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In tro ducti on

 Al though type I re stric tion-mod i fi ca tion sys tems of bac te -
ria were the first to be dis cov ered and char ac ter ized, their
lack of spe cific cleav age sites rel e gated them to the side -
lines of early DNA enzymology while the site-spe cific type 
II sys tems were de vel oped into the es sen tial re agents that
to day make mo lec u lar clon ing rou tine. Nev er the less, the
in trigu ing com plex i ties of type I mech a nisms led to an ex -
ten sive body of some times puz zling re sults, in sharp con -
trast to the straight for ward mech a nisms of the type II
re stric tion-mod i fi ca tion sys tems (RMs). Type I RMs are
multisubunit, multifunctional mo lec u lar ma chines that rec -
og nize spe cific, typ i cally asym met ric, DNA tar get se -
quences of ~13 to 17 bp. De pend ing on the methylation
sta tus of ad e nine res i dues in the tar get, three en zyme sub -
units ei ther act to gether as a typ i cal methyltransferase or re -
cruit a pair of endonuclease mo tor sub units that ini ti ate
translocation of DNA through the en zyme and even tu ally
cleave non-spe cif i cally at ap par ently ran dom sites. The
pro tein com plex re mains bound at the tar get se quence
while up to thou sands of bp are pumped through the en -
zyme by track ing along the he li cal pitch at rates of up to
hun dreds of bp per sec ond. Translocation is driven by
helicase-like mo tor sub units that con sume ~1 ATP per ~1
bp with out sep a rat ing the strands.

Re sults and Dis cus si on

The type I re stric tion-mod i fi ca tion en zymes dif fer sig nif i -
cantly from the type II en zymes com monly used as mo lec u -
lar bi ol ogy re agents. On hemi-meth yl ated DNAs type I
en zymes act as con ven tional ad e nine methylases at their
spe cific tar get se quences, but unmethylated tar gets in duce
them to pull thou sands of basepairs through the en zyme be -
fore cleav ing dis tant sites nonspecifically. Bio chem i cal,

bio phys i cal, and mo lec u lar bi o log i cal stud ies of their
translocation and cleav age mech a nisms of fer a wealth of
de tail that has lacked a struc tural frame work. We re port the
first X-ray crys tal struc ture of the sub unit re spon si ble for
DNA translocation and cleav age by the type I en zyme
EcoR124I, re solved at 2.6 C [1]. Un der stand ing how the
co op er a tion of sub units, do mains, sub strates, and co factors 
en ables type I RMs to carry out their di verse and pe cu liar
ac tiv i ties is likely to be en hanced by knowl edge of their
mo lec u lar struc tures. Here re ported crys tal struc ture of the
HsdR mo tor sub unit of plasmid-borne type I RM
EcoR124I is used to de velop a model for the com plete
translocation com plex with bound DNA, us ing struc tures
of re lated methylase and spec i fic ity sub units and con -
straints from ex per i men tal data on the pentameric en zyme
com plex on DNA. The model pre dicts the re ar range ments
and co op er a tion of sub units and do mains re quired to ini ti -
ate and sta bi lize the translocating com plex as it tracks on
DNA. The model ac counts for many known fea tures of
type I RMs, and makes a num ber of ex per i men tally test able 
pre dic tions about their struc tural and func tional or ga ni za -
tion and mech a nism and pro vides a struc tural frame work
for du plex DNA translocation by RecA-like ATPase mo -
tors.

1.   Mikalai Lapkouski , Santosh Panjikar , Pavel Janscak ,
Ivana Kuta Smatanova , Rudiger Ettrich , Eva Csefalvay,
Struc ture of the mo tor sub unit and translocation model for
EcoR124I re stric tion-mod i fi ca tion com plex, Na ture Struc -
tural & Mo lec u lar Bi ol ogy, 2009 Jan; 16(1):94-5. Epub
2008 Dec 14  doi: 10.1038/nsmb.1523.
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STRUCTURE OF SPOIISA-SPOIISB TOXIN-ANTITOXIN COMPLEX FROM BACILLUS
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I. Barák1
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SpoIISA proteic toxin from Ba cil lus subtilis was shown to
af fect cell mebrane of ei ther mother cell dur ing sporulation
pro cess or, when ar ti fi cially over-ex pressed, vege ta tively
grow ing cells. The toxin was pre dicted to be com posed of
two do mains – a mem brane span ning do main con sist ing of
three he li ces and a neg a tively charged cytosolic do main
(C-SpoIISA) [1]. Our pre vi ous re sults in di cate that nei ther
of these two do mains alone is suf fi cient for toxic ef fect [2].
In the nor mal con di tions, tox ic ity of SpoIISA is abol ished
by tight bind ing of pos i tively charged SpoIISB an ti toxin to
the toxin’s cytosolic do main [1].

