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Histidine phosphotranfer pro teins (HPts) from Arabidopsis 
thaliana (AHP1-5) me di ate sig nal transduction down -
stream from sen sor histidine kin ases (HK) to sub se quent
phospho-ac cept ing re sponse reg u la tors (RR) via so called
multistep phosphorelay (MSP). AHP pro teins are in volved
in and po ten tially in te grate var i ous MSP sig nal ling path -
ways (e.g. cytokinin, eth yl ene, osmosensing). How ever,
our knowl edge on struc ture of AHP pro teins and its im por -
tance in the MSP sig nal ling is scarce. 

Here we re port on ex pres sion, pu ri fi ca tion and pre lim i -
nary crys tal li za tion of AHP2. Ex pres sion of AHP2 have
been op ti mized and the sam ple qual ity was im proved by
us ing re duc ing con di tions dur ing pu ri fi ca tion pro ce dure.

Crys tal li za tion con di tions were found, but crys tals dif -
fracted only to 6C res o lu tion (X-ray source at In sti tute of
Organic Chem is try and Bio chem is try AS ÈR, v. v. i. and
X13 beamline at DESY, Ham burg). Fur ther screen ing of
op ti mal buffer con di tions us ing dif fer en tial scan ning
fluorimetry and lim ited pro te ol y sis ap proach re sulted in
crys tals dif fract ing to 3C res o lu tion (BESSY, Berlin).
High-qual ity crys tals for data col lec tion are cur rently be ing 
pro duced. 

Sup ported by CEITEC – Cen tral Eu ro pean In sti tute of
Tech nol ogy CZ.1.05/1.1.00/02.0068, GAÈR 521/09/1699,
P305/11/0756, ME ÈR ME09016, CZ.1.05/2.1.00/01.
0024, by the AS ÈR AV0Z60870520.
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Haloalkane dehalogenases (HLDs, EC 3.8.1.5) are mi cro -
bial en zymes which cat a lyze the hy dro ly sis of a car -
bon-halo gen bond in halogenated aliphatic hy dro car bons,
re leas ing a ha lide ion and a cor re spond ing al co hol, as the
re ac tion prod ucts. HLDs cat a lyze the re ac tions of great en -
vi ron men tal and bio tech no log i cal sig nif i cance with po ten -
tial ap pli ca tion in the bioremediation, the biosensing, the
de con tam i na tion of war fare agents, the syn the sis of op ti -
cally pure com pounds, the cel lu lar im ag ing and the pro tein

tag ging. The ef fec tive use of biocatalysts in these
ap pli ca tions re quires avail abil ity of en zymes with spe cific
prop er ties un der harsh pro cess con di tions. Such prop er ties
can be eas ily ob tained by iso la tion of novel biocatalysts
from the extremophiles, pro duc ing the en zymes called
extremozymes. These en zymes are able to op er ate un der
ex treme con di tions such as high or low tem per a ture, high
or low pH, pres sure or high sa lin ity.
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This study de scribes iden ti fi ca tion, iso la tion and bio -
chem i cal char ac ter iza tion of a novel haloalkane dehalo -
genase DpcA from Psychrobacter cryohalolentis K5,
rep re sent ing the first extremophilic mem ber of the
haloalkane dehalogenase fam ily. This en zyme was pu ri fied 
to ho mo ge ne ity by metaloaffinity chro ma tog ra phy and
bio chem i cally char ac ter ized. Cor rect fold ing of DpcA was
ver i fied by the cir cu lar dichroism spec tros copy. Sub strate
spec i fic ity of the en zyme was tested to wards thirty dif fer -
ent halogenated com pounds to con firm its dehalogenase
ac tiv ity. DpcA ex hib ited one of the nar row est sub strate
spec i fic ity pro files from all bio chem i cally char ac ter ized
HLDs. It was most ac tive to wards 1,3-dibromopropane,
1-bromohexane and 1-bromobutane, gen er ally pre ferred

brominated and ter mi nally sub sti tuted sub strates. Com -
pared to other HLDs, DpcA has the low est thermostability
(Tm = 34.7 ± 0.6 °C), pos sesses very unique tem per a ture
pro file with max i mal ac tiv ity at 25 °C and re tains more
than 45 % of its ac tiv ity bel low 15 °C. The psychrophilic
prop er ties of DpcA make this en zyme prom is ing
biocatalyst for var i ous en vi ron men tal ap pli ca tions, such as
biosensing and/or bioremediation of groundwater
contaminated by halogenated pollutants.

This work was sup ported by the Eu ro pean Re gional De vel -
op ment Fund (CZ.1.05/2.1.00/01.0001 and CZ.1.05/
1.1.00/02.0123), the Grant Agency of the Czech Re pub lic
(P202/10/1435 and P207/12/0775) and the Grant Agency
of the Czech Acad emy of Sci ences (IAA401630901).
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Charybdotoxin, be long ing to the group of so-called scor -
pion tox ins, is a short pep tide able to block many volt -
age-gated po tas sium chan nels, such as mKv1.3, with high
af fin ity. We use a re li able homology model based on the
high-res o lu tion crys tal struc ture of the 94% se quence iden -
ti cal homolog Kv1.2 for charybdotoxin dock ing fol lowed
by mo lec u lar dy nam ics sim u la tions to in ves ti gate the
mech a nism and energetics of un bind ing, trac ing the be hav -
ior of the chan nel pro tein and charybdotoxin dur ing um -
brella-sam pling sim u la tions as charybdotoxin is moved
away from the bind ing site. The po ten tial of mean force is
con structed from the um brella sam pling sim u la tions and
com bined with Kd and free en ergy val ues gained ex per i -
men tally us ing the patch-clamp tech nique to study the free
en ergy of bind ing at dif fer ent ion con cen tra tions and the
mech a nism of the charybdotoxin-mKv1.3 bind ing pro cess. 
A pos si ble charybdotoxin bind ing mech a nism is de duced
that in cludes an ini tial hy dro pho bic con tact fol lowed by
stepwise elec tro static in ter ac tions and fi nally op ti mi za tion
of hy dro gen-bonds and salt-bridges.

M.K. and R.E. ac knowl edge sup port from the Czech Sci -
ence Foun da tion, Grant 203/08/0114, and the Uni ver sity
of South Bo he mia, Grant GAJU 170/2010/P. S.G. and A.N. 
were sup ported by grants from the DFG (Gr 848/14-1). Ac -
cess to the METACentrum com put ing fa cil i ties pro vided
un der the re search in tent MSM6383917201 is highly ap -
pre ci ated.
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Amino acid sub sti tu tion is the com mon ap proach to en gi -
neer sta bil ity and func tion of glob u lar pro teins. Sta bil ity
pre dic tion of pro tein mu tants and de coys from their 3D
struc tures re quires uni ver sal and re li able en ergy func tion.
Cur rently used func tions for glob u lar pro teins are pre dom i -
nantly based on sta tis ti cal force fields or on phys ics-based
force fields lack ing elec tro static in ter ac tions whose con tri -
bu tion vastly de pends on the en vi ron ment and sol va tion of

the de na tured state and is there fore very dif fi cult to be es ti -
mated solely from the na tive struc ture. Here we pro pose a
sim ple model of glob u lar pro tein sta bil ity based on
all-atom force field cal cu la tions in te grat ing all types of sta -
bil ity con tri bu tions. From the de rived en ergy func tions we
are go ing to de velop fast and re li able au to matic on line pre -
dic tor of sta bil ity change upon mu ta gen e sis from na tive
struc ture.
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En zymes are nat u ral biocatalysts evolved for high se lec tiv -
ity and ac tiv ity to wards a wide range of sub strates. Pro tein
en gi neer ing makes a use of the knowl edge gained from
stud ies of pro tein struc ture/re ac tiv ity/se lec tiv ity re la tion -
ships to con struct im proved biocatalysts for prac ti cal ap pli -
ca tions. Mod i fi ca tions of the res i dues form ing the first or
sec ond shell of an ac tive site are cur rently the most com -
monly used for suc cess ful de sign of con structs with a
higher ac tiv ity and se lec tiv ity, im proved pro tein sta bil ity,
or broad ened sub strate spec i fic ity. How ever, many en -
zymes show sig nif i cant changes in their prop er ties also due 
to mu ta tions in the po si tions far from the ac tive site [1].
Herein we pres ent two ex am ples of en zyme en gi neer ing
fo cused on the res i dues form ing the tun nels and their gates, 
as a new strat egy for ef fi cient con trol of en zyme prop er ties.

