -
spon sive ex pres sion of gst. Ac tiv ity as says of His-tagged
GST with model sub strate 1-chloro-2,4-di nitro ben zene
showed an inhibitiry ef fect of haemin but not of “empty”
protoporphyrin IX on the en zy matic ac tiv ity sug gest ing a
po ten tial bind ing of haemin to the re com bi nant GST. How -
ever, af fin ity of the non-his tagged re com bi nant GST to
haem-re lated mol e cules still needs to be con firmed.

1. Perner et al. eLife. 2016; 5: e12318.

The pro ject is sup ported by Czech Sci ence Foun da tion No.
13-11043S (PK) .
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BROMODOMAINS AND CAN CER EPIGENETICS: CON SE QUENCES OF NAT U RALLY
OC CUR RING MISSENSE MU TA TIONS ON THEIR STRUC TURE AND FUNC TION

Maria Petrosino1, Alessandra Pasquo2, Laura Lori1, Clorinda Lori1, Valerio Consalvi1, Stefan Knapp3 and 
Roberta Chiaraluce1,

1 De part ment of Bio chem i cal Sci ences ‘‘A. Rossi Fanelli’’, Sapienza Uni ver sity of Rome, Rome, It aly
2ENEA 2 UT-BIORAD-FARM CR Casaccia  ENEA, Rome, It aly

3  SGC Ox ford, Uni ver sity of Ox ford, Old Road Cam pus Re search Build ing, UK

Bromodomains (BRDs) are the only known small pro tein

in ter ac tion mod ules that se lec tively tar gets 

e-N-acetylation of lysines [1]. Lysine acetylation is one of
the most fre quently oc cur ring post-translational mod i fi ca -
tions, so it is an im por tant epigenetic mark reg u lat ing gene
tran scrip tion and chromatin struc ture. De reg u la tion of
acetylation lev els has been as so ci ated with the de vel op -
ment of many dis eases and en zymes reg u lat ing acetylation
have emerged as in ter est ing tar gets for drug dis cov ery. Re -
cent stud ies re vealed that BRDs are highly druggable pro -
tein in ter ac tion do mains re sult ing in the de vel op ment of a
large num ber of bromodomain in hib i tors [2]. In par tic u lar,

in hib i tors that spe cif i cally tar get the BET (bromo and ex tra 
ter mi nal) pro teins se lec tively in ter fered with gene ex pres -
sion that me di ated cel lu lar growth and eva sion of apoptosis 
in can cer. Hence, BET in hib i tors re ceived a lot of at ten tion
in the on col ogy field re sult ing in the rapid trans la tion into
clin i cal stud ies. 

BET pro teins (BRD2, BRD3, BRD4 and BRDT) be -
long to the subfamily II of BRDs, shar ing a com mon ar chi -
tec ture com pris ing two N-ter mi nal BRDs, with high level
of se quence con ser va tion, as well as an ex tra-ter mi nal (ET) 
do main and a more di ver gent C-ter mi nal re cruit ment do -
main. In our study we chose from COSMIC data base
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(http://can cer.sang er.ac.uk/cos mic) some nat u ral vari ants
of do main 1 of BRD2 iden ti fied in can cer as
nonsynonymous sin gle nu cle o tide polymorphisms
(nsSNPs), sin gle nu cle o tide vari a tions oc cur ring in the
cod ing re gion and lead ing to a polypeptide se quence with
amino acid sub sti tu tions [3]. These vari ants have been ex -
pressed and pu ri fied as sol u ble re com bi nant pro teins to in -
ves ti gate the ef fects of the amino acid sub sti tu tions on
BRDs struc ture and sta bil ity and on the in ter ac tions with

in hib i tors, by means of CD and flu o res cence spec tros copy
and iso ther mal ti tra tion cal o rim e try. 

1. Filippakopoulos P. et al. Na ture Re views Drug Dis cov ery.
2014; 13: 337-356.

2. Delmore  JE. et  al. Cell. 2011; 146: 904-917.

3. Kucukkal Tugba G. et al. Cur rent Opin ion in Struc tural Bi -

ol ogy 2015, 32:18–24.

P26

ES TAB LISH MENT OF IN NO VA TIVE, VAS CU LAR EQUIV A LENTS FOR THE
DE VEL OP MENT OF DE TEC TION MOD ULES FOR HIGH-THROUGH PUT SCREEN ING

AND FOR THE DE VEL OP MENT OF ANTI-IN FLAM MA TORY PEP TIDES

M. Pflüger1, A. Koppensteiner1, J. Atzler2, M. Katzlinger2, S. Moritz2, R. Lucas3, 
Harald Hundsberger1

1IMC Uni ver sity of Ap plied Sci ence, 3500 Krems, Aus tria
2Beckman Coul ter GmbH, 5071 Wals bei Salzburg, Aus tria

3Vas cu lar Bi ol ogy Cen ter, Geor gia Health Sci ences Uni ver sity, GA, USA

Tu mor ne cro sis fac tor (TNF) al pha is a com plex mol e cule,
which is as so ci ated with many patho log i cal pro cesses. Es -
pe cially the ef fect to the vas cu lar en do the lial is im por tant
be cause TNF is not only sus pected to be in volved in
chronic in flam ma tion but also ap pears to be re spon si ble for 
a range of other car dio vas cu lar dis eases [1]. TNF is al ready 
used in tu mor ther apy by in creas ing the per me abil ity of the
tu mor endothelia for can cer ther a peu tics [2].