Crys tals of C-SpoIISA-SpoIISB com plex we ob -
tained in three dif fer ent con di tions, how ever unit cell con -
tent and pa ram e ters are strik ingly sim i lar for all of these.
Al though we first mea sured na tive datasets, the struc ture
was solved us ing data col lected to 1.3 C from Se-Met pro -
tein crys tal, which was used as well for phase prob lem so -
lu tion by MAD. The solved mo lec u lar struc ture re veals

C-SpoIISA dimer bind ing of 2 mol e cules of SpoIISB and
ap pears to shed some more light into mech a nism of
SpoIISA tox ic ity and its neu tral iza tion by SpoIISB bind -
ing. Res i dues, which were pre vi ously iden ti fied by ge net -
ics ex per i ments to un leash SpoIISA tox ic ity [1] are
ob served to be di rectly in volved in the con tacts beween
C-SpoIISA and SpoIISB. On the other hand, dimerization
of C-SpoIISA might be re spon si ble for bring ing mem brane 
span ning parts of SpoIISA into each other prox im ity al low -
ing it to ex hibit its le thal prop er ties.

1.  E. Adler, I. Barák, P. Stragier, J. Bacteriol., 183, (2001),
3574.

2. P. Florek, K. Muchová, P. Pavelèíková, I. Barák, FEMS
Microbiol. Lett., 278, (2008), 177.
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Laccases are en zymes ca pa ble of ox i da tion of phe no lic
com pounds with con com i tant re duc tion of mo lec u lar ox y -
gen to wa ter. The so called “large laccases” have been stud -
ied ex ten sively and both func tional and struc tural data are
avail able [1]. Large laccases com prise three do mains and
their ac tive sites are lo cal ized within one pro tein chain.
Laccases uti lize one cop per ion of type I at the ox i da tion
site and a trinuclear cop per clus ter in the in te rior of the en -
zyme fa cil i tates elec tron trans fer from sub strate to ox y gen.
The gene en cod ing for the two-do main small laccase
(SLAC) has been found in Streptomyces coelicolor, a
known an ti bi otic pro duc ing bac te rium. Phylo gen etic and
se quence com par i son stud ies in di cated the pos si ble struc -
ture ar range ment of small laccases as tri mers [2]. 

Re com bi nant en zyme char ac ter iza tion lead to re sults
sup port ing the idea of both dimeric and trimeric func tional

forms. SLAC ex pressed in Aspergillus oryzae and pu ri fied
by a two-step ion ex change pro to col was sub jected to crys -
tal li za tion ex per i ments and the best crys tal form for struc -
tural stud ies grew with PEG 550 MME as pre cip i tant [3]. 

The struc ture of SLAC was solved by mul ti ple wave -
length anom a lous dis per sion method (MAD) with dif frac -
tion data col lected at beamline BM-14 of the Eu ro pean
Syn chro tron Ra di a tion Source in Grenoble. SLAC forms
tri mers with the trinuclear clus ters lo cal ized be tween in di -
vid ual chains and with spe cific trimerization fea tures (Fig.
1). The first three-di men sional struc ture of this type of en -
zyme ex plains the char ac ter iza tion re sults, con firms the
the o ret i cal pre dic tions and brings new ques tions re gard ing
the cat a lytic ac tion [4].

1. E. I. Sol o mon, U. M. Sundaram,  T. E. Machonkin, Chem.
Rev. 96, (1996), 2563.
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2. K. Nakamura & N. Go, Cell. Mol. Life Sci. 62, (2005) 2050.

3. T. Skálová, J. Dohnálek, L.H. Østergaard, P.R. Østergaard, P. 
Kolenko, J. Dušková, J. Hašek, Acta Crystallogr., Sect. F,
63, (2007), 1077.