DatA and LinB are ex am ples of the haloalkane
dehalogenases with bur ied ac tive site. Their ac tiv ity and
se lec tiv ity re flects the prop er ties of the sub strate/prod uct
trans port path ways. In this pro ject, we have pro posed mu -
ta tions for the mod i fi ca tion of the ac cess path ways of these
two en zymes us ing a novel ap proach. The ra tio nal de sign
of mu tants was as sisted by the CAVER 3.0 soft ware [2],
which is the com pu ta tional tools for the anal y sis of tun nels
in static struc tures as well as in their en sem bles from mo -
lec u lar dy nam ics sim u la tions. The open ing of the ac cess
tun nel in the DatA en zyme was shown to in crease en zyme

ac tiv ity, whereas the clos ing of the main ac cess path way in
LinB en zyme de creased it sig nif i cantly. More over, the de -
signed mu tants showed also highly al tered sub strate spec i -
fic ity. Our work pro vides ev i dence that the care ful
re de sign of ac cess path ways pres ents a pow er ful strat egy
for the pre cise con trol of the ac tiv ity and se lec tiv ity of en -
zymes. 

This work was fi nan cially sup ported by the Eu ro pean Re -
gional De vel op ment Fund (CZ.1.05/2.1.00/01.0001 and
CZ.1.05/1.1.00/02.0123), by the Czech Grant Agency
(203/08/0114 and  P503/12/0572), and the Grant Agency
of the Czech Acad emy of Sci ences (IAA401630901). The
work of A.G. was sup ported by SoMoPro programme No.
SIGA762 and has re ceived a fi nan cial con tri bu tion from
the E.C. within the 7th FP (FP/2007-2013) un der grant
agree ment No. 229603 and is co-fi nanced by the South
Moravian Re gion.
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X-ray dif frac tion meth ods have been de vel oped in a user-
 friendly and rel a tively quick method for de ter mi na tion of
macromolecular struc ture, for anal y sis of mo lec u lar dy -
nam ics and for de ter mi na tion of re ac tion paths tak ing place 
in these sys tems.  In prin ci ple, the method has not any lim i -
ta tions as far as the com plex ity of the bio-macro molecular
ad ducts. The re sults are fully based on ex per i ment (no a
pri ory as sump tions on struc ture nei ther mo lec u lar mod el -
ing are re quired) and thus they are very re li able in com par i -
son with any other method. Ac cu racy of atom po si tions
de pends al ways on qual ity of the lo cal elec tron den sity, but
for typ i cal data mea sured at 1.8 C res o lu tion the ex pected
ac cu racy is about  0.1 C.

Pro tein crys tal can be de fined as a reg u lar three-di men -
sional scaf fold of pro tein mol e cules sta bi lized in so lu tion
by weak intermolecular forces. “The crys tals” are in hy dro -
dy namic equi lib rium with sol vent and must be mea sured in
so lu tion. In sen si tive changes in sol vent com po si tion or sol -
vent con tents in the crys tal quickly de stroy dif frac tion
qual ity of the sam ple.

Pro tein crys tals can ex ist in var i ous con cen tra tions
(pro tein con tents from 15 % to 75 %). How ever, for each
mo lec u lar stack ing, there is only a nar row range of sol vent
con tents and the in gre di ent con cen tra tions un der which the
stack ing pre serves its pe ri od ic ity.

X-ray struc ture anal y sis is a very re li able method and
thus if one ob serves ad he sion be tween macromolecules, it
is a def i nite prove that this in ter ac tion ex ists un der con di -
tions pres ent in the mea sured sam ple. How ever, be cause of
large sur face of macromolecules, each pro tein has sev eral
dif fer ent in ter ac tion modes with pref er ences de pend ent on
the sol vent com po si tion. Thus, the dif frac tion meth ods can
show as a rule sev eral com plexes be tween two pro teins
with dif fer ent af fin ity and sta bil ity. All the ob served ad he -
sion modes are real un der given cir cum stances. The de ci -
sion which ad he sion mode dom i nates in the bi o log i cal
pro cess in the cell may be sim ple or com plex, but the prep a -
ra tion of sev eral crys tal forms show ing all ad he sion modes
is de sir able to get full view of the bio-pro cesses in any case.

The real ad he sion mode dom i nat ing in the bioprocess
un der in ves ti ga tion can be dif fer ent from the ad he sion
modes ob served in so lu tion be cause of many com pet i tive
intermolecular in ter ac tions and spa tial re stric tions in the
liv ing cell. Even more, the bi o log i cally rel e vant ad he sion
mode need not be the most sta ble in so lu tion, be cause the
pro teins are of ten ori ented by an chor ing in mem brane or
are sim ply tem po rary complexed with other mol e cules
form ing the re spec tive organelle of the cell. Thus, many
un known fac tors can change the ad he sion prop er ties of the
in spected macromolecule in the bioprocess un der in ves ti -
ga tion.

Fig ure 1.  The graph shows a wa ter con tents in bio- macro -
molecular struc tures de pos ited in the PDB un til 2012. It shows
that a reg u lar stack ing of macromolecules into pro tein crys tal is
not pos si ble when pro tein con cen tra tion in “the solid phase” is
lower than 30 % or higher than 70 %. To com pare it with a stan -
dard bi o log i cal sys tem: the dark rect an gu lar area shows an av er -
age con cen tra tion of all biomolecules in cells and the lightly
col oured area shows their ex pected con cen tra tions in cell
organelles.

Fig ure 2.  A higher con tent of wa ter in the mea sured pro tein crys -
tal leads on av er age to nu mer i cally higher “res o lu tion” (to lower
amount of dif frac tion data). The “pro tein sur face mod i fy ing
agents PSMA” can help to sta bi lize the macromolecular stack ing
in reg u lar lat tice and to get the res o lu tion un der the de sir able limit
1.8 C cor re spond ing roughly to the ac cu racy of atom po
sitions about 0.1 C on av er age [3, 4].



X-ray struc ture anal y sis is op ti mal tool for in spec tion of 
these phe nom ena, be cause the crys tal line sam ples stud ied
have very sim i lar con cen tra tion of the pro tein ma te rial as it
is in organelles of the liv ing cell (see Fig ure 1). The talk ex -
plains how “pro tein sur face mod i fy ing agents PSMA” [1,
2] al low grow ing dif fer ent crys tal forms show ing dif fer ent
ad he sion modes be tween pro teins to get as far as pos si ble a
com plete re view of all ad he sion modes of the pro tein stud -
ied. It also ex plains a role of PSMA in in creas ing the ac cu -
racy of the ex per i men tally de ter mined atom po si tions
un der the de sir able limit 0.1 C (see Fig ure 2). Ap pli ca tions
of poly mer ma te ri als as “pro tein sur face mod i fy ing agents” 
and be hav iour of hy dro philic poly mers in the bio-en vi ron -
ment are sum ma rized in [3]. The prac ti cal us age of these
con sid er ations in de vel op ment of new crys tal li za tion
screens were pub lished in [4]. It is ex pected, that the new

more com plex us age of the X-ray dif frac tion meth ods as
de scribed here can pro vide more re al is tic in sight on the real 
be hav iour of mol e cules in their nat u ral bio-en vi ron ment.