We pro duced re com bi nant TNFReceptor2 in P.pasto -
ris and used the sol u ble TNFR2 as a tar get for Phage Dis -
play screen ing. Phages are vi rus that are able to in fect and
rep li cate within a bac te rium, a gene en cod ing a pro tein of
in ter est is in serted into a phage gene, caus ing the phage to
pres ent the pro tein on its out side while con tain ing the gene
for the pro tein on its in side. These dis play ing phages can
then be screened against other pro teins, pep tides or DNA
se quences, in or der to de tect in ter ac tion be tween the dis -
played pro tein and those other mol e cules. We es tab lished
the Phage Dis play Tech nol ogy to iso late high af fin ity pep -
tides, which binds to the cen tral me di a tors (TNF and
TNFR2) of in flam ma tion pro cesses [3]. 

There fore, the re com bi nant pro tein was im mo bi lized
on nickel-agarose microplates with an N-ter mi nal
polyhistidine tag and the bind ing phage par ti cles were
eluted with a high ex cess of TNF al pha (com pet i tively) to
reach a high est pos si ble spec i fic ity for TNF-al pha pep tide
lig ands. The phage par ti cles were am pli fied af ter three

rounds “Biopanning” and an a lyzed for their bind ing spec i -
fic ity and strength by means of ELISA (En zyme Linked
Immunosorbent As say) against TNF al pha. Prom is ing can -
di dates were also tested in a par al lel-es tab lished Co-cul ture 
sys tem for transendothelial mi gra tion, which can be also
used for high-through put screen ing. We de tected the re -
lease of pro-in flam ma tory me di a tors (cytokines) as well as
extravasation of lym pho cytes through an en do the lial
monolayer and we an a lyzed to what ex tend the phage pep -
tides can in hibit this pro cesses.

1. Hanrui Zhang, Yoonjung Park, Junxi Wu, Xiu ping Chen,
Sewon Lee, Jiyeon Yang, Kevin C. Dellsperger and Cuihua 
Zhang. (2009). Role of TNF-al pha in vas cu lar dys func -
tion.Clin i cal Sci ence. 116, 219–230.

2. van Horssen R, Ten Hagen TL, Eggermont AM.(2006).
TNF-al pha in can cer treat ment: mo lec u lar in sights,
antitumor ef fects, and clin i cal util ity. The Oncologist. Apr;
11 (4):397-408.

3. Brunetti CR, Paulose-Murphy M, Singh R, Qin J, Barrett
JW, Tardivel A, Schnei der P, Essani K, McFadden G.
(2003). A se creted high-af fin ity in hib i tor of hu man TNF

from Tanapox vi rus. PNAS. Apr 15; 100(8):4831-6.

We grate fully ac knowl edge sup port from the FFG pro gram
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EN ZY MATIC AC TIV ITY OF BGL2 IS NEC ES SARY FOR FOR MA TION OF

TRIS-INEXTRACTABLE POOL OF BGL2 IN YEAST CELL WALL

F. Sabirzyanov, V. Rekstina, T. Kalebina

Fac ulty of Bi ol ogy, Lomonosov Mos cow State Uni ver sity, Mos cow, Rus sia

Cell wall of yeast and other ascomycetes mainly con sists of 
glucan, which is syn the sized as a lin ear poly mer and then is 
mod i fied by branch ing en zymes lo cal ized on the cell sur -
face [1]. Do main ar chi tec ture of most fun gal GH17-fam ily
branch ing glucanases have fea tures re spon si ble for strong
cell sur face an chor ing: TM-do main, GPI-an chor ing sig nal
or al kali sen si tive link age as so ci ated propeptide. Highly
con served Bgl2/Bgt1-orthogroup GH17-fam ily glucanases 

con sist of sole (b/a)8 TIM-bar rel cat a lytic do main in ma -
ture form. Bgl2 from Saccharomyces cerevisiae strongly
but non-co va lently in cor po rates into yeast cell wall and
dem on strates am y loid like prop er ties [2], but par tially can
be ex tracted into 10mM Tis pH 9.0 [3]. Scw4 pro tein in
yeast cell wall is sim i larly pre sented in two pools - non-co -
va lently bound and co va lently bound via al kali sen si tive
link age forms [1]. Scw4 and other two yeast GH17-fam ily
glucanases have short ened ver sion of GH17 cat a lytic do -
main when com pared to Bgl2 [4], lack ing C-ter mi nal re -

gion cor re spond ing to a8 of TIM-bar rel [5].
De le tion of C-ter mi nal 10 amino ac ids of Bgl2p in

S. cerevisiae via site-di rected mu ta gen e sis re sulted in pro -
tein in sta bil ity and loss of SDS-treat ment re sis tance.
Among this 10 amino ac ids we iden ti fied that C310 is very
con ser va tive. C310A mu ta tion led to mild sen si tiv ity to

SDS-treat ment and de crease of Tris-inextractable pool per -
cent age of cell wall Bgl2 (~5% of to tal cell wall Bgl2)
when com pared with wild type (~30%). C310 cor re sponds
to cystein of GH17-fam ily glucanase Bgt17A of
Rhizomucor meihei that forms disulfide bond [5]. We sug -
gest that disulfide bond is nec es sary for en zy matic ac tiv ity

via conformational sta bi li za tion of b8-a8 loop of cat a lytic
do main, which con tain 4 amino ac ids par tic i pat ing in sub -
strate-bind ing as in ferred from struc ture of R. meihei
homolog [5]. E233A mu ta tion of cat a lytic nucleophile in
ac tive site led to sim i lar de crease in of Tris-inextractable
pool of Bgl2 (~5%), sup port ing our sug ges tion that en zy -
matic ac tiv ity in nec es sary for for ma tion of Tris-
 inextractable pool of Bgl2p in cell wall.