4. T. Skálová, J. Dohnálek, L.H. Ostergaard, P.R. Ostergaard, P. 
Kolenko, J. Dušková, A. Štìpánková, J. Hašek, J. Mol.
Biol., 385, (2009), 1165.

This pro ject was sup ported by the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic (grant no.
1K05008) and by the Czech Sci ence Foun da tion (grant no.
305/07/1073). 
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FUNCTION ANALYSIS OF CYSTATHIONINE GAMMA-LYASE MUTANTS

Jindøich Hašek
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Cystathionine gamma-lyase (EC 4.4.1.1) ab bre vi ated as
CTH is a reg u la tory and met a bolic en zyme with pyridoxal
phos phate (PLP, vi ta min B6) as a co-fac tor. It cleaves
cystathionine (2-amino-4-(2-amino-2-carboxy-ethyl) thio-  

butanoic acid) into cysteine, am mo nia and a-ketobutyrate.
It pro duces also hy dro gen sul fide (H2S) pu ta tively ac tive in 
cell pro lif er a tion and neurotransmission. De fi ciency in
CTH func tion is as so ci ated with cystathioninuria of ten
con sid ered as a cause of se vere psychomotorical or men tal
re tar da tion, strabism or ep i lepsy. CTH de fi ciency is con -
sid ered to be a com mon bio chem i cal phe no type in the pop -
u la tion of Cen tral Eu ro pean an ces try (es ti mated fre quency
1:3000).

Crys tal lo graphic anal y sis of hu man hCTH (4x403 res i -
due com plexes of apo-hCTH, hCTH-PLP and hCTH-
 PLP-PAG [1]) ex plains why its cor rect func tion is re -
stricted to its tetrameric com plexes only and why four cat a -
lytic sites of the tetramer are not equiv a lent. It also shows a
way of sub strate path through a deep cat a lytic cav ity and
large conformational changes (flaps open ing) dur ing PLP
bind ing. 

The anal y sis of struc ture ef fects of 8 ge net i cally re lated
mu ta tions for which the phys i o log i cal and clin i cal data are
avail able on a sam ple of homozygote and heterozygote pa -
tients (Arg62His, Thr67Ile, Thr311Ile, Arg197Cys,
Gln240Glu, Thr311Ile, Ser403Ile, de le tion Gly57– 

Gln196) showed clear cor re la tion be tween the mu ta tions
and the ob served plasma con cen tra tions of me tab o lites [2].
A pos i tive ef fect of the vi ta min B6 ad min is tra tion for some
mu ta tions and zero re spon sive ness for other mu ta tions is
also ev i dent from the mo lec u lar struc ture. How ever, fre -
quent bar ri ers or by-passes of pro cesses in hu man body ex -
plain why the ge no type-phe no type cor re la tion, i.e. the
ex pres sion of ge no type into the ac tual pa tients health and
men tal state is not de ter min is tic and has many ex cep tions.

1.    Sun Q, Col lins R, Huang S, Holmberg-Schiavone L, Anand 
GS, Tan C-H, van-den-Berg S, Deng L-W, Moore PK,
Karlberg T, and Sivaraman J, Struc tural ba sis for the in hi -

bi tion mech a nism of hu man cystathionine-g-lyase: an en -
zyme re spon si ble for the pro duc tion of H2S. J.Biol.Chem.
(2009);   doi:10.1074/jbc.M805459200.

2.    Mudd S.H., Kraus J.P., Hašek J., Kožich V., Col lard R.,
Vanezia S., Janošíková B., Wang J., Stabler S.P., Allen
R.H., Cornelis J., Finn C.T., Chien Y-H., Hwu W-L. and

Hegele R.A. Cystathionine g-lyase: clin i cal, met a bolic, ge -
netic, and struc tural studies. Mo lec u lar Ge net ics and Me -

tab o lism (2009) (in press).

The work was sup ported by the Czech Sci ence Foun da tion
(pro ject  305/07/1073).

