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Neu ro trans mit ter:so dium symporters (NSSs) are sec ond -
ary trans port ers, placed on the presynaptic cell of the syn -
apse. They en sure up take of neu ro trans mit ter mol e cules
from the syn ap tic cleft, us ing en ergy re leased from the
down ward move ment of Na+

 

along its elec tro chem i cal gra -
di ent. There fore, NSSs have an im por tant role in con trol -
ling im pulse sig nal ing in neu rons and a num ber of dis eases
are re lated to dysfunctions of neu ro trans mit ter trans port -
ers. In sight into trans porter struc ture and func tion has been
ob tained from struc tures of bac te rial and eukaryotic mem -
bers. 

MhsT is a hy dro pho bic amino acid trans porter [1] and a 
mem ber of the NSS fam ily. The goal of this pro ject is to
study the struc tural ba sis of the bind ing site pro mis cu ity of
MhsT. Crys tal struc tures of MhsT in com plex with L-Phe
(2.25 C) and a ty ro sine orthologue L-4-F-Phe (2.26 C)
have been de ter mined from crys tals grown us ing the
HiLiDe method [2]. Like the pre vi ously de ter mined
MhsT+Trp struc ture [3], the pro tein is in an oc cluded in -
ward-fac ing con for ma tion for the two sub strates. This con -
for ma tion of the pro tein re flects the state just be fore the
open ing of the trans porter to the intracellular side, and
gives in sight into how so dium drives this pro cess [3]. The
bind ing sites, how ever, while sim i lar have some im por tant
dif fer ences that mark the bound sub strate. Based on these

struc tures, bind ing site mu ta tions of MhsT, to re sem ble that 
of the hu man neu tral amino acid trans port ers SLC6A18
and SLC6A19, have been gen er ated. Struc tural and func -
tional in ves ti ga tions of these mu tants will pro vide a better
in sight into the bind ing spec i fic ity of this trans porter. 
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Fig ure 1. On left: The over all struc ture of MhsT in its oc cluded-in ward fac ing state, what is in di cated by TM5 be ing un -
wound in its intracellular part (TM5 is marked as an or ange he lix). On right: Var i ous crys tals of MhsT+Phe ob tained us ing
the HiLiDe method.
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A novel en zyme, DbeA, be long ing to the fam ily of halo -
alkane dehalogenases (EC 3.8.1.5) was iso lated from Bra -
dyr hizobium elkanii USDA94. This haloalkane
dehalogenase is closely re lated to DbjA en zyme from
Bradyr hizobium japonicum USDA110 (71% se quence
iden tity), but has dif fer ent bio chem i cal prop er ties. DbeA is 
gen er ally less ac tive and has a higher spec i fic ity to wards
brominated and io din ated com pounds than DbjA. The
DbeA pro tein was crys tal lised us ing the sit ting-drop
vapour-dif fu sion method and the crys tal struc ture of a
DbeA en zyme has been solved and de pos ited at World wide 
Pro tein Data Bank un der PDB ID 4k2a. The DbeA wt
struc ture re vealed the pres ence of two ha lide-bind ing sites.
The first chlo ride-bind ing site is lo cated in the ac tive site in
be tween two ha lide-sta bi liz ing res i dues. The sec ond chlo -
ride-bind ing site is unique to DbeA and has not been pre vi -

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

two-point vari ant DbeA DCl (I44L+Q102H) lack ing this
site was con structed and bio chem i cally char ac ter ized [1].
Elim i na tion of the sec ond ha lide-bind ing site de creased the 
sta bil ity and cat a lytic ac tiv ity, and dra mat i cally al tered the
sub strate spec i fic ity. The two-point sub sti tu tion re sulted in
a shift of the sub strate-spec i fic ity class, which is the first
time this has been dem on strated for this en zyme fam ily.
Ra tio nal de sign of bur ied ha lide-bind ing sites rep re sents a
novel strat egy for en gi neer ing of en zymes with mod i fied
cat a lytic prop er ties.
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Czech Re pub lic is ac knowl edged.
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Mag ne sium (Mg2+) is the most abun dant di va lent cat ion in
eukaryotic and prokaryotic cells, hav ing nu mer ous im por -
tant phys i o log i cal func tions [1]. How ever, of the four main
bi o log i cal cat ions, the trans port and ho meo sta sis of mag ne -
sium re mains the least un der stood. Mem bers of the ubiq ui -
tous CorA fam ily of Mg2+ chan nels con tain a ca non i cal
Gly-Met-Asn (312GMN314) sig na ture mo tif at the
extracellular mouth of the per me ation path way, which has
been pro posed to form part of the Mg2+ se lec tiv ity fil ter of