The work on this pro ject was sup ported by the Grant
Agency of the Czech Re pub lic, pro ject no. 305/07/1073,
P302/11/0855 and Grant Agency of the Czech Acad emy of
Sci ences IAA500500701. 
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Pho to syn the sis is a chem i cal pro cess that con verts car bon
di ox ide into or ganic com pounds, es pe cially sug ars, us ing
the en ergy from sun light [1]. Photosynthetic or gan isms are
called photoautotrophs, since they can cre ate their own
food. In plants, al gae, and cyanobacteria pho to syn the sis
uses car bon di ox ide and wa ter, re leas ing ox y gen as a waste
prod uct. Pho to syn the sis is vi tal for all aer o bic life on the
Earth. In ad di tion to main tain ing nor mal lev els of ox y gen
in the at mo sphere, pho to syn the sis is the source of en ergy
for nearly all life on the Earth, ei ther di rectly, through pri -
mary pro duc tion, or in di rectly, as the ul ti mate source of the 
en ergy [2].

Here we re port iden ti fi ca tion of the pri mary struc ture of 
PsbR pro tein from Pisum sativum L. Pri mary and sec ond -
ary struc ture of higher plants PsbR pro tein has not been dis -
cov ered yet, be cause this pro tein is highly un sta ble out side
of its nor mal oc cur rence (Photosystem II com plex). The
PsbR pro tein likes many oth ers, which are de noted PsbA –
PsbZ, plays an es sen tial role in pho to syn the sis of higher
plants. It is a part of ox y gen-evolv ing com plex (OEC) and
there fore it is di rectly con trib ut ing to pro duc tion of ox y -
gen.

First of all we ex tracted RNA from Pisum sativum L.
With cDNA (from mRNA) we were ca pa ble to use it as
tem plate for the PCR re ac tion, where we were work ing
with our de signed de gen er a tive prim ers, be cause as men -
tioned above, a com plete struc ture of the pro tein has not

been solved up to date. With com par i son of de gen er a tive
and non-de gen er a tive prim ers we were able to ob tain PCR
prod uct of PsbR pro tein from pea that was trans formed into 
pBluescript vec tor and get se quenced. To find out se -
quence of ma ture pep tide the MALDI TOFF spec tros copy
was ap plied. 

Si mul ta neously we pro duced psbR gene from mRNA
iso lated from Spinacia oleracea. Pri mary struc ture of spin -
ach PsbR pro tein is known and we pre pared ex pres sion
vec tor with its an chor as HisPsbR and with out an chor as
PsbR. The pu ri fi ca tion con di tions were op ti mized to get
sta ble pro teins that will be used for other struc tural anal y -
sis.

This re search was sup ported by the ME CR (COST
LD11011, CZ.1.05/2.1.00/01.0024), by the AS CR (AV0Z
60870520) and GAJU 170/2010/P for MP. 
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mo lec u lar bi ol ogy. Ox ford, Ox ford Uni ver sity Press.
p. 508. ISBN 0-19-854768-4 Pho to syn the sis – the syn the sis 
by or gan isms of or ganic chem i cal com pounds, esp. car bo -
hy drates, from car bon di ox ide us ing en ergy ob tained from
light rather than the ox i da tion of chem i cal com pounds.

2. D.A. Bryant & N.-U. Frigaard (2006).Prokaryotic pho to -
syn the sis and phototrophy il lu mi nated. Trends Microbiol
14 (11): 488–96.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 12,   no. 1 (2012)       19



Ó Krystalografická spoleènost

20 SSB10 - Abstracts Ma te ri als Struc ture, vol. 19, no. 1 (2012)

A26

SPR STUDIES ON THE INTERACTIONS OF TRP CHANNELS AND THEIR ACTIVITY
MODULATORS

B. Holakovska, L. Grycova, J. Teisinger

De part ment of Pro tein Struc tures, In sti tute of Phys i ol ogy, Acad emy of Sci ences of the Czech Re pub lic,
Videnska 1083, Praha 4, 142 20

Tran sient re cep tor po ten tial (TRP) chan nels con sist of a di -
verse group of cat ion chan nels that con tains more than 30
mem bers. The chan nels par tic i pate in many sen sory and
phys i o log i cal pro cesses. The vanilloid re cep tor (TRPV1)
is one of the best char ac ter ized mem bers of the TRPV
subfamily. This nonselective cat ion chan nel serves as a
polymodal re cep tor for var i ous po ten tially harm ful sig nals. 
Ac ti va tion is caused by di verse stim uli, such as nox ious

heat (>43 °C), low pH (<5.4) and chem i cals such as
capsaicin. TRPM3 is one of the least in ves ti gated pro teins
of the TRP fam ily of ion chan nels. It was de scribed to be
in volved in Ca2+ ho meo sta sis in kid ney cells and to be ac ti -
vated by nox ious heat. Intracellular ter mini of TRP chan -
nels are in volved in reg u la tion of their ac tiv ity via bind ing
of intracellular lig ands as CaM or phosphatidylinositol –
4,5 - bisphosphate (PIP2). In or der to char ac ter ize com plex
form ing we used sur face plasmon res o nance (SPR) as a
suit able tool. Em ploy ing two dif fer ent types of SPR pro to -
cols, we have ex plored in ter ac tions of C-ter mi nal re gions
of TRPV1 with phospholipids namely L777-S820 and two

novel bind ing sites of TRPM3 for CaM namely A35-K124
and H291-G382. All SPR mea sure ments as sess ing the
PIP2 and pro tein equi lib rium dis so ci a tion con stant were
per formed at 25 °C us ing a liposome-coated NLC chip in
ProteOn XPR36 Pro tein In ter ac tion Ar ray Sys tem
(Bio-rad, Her cu les, CA, USA. All SPR mea sure ments
char ac ter iz ing TRPM3 / CaM in ter ac tions were perfomed
on CaM coated GLC chip on ProteOn XPR36 (Bio-Rad,
Her cu les, CA, USA). TRPV1 showed rel a tively high af fin -
ity and se lec tiv ity to ward PIP2, KD 1.88 +/- 0.46 µM.
TRPM3 con structs A35-K124 and H291-G382 bound
CaM with high af fin ity, KD 0.198 +/- 0.018 and 0.481 +/-
0.074 µM re spec tively. Site di rected mu ta gen e sis ex per i -
ments fur ther re vealed that ba sic res i dues within these
bind ing sites may play a cru cial role in TRPV1 and TRPM3 
chan nels bind ing to PIP2 and to CaM re spec tively.

This pro ject was sup ported by grants GACR 301/10/1159,
GACR P205/10/P308 and Re search pro ject No. AV0Z
50110509.