1. Teparic R. and Mrsa V., Curr. Genet., 2013, Vol. 59(4),
171-185.

2. Kalebina T. S. et al., Prion, 2008, Vol. 2(2), 91-96.

3. Bezsonov E. E. et al., Prion, 2013, Vol. 7(2), 175-184.

4. Capellaro C. et al., J. Bacteriol., 1998, Vol. 180(19),
5030-5037.

5. Qin Z., et al., Acta Crystallogr.,Sect.D, 2015, Vol. 71,
1714-1724.
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CHAR AC TER IZA TION OF THE PRDM9 ZINC-FIN GER AR RAY BIND ING AND
MULTIMER FOR MA TION

T. Schwarz, Y. Striedner, I. Tiemann-Boege 

In sti tute of Bio phys ics, Johannes Kep ler Uni ver sity, Gruberstraße 40, 4020 Linz, Aus tria
theresa.schwarz@jku.at

PRDM9 (PR-do main con tain ing 9) has been iden ti fied as a
mei o sis spe cific pro tein that plays a ma jor role in de ter min -
ing the lo ca tion of mei otic re com bi na tion hotspots, but so
far the bind ing char ac ter is tics of PRDM9 have still been
enig matic . PRDM9 is an epigenetic mod i fier which binds
DNA via its long zinc-fin ger (ZnF) ar ray and di rects dou -
ble strand breaks nec es sary for the ini ti a tion of re com bi na -
tion in its close vi cin ity . Mo tifs rec og nized by the ZnF
ar ray of PRDM9 are en riched at the cen ter of the hotspots,
yet these mo tifs are nei ther nec es sary nor suf fi cient to de -
ter mine the bind ing , and it is still un clear what fac tors
drive the bind ing af fin ity and spec i fic ity of the ZnF ar ray
in-vivo. 

For this pur pose we char ac ter ized the bind ing spec i fic -
ity of PRDM9 (murine CAST al lele with 11 zinc-fin gers)
to a tar get re com bi na tion hotspot, Hlx1, in-vi tro, us ing

Elec tro pho retic Mo bil ity Shift As says. By con sec u tively
re plac ing the spe cific tar get site by 5-nu cle o tide steps with
a ran dom DNA se quence, we ob served that a min i mal
num ber of 15 nu cleo tides con fer bind ing spec i fic ity, lo -
cated in the mid dle or at the 5’ end of the se quence,
whereas, 15 nu cleo tides at the 3’ end still con fer bind ing,
but at a much lower af fin ity. This is con sis tent with bind ing 
as says as sess ing the ef fect of sin gle nu cle o tide changes 
and with the ob ser va tion that mo tif en rich ments at hotspots 
are much shorter than the min i mal bind ing site , fit ting the
par a dox i cal ob ser va tion that PRDM9 is highly spe cific and 
per mis sive at the same time. Fur ther more we in ves ti gated
the bind ing af fin ity of PRDM9 to its spe cific tar get DNA
us ing gel shift as says as well as a more quan ti ta tive
method, the switchSENSE tech nol ogy from Dy namic
Biosensors, to mea sure bind ing on and off ki net ics re sult -
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ing in a spe cific dis so ci a tion con stant in the nM range. In
or der to as sess whether PRDM9 binds as a multimer, we
also used EMSAs. There fore, we de signed DNA se quences 
of dif fer ent lengths con tain ing one or two spe cific tar get
sites for PRDM9 and de ter mined the mo lec u lar weight of
these pro tein-DNA com plexes by com par ing their mi gra -
tion dis tances on a na tive polyacrylamide gel. We tested
dif fer ent PRDM9 con structs miss ing dis tinct do mains to
also as sess what re gions of PRDM9 in duce
multimerization. In these ex per i ments we dem on strated
that PRDM9 forms func tional multimeric com plexes of at
least two or more mono mer units that are me di ated within
the C-ter mi nal Zinc-Fin ger do main. 

1. Baudat, F., et al., PRDM9 is a ma jor de ter mi nant of mei -
otic re com bi na tion hotspots in hu mans and mice. Sci ence,
2010. 327(5967): p. 836-40.

2. Myers, S., et al., Drive against hotspot mo tifs in pri mates
im pli cates the PRDM9 gene in mei otic re com bi na tion. Sci -
ence, 2010. 327(5967): p. 876-9.

3. Parvanov, E.D., P.M. Petkov, and K. Paigen, Prdm9 con -
trols ac ti va tion of mam ma lian re com bi na tion hotspots. Sci -
ence, 2010. 327(5967): p. 835.

4. Hayashi, K., K. Yoshida, and Y. Matsui, A histone H3
methyltransferase con trols epigenetic events re quired for
mei otic prophase. Na ture, 2005. 438(7066): p. 374-8.

5. Wu, H., et al., Mo lec u lar ba sis for the reg u la tion of the
H3K4 methyltransferase ac tiv ity of PRDM9. Cell re ports,
2013. 5(1): p. 13-20.

6. Bill ings, T., et al., DNA bind ing specificities of the long
zinc-fin ger re com bi na tion pro tein PRDM9. Ge nome bi ol -
ogy, 2013. 14(4): p. R35.