these chan nels [2-4]. In this study, we use anom a lous x-ray
dif frac tion to ex am ine the bind ing at the se lec tiv ity fil ter of
two trans ported sub strates of CorA, co balt (Co2+) and
nickel (Ni2+), the non-sub strate sa mar ium (Sm3+) as well as
the known CorA in hib i tor cobalthexammine, which is also
an in ert struc tural an a logue of hexahydrated Mg2+[5]. Our
re sults in di cate that while Co2+ and Ni2+ are able to bind at
the 312GMN314 mo tif co or di nat ing with G312 and N314, Sm3+

is ex cluded from the se lec tiv ity fil ter. Cobalthexammine is
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also able to bind at the mouth of the CorA pore, but at a po -
si tion slightly pe riph eral to the 312GMN314 mo tif, sug gest -
ing that CorA al lows bind ing of a hexahydrated Mg2+, but
only in a po si tion that does not al low fur ther pen e tra tion
into the se lec tiv ity fil ter, ex plain ing the in hib i tory ef fect of
cobalthexammine. More over, we sug gest that our re sults
strongly sup port a knock-on mech a nism for ion
transduction through the CorA pore, where a Mg2+ bound
at G312 and N314 is pushed down the per me ation path way by 
an in com ing Mg2+ bound at N314 (Fig ure 1).
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Photosystem II (PSII) is a key en zyme in pho to syn the sis
that drives the syn the sis of ox y gen by split ting wa ter at the
Mn4OxCa core of the ox y gen-evolv ing clus ter (OEC) in the 
pro tein com plex. Us ing time-re solved femto second X-ray
crys tal log ra phy (TR-SFX) [1] at an X-ray free-elec tron la -
ser, conformational changes have been re ported both in the
OEC and its pro tein en vi ron ment [2]. Since 2014, we have
op ti mized the crys tal li za tion pro ce dures for im prove ment
of the res o lu tion ob tained from nano-crys tal dif frac tion.
Com bin ing in no va tive crys tal li za tion tech niques with
novel tech niques for im ag ing macromolecules from ‘im -
per fect’ crys tals [3] i.e. con tin u ous dif frac tion, we have
been suc cess ful at col lect ing data be yond the high est res o -
lu tion of Bragg peaks. Ad di tion ally, since this method per -
mits it er a tive phas ing with out a need for a struc tural model
or ex per i men tal phase in for ma tion [3], it is pi o neer ing in
the field of macromolecular struc tural stud ies.   

Photo-in duced ox i da tion of wa ter by PSII forms the ba -
sis for the de vel op ment of syn thetic wa ter split ting de vices
[4]. Hence, an im proved un der stand ing of the nat u ral pro -
cess would en hance our ef forts to wards ob tain ing sus tain -
able clean en ergy. Our work pres ents multi-dis ci plin ary
sci en tific col lab o ra tion be cause it en com passes var i ous re -
search fields of nano-crys tal li za tion, liq uid sam ple de liv -

ery de vel op ment, la ser op tics, along with, crystallographic
data processing and evaluation.  
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Fig ure 1. Co2+ and cobalthexammine bind ing at the GMN mo -

tif of CorA. The po si tion of the cobalthexammine is su per im -
posed onto the struc ture ob tained with Co2+. Only four
protomers and the anom a lous den sity for Co2+ (cyan mesh) are 
shown for clar ity. The ar row in di cates the di rec tion of ion
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Con fine ment of pro teins in nanostructured par ti cles pro -
vides a means for sub stan tial con cen tra tion of the
biomacromolecules and for op ti mal con tacts be tween the
neigh bour ing mol e cules to wards pro tein or der ing and
crys tal li za tion. Liq uid crys tal line nanoparticles of self-as -
sem bled lipids and amphiphiles have been known for their
ad van tages as tem plates for nu cle ation and growth of
nanocrystals. To ful fil the need of 3D biomacromolecular
or der ing that pre cedes the pro tein crys tal li za tion, we fol -
lowed the load ing and con fine ment of a charged ther a peu -
tic pro tein brain-de rived neurotrophic fac tor (BDNF) in
PEGylated lipid nanoparticles of liq uid crys tal line in ner or -
ga ni za tion. The lat ter were ob tained by the method of
self-as sem bly and hydration of lipid mix tures [1-4]. The
neurotrophin BDNF plays a key func tional role in the dif -
fer en ti a tion, pro lif er a tion, growth, plas tic ity, and sur vival
of neu rons in the cen tral and pe riph eral ner vous sys tems.
This pro tein ex erts its bi o log i cal ac tiv ity as a dim mer, al -
though its dimeric form has not been crys tal lized yet. 