A27

PROTEIN OLIGOMERIZATION IN ALEURIA AURANTIA LECTIN FAMILY –
IMPORTANCE AND DIFFICULTIES

Josef Houser1,2, Jan Komárek2, Nikola Kostlánová1, Gianluca Cioci4, Anne Imberty5,
Michaela Wimmerová1,2,3

1Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, 625 00 Brno, Czech Re pub lic,
2Na tional Cen tre for Biomolecular Re search and 3De part ment of Bio chem is try, Fac ulty of Sci ence, Masaryk

Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic
4Eu ro pean Syn chro tron Ra di a tion Fa cil ity, 6 rue Jules Horowitz, 38043 Grenoble, France

5CERMAV-CNRS, BP53, 38041 Grenoble Cedex 9, France
houser@mail.muni.cz

The for ma tion of qua ter nary struc ture is cru cial for func -
tion of many dif fer ent pro teins. Many of them are fully
func tional only upon oligomerization or change their prop -
er ties due to bind ing of sev eral sub units to each other. The
de ter mi na tion of pro tein oligomeric state is im por tant to
fully de scribe its struc tural and func tional prop er ties. Com -
bi na tion of sev eral meth ods like size-ex clu sion chro ma tog -
ra phy, dy namic light scat ter ing or an a lyt i cal ul tra -
centri fugation to gether with X-ray crys tal log ra phy en able
us to see deeper into pro tein com plex ity.

Oligomerization and multivalency are very im por tant
for car bo hy drate bind ing pro teins, lectins, re spon si ble
among oth ers for patho gen bind ing to host tis sues. In some

cases the bind ing sites are formed in be tween two sub units.
In the Aleuria aurantia lectin fam ily, oligomerization plays 
role in two dif fer ent ways. Whereas bac te rial lectins like
RSL from Ralstonia solanacearum [1] or BambL from
Burkholderia ambifaria [2] form tri mers to es tab lish com -
plete b-pro pel ler fold, eucaryotic lectins like AAL from
Aleuria aurantia [3] or AFL from Aspergillus fumigatus

com bine two b-pro pel lers to fur ther in crease avid ity ef fect. 
In ad di tion, al though the terciary struc tures of these pro -
teins are very sim i lar, there are interesting dif fer ences in
dimerization. De tail knowl edge in this area can help us to
de sign highly ef fi cient ar ti fi cial lectins, as well as im prove



the treat ment strat egy in cases, where lectins play in te gral
role in in fec tion pro cess.

This work was sup ported by Min is try of Ed u ca tion of the
Czech Re pub lic (ME08008), Grant Agency of the Czech
Re pub lic (303/09/1168), the Eu ro pean Com mu nity’s Sev -
enth Frame work Pro gram un der the “Ca pac i ties” spe cific
programme (Con tract No. 286154) and CEITEC - Cen tral
Eu ro pean In sti tute of Tech nol ogy with re search in fra struc -
ture sup ported by the pro ject CZ.1.05/1.1.00/02.0068 from 
Eu ro pean Regional Development Fund.

1. N. Kostlanova, E. P. Mitch ell, H. Lortat-Ja cob, S.
Oscarson, M. Lahmann, N. Gilboa-Garber, G. Chambat, M. 
Wimmerova, A. Imberty, J. Biol. Chem. 280 (2005),
27839-27849.

2. A. Audfray, J. Claudinon, S. Abounit, N. Ruvoen-Clouet,
G. Larson, D. F. Smith, M. Wimmerova, J. Le Pendu, W.
Romer, A. Varrot, A. Imberty,  J. Biol. Chem. 287 (2012),
4335-4347.

3. M. Wimmerova, E. Mitch ell, J.-F. Sanchez, C. Gautier, A.
Imberty, J. Biol. Chem. 278 (29) (2003), 27059–27067.

A28

UTILIZATION OF MOLECULAR DYNAMIC METHODS FOR IDENTIFICATION OF
STABLE CYP1A2-CYTOCHROME B5 BINARY COMPLEXES

P. Jeøábek, M. Stiborová, V. Martínek

De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity in Prague, Albertov 2030, 
128 40 Prague 2, Czech Re pub lic

Cytochrome P450 (CYP) rep re sents a large group of en -
zymes ox i diz ing drugs and chem i cal car cin o gens.
Eukaryotic CYPs in ter act with other mem brane pro teins
lo cated in the endoplasmic re tic u lum. Cytochrome b5 (cyt
b5), which is also pres ent in endoplasmic re tic u lum (ER),
may en hance, in hibit or have no ef fect on en zy matic ac tiv -
ity of CYPs, de pend ing on the par tic u lar CYP isoform and
the sub strate. Hence, the cyt b5 has the po ten tial to sig nif i -
cantly mod u late CYP me di ated me tab o lism of xenobiotics. 
The cyt b5-me di ated mod u la tion of CYP ac tiv ity is at trib -
uted to the for ma tion of spe cific pro tein-pro tein in ter ac -
tion. Ex act 3D struc ture of the bi nary com plex has not been 
ex per i men tally de ter mined. How ever, in di rect data based
on mu ta gen e sis stud ies and chem i cal cross-links in di cate
that the con vex and acidic sur face of cyt b5 binds to the ba -
sic con cave sur face of a CYP.

Pre sented study is fo cused on pre dic tion of the
CYP1A2-cyt b5 bi nary com plex struc ture, us ing con tem -
po rary meth ods of the o ret i cal chem is try. In the first step,

flex i ble pro tein-pro tein dock ing method im ple mented in
HADDOCK soft ware was em ployed to ob tain a set of plau -
si ble ori en ta tions of sol u ble do mains of both cytochromes.
Fur ther sev eral in di vid u als were se lected ac cord ing to
rough es ti ma tions of bind ing en er gies and mu tual ori en ta -
tions of both pro tein struc tures. These bi nary com plexes
were sub jected to sta bil ity eval u a tion us ing clas si cal mo -
lec u lar dy namic method im ple mented in NAMD soft ware.
Fur ther we em ployed steered mo lec u lar dy namic pro to col.
This method was used in or der to com pare bind ing free en -
er gies of in di vid ual CYP1A2-cyt b5 com plexes ob tained by 
pro tein-pro tein dock ing.

Sup ported by GACR (203/09/0812, P207/12/0627,
305/09/H008) and Charles Uni ver sity in Prague (UNCE
#42). Also the ac cess to the METACentrum super -
computing fa cil i ties pro vided un der the programme
LM2010005 funded by the Min is try of Ed u ca tion, Youth,
and Sports of the Czech Re pub lic is highly appreciated.
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STRUCTURAL BASIS OF THE 14-3-3 PROTEIN-DEPENDENT REGULATION OF

FOSDUCIN

Miroslava Kacirova1,2, Lenka Rezabkova1,2, Miroslav Sulc1, Veronika Obsilova2 and 
Tomas Obsil1,2

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

mirkakacirova@seznam.cz

Phosducin (Pdc), a reg u la tory and highly con served
phosphoprotein, plays an im por tant role in the reg u la tion
of G pro tein sig nal ing by mod u lat ing the amount of

Gtabgheterotrimer through the com pe ti tion with the Gta

sub unit for bind ing to the Gtbg com plex [1]. Be sides its
well-es tab lished role in the reg u la tion of G pro tein sig nal -

ing, Pdc is also in volved in the transcriptional con trol and
the mod u la tion of blood pres sure. The func tion of Pdc is
reg u lated through its phosphorylation and the bind ing to
the reg u la tory 14-3-3 pro tein [2]. The 14-3-3 pro teins are
scaf fold ing mol e cules that reg u late the func tion of other
pro teins through a num ber of dif fer ent mech a nisms. The
ex act role of the 14-3-3 pro tein in the reg u la tion of Pdc is,
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how ever, still elu sive. In this work, we per formed a bio -

phys i cal anal y sis of the Pdc:14-3-3z com plex. First, the an -
a lyt i cal ul tra cen tri fu ga tion was used to study the bind ing
af fin ity and the stoichiometry of the com plex. Our data
show that Pdc phosphorylated si mul ta neously at Ser54 and