Fig ure 1. The Small Laccase trimer, sec ond ary struc ture el e -
ments shown, chains dis tin guished by col our/ de gree of grey,
cop per ions as spheres. Graphics cre ated with pro gram Pymol.
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STRUCTURE CHANGES EVOKED BY BINDING OF LIGANDS INTO THE ACTIVE SITE 
OF GALACTOSIDASE FROM b- ENZYME  Arthrobacter2-2C.sp

Andrea Štìpánková1, 2, Tereza Skálová2, Jan Dohnálek2, Jarmila Dušková2, Petr Kolenko1,2,
Jindøich Hašek2,  Vojtìch Spiwok3, Petra Lipovová3

1De part ment of Solid State Phys ics, FNSPE, CTU, Trojanova 13, 120 00, Prague 2, Czech Re pub lic
2Inst. of Macromolecular Chem is try AS CR, v.v.i., Heyrovského nám. 2, 162 00, Prague 6, 

Czech Re pub lic
3Dept. of Bio chem is try, ICT, Technická 5, 166 28, Prague 6, Czech Re pub lic
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The struc tures of three com plexes of en zyme b-galacto -
sidase from an Ant arc tic bac te rium Arthrobacter sp. C2-2
are pre sented. Three of the ob tained crys tals with di men -
sions 100 – 400 µm were soaked in dif fer ent lig ands
(D-galactose, D-galactonolactone and IPTG (Isopropyl

b-D-1-thiogalactopyranoside) ) and used for X-ray dif frac -
tion data col lec tion. 

IPTG is an in hib i tor for this en zyme, dif frac tion data
were col lected on an in-house source of X-ray ra di a tion us -
ing ro tat ing an ode. The res o lu tion limit is 3.3 C. The data
for com plexes with D-galactonolactone and D-galactose
were col lected in ESRF in Grenoble us ing syn chro tron ra -
di a tion and the struc tures were de ter mined at res o lu tions of 
2.2 and 2.5 C. D-galactonolactone is an in hib i tor for this
en zyme and the D-galactose is a prod uct of the cat a lyzed
reaction. The data were pro cessed us ing HKL2000. All the
crys tals be long to monoclinic space group P21, the unit
cells pa ram e ters are very sim i lar but pack ing of the
hexamers in the crys tals dif fers. 

The en zyme b-galactosidase (EC 3.2.1.23) be longs to
the en zyme class called glycosylases which cat a lyze hy -
dro ly sis of the ter mi nal b-D-galactosyl of b-D-galactosides 
and it is able to cat a lyze trans-glycosylation. It is at trac tive
for re search and in dus try be cause of its wide range of bio -
tech no log i cal ap pli ca tions (to re duce the en ergy costs, to
treat lac tose in tol er ance, to pre vent crys tal li za tion in sweet
prod ucts, to in crease its sweet en ing power, to sim plify  fer -
men ta tion dur ing pro duc tion of soured milk prod ucts, to
mod ify the freez ing point of ice creams, etc.).
b-galactosidases are dis trib uted in nu mer ous mi cro or gan -
ism, plants and an i mal tis sues. En zymes that ex hibit
b-galactosidase ac tiv ity are de rided into into four dis tinct
GHs, GH-1, GH-2, GH-35 and GH-42. b-galactosidase
from Esch e richia coli, which be longs to GH-2, is one of the 
most stud ied and com monly used b-galactosidases. The
three-di men sional struc ture of b-galactosidase [1] from
Esch e richia coli has been de ter mined. 

This pro ject is fo cused on b-galactosidase from an Ant -
arc tic bac te rium Arthrobacter sp. C2-2. Psychrotrophic
bac te rium Arthrobacter sp. C2-2 was iso lated in the Ant -
arc tic area as  part of an en vi ron men tal study. This
psychrotrophic bac te rium is able to ex ist at low tem per a -
ture (which is typ i cal for Arc tic and Ant arc tic re gions, and
for moun tains and deep oceans too). 

The struc ture of na tive en zyme b-galactosidase [2]
from Arthrobacter sp. C2-2 has been de ter mined. There are 

sev eral struc ture fea tures in b-galactosidase from
Arthrobacter sp. C2-2. The big gest one is that this en zyme
forms hexamer with mo lec u lar weight of 660 kDa.  These
hexamers were in di cated in so lu tion and in asym met ric unit 

of crys tal in con trast to b-galactosidase from E. coli which
forms homotetramers. Each mono mer con sists of five do -
mains and con tains 1023 res i dues and has an ac tive site lo -
cated in the TIM bar rel do main - be tween the pair of
cat a lytic res i dues Glu442 and Glu521. There are two dis -
tinct bind ing modes for the galactosyl group of lig ands -
shal low and deep. Each bind ing mode has spe cific hy dro -
gen bonds be tween en zyme and lig ands. In the cold
adapted en zyme, the res i due Trp552 is re spon si ble for
bind ing in the deep bind ing mode and the res i due Cys999
for bind ing in the shal low bind ing mode. 