7. Myers, S., et al., A com mon se quence mo tif as so ci ated
with re com bi na tion hot spots and ge nome in sta bil ity in hu -
mans. Na ture ge net ics, 2008. 40(9): p. 1124-9.
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GROWTH HOR MONE IN DUCED IM MUNE RE SPONSE AND ITS LIGAND BIND ING
IN TER AC TION

N. G. E. Smits, M. A. Nessen, L. A. van Ginkel and M. W. F. Nielen
1RIKILT Wageningen UR, P.O. Box 230, 6700 AE Wageningen, The Neth er lands

2Lab o ra tory of Or ganic Chem is try, Wageningen Uni ver sity, Stippeneng 4, 6708 WE Wageningen, 
The Neth er lands

The bo vine growth hor mone (bGH) is a 191 amino acid
long en dog e nous pro tein. There is a re com bi nant ex og e -
nous form on the mar ket (rbGH) which dif fers only one
amino-acid from the en dog e nous form. The rbGH is ad -
min is tered bi weekly to en hance milk pro duc tion in dairy
cows. This use is ap proved in sev eral coun tries, for in -
stance the United States, but is pro hib ited in the Eu ro pean
Un ion and there fore re quires de tec tion of its use. Af ter sub -
cu ta ne ous ad min is tra tion, the rbGH is ex creted to the
blood stream of the cow in very low amounts. Re search
there fore fo cussed on biomarker pro fil ing, which is an ad e -
quate ap proach to dis crim i nate be tween treated and un -
treated an i mals [1]. Eval u a tion of the biomarkers showed
the im por tance of an en dog e nous re sponse, pre sum ably in -
duced an ti bod ies against rbGH [2]. There fore, fu ture fo cus
should be on in-depth char ac ter iza tion of the rbGH in duced 
im mune re sponse and its ligand bind ing in ter ac tion sys tem
with the rbGH. With this fo cus, knowl edge needs to be
gained about the bind ing ca pac ity of the rbGH in duced an -

ti bod ies, but also knowl edge about the epitopes to which
the growth hor mone in duced an ti bod ies bind. Pre lim i nary
re sults of the epitopes rec og nized by the rbGH in duced an -
ti bod ies will be pre sented. But also the fu ture fo cus, us ing
the tech niques of fered in the course will be looked into. To
fo cus on the fun da men tal un der stand ing of the bind ing in -
ter ac tion sys tem of rbGH with the rbGH in duced an ti bod -
ies to sup port the fi nal aim; The de sign of im proved on-site
and lab o ra tory-based de tec tion sys tems for the de ter mi na -
tion of the pres ence of rbGH.

1. Smits NGE, Lud wig SKJ,  van der Veer G, Bre mer MGEG
& Nielen MWF (2013).  An a lyst, 2013, 138, 111-117.

2. Lud wig SKJ, Smits NGE, van der Veer G, Bre mer MGEG
& Nielen MWF (2012).  PLOS ONE 7 (12): e52917

This pro ject was fi nan cially sup ported by the Dutch Min is -
try of Eco nomic Af fairs (pro ject 1247314901) and the Eu -
ro pean Com mis sion DG Health and Food Safety.
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A NOVEL, MOD I FIED ASYM MET RIC PCR AIDS THE APTAMER SE LEC TION

PRO CE DURE

Zoltán Tolnai, Éva Scholz, Judit András, Zsuzsanna Szeitner, Tamás Mészáros

Semmelweis Uni ver sity, De part ment of Med i cal Chem is try, Mo lec u lar Bi ol ogy and Pathobiochemistry, 
Bu da pest, Hun gary

Aptamers are oligonucleotides that can bind to their tar gets
with great se lec tiv ity and spec i fic ity sim i lar to an ti bod ies.
In the last de cades, the in vi tro se lec tion of aptamers from
ran dom DNA li brary was im proved with sev eral dif fer ent
meth ods. How ever, the ef fi cient am pli fi ca tion and con ver -
sion of the dsDNA to ssDNA be tween the se lec tion steps is
not fully solved, yet. The am pli fi ca tion of the by-prod ucts
by PCR and the loss of se quences dur ing pro duc tion of
ssDNA hin ders the se lec tion.

We aimed at de vel op ing a new, mod i fied asym met ric
PCR to cir cum vent this short com ing of aptamer gen er a -
tion. The key of our method is the ad di tion of a 3’ ter mi nal
blocked re verse primer to the PCR mix ture. On one hand,
the mod i fi ca tion of re verse primer blocks the syn the sis of
the com ple men tary strand thus di rectly pro vides ssDNA
for the next se lec tion cy cle. On the other hand, this ap -
proach dra mat i cally de creases the non spe cific an neal ing
and con se quently, the for ma tion of PCR by-prod ucts. 

We con firmed our find ings by ana lys ing the PCR prod -
ucts by acrylamide gel elec tro pho re sis. Ac cord ing to the
re sults of this anal y sis, the novel ap proach worked equally
ef fi ciently with us ing unique oligonucleotide and com plex
ssDNA li brary as tem plate of the re ac tion.

We also stud ied whether the mod i fied asym met ric PCR 
evades dsDNA to ssDNA con ver sion step of aptamer se -
lec tion. To this end, we ap plied our pre vi ously pub lished
Alphascreen-based method by am pli fy ing vi rus pro tein se -
lec tive aptamer com pleted DNA li brary. The ob tained data
cor rob o rated our hy poth e sis, en rich ment of DNA li brary
can be ana lysed with out con ver sion of dsDNA.

Cur rently, we stud ied the ef fect of asym met ric PCR on
the se quence di ver sity of ssDNA li brary by Next-Gen er a -
tion Se quenc ing.