Ser73 form a sta ble com plex with the 14-3-3z pro tein
while unphosphorylated or sin gly phosphorylated forms of

Pdc show no sig nif i cant bind ing to 14-3-3z. The time-re -
solved emis sion spec tros copy of tryptophan and dansyl
flu o res cence was then used to probe the struc tural changes
of Pdc mol e cule in duced by both the phosphorylation by it -
self and the 14-3-3 pro tein bind ing. The time-re solved
tryptophan flu o res cence in ten sity and ani so tropy de cay
mea sure ments show sig nif i cant struc tural al ter ations in the
re gion sur round ing Trp29 at the N-ter mi nus of Pdc mol e -
cule upon the 14-3-3 pro tein bind ing. The time-re solved
flu o res cence mea sure ments of Pdc la beled at five dif fer ent

po si tions by 5-(((acetylamino)ethyl)amino) naph tha -
lene-1-sulfonic acid (AEDANS) re vealed that the 14-3-3
bind ing in duces sig nif i cant struc tural changes in both the
N- and C-ter mi nal do mains of Pdc. In ad di tion, our data
also in di cates that the si mul ta neous phosphorylation at
both Ser54 and Ser73 by it self sig nif i cantly af fects the
struc ture of Pdc mol e cule.

This work was funded by Grant P305/11/0708 of the Czech
Sci ence Foun da tion, by Re search Pro ject MSM00216
20857 and by Re search Pro ject AV0Z50110509 of the
Acad emy of Sci ences of the Czech Re pub lic.

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

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

A30

STRUC TURE-BASED DIS COV ERY OF FLOW ER ING HOR MONE RE CEP TOR

 Chojiro Kojima 

In sti tute for Pro tein Re search, Osaka Uni ver sity, 3-2 Yamadaoka, Suita, Osaka 565-0871, Ja pan
kojima@pro tein.osaka-u.ac.jp

Florigen, a mo bile flo ral in duc tion fac tor en coded by
FLOWERING LOCUS T (FT) and its homologs, ac ti vates
flo ral iden tity genes such as APETALA1 (AP1) at the
shoot apex.  Florigen is pro duced in leaves and is trans mit -
ted through the phloem to the shoot apex, where it in duces
flow er ing.  A num ber of re cent re ports have pro vided ev i -
dence that Arabidopsis FT pro tein (Hd3a in rice) is a key
com po nent of florigen.  In the shoot api cal meristem, FT
ac ti vates AP1 tran scrip tion and in duces flow er ing by in ter -
act ing with the bZIP tran scrip tion fac tor FD, al though the
de tail of the in ter ac tion be tween FT and FD has not yet
been clar i fied.  In rice, the clos est homolog of FD, OsFD1,
has been iden ti fied based on its func tion and homology
with maize DLF1.  The FT-FD in ter ac tion is re quired for
flow er ing, and phosphorylation of res i due T282 in the
C-ter mi nal re gion of FD may be crit i cal for this in ter ac tion
and flo ral ini ti a tion.  Here we found the rice florigen Hd3a
di rectly in ter acts with 14-3-3 pro teins, but not with a tran -

scrip tion fac tor OsFD1.  These 14-3-3 pro teins play a key
role by me di at ing an in di rect in ter ac tion be tween Hd3a and 
OsFD1.  There fore we have de ter mined the 2.4-C crys tal
struc ture of a rice flo ral in duc tion com plex, named the
florigen ac ti va tion com plex (FAC), which con sists of
Hd3a, OsFD1, and 14-3-3 pro tein.  This FAC struc ture
clearly ex plains the ac ti va tion mech a nism of the flo ral
iden tity genes by florigen.  Fi nally, func tional stud ies us ing 
rice cul tured cells and trans gen ic rice plants proved that the 
14-3-3 pro teins func tion as intracellular re cep tors of
florigen to ac ti vate flo ral iden tity genes [1].

1.     Taoka K, Ohki I, Tsuji H, Furuita K, Hayashi K, Yanase T, 
Yamaguchi M, Nakashima C, Purwestri YA, Tamaki S,
Ogaki Y, Shimada C, Nakagawa A, Kojima C &
Shimamoto K (2011) 14-3-3 pro teins act as intracellular re -
cep tors for rice Hd3a florigen. Na ture 476, 332-335.
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BDV MATRIX PROTEIN: FROM MUTATION TO FUNCTION

P. Kolenko1, P. Dautel1, R. Novotny2, A. Martin2, C. Parthier1, M. Schwemmle2, M.T. Stubbs1

1Institut für Biochemie und Biotechnologie, Mar tin-Lu ther Universität, Kurt-Mothes-Straße 3, 06 120 Halle
(Saale), Ger many

2Institut für Virologie, Universität Freiburg, Hermann-Herder-Straße 11, 79 104 Freiburg, Ger many
petr.kolenko@biochemtech.uni-halle.de

Borna dis ease vi rus (BDV) is a neurotropic vi rus that typ i -
cally in fects horses, sheep and other farm an i mals [1]. Re -
cent stud ies have also shown that genomic BDV-like
el e ments were in serted into the mam ma lian ge nome, in -
clud ing hu mans [2]. Be sides Ebola, Mar burg and Ve sic u lar 
stomatitis vi rus, BDV be longs to the or der of
Mononegavirales [3]. One of the six pro teins en coded by
the BDV ge nome (neg a tive stranded non-seg mented RNA) 
is the ma trix (M) pro tein [4]. BDVM oc curs dom i nantly in
form of a homo-tetramer with a to tal mo lec u lar weight of
65 kDa. Mono mers of BDVM fold into an L-shaped

b-sand wich con sist ing of 6 antiparallel strands that are sur -

rounded by sev eral a-he li ces (see Fig. 1). BDVM binds
short frag ments of RNA and is able to pro tect them from
deg ra da tion. De spite a wide range of stud ies, the role of
BDVM in life cy cle of the vi rus is not fully un der stood, yet. 
We have de signed sev eral mu tant vari ants of the BDVM
pro tein, and an a lyzed them us ing an a lyt i cal size-ex clu sion
chro ma tog ra phy, an a lyt i cal ul tra cen tri fu ga tion, RNA-
 PAGE, spec tro met ric meth ods, and X-ray crys tal log ra phy.
Fi nally, we per formed pairwise com par i son of the mu tant
vari ants with the wild type BDVM. We have ob served
novel oligomeric states, and also sec ond ary RNA bind ing
sites. Ac cord ing to our ex per i ments, both as pects play a
role in growth of the vi rus. 

This work was sup ported by the Deut sche Forschungs -
gemeinschaft Graduiertenkollegs 1026 „Conformational
tran si tions in macromolecular in ter ac tions“. The au thors
wish to ac knowl edge the use of beamline BL14.1 of BESSY
II at the Helmholtz-Zentrum Berlin and the as sis tance dur -
ing data col lec tion.
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2. C. Feschotte, Na ture, 463, (2010), 39-40.