IPTG is bound in the shal low bind ing mode. IPTG is lo -
cated on the top of the ac tive site and in con tact with
Cys999. IPTG is bound in the very sim i lar po si tion as

IPTG in the struc ture of the mesophilic b-galactosidase. 
The mol e cules of D-galactonolactone and D-galactose

were found in the deep bind ing mode. In com par i son with
the shal low bind ing mode, the galactosyl moi ety is ro tated
by about 90° and shifted deeper into the ac tive site to rest
on Trp552. 

The mol e cule of D-galactose was found in a chair con -
for ma tion in each mono mer. Its ox y gen atom 1 is in

b-anomer con fig u ra tion. The galactose 6-hydroxyl binds
di rectly to the so dium ion. The bind ing is not ac com pa nied
by any conformational change of the en zyme as op posed to
the com plex with D-galactonolactone. There is only a
small dif fer ence be tween the mol e cule of D-galactose and
D-galactonolactone: D-galactonolactone has the dou ble
bond be tween car bon C1 and ox y gen O1 at oms. This small
dif fer ence causes a large struc tural change in the case of the 
com plex with D-galactonolactone.

The mol e cule of D-galactonolactone was found in the
ac tive site of each mono mer. The 6-hydroxyl binds di rectly 
to the so dium ion in all three struc tures. The bind ing is ac -
com pa nied by an en zyme conformational change - Phe585
is ro tated and the side chain of His335 moved up closer to
the ac tive site. 

1. Ja cob son, R. H., Zhang, X.-J., DuBose, R. F., Matthews, B. 

W. (1994). Three-di men sional struc ture of b-galactosidase
from E. coli. Na ture, 369, 761-766.

2. Skálová, T., Dohnálek, J., Spiwok, V., Lipovová, P.,
Vondráèková, E., Petroková, H., Dušková, J., Strnad, H.,
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Králová, B., Hašek, J. (2005). Cold-ac tive b-galactosidase
from Arthrobacter sp. C2-2 forms com pact 660 kDa
hexamers: Crys tal struc ture at 1.9 Å res o lu tion. J. Mol.
Biol., 353, 282-294.

3. Otwinovsky, Z., Mi nor, W., (1997). Pro cess ing of X-ray
dif frac tion data col lected in os cil la tion mode. Meth ods
Enzymol., 276, 307-326. 

This work was sup ported by the Czech Sci ence Foun da tion
(pro ject  305/07/1073) and by the IGS CVUT (pro ject
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DIRECTED EVOLUTION OF HALOALKANE DEHALOGENASE TOWARDS HIGHER
ACTIVITY IN BUFFER CONTAINING DIMETHYL SULFOXIDE 

T. Koudeláková1, R. Chaloupková1, M. Pavlová1, C. Zimmer2, U.T. Bornscheuer2 and 
J. Damborský1

1Loschmidt Lab o ra to ries, In sti tute of Ex per i men tal Bi ol ogy and Na tional Cen tre for Biomolecular Re search,
Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A4, 62500 Brno, Czech Re pub lic 

2De part ment of Bio tech nol ogy & En zyme Ca tal y sis, In sti tute of Bio chem is try, Ernst Moritz Arndt-Uni ver sity,
Fe lix-Hausdorff-Str. 4, D-17487 Greifswald, Ger many
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Haloalkane dehalogenases (EC 3.8.1.5) are bac te rial pro -
teins which struc tur ally be long to the superfamily of