P31

IN VES TI GAT ING THE ROLE OF A DIS OR DERED RE GION OF DPRE1 IN COM POUND

IN TER AC TION

Szilvia Toth, Es ther Perez-Herran, Maria Jose Rebollo-Lopez, Joel Lelievre, Klaus Futterer
and Gurdyal Besra

New anti-tu ber cu lar agents are needed for the treat ment of
tu ber cu lo sis as we en ter an era of in creas ingly in ad e quate
treat ments for this in fec tious dis ease. The in tro duc tion of
new com pounds can be ei ther al ter na tives for or the re -
place ment of old drugs, thereby tack ling the prob lem of
multi-drug re sis tance.

Sev eral new chem i cal en ti ties have been dis cov ered
through the use of phenotypic screens, that were sub se -
quently shown to in hibit DprE1. It is an es sen tial en zyme
which sup plies arabinofuranose, a build ing block of the
cell wall com po nents arabinogalactan and lipo arabi -
nomannan, and is highly druggable.

As a tar get to mul ti ple small mol e cule in hib i tors, it is
cru cial to un der stand how they in ter act with DprE1. To
over come a lim i ta tion of en zyme-ligand co-crys tal li za tion

in my stud ies I have in ves ti gated the role of a dis or dered re -
gion of DprE1 thought to cover the ac tive site in the sub -
strate-bound state. Through the use of sin gle amino-acid
sub sti tu tions I have ex plored the ef fect spe cific mu ta tions
make in terms of ligand bind ing and en zy matic ac tiv ity.

Batt S.M. et al., Struc tural ba sis of in hi bi tion of My co bac -
te rium tu ber cu lo sis DprE1 by benzothiazinone in hib i tors.

Proc Natl Acad Sci U S A. 2012 Jul 10;
109(28):11354-9. doi: 10.1073/pnas.1205735109.

Naik M. et al, 4-Aminoquinolone piperidine amides:
noncovalent in hib i tors of DprE1 with long res i dence time
and po tent antimycobacterial ac tiv ity. J Med Chem. 2014
Jun 26; 57(12):5419-34. doi: 10.1021/jm5005978.
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ELU CI DA TION OF MO LEC U LAR MECH A NISMS OF E3 UBIQUITIN LIGASE - E2
UBIQUITIN-CON JU GAT ING EN ZYME PAIR INGS

I. Turek and M. Trujillo

Ubiquitination in Im mu nity, In de pend ent Ju nior Re search Group, Leibniz In sti tute of Plant Bio chem is try,
06120 Halle (Saale), Ger many

Ubiquitination, which is a co va lent at tach ment of highly
con served 76 amino acid pro tein ubiquitin (Ub), is in -
volved in the reg u la tion of most cel lu lar pro cesses. Best
known for its role in the deg ra da tion of pro teins by the 26S
proteasome, it can also mod u late a pleth ora of
non-proteolytic func tion, in clud ing ves i cle traf fick ing,
DNA re pair, and im por tantly - im mu nity [1]. In es sence,
this re vers ible pro cess is cat a lyzed by se quen tial ac tion of
E1 (Ub-ac ti vat ing), E2 (Ub-con ju gat ing), and E3 (Ub-li -
gat ing) en zymes. 

E3s, which in ter act with both the E2 and the tar get and
are the spec i fic ity de ter mi nants of the ubiquitination pro -
cess [2], have been in ten sively stud ied with re gard to their
func tion in re sponse to patho gens. In par tic u lar, a group of
closely-re lated Plant U-Box (PUB) E3s, namely PUB22,
PUB23, and PUB24, have been im pli cated in neg a tive reg -
u la tion of early im mune sig nal ing me di ated by pat tern rec -
og ni tion re cep tors [3]. Since E2s largely de ter mine the Lys
res i due within Ub used to link the moi eties in a chain and
thus the fate of the mod i fied tar get [4], it is es sen tial to an a -
lyze the func tion of E3 ligases within the con text of its in -
ter act ing E2. 

The Arabidopsis ge nome en codes 37 E2 en zymes,
whereas more than 1400 E3s are pre dicted, in di cat ing the

pres ence of com mon fea tures among cer tain sub sets of E2s
that de ter mine spec i fic ity to a de fined group of E3s. Pro -
tein-pro tein in ter ac tion stud ies in volv ing bi mo lec u lar flu o -
res cence-complementation as say sup ported by site- 
di rected mu ta gen e sis, in vi tro pro tein-pro tein in ter ac tion
stud ies and ubiquitination as says as well as in for ma -
tion-driven mo lec u lar mod el ing will give in sight into the
mo lec u lar E2 – E3 net works that me di ate ubiquitination.

1. Vierstra RD (2009) The ubiquitin-26S proteasome sys tem
at the nexus of plant bi ol ogy. Nat. Rev. Mol. Cell Biol. 10,
385-397.

2. Trujillo M, Shirasu K (2010) Ubiquitination in plant im mu -
nity. Curr. Opin. Plant Biol. 13, 401-408.

3. Trujillo M, Ichimura K, Casais C & Shirasu K (2008) Neg -
a tive reg u la tion of PAMP-trig gered im mu nity by an E3
ubiquitin ligase trip let in Arabidopsis. Curr. Biol. 18,
1396-1401.

4. Christiansen DE & Klevit RE (2009) Dy namic in ter ac tions
of pro teins in com plex net works: iden ti fy ing the com plete
set of in ter act ing E2s for func tional in ves ti ga tion of E3-de -
pend ent pro tein ubiquitination. FEBS J. 276, 5381-5389.