3. C.R. Pringle, Ar chives of Vi rol ogy, 117, (1991), 137-140.
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Kraus, W. Garten, M.T. Stubbs, PNAS, 106, (2009),
3710-3715.
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No ble, Acta Cryst., D58, (2002), 1955-1957.
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Fig ure 1. Over all struc ture of BDVM (a), and its nu cle o tide bind ing site (b). BDVM is rep re sented by sec ond ary struc ture el e ments,
cytidine-5`-monophosphate and in ter act ing res i dues His112, and Phe37 are rep re sented by sticks. The fig ure was gen er ated using
CCP4MG [5].
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MAIZE ALDEHYDE DEHYDROGENASES FROM THE FAMILY 7 AND 10

Radka Konèitíková1, Martina Tylichová1, David Kopeèný1,2, Solange Moréra2, 
Armelle Vigouroux2, Jan Frömmel1, Marek Šebela1,2
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Al de hyde dehydrogenases (ALDHs) com prise a pro tein
superfamily of NAD(P)+-de pend ent en zymes (EC 1.2.1).
They have been con sid ered as gen eral de tox i fy ing en -
zymes, which elim i nate biogenic and xenobiotic al de hydes 
to the cor re spond ing carboxylic ac ids. Up to date, twelve
ALDH fam i lies have been de scribed in plants, but only a
small num ber of the en zymes have been func tion ally char -
ac ter ized de spite the ex is tence of a large num ber of cod ing
genes. In this work, we an a lyzed sev eral ALDHs from
maize (Zea mays) be long ing to the fam i lies 2, 3, 7 and 10
with a spe cial in ter est in the lat ter two fam i lies. For

ALDH7, there are also syn on y mous terms D1-piperideine-

 6-carboxylate dehydrogenase or a-aminoadipic semialde -
hyde dehydrogenase used. ALDH7 is mainly con nected
with lysine me tab o lism as it cat a lyzes the con ver sion of

a-aminoadipic semialdehyde (a-AASA) to a-amino -
adipate. ALDH10 is an aminoaldehyde dehydrogenase
(AMADH, EC.1.2.1.19), of ten re ported as a betaine al de -
hyde dehydrogenase (BADH, E.C. 1.2.1.8), and ox i dizes

w-aminoaldehydes to the cor re spond ing amino ac ids such

as b-alanine, g-aminobutyric acid, g-butyrobetaine or
glycine betaine. The en zyme is con nected with the met a -

bolic path ways of polyamines, arginine, lysine and choline. 
Se lected genes cod ing for ALDHs were cloned and ex -
pressed in T7 E. coli cells. The re com bi nant en zymes were
thor oughly char ac ter ized and their iden tity was ver i fied by
MALDI-TOF pep tide mass fin ger print ing. Maize ALDH7
uti lizes NAD+ but not NADP+ as a coenzyme and pre fers

a-AASA to other aliphatic and ar o matic al de hydes. Three
maize ALDH10 mem bers (AMADH1a, 1b and 2) pref er -
en tially ox i dize 3-aminopropionaldehyde, 4-aminobutyr -
aldehyde and 4-guanidinobutyraldehyde (but not

a-AASA) and they use NAD+ as a coenzyme. Our re sults
con firm a pre vi ous sug ges tion that the pres ence of two
highly unconserved Trp res i dues at the sub strate chan nel

re sults in higher af fin ity to w-aminoaldehydes. Rep re sen ta -
tives of both fam i lies were crys tal lized. So far, the crys tal
struc ture of ZmAMADH1 has been solved up to 1.95 C
res o lu tion.

This work was sup ported by grant P501/11/1591 and
522/08/0555 from the Czech Sci ence Foun da tion and by
grant PrF_2011_031 from the Fac ulty of Sci ence, Palacký
Uni ver sity in Olomouc.
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2In sti tute of Phys i ol ogy, Acad emy of Sci ence of Czech Re pub lic, 14220 Prague, Czech Rep.
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Ty ro sine hy drox y lase be longs to the group of hydroxylases 
of ar o matic ac ids, class oxydoreductases and sub group
oxygenases. This en zyme ca tal y ses key step in the
biosynthesis of catecholamine neurotransmitters – the con -
ver sion of the ty ro sine to the 3,4-dihydroxyfenylalanine.
We can found it mainly in cells of the ad re nal gland, in the
heart, in the liver, in go nads and in the cen tral ner vous sys -
tem [1, 2].

The ty ro sine hy drox y lase has the homotetrameric struc -
ture and con tains three di verse struc tural do mains: N-ter -
mi nal reg u la tory do main, cat a lytic do main and C-ter mi nal
tetramerization do main [3]. The ac tiv ity of ty ro sine hy -

drox y lase is reg u lated by phosphorylation and through the
reg u la tion of its ex pres sion. All phosphorylation sites
(Ser-8, Ser-19, Ser-31 and Ser-40) are lo cated within the
reg u la tory do main [2]. Phosphorylation at Ser-40 by cy clic
AMP-de pend ent pro tein kinase (PKA) in duces the most
po tent ac ti va tion of ty ro sine hy drox y lase. It has been pro -
posed that phosphorylation of Ser-40 al ters the con for ma -
tion of the reg u la tory do main and its in ter ac tion with the
cat a lytic do main. Phosphorylation at Ser-19 in duces bind -
ing of the 14-3-3 pro tein, which af fects the struc ture of the
reg u la tory do main and pro tects it against dephospho -
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rylation (at phosphorylated Ser-40) and its deg ra da tion [4,
5].

Since the struc ture of the reg u la tory do main is still un -
known we de cided to per form its struc tural char ac ter iza -
tion us ing NMR tech niques. The reg u la tory do main of
ty ro sine hy drox y lase was ex pressed as six-His-tag fu sion
pro tein by IPTG in duc tion for 12 h at 20 °C and pu ri fied
from Esch e richia coli BL21(DE3). Its pu ri fi ca tion con sists 
of two steps: the che lat ing chro ma tog ra phy and the
size-ex clu sion chro ma tog ra phy on Superdex 200 col umn.
The dy namic light scat ter ing, the 1H and HSQC spec tra
were used to ver ify that the re com bi nant pro tein is not ag -
gre gated and can be used for fur ther ex per i ments. 

This work was funded by Grant IAA501110801 of the
Grant Agency of the Acad emy of Sci ences of the Czech Re -
pub lic, by Re search Pro ject MSM0021620857 and by Re -
search Pro ject AV0Z50110509 of the Acad emy of Sci ences
of the Czech Re pub lic.
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STRUCTURE-FUNCTION STUDY ON PLANT S-NITROSOGLUTATHIONE
REDUCTASE FROM TOMATO
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S-nitrosoglutathione reductase (GSNOR), also known as
S-(hydroxymethyl)glutathione (HMGSH) dehydrogenase
(EC 1.1.1.284), be longs to the large al co hol dehydrogenase 
(ADH) superfamily, namely to the ADH3 fam ily. GSNOR
cat a lyzes the ox i da tion of HMGSH to S-formylglutathione
us ing NAD+ as a coenzyme. How ever, the en zyme cat a -
lyzes also the NADH-de pend ent re duc tion of S-nitro -
soglutathione (GSNO). In gen eral, GSNO serves as a
ni tro gen ox ide (NO) do nor in dis tant tis sues and in hu mans
the al ter na tions in the me tab o lism of GSNO are linked to
sev eral lung dis eases in clud ing asthma. NO and NO-re -
lated mol e cules such as S-nitrosothiols (S-NOs) play a cen -
tral role in the reg u la tion of nor mal plant phys i o log i cal
pro cesses and host de fense. The en zyme thus par tic i pates
in con trol ling the cel lu lar ho meo sta sis of S-NOs and in the
me tab o lism of re ac tive ni tro gen spe cies. Al though
GSNOR has been re cently char ac ter ized from sev eral or -
gan isms, this study rep re sents the first de tailed bio chem i cal 
and struc tural char ac ter iza tion of a plant GSNOR from to -
mato (Solanum lycopersicum). The crys tal struc tures of the 
apoenzyme and the en zyme in com plexes with NAD+ and
NADH with GSH were solved up to 1.9 C res o lu tion. They
rep re sent the first struc tures within the plant ADH3 fam ily.