a/b-hy dro las es. Haloalkane dehalogenases con vert a broad 
range of halogenated hy dro car bons into cor re spond ing al -
co hols by the hydrolytic cleav age of the car bon-halo gen
bond. Im prove ment of en zyme sta bil ity in or ganic co-sol -
vents would make these en zymes more suit able for ap pli ca -
tions in biodegradation and de con tam i na tion of toxic
com pounds. In this study, the haloalkane dehalogenase
DhaA from Rhodococcus rhodochrous NCIMB 13064 [1]
was sub jected to the ran dom mu ta gen e sis with the aim to
ob tain vari ants with im proved ac tiv ity in buffer con tain ing
or ganic co-sol vent dimethyl sulfoxide. Dehalogenase gene
was mu tated at an av er age rate of 1.5 nu cle o tide sub sti tu -
tions per gene us ing er ror-prone poly mer ase chain re ac -
tion. Mu tated genes were heterologously ex pressed in the
autolysis strain Esch e richia coli XJb. Mod i fied pH in di ca -
tor as say [2] en abled screen ing of seven thou sand col o nies
of the mu tant li brary for ac tiv ity with 1,2-dibromoethane in 
the buffer con tain ing 42% dimethyl sulfoxide. Four vari -
ants show ing en hanced ac tiv ity were de tected: D73G +

E98V, L95V+A172V, F144I+C176G, and V245L. These
pos i tive vari ants were pu ri fied to ho mo ge ne ity by af fin ity
chro ma tog ra phy and char ac ter ized by spec tro scopic anal y -
sis and steady-state ki net ics. Cir cu lar dichroism spec tros -
copy re vealed that all four en zymes pos sessed proper
fold ing. Dur ing ther mal de na tur ation, all mu tant en zymes,
ex cept the vari ant F144I+C176G, ex hib ited im proved
thermostability in com par i son with the wild-type en zyme.
Ac tiv ity as says with the sub strates 1,2-dibromoethane and
1-iodohexane showed that the mu tant L95V+A172V pos -
sessed in creased ac tiv ity in the pres ence of 40% dimethyl
sulfoxide, com pared to the wild-type en zyme. Struc -
ture-func tion re la tion ships are cur rently be ing an a lyzed for 
this mu tant.

Ernst Moritz Arndt-Uni ver sity and FEMS are ac knowl -
edged for fi nan cial sup port.

1.  A. N. Kulakova, M. J. Larkin, L. A. Kulakov, Mi cro bi ol -
ogy, 143, (1997), 109-115.

2. P. Hol lo way, J. T. Trevors, H. Lee, J. Microbiol. Meth ods,
32, (1998), 31-36.
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L7

A STRUCTURAL INTERPRETATION OF THE SEQUENTIAL PREFERENCES

J. Vondrášek

In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ence of the Czech Re pub lic, 
Flemingovo nám. 2, 166 10 Praha 6

It will be shown that prob a bil ity of amino ac ids oc cur rence
in pro teins (P1) dif fers across or gan isms and spe cies.
Based on these pro pen si ties a dif fer ence be tween the real
oc cur rence and a level of ex pec tancy for se quen tial mo tifs
of di- (P2), tri- (P3) and tetrapeptides (P4) will be dem on -

strated. The con nec tion be tween struc tural rep re sen ta tions
of the over or un der-pop u lated mo tifs will be dis cussed in
terms of their phi/psi dis tri bu tion in pro teins from PDB.
Po ten tial uti li za tion of the find ings will be dis cussed in -
clud ing pro tein de sign and ligand en gi neer ing.

L8

QM/MM STUDY OF b-1,4-GALACTOSYLTRANSFERASE-1

M. Krupicka, I. Tvaroska

Slo vak Acad. Sci., Inst. of Chem is try, Dubravska cesta 9, Bratislava, Slo vak Re pub lic, chemmakr@savba.sk

In the ab sence of -lactalbumin, the en zyme

b-1,4-galactosyltransferase-1 (Gal-T1) ca tal y ses trans fer
of galactose res i due from UDP-Gal to the C-4 hydroxyl
group of  N-acetlyglucosamine. The cat a lytic mech a nism
of Gal-T1 was in ves ti gated us ing hy brid quan tum me chan -
i cal/mo lec u lar me chan i cal (QM/MM) method with QM
part con tain ing 253 at oms treated with den sity func tional
the ory (DFT) at the BP/DZP level. The re main ing parts of
Gal-T1 com plex, al to gether 4527 at oms were mod eled us -
ing the AMBER mo lec u lar force field. A the o ret i cal model
of Mi chae lis com plex was built us ing the X-ray struc tures
of Gal-T1 con tain ing do nor or ac cep tor sub strate re spec -
tively. The QM(DFT)/MM model iden ti fied a SN2-type