P33

STRUC TURAL AND BIND ING PROP ER TIES OF DNA RE SPONSE EL E MENTS BOUND 
TO P53 PRO TEINS AND THE ROLE OF SPACER SE QUENCES IN P53 DNA

IN TER AC TIONS

Pratik Vyas1, Itai Beno1, Zhiqun Xi2, Naama Kessler3, Dmitrij Golovenko3, Zippora Shakked3

and Tali E. Haran1

1De part ment of Bi ol ogy, Technion, Technion City, Haifa 32000, Is rael
2De part ment of Cell Bi ol ogy, Yale School of Med i cine, New Haven, Con nect i cut, 06520, USA

3De part ment of Struc tural Bi ol ogy, Weizmann In sti tute of Sci ence, Rehovot 76100, Is rael

The tu mor sup pres sor pro tein p53 binds se quence-spe -
cif i cally to de fined DNA tar gets in the ge nome. The con -
sen sus DNA re sponse el e ment (RE) con sists of two
decameric half-sites (HS) with the gen eral form
RRRCWWGYYY (R = A, G; W = A, T; Y = C, T), sep a -
rated by a vari able num ber of base pairs (bp)(1). The bind -
ing of p53 to its RE is highly co op er a tive and re lies on the
rec og ni tion of DNA se quences by the core do main and on
the tetramerization of the pro tein, which is heavily me di -
ated by DNA (2, 3). Over all about 50% of all val i dated
func tional p53 REs have spac ers be tween the half sites.
Yet, func tional bind ing i.e. bind ing that re sults in

transactivation is more strin gent and oc curs from REs hav -
ing ei ther 0 or 1 bp spacer. 

We have pre vi ously shown that DNA shape and flex i -
bil ity can change sig nif i cantly among dif fer ent p53 REs
(3). Here we use cyclization ki net ics of DNA mini-cir cles
in so lu tion to in ves ti gate the static and dy namic prop er ties
of p53 re sponse el e ments in their free and p53-bound
states. We show that p53 does not bend its con sen sus bind -
ing sites when the two half-sites are ei ther abut ting or sep a -
rated by long spac ers, how ever there is an in crease in the
tor sional flexibilities of many REs, upon p53 bind ing. Sys -
tem atic bind ing ex per i ments of con sen sus sites con tain ing
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spacer se quences show that the bind ing af fin ity is mod u -
lated by the rel a tive ori en ta tion of the two half-sites. Bind -
ing sites with spacer se quences from 10 base pairs on wards
show that p53 can bind its sites in two modes: se quence
spe cif i cally and hemi-se quence spe cif i cally. The bind ing
af fin i ties of the two modes are sim i lar, how ever, the
hemi-spe cific com plex com petes better with genomic
non-spe cific DNA in com par i son to the spe cific com plex.

These find ings fur ther ex pand the “uni verse" of DNA
bind ing sites of this multi-func tional pro tein.  

1. el-Deiry W.S, et al., (1992). Na ture Ge net ics, 1, 45–49.

2. Wein berg, R. L., Veprintsev, D. B., & Fersht, A. R. (2004). 
Jour nal of mo lec u lar bi ol ogy, 341(5), 1145-1159.

3. Beno, I., et al., (2011).  Nu cleic Ac ids Re search, 39(5),
1919–1932. 
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STRUC TURAL AND FUNC TIONAL STUD IES OF A COLD-REG U LATED PAK-LIKE

KINASE IN TRYPANOSOMA BRUCEI

Y.Volpato1 , E. Lorentzen2, J. Basquin2 , R. Heermann1 and M. Boshart1

1Fac ulty of Bi ol ogy - Lud wig Maximilians Uni ver sity, Groshadernerstr. 2-4, 82152 Martinsried, Ger many
2Max Plank In sti tute of Bio chem is try, Am Klopferspitz 18, 82152 Martinsried, Ger many

The main fo cus of my the sis is the struc tural char ac ter iza -
tion of a PKA-like kinase in the par a site Trypanosoma
brucei. From yeast to hu mans PKA kinase is known to play 
an es sen tial role in the transduction of cel lu lar sig nal con -
trol ling sev eral func tions in the cell, in clud ing reg u la tion of 
gly co gen, sugar and lipid me tab o lism [1]. PKA is ubiq ui -
tously known for be ing ac ti vated by the sec ond mes sen ger
cy clic adenosine monophosphate (cAMP) that is gen er ated
by adenylyl cyclases in re sponse to an ex ter nal sig nal. In
Trypanosoma brucei this kinase was found to be ac ti vated
via “cold shock” upon a tem per a ture drop from 37ºC to
20ºC re flect ing the temperature shift the par a site faces
when trans mit ted from the hu man blood to the midgut of
the Tsetse fly [2].

In this pro ject we aim to in ves ti gate the bind ing prop er -
ties of this sec ond mes sen ger to the reg u la tory sub unit of
the PKAR in Trypanosoma brucei. Re cently we ob tained
the crys tal struc ture of the reg u la tory sub unit of this PKA
from T. brucei as well as from the re lated par a site T.cruzi,

the caus ative agent of Cha gas dis ease. We aim at un der -
stand ing the phys i o log i cal ac ti va tion mech a nism of this
kinase, spe cif i cally the in ter play be tween tem per a ture and
ligand bind ing. To this end a num ber of site-di rected mu -
tants will be sub jected to bind ing as says un der dif fer ent
tem per a tures to test hy poth e ses rel a tive to cold shock ac ti -
va tion.