The crys tals were prim i tive orthorhombic, space group
P21212 and P212121, and con tained one dimer per asym met -
ric unit. The cal cu lated Matthews co ef fi cient was ~ 2.4 C3

Da-1, cor re spond ing to a sol vent con tent of 49 %. Each
mono mer com prises two zinc at oms and con sists of a cat a -
lytic and a coenzyme do main. The solved struc tures con -
firm that coenzyme bind ing is as so ci ated with a zinc
move ment and changes in its co or di na tion. The first zinc
atom func tions as a Lewis acid and ac ti vates al co hols or
other sub strates dur ing ca tal y sis while the sec ond one has a
struc tural role. The en zyme pref er en tially ox i dizes
HMGSH al though some other al co hols such as
cinnamylalcohol, geraniol and 12-hydroxydodecanoic acid 
are also good sub strates. In the reductase mode with
NADH the en zyme ex hib its a high af fin ity and cat a lytic ef -
fi ciency for GSNO while glutathione and S-methyl -
glutathione be have as non-com pet i tive in hib i tors. 

This work was sup ported by grants from Min is try of Ed u -
ca tion, Youth and Sports of Czech Re pub lic (LH11013),
Czech Sci ence Foun da tion (GAÈR P501/11/1591 and by
grant PrF_2011_031 from the Fac ulty of Sci ence, Palacký
Uni ver sity in Olomouc.
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PREPARATION OF THE 14-3-3:ASK1 KINASE COMPLEX FOR STRUCTURAL
STUDIES

Dalibor Kosek1,2, Lenka Rezabkova1,2, Veronika Obsilova2 and Tomas Obsil1,2

1Fac ulty of Sci ence, Charles Uni ver sity in Prague, 12843 Prague, Czech Re pub lic
2In sti tute of Phys i ol ogy, Acad emy of Sci ence of Czech Re pub lic, 14220 Prague, Czech Rep.
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ASK1 (Apoptosis sig nal-reg u lat ing kinase, MAP3K5)
plays a crit i cal role in the reg u la tion of the apoptosis trig -
gered by cel lu lar ox i da tive stress, im mune re sponse or
anticancer drugs as well as the de vel op ment of sev eral dis -
eases [1].  ASK1 is a serine/threonine pro tein kinase from
MAP3K fam ily in volved in the ac ti va tion of p38 and JNK
sig nal path ways by di rect phosphorylation of MEKK4 and
MEKK6. Its ac tiv ity is strictly con trolled by di verse mech -
a nisms such as phosphorylation, oligomerization and pro -
tein-pro tein in ter ac tions. The 14-3-3 pro tein has been
iden ti fied as one of the most im por tant reg u la tors of ASK1
en zy matic ac tiv ity [2]. It binds to phosphorserine 967 and
sup presses the en zy matic ac tiv ity, and thus the sig nal ing
po ten tial. Mo lec u lar mech a nism of this reg u la tory in ter ac -
tion is still un known. Here, we re port the prep a ra tion and
ba sic bio phys i cal char ac ter iza tion of the 14-3-3:ASK1
com plex for sub se quent struc tural stud ies to un der stand
and ex plain this in ter ac tion. We op ti mized ex pres sion, pu -

ri fi ca tion and phosphorylation pro to cols for the prep a ra -
tion of hu man re com bi nant ASK1 cat a lytic do main.
Pu ri fi ca tion pro to col for the prep a ra tion of the 14-3-3 pro -
tein had been de vel oped pre vi ously. The re sult of ASK1
phosphorylation at Ser967 in vi tro was ver i fied by
MALDI-TOF mass spec trom e try. In ter ac tions be tween
ASK1 and the 14-3-3 pro tein were fur ther stud ied us ing
na tive elec tro pho re sis and an a lyt i cal ul tra cen tri fu ga tion.

This work was funded by Grant IAA501110801 of the
Grant Agency of the Acad emy of Sci ences of the Czech Re -
pub lic, by Re search Pro ject MSM0021620857 and by Re -
search Pro ject AV0Z50110509 of the Acad emy of Sci ences
of the Czech Re pub lic.
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ENGINEERING ENZYME RESISTANCE TO ORGANIC CO-SOLVENT 
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Haloalkane dehalogenases (EC 3.8.1.5) are rep re sen ta tives 

of the a/b-hydrolase fold superfamily [1]. These en zymes
can hy dro lyti cal ly cleave a halo gen atom from more than
hun dred chlo ri nated, brominated or io din ated al kanes and
their de riv a tives [2-3]. Ac cess of halogenated sub strates to
the bur ied ac tive site, and egress of formed al co hols and
halides are fa cil i tated by the pro tein tun nels [4]. The in dus -
trial use of these en zymes is lim ited by their in sta bil ity in
the pres ence of co-sol vents, which are used for solubi -
lization of hy dro pho bic sub strates. Here we pres ent a sys -
tem atic pro tein en gi neer ing study, which ex am ines
fea tures de ter min ing re sis tance of haloalkane dehaloge -
nases to wards or ganic co-sol vent dimethyl sulfoxide. The
ini tial ran dom mu ta gen e sis of a dehalogenase gene fol -
lowed by a colorimetric screen ing in 42% dimethyl sulf -

oxide re vealed im por tance of the res i dues lin ing the ac cess
tun nels for pro tein sta bil ity. Sub sti tu tions in tro duced to the
res i dues lin ing the main ac cess tun nel led to the en zyme
vari ants with im proved ki netic sta bil ity, in creased struc -
tural re sis tance to wards dimethyl sulfoxide and el e vated
struc tural thermostability. The ex per i men tal re sults were
sup ported by mo lec u lar dy nam ics sim u la tions. Based on
our find ings, the re sis tance of haloalkane dehalogenases
and pos si bly also other en zymes with bur ied ac tive sites
can be im proved by mod i fi ca tion of their ac cess tun nels. 

The work was sup ported by grants LC06010, IAA40
1630901, MSM0021622412 and CZ.1.05/2.1.00/ 01.0001.
FEMS and Ernst Moritz Arndt Uni ver sity are ac knowl -
edged for fi nan cial sup port of re search fel low ships of TK.
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REACTION MECHANISM PRINCIPLES OF THE BIFUNCTIONAL PLANT NUCLEASE
TBN1
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Bifunctional nuclease TBN1 (UniProt se quence ac ces sion
no. Q0KFV0) from Solanum lycopersicum (to mato) is a
Zn2+- de pend ent plant glycoprotein com posed of 277
amino ac ids with a mo lec u lar mass of 31.6 kDa (about 37
kDa when glycosylated). TBN1 be longs to plant nuclease I
fam ily and plays an im por tant role in spe cific apoptotic
func tions, vas cu lar sys tem de vel op ment, stress re sponse
and tis sue dif fer en ti a tion in plants [1]. In ad di tion, TBN1
ex hib its anticancerogenic prop er ties [2]. There fore, a de -
tailed struc tural study of this en zyme can con trib ute to de -
vel op ment of new drugs for can cer, bac te rial and vi ral
dis ease treat ment. Nuclease P1 from Penicillium citrinum
with 24% se quence iden tity, the struc ture of which is
known (PDB ID 1ak0) [3], is prob a bly the clos est struc -
tural homologue of TBN1. 

