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DhaA31 is a five-point mu tant of the haloalkane
dehalogenase DhaAwt, with 32-fold im prove ment of the
over all cat a lytic rate to wards the anthropogenic sub strate
1,2,3-trichloropropane (TCP). The higher ac tiv ity of
DhaA31 was achieved by in tro duc ing bulky res i dues and
thus nar row ing the tun nels that con nect the ac tive site with
the bulk sol vent, what dem on strated the im por tance of the
ac cess path ways for the cat a lytic ef fi ciency [1]. To un der -
stand the per for mance of en zymes at the mo lec u lar level,
mo lec u lar dy nam ics (MD) sim u la tions proved to be very
ben e fi cial be cause of the pos si bil ity to ana lyse de tails of
the cat a lytic cy cle. Pre vi ous com pu ta tional stud ies that
were fo cused on the ligand trans port were per formed with
DhaA31 be fore solv ing its crys tal struc ture, and were also
sig nif i cantly lim ited by the ac ces si ble time-scales [1, 2].
Now, with the avail abil ity of high qual ity crys tal struc tures
[3], GPU en abled com pu ta tion [4], and ge neric ac cel er at -
ing meth ods [5], a more re al is tic study of in di vid ual steps
of the cat a lytic cy cle can be per formed.

In this study, MD sim u la tions of DhaAwt and DhaA31
were car ried out with ei ther the sub strate TCP, or the prod -
ucts 2,3-dichloropropan-1-ol (DCP) and Cl- ion. The pur -
pose was to mon i tor bind ing and re lease steps of the
cat a lytic cy cle, re spec tively. These sim u la tions re vealed
that the sub strate and the prod ucts strongly in flu ence the
tun nel open ing in both en zymes and the main tun nel
(known as p1) seems to be rel e vant for the trans port of
stud ied lig ands in both en zymes. The bind ing and re lease
of lig ands was much slower in DhaA31, what is in agree -
ment with the prod uct re lease be ing the rate-lim it ing step.
The TCP re lease from the ac tive sites of both en zymes was

much slower com pared to DCP, which matches its more
hy dro pho bic na ture. In ter est ingly, sev eral TCP mol e cules
were ob served to bind the ac tive site of DhaAwt si mul ta -
neously, sug gest ing higher sub strate in hi bi tion of this en -
zyme. Sim u la tions of TCP bound to the ac tive site sam pled
more than three times larger amount of re ac tive po si tions
with DhaA31 than with the DhaAwt, which could ex plain
the better per for mance of this vari ant. The Tyr176 and
Phe245 res i dues in tro duced in the DhaA31 no ta bly con -
trib uted to the bind ing of TCP in the re ac tive po si tions. In
con clu sion, our MD sim u la tions pro vided a mech a nis tic
de scrip tion of ligand trans port in DhaAwt and DhaA31.
This knowledge could help with designing the next
generation of TCP-degrading enzymes.
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The po si tion ing of a nucleosome with re spect to DNA is an
im por tant fac tor in flu enc ing the reg u la tion of gene ex pres -
sion. It has been shown that par tic u lar se quences, like
A-tracts (i.e. AnTn or A2n), may fa cil i tate gene ac ti va tion by 
ex clud ing nucleosomes, which can be used to fine tune
gene ex pres sion [1]. The af fin ity of a DNA oligomer for
for ma tion of a nucleosome is given by its se quence de -
pend ent struc tural and me chan i cal prop er ties.

These prop er ties also play an im por tant role in
DNA-me di ated allosteric ef fects. DNA allostery is a phe -
nom e non anal o gous to the ex ten sively stud ied allosteric
cou pling in pro teins. Bind ing of a small ligand or a pro tein
to the DNA can cause changes in the DNA struc ture and
flex i bil ity that af fect the bind ing af fin ity of a sub se quent
ligand. Ex am ples in clude mi nor groove bind ers such as
pyrrole-imidazole poly amides [2] or heterocyclic
diamidines [3], po ten tial gene ex pres sion reg u la tors. How -
ever, allosteric cou pling be tween pro teins bound to the
DNA has also been demonstrated experimentally [4].

A vi a ble ap proach to probe se quence de pend ent struc -
tural and me chan i cal prop er ties of  DNA are com puter sim -
u la tions. We em ployed a coarse-grained model of DNA to
in ves ti gate unique prop er ties of A-tracts and their im pli ca -
tions for the nucleosome for ma tion [5]. The model was fur -
ther ex tended to de scribe DNA-me di ated allostery
in volv ing mi nor groove bind ers [6] and pairs of bound pro -
teins [7]. Pa ram e ters of the model were in ferred from stan -
dard ex plicit sol vent simulations of molecular dynamics.