1. Tay lor SS, Zhang P, Steichen JM, Keshwani MM, Kornev
AP. PKA: les sons learned af ter twenty years. Biochim
Biophys Acta. 2013 Jul;1834(7):1271-8.

2. Engstler M, Boshart M. Cold shock and reg u la tion of sur -
face pro tein traf fick ing con vey sen si ti za tion to in duc ers of
stage dif fer en ti a tion in Trypanosoma brucei. Genes Dev.
2004 Nov 15;18(22):2798-811

We grate fully ac knowl edge sup port from the Bra zil ian
Government via the Sci ence With out Bor ders pro gram
(CsF), pro vid ing a full term doc toral fel low ship to YP.
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CHAR AC TER IZA TION OF IN TER AC TION BE TWEEN HDAC6 AND TUBULIN

DIMERS/MICROTUBULES

K. Ustinova, ¼. Škultétyová, Z. Nováková, C. Baøinka

Institute of Bio tech nol ogy CAS, v. v. i., AS CR, Prùmyslová 595, 252 50 Vestec, Czech Re pub lic

In the cell, tubulin un der goes post-translational mod i fi ca -
tions that cre ate func tion ally dis tinct microtubules and
mark them for spe cial ized func tions [1]. One of these is

acetylation at Lys-40 of a-tubulin that is con trolled by
tubulin acetyltransferase and histone deacetylase 6
(HDAC6), re spec tively. HDAC6 is a unique class IIb
mam ma lian HDAC that lo cal izes pre dom i nantly to the cy -
to plasm and ex erts the deacetylase en zy matic ac tiv ity
mainly on nonhistone sub strates, such as tubulin and
survivin [2]. 

Nei ther the atomic struc ture of HDAC6 nor de tails of
in ter ac tions gov ern ing sub strate rec og ni tion by HDAC6 is
known at pres ent. Map ping in ter ac tion be tween HDAC6
and its phys i o log i cal sub strates, es pe cially tubulin, would
pro vide crit i cal in sight into func tion ing of the en zyme. The
main goal of the pro ject is to de scribe the mo lec u lar ba sis
of the sub strate rec og ni tion by HDAC6 and to find out sub -
strate pref er ence. While study ing HDAC6/tubulin in ter ac -
tions by sin gle mol e cule meth ods us ing TIRF mi cros copy
we con firmed HDAC6 bind ing on microtubules. So de ter -
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min ing of the af fin ity of dif fer ent HDAC6 vari ants for
tubulin dimers/microtubules us ing a com bi na tion of bio -
chem i cal and bio phys i cal ex per i men tal meth ods to map
HDAC6/tubulin in ter face by em ploy ing com ple men tary
qual i ta tive and quan ti ta tive meth ods as SPR and
thermophoresis will help to un der stand this in ter ac tion.

1. Janke, C., Bulinski, J. C. Nat. Rev. Mol. Cell Biol., 2011,
Vol. 12, 773–786.

2. Asthana J., Kapoor S., Mohan R., Panda D., J. Biol. Chem., 
2013, Vol. 288, N. 31, 22516–22526.

We grate fully ac knowl edge sup port from the Gacr grant
(pro ject num ber 15-19640S) and the Charles Uni ver sity
Grant Agency (796313).
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MOD U LA TION OF FCGRIIIA IN THE TREAT MENT OF AU TO IM MUNE DIS EASE

Mark Wa ter house1, Euan Baxter1, Darren Tomlinson2, Ann Mor gan1, James Rob in son1

 1Leeds In sti tute of Rheu matic and Musculoskeletal Med i cine, Uni ver sity of Leeds, Leeds, LS2 9JT, UK,
2Bio med i cal Health Re search Cen tre, BioScreening Tech nol ogy Group, Uni ver sity of Leeds, Leeds, 

LS2 9JT, UK

Rheu ma toid ar thri tis (RA) is an au to im mune dis ease af -
fect ing ~1% of peo ple world wide that rap idly leads to joint
dam age if left un treated. The pres ence of autoantibodies is
a ma jor poor prog nos tic fac tor in RA. Ap prox i mately 80%
of pa tients are se ro pos i tive for autoantibodies, whose main

re cep tors are Fcg Re cep tors (FcgR), which bind the Fc por -
tion of IgG and are re spon si ble for trans duc ing down -
stream effector func tions such as phagocytosis, cytokine
re lease and an ti body-de pend ent cell-me di ated cytotoxicity
(ADCC).[1, 2]

Ther a peu tic mod u la tion of the in ter ac tion be tween
IgG-con tain ing autoantibody im mune com plexes and

FcgRs is highly de sir able. In par tic u lar, FcgRIIIa is known
to me di ate pro-in flam ma tory sig nal ling upon bind ing
IgG-con tain ing autoantibody im mune com plexes [3], and
we have gen er ated ar ti fi cial bind ing pro teins (Adhirons

[4]) spe cific for FcgRIIIa which dem on strate func tional
IgG block ing.