Heterologous ex pres sion of TBN1 in to bacco leaves
yields amounts and qual ity of the en zyme suit able for struc -
tural stud ies. Crys tals with suf fi cient qual ity for X-ray dif -
frac tion anal y sis can be ob tained. The first dif frac tion
ex per i ments were per formed us ing an in house Gem ini En -
hanced Ul tra diffractometer with the At las CCD de tec tor
(Ox ford Dif frac tion) and three dif fer ent crys tal morpho -
logies were iden ti fied (orthorhombic, rhombo hedral and
trigonal). Datasets for struc tural anal y sis were col lected at
the syn chro tron ra di a tion source BESSY II (Helmholtz-
 Zentrum Berlin), beam line MX-14-1, with a MARmosaic
CCD de tec tor. Pres ence of zinc in the pro tein was con -
firmed by X-ray flu o res cence and an ab sorp tion edge scan
and two MAD datasets (for a rhombohedral and a trigonal
crys tal) were col lected. The phase prob lem was solved us -
ing the SHELXC, D and E pro gram suite [4]. A clus ter of
zinc ions was iden ti fied and a pre lim i nary struc ture model
was built by plac ing the P1 nuclease struc ture into the ex -
per i men tal elec tron den sity us ing MOLREP [9]. Build ing
and re fine ment of this struc ture was lim ited [6, 7]. The
trigonal crys tal dif fracted to 2.15 C res o lu tion and the fi nal

model was built and re fined us ing this data. The TBN1

struc ture is mainly a-he li cal with three Zn ions placed in
the ac tive site at the bot tom of the wide groove. Three oli -
go sac cha rides bonded on the sur face serve pri mar ily as a
shield ing of the hy dro pho bic re gions and there fore con trib -
ute to sol u bil ity of the en zyme. The main dif fer ences be -
tween TBN1 and P1 are in the com po si tion of the side
chains around the ac tive site, in the glycosylation pat tern
and also in the shape and in the elec tro static po ten tial on the 
sur face.

TBN1 acts as phosphodiesterase cleav ing the bond be -
tween phos pho rus and 3’ hydroxyl group in both sin gle
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Fig ure 1. TBN1 cleaves the bond be tween the 3’ hydroxyl group
and phos phate in nu cleic ac ids by hy dro ly sis.



stranded and dou ble stranded forms of DNA and RNA
(Fig ure 1). TBN1 pre fers bonds ad ja cent to ad e nine, gen er -
ates 5’-mononucleotides as end prod ucts and also shows 3’
nucleotidase ac tiv ity. Trinuclear Zn2+ clus ter co or di nated
at the bot tom of the ac tive site cleft is cru cial for the ac tiv -
ity. Hy dro ly sis of the phosphodiester bond is caused by a
nucleophilic at tack of the ac ti vated wa ter (hy drox ide) mol -
e cule fol lowed by cre ation of pentacoordinated tran si tion
state and its breakup into the prod ucts.

The work on this pro ject was sup ported by the Czech Sci -
ence Foun da tion, pro ject no. 310/09/1407. We also thank
the Grant Agency of the Czech Re pub lic, pro ject no.
202/06/0757 and pro ject no.521/09/1214 and by the EC
un der ELISA grant agree ment num ber 226716 (syn chro -
tron ac cess, pro jects 09.2.90262 and 10.1.91347). We also
grate fully ac knowl edge sup port from Praemium
Academiae of AS CR, In sti tu tion re search plan AVOZ
10100521 of the In sti tute of Phys ics, In sti tu tion re search
plan AV0Z50510513 of the In sti tute of Plant Mo lec u lar Bi -
ol ogy, Bi ol ogy Cen tre. The au thors wish to thank Dr. U.

Müller of the Helmholtz-Zentrum Berlin, Al bert-Ein -
stein-Str. 15 for support at the beam line.
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Charge mi gra tion along DNA dou ble-he li cal mol e cules
may be of bi o log i cal im por tance as the ex tended elec tronic
states of DNA could play a role in the pro cesses of sens ing
and/or re pair  of DNA dam age. We have com bined var i ous
ex per i ments and the o ret i cal mod els to elu ci date fur ther the
DNA charge trans fer pro cess in terms of DNA base pair ing
pat terns, base stack ing in ter ac tion and the role of the
sugar-phos phate back bone. Through an ex plo ra tion of the
re la tion be tween the phys i cal and chem i cal sta tuses of a
par tic u lar DNA mod i fi ca tion and its charge trans port prop -
er ties, we in tended to af fect the ex tremely com plex charge
trans port pro cess and its bi o log i cal and tech ni cal sig nif i -

cance. Our ex per i men tal data as well as the re sults from the
the o ret i cal mod els and cal cu la tions in di cate that DNA
charge trans port strongly de pends on the pres ence of var i -
ous per tur ba tions, in par tic u lar ir reg u lar i ties in base-pair -
ing, base-stack ing pat terns and var i ous met als/metal
groups pres ence/in ter ac tions. Even seem ingly un im por tant 
struc tural per tur ba tions caused by the pres ence of mis -
matched base-pairs af fect con duc tiv ity to a greater ex tent
than ex pected from conformational changes and de creased
ther mal sta bil ity alone.
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Ma son-Pfizer mon key vi rus (M-PMV) be longs to
betaretroviruses and is widely used as a model or gan ism
for stud ies of the late phase of the life cy cle of retro virus es.
Ma trix pro tein which is nat u rally mod i fied by the rest of
the my ris tic acid on the N-ter mi nus, plays key role in the
trans por ta tion of the im ma ture retroviral par ti cles to bud -
ding sites and is re spon si ble for an in ter ac tion with the
plasma mem brane. Mu ta tion T41I/T78I in the ma trix pro -
tein causes ei ther a change in the hydrophobicity of the
cav ity in which the myristoyl is nested or a change in an in -

ter ac tion site of the ma trix pro tein with the plasma mem -
brane. The out come is that the im ma ture vi ral par ti cles
can’t bud from the in fected cell.

Our work fo cused on the prep a ra tion of the
myristoylated T41I/T78I mu tant of the ma trix pro tein of
M-PMV. The mu tant pro tein was an a lyzed by the NMR
spec tros copy and the 3D struc ture was de ter mined. The
liposome bind ing as say was used to study an in ter ac tion
with the plasma mem brane.
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We fo cused our at ten tion on mo lec u lar dy nam ics sim u la -
tions of the in ter ac tions of quartz sur faces with aque ous so -
lu tions of ions and small or ganic mol e cules rep re sent ing
func tional groups of or ganic mat ter. 

Sim u lated quartz sur faces cov ered the range of sur face
charge den si ties 0.00, -0.03, -0.06 and -0.12 C/m2, ap prox i -
mately cor re spond ing to pH val ues 4.5, 8.5, 9.5 and 10.

We found in creas ing wa ter or der ing within two wa ter
lay ers clos est to the sur face with in creas ing sur face charge
den sity. Also so dium ions ad sorp tion in crease with in -
creas ing charge den sity and spe cific ad sorp tion pat tern can
be found be tween neg a tively charged Si-O- spe cies and so -
dium cat ions.

Humic ac ids and humates have het er o ge neous and
com plex struc tures with dif fer ent func tional groups in clud -
ing acidic, hy dro philic, and hy dro pho bic groups. Humic
ac ids are able to in ter act with both or ganic and in or ganic
sub stances such as nu tri ents, met als, hy dro pho bic or ganic
com pounds and min eral sur faces. Un der stand ing their
struc ture and in ter ac tions can give us im por tant in for ma -
tion about their degradability, tox ic ity, and trans port prop -
er ties. Also they are one of the ma jor causes of so-called
‘bio-foul ing’ of nanofiltration and re verse os mo sis mem -
branes which are used in in dus try for wa ter pu ri fi ca tion,
wa ter de sa li na tion and wastewater treat ment.

Ad sorp tion of small or ganic mol e cules rep re sent ing ba -
sic build ing blocks of larger biomolecules and or ganic mat -
ter is also sub ject of this study. As model mol e cules,
ben zoic acid, phe nol, and sal i cylic acid were cho sen.
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