Our work elu ci dates the seem ingly con tra dic tory ex -
per i men tal stiff ness data of A-tracts and ex poses the dif fer -
ences in prop er ties of sym met ric (AnTn) and asym met ric
(A2n) A-tracts, with pos si ble im pli ca tions for gene ex pres -
sion ma nip u la tion. Our ex tended model pre dicts struc tural
changes of the DNA upon mi nor groove ligand bind ing
that are in quan ti ta tive agree ment with ex per i ment. Fur -
ther more, it pro vides a mech a nis tic ex pla na tion of the ex -
per i men tally ob served allosteric coupling between proteins 
bound to DNA.
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Ca2+-re lease-ac ti vated Ca2+ chan nels, en coded by Orai
chan nels, form an ubiq ui tous cel lu lar Ca2+ en try path way,
and con trol di verse sig nal ling pro cesses in clud ing gene ex -
pres sion, cell pro lif er a tion and T-cell ac ti va tion. The hu -
man ge nome con tains three Orai isoforms; how ever it
re mains un known if their se quence vari a tions are re quired
for spe cific Ca2+ sig nals. Orai1 senses the amount of cho -
les terol in the plasma mem brane and ap par ently the in ter -
ac tion of Orai1 with cho les terol in hib its its ac tiv ity,
thereby lim it ing store-op er ated cal cium en try [1]. High af -
fin ity Ca2+ bind ing to the pore en trance of Orai chan nels
cre ates a lo cal extracellular cal cium ac cu mu lat ing re gion
CAR and pro vides fun da men tal in sight into the unique
mech a nism of Ca2+ per me ation of Orai chan nels [2]. The
com bi na tion of com pu ta tional mod el ing of Orai chan nels
and mo lec u lar dy nam ics sim u la tions pro vided by the team
in Nove Hrady, and func tional patch clamp, site-di rected
mu ta gen e sis and ex per i men tal bio phys i cal ex per i ments
per formed by the Linz Team al lows to pro pose that the
Orai1 chan nel ar chi tec ture with a close prox im ity of CAR

to the se lec tiv ity fil ter, which en ables Ca2+-se lec tive ion
per me ation, en hances the lo cal extracellular Ca2+ con cen -
tra tion to main tain Ca2+-de pend ent gene reg u la tion even in
en vi ron ments with rel a tively low Ca2+con cen tra tions [2].
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The lone-pair-p in ter ac tion is a still rel a tively un ex plored
bond ing be tween a lone-pair (lp) of elec trons of an

electronegative atom and a p-sys tem. In 1995, Egli and
Gessner iden ti fied in the d(CpG) steps of Z-DNA an in ter -
ac tion be tween an ox y gen lp of the cytidine deoxyribose

and the gua nine base, which they clas si fied as n®p*
hyperconjugation and re lated to the sta bil ity of Z-DNA [1]. 
A sim i lar type of in ter ac tion was sug gested to oc cur in

many pro tein crys tal sturctures where wa ter mol e cules
were ob served to con tact a tryptophan or a histidine res i due 
along the nor mal to the ring plane through the endocyclic N 
atom [2]. 

A sub class of lp-p in ter ac tions are an ion-p in ter ac tions, 
where the in ter act ing lp is a part of an an ionic res i due. For
in stance, elec tron-de fi cient arenes such as 1,2,4,5- tetra -
cyanobenzene (TCB) or tetracyanopiperazine (TCP) form
with ha lide ions in so lu tion and in solid phase com plexes

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 23,  no. 1 (2016)       17



Ó Krystalografická spoleènost

18 Dis cus sions XIV, Lec tures - Fri day Ma te ri als Struc ture, vol. 23, no. 1 (2016)

whose charge-trans fer ab sorp tion bands are in dic a tive of a
weakly co va lent in ter ac tion. Since the halides in ter act with

the p-face of the arene in a sim i lar man ner as does wa ter
with tryptophan in pro teins and deoxyribose with
nucleobases in nu cleic ac ids (see fig ure be low), on may ask 
to which ex tent charge trans fer, ev i dently op er at ing in the
ha lide-arene com plexes, con trib utes to the bind ing of the

lp-p in ter ac tions in the biopolymers. Ask ing more gen er -
ally: What are the en ergy com po nents sta bi liz ing

lone-pair-p in ter ac tions and how does their bal ance de pend 

on the mo lec u lar prop er ties of the in ter act ing partners? Do
force-field calculations portray such interactions properly?

The talk will at tempt to pro vide the an swer.
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Phos pha tid yl inositol 4-kinase beta (PI4KB) is one of four
hu man PI4K en zymes that gen er ate phos pha tid yl inositol
4-phos phate (PI4P), a mi nor but es sen tial reg u la tory lipid
found in all eukaryotic cells. To con vert their lipid sub -
strates, PI4Ks must be re cruited to the cor rect mem brane
com part ment. PI4KB is crit i cal for the main te nance of the
Golgi and trans Golgi net work (TGN) PI4P pools, how -
ever, the ac tual tar get ing mech a nism of PI4KB to the Golgi 
and TGN mem branes is un known. Here, we pres ent an

NMR struc ture of the com plex of PI4KB and its in ter act ing 
part ner, Golgi adap tor pro tein acyl-coenzyme A bind ing
do main con tain ing pro tein 3 (ACBD3). We show that
ACBD3 is ca pa ble of re cruit ing PI4KB to mem branes both
in vi tro and in vivo, and that mem brane re cruit ment of
PI4KB by ACBD3 in creases its en zy matic ac tiv ity and that
the ACBD3:PI4KB com plex for ma tion is es sen tial for
proper func tion of the Golgi.

Left: lp-p in ter ac tion sta bi liz ing Z-DNA [1].  Mid dle: lp-p in ter ac tion sug gested to op er ate be tween a con served wa ter mol e cule and

tryptophan W48 in the Engrailed homeodomain and its mu tants [2]. Right: lp-p in ter ac tion ob served in the X-ray struc ture of the
charge-trans fer com plex be tween Br- and TCP [3]. 