 Co-crystallisation of FcgRIIIa with Adhiron il lus trates
an allosteric ef fect on the re cep tor, re spon si ble for dis rupt -

ing the IgG-FcgR in ter ac tion through steric re straint, but
does not re veal the struc tural ba sis of se lec tiv ity over the

highly sim i lar FcgRIIIb, which shares 96% se quence

homology with FcgRIIIa. This allosteric site is po ten tially a 

novel ther a peu tic site for dis rupt ing the IgG-FcgR in ter ac -

tion, and dis sec tion of the FcgR-Adhiron in ter ac tion and
un der stand ing the ba sis of the Adhiron se lec tiv ity for

FcgRIIIa is of great im por tance. SPR stud ies to eval u ate af -
fin ity have sug gested un ex pect edly low af fin ity of Adhiron 

for FcgRIIIa. Ini tial stud ies us ing MST have pro vided a
more re al is tic af fin ity, how ever more ro bust bio phys i cal
data are re quired to validate our sys tem fully.

1. McInnes, I.B. and G. Schett, The pathogenesis of rheu ma -
toid ar thri tis. N Engl J Med, 2011. 365(23): p. 2205-19. 

2. Hogarth, P.M. and G.A. Pietersz, Fc re cep tor-tar geted
ther a pies for the treat ment of in flam ma tion, can cer and be -
yond. Nat Rev Drug Discov, 2012. 11(4): p. 311-31. 

3. Coo per, D.L., et al., FcgammaRIIIa ex pres sion on
monocytes in rheu ma toid ar thri tis: role in im mune-com plex 
stim u lated TNF pro duc tion and non-re sponse to
methotrexate ther apy. PLoS One, 2012. 7(1): p. e28918.

4. Tiede, C., et al., Adhiron: a sta ble and ver sa tile pep tide
dis play scaf fold for mo lec u lar rec og ni tion ap pli ca tions.
Pro tein Eng Des Sel, 2014. 27 (5): p. 145-55.
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PLASMODIUM REICHENOWI EBA-140 MEROZOITE LIGAND REC OG NIZES THE

HOMOLOG OF GLYCOPHORIN D ON CHIM PAN ZEE ERYTH RO CYTES

A. Zer ka and E. Jaskiewicz

 Hirszfeld In sti tute of Im mu nol ogy and Ex per i men tal Ther apy, Pol ish Acad emy of Sci ences, Weigla 12,
53-114 Wroclaw

Plasmodium reichenowi, the par a site which in fects chim -
pan zees, is mor pho log i cally iden ti cal and ge net i cally sim i -
lar to P. falciparum, a hu man ma laria par a site re spon si ble
for ma lig nant ma laria. Genomes com par i son of P.
falciparum and P. reichenowi re veals ma jor dif fer ences in
genes cod ing for pro teins en gaged in eryth ro cytes in va -
sion[1].

 Eryth ro cyte bind ing ligand 140 (EBA-140) is a mem -
ber of the P. falciparum eryth ro cyte bind ing an ti gens
(EBA) fam ily[2]. The amino acid se quence of P.
reichenowi EBA-140 ligand is 81% iden ti cal with P.
falciparum bind ing re gion (Re gion II), which is re spon si -
ble for ligand-eryth ro cyte re cep tor in ter ac tion dur ing
merozoite in va sion[3]. Un til now the re cep tor for P.
reichenowi EBA-140 ligand on chim pan zee eryth ro cytes
was not iden ti fied.

In or der to eval u ate the mo lec u lar ba sis of the eryth ro -
cyte rec og ni tion by P. reichenowi EBA-140 ligand, we ex -
pressed its bind ing re gion (Re gion II) us ing baculovirus
ex pres sion vec tor sys tem in HighFive in sect cells, sim i lar
as ho mol o gous P. falciparum re com bi nant Re gion II[4].
The pro tein se creted into the me dium was sim ply pu ri fied
in one step pro cess by NiNTA af fin ity chro ma tog ra phy.
Bind ing of EBA-140 Re gion II to eryth ro cytes was ex am -
ined by flow cytometry, sur face plasmon res o nance and
immunoblotting us ing na tive, neuraminidase-, trypsin- or
chymotrypsin- treated chimpanzee red blood cells.

The re com bi nant baculovirus-ex pressed EBA-140 Re -
gion II binds to nor mal chim pan zee eryth ro cytes in a dose
de pend ent man ner. It binds trypsin-treated chim pan zee
eryth ro cytes, but its bind ing to eryth ro cytes treated with
neuraminidase or chymotrypsin was sig nif i cantly de -
creased. These re sults in di cate that the re com bi nant pro tein 
is func tional and its in ter ac tion with chim pan zee eryth ro -
cytes is spe cific and sialic acid-de pend ent. More over, the
ob served en zy matic pro file of Re gion II bind ing pointed at
glycophorin D homolog, as a pu ta tive re cep tor for P.
reichenowi ligand EBA-140 on chim pan zee eryth ro cytes.

The sol u ble, func tional re com bi nant P. reichenowi
EBA-140 bind ing re gion was ob tained for the first time.
We have char ac ter ized the mo lec u lar ba sis of its spec i fic ity 
to chim pan zee eryth ro cytes. Fur ther ligand-bind ing stud ies 
will be per formed to iden tify the re cep tor site on
glycophorin D re spon si ble for this in ter ac tion, es pe cially
with re spect to sialic acid mol e cule.

1. Otto T.D. et al, Nat Commun, 2014, 5: 4754-4762.

2. Ad ams J.H. et al, Trends Parasitol, 2001, 17: 297-299.

3. Rayner J.C. et al, Mol Biochem Parasitol, 2004, 138:
243-247.

4. Rydzak J. et al, PLoS ONE, 2015, 14;10(1): e0115437.

Work shop sup ported by Wroclaw Cen tre of Bio tech nol ogy, 
programme The Lead ing Na tional Re search Cen tre
(KNOW) for years 2014-2018.
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