tran si tion state with D318 as the cat a lytic base for the re ac -
tion in the en zyme ac tive site. In the tran si tion state (TS),
do nor sugar is al most fully cleaved from pyrophosphate,
while nucleophilic ox y gen O4 re mains protonated, with
low bar rier hy dro gen bond trans fer to the cat a lytic base.
The struc ture of TS is char ac ter ized by the OA4-C1 and
C1-O1 dis tances 2.703 C and 2.092 C re spec tively. The ac -
ti va tion bar rier for the pro posed re ac tion was es ti mated to
be ~14 kcal/mol. This mod el ing study provides de tailed in -
sight into the mech a nism of the Gal trans fer cat a lyzed by
Gal-T1.

Ac knowl edge ment: This work has been sup ported by
MRTN-CT-2006-035866 (REVCAT) and VEGA 2/0176/09

L9

STUDY OF WATER MOLECULES DYNAMICS AT THE TUNNEL OPENINGS OF
HALOALKANE DEHALOGENASES

Andrea Foøtová1, Jan Sýkora2, Agnieszka Olzyñska2, Jan Brezovský1, Zbynìk Zdráhal3,
Martin Hof 2 and Jiøí Damborský1

1Loschmidt Lab o ra to ries, In sti tute of Ex per i men tal Bi ol ogy and Na tional Cen tre for Biomolecular Re search,
Fac ulty of Sci ence, Masaryk Uni ver sity, 625 00 Brno

2J. Heyrovský In sti tute of Phys i cal Chem is try of the ASCR, 182 23 Prague 8
3Dep. Func tional Genomics and Proteomics, In sti tute of Ex per i men tal Bi ol ogy, Fac ulty of Sci ence, 

Masaryk Uni ver sity, 625 00 Brno

Haloalkane dehalogenases (3.8.1.5.) are bac te rial en zymes
cleav ing the car bon-halo gen bond of halogenated aliphatic
com pounds by hy dro ly sis. Ac tive site of haloalkane
dehalogenases is bur ied in side the pro tein. The ac tive site
cav ity is con nected with the pro tein sur face by tun nels
which serve as the trans port routes for sub strates and prod -
ucts. The tun nel open ings be long to the the evo lu tion al ly
most vari able re gions among haloalkane dehalogenases.
Dy nam ics of sol vent mol e cules may in flu ence sub strate

bind ing and cat a lytic ac tiv ity and it is there fore of im por -
tance to study sol va tion dy nam ics in dif fer ent pro teins. 

In this study we em ployed time re solved flu o res cence
spec tros copy and mo lec u lar dy namic sim u la tions to in ves -
ti gate be hav ior of wa ter mol e cules in the vi cin ity of the
tun nel mouth of haloalkane dehalogenases DbjA and
DhaA. Spe cific la bel ing of DbjA and DhaA is based on for -
ma tion of a co va lent bond be tween spe cific ligand and pro -
tein dur ing en zy matic re ac tion. In the wild-type en zyme,
this com plex is fur ther hy dro lyzed by a wa ter mol e cule



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 16,  no. 1a (2009)       b9

which is ac ti vated by the cat a lytic histidine. Histidine sub -
sti tu tion im pairs hy dro ly sis step lead ing to the for ma tion of 
sta ble pro tein ligand com plex [1]. In this study, we have
de vel oped a pro to col for spe cific la bel ing of the tun nel
open ing and elim i na tion of all un bound and non-spe cif i -
cally bound coumarin mol e cules. 

Acrylamide quench ing and time-re solved ani so tropy
ex per i ments con firmed the se lec tive la bel ing of en zyme by
coumarin and com plete re moval of un bound mol e cules of
coumarin. Steady-state and time-re solved emis sion spec tra
mea sure ments showed sig nif i cant dif fer ences in the po lar -
ity, ac ces si bil ity and mo bil ity of the dye and its
microenvironment for both stud ied haloalkane dehalo -
genases. Coumarin bound in haloalkane dehalogenase
DbjA is more flex i ble and more hy drated in com par i son
with coumarin bound in DhaA. Micro environment dis -

plays higher po lar ity and lower vis cos ity than in DhaA.
The ob tained ex per i men tal data showed good agree ment
with the re sults ob tained by mo lec u lar dy nam ics cal cu la -
tions. These re sults re flect ge om e try of the tun nel mouths
ev i dent from the crys tal struc tures [2].

Sol vent dy nam ics in the tun nel mouth will be fur ther
stud ied in other nat u ral haloalkane dehalogenases and their 
vari ants. Com par i son of sol vent dy nam ics for var i ous con -
structs will help us to better un der stand how this dy nam ics
in flu ences func tional prop er ties of the en zymes with bur -
ied ac tive sites.

1. HaloTagTM In ter change able La bel ing Tech nol ogy, Tech ni -
cal Man ual, Promega Cor po ra tion, Mad i son, USA; 2006.

2. A. Jesenska, J. Sykora, A. Olzynska, J. Brezovsky, Z .
Zdrahal, J.  Damborsky & M. Hof,  J. Am. Chem. Soc. (in
press).
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ELECTRONEGATIVITY EQUALIZATION METHOD – FAST METHOD FOR CHARGE
CALCULATION

Z. Jiroušková, R. Svobodová Vaøeková, J. Vanìk, J. Koèa
1Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, 

Kotláøská 2, 611 37 Brno, xjirousk@chemi.muni.cz

The prog ress which ap peared in the lat est de cades in the
com pu ta tional field es tab lished com pu ta tional chem is try
meth ods to be of com pa ra ble qual ity to ex per i men tal meth -
ods. The num ber of cases in which com pu ta tional chem is -
try meth ods can be suc cess fully ap plied is still in creas ing
and these meth ods are now a days used with profit for mod -
el ing mo lec u lar sys tems and de tailed stud ies of var i ous
struc tural and func tional prop er ties. 

Par tial atomic charge is a mo lec u lar prop erty which is
very of ten used in chem is try, par tic u larly for clar i fi ca tion
of dif fer ences in struc ture or re ac tiv ity be tween mol e cules.
Un for tu nately, par tial charges are not ob tain able from ex -
per i ment, but they can be de rived us ing the quan tum chem -
is try meth ods. In the quan tum chem is try, there are more
ap proaches, how to solve this task, but none of them can be
con sid ered to be the best one and what is more, these meth -
ods are on one hand very pre cise, but also quite time-de -
mand ing. For some types of cal cu la tions it is not ac cept able 
to wait for the re sults for such long time and for that rea -
sons also some al ter na tive ap proaches ap peared. These ap -
proaches are based mostly on the semi-em pir i cal prin ci ples 
and the Electronegativity Equal iza tion Method is one of
them.

The Electronegativity Equal iza tion Method was de vel -
oped as a semi-em pir i cal method based on the Den sity
Func tional The ory [1] and it is a fast way how to ob tain ap -

pro pri ate par tial charges for ar bi trary mol e cule. The meth -
od ol ogy is based on the San der son’s Electronegativity
Equal iza tion Prin ci ple [2] which is ap plied to the Den sity
Func tional The ory. Due to its semi-em pir i cal char ac ter, it
is nec es sary to parameterize the Electronegativity Equal -
iza tion Method be fore the first us age and the paramet -
rization pro cess in flu ences the qual ity of re sult ing charges.
We have al ready parameterized the Electro negativity
Equal iza tion Method on very large sets of or ganic,
organohalogen and organometal mol e cules from the Cam -
bridge da ta base of crys tal lo graphic struc tures (CSD) and
the Na tional Can cer In sti tute 3D struc ture da ta base (NCI
DIS). Based on these train ing sets, very ro bust
parameterization was per formed and the num ber of so far
parameterized el e ments was in creased [3, 4]. The ob tained
pa ram e ters were care fully val i dated and re sult ing par tial
atomic charges were in a very good agree ment with quan -
tum me chan i cally cal cu lated par tial atomic charges.

1.  R. G. Parr, W. Yang, Den sity-Func tional The ory of At oms
and Mol e cules, Ox ford Uni ver sity Press, (1989).

2.  R. T. San der son, J Am Chem Soc, 105, (1983), 2259.

3.  R. Svobodová Vaøeková, Z. Jiroušková, J. Vanìk, Š.
Suchomel, J. Koèa, Int. J. Mol. Sci., 8, (2007), 572.

4.  Z. Jiroušková, R. Svobodová Vaøeková, J. Vanìk, J. Koèa,
J Comput Chem, elec tron i cally pub lished ahead of print.