Here the dy namic nanoscale or ga ni za tion of lipid/ 
neuro trophic pro tein as sem blies was stud ied upon pro gres -
sive load ing of the neurotrophin BDNF in lipid mem brane
par ti cles. Syn thetic lipids and hu man re com bi nant BDNF

of max i mal pu rity were em ployed for sam ple prep a ra tion.
Mil li sec ond time-re solved small-an gle X-ray scat ter ing
(SAXS) ex per i ments were in situ per formed us ing a
rapid-mix ing stopped-flow setup cou pled to syn chro tron
SAXS mea sure ments. The neurotrophin BDNF (which
lacks conformational flex i bil ity) dem on strated ca pac ity to
con sid er ably mod ify the cur va ture of the stud ied flex i ble
lipid mem branes. Time-re solved SAXS mon i tor ing of pro -
tein mol e cules entrappment in lipid nanoparticulate con -
tain ers es tab lished the for ma tion and co ex is tence of dou ble 
di a mond cu bic Pn3m (D), gyroid cu bic Ia3d (G), and
lamellar (L) struc tures within the in ves ti gated nano-ob jects 
(Fig ure 1). The ob tained or dered ar rays of up loaded BDNF 
biomacromolecules were able to rap idly al ter the mem -
brane cur va ture at the ini tial stage of pro tein load ing. Sub -
se quently, the curved pack ing in the mem brane do mains
was ac com pa nied by pro tein ac cu mu la tion in more con cen -
trated ar eas in side the nanoparticles. This was associated
with the formation of cubic and well ordered lamellar
domains containing nanoconfined proteins.

The per formed cryo genic trans mis sion elec tron mi cros -
copy (Cryo-TEM) study re vealed the mor pho log i cal pat -
terns and shapes as so ci ated with the pro tein or der ing. It
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Fig ure 1. Per cent age of pro tein load ing that is as so ci ated with the in duc tion of struc tural trans for -
ma tions of ve sic u lar lipid mem branes into grow ing cu bic and mixed liq uid crys tal line struc tures
with embedded proteins. 



con firmed the trans for ma tion of the in ner liq uid crys tal line
lipid struc tures into or ga nized lipid/pro tein com plexes. Or -
dered pro tein pat terns emerged as a re sult of the in duc tion
of do mains of new or der ing upon pro tein ac com mo da tion
in the lipid supra mo lecu lar as sem blies. The ob tained struc -
tural re sults ev i denced the stages of the pro tein load ing and
or der ing in lipid nanoparticles and sug gested that pro tein
con cen tra tions higher than 4 mg/ml would be re quired for
biomacromolecules assembly into nuclei for 3D protein
crystallization.
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I’m work ing as a lab tech ni cian at the crys tal li za tion unit of 
the Is rael Struc tural Proteomics Cen ter (ISPC
http://www.weizmann.ac.il/ISPC)) at the Weizmann in sti -
tute.  In the line of my work I’m op er at ing and main tain ing
our state-of-the-art crys tal li za tion and vi su al iza tion ro bots
that in crease the ef fi ciency and ac cu racy of the pro tein
crys tal li za tion ex per i ments. In the last seven years at the
ISPC, I have setup thou sands of crys tal li za tion screen ing
ex per i ments on few hun dreds of pro teins. This was fol -
lowed by sev eral of so phis ti cated op ti mi za tion ex per i -
ments, which I de sign in at tempts to yield a sin gle crys tal
suit able for X-ray anal y sis. I have also im ple mented a num -
ber of seed ing strat e gies for crys tal liz ing pro teins. An in -
ter est ing ex am ple was crys tal liz ing the Conk2 and Conk3
pro teins. Cones are small polypeptides with disulfide-rich
conotoxins that can be clas si fied into fam i lies ac cord ing to
their re spec tive ion-chan nel tar gets and pat terns of
cysteine-cysteine di sul fides. Conk2 and Conk3 pro teins
are po tas sium-chan nel pore-block ing toxin. These pro teins 

have a he lix at their C-ter mi nus, which is cru cial for chan -
nel bind ing and they share 53% iden tity. Ini tially I man -
aged to crys tal lize the Conk2 (Fig. 1), and the struc ture was 
solved 1.46 C. How ever, crys tal liz ing the Conk3 pro tein
was very chal leng ing and in fact yielded no crys tals from
ex per i ments us ing dif fer ent crys tal li za tion meth ods at dif -
fer ent tem per a tures. As last re sort I used the Conk2 crys tals 
as seed to pre form mi cro seed ing and ob tained Conk3 crys -
tals (with 53% iden tity to Conk2)  (Fig. 2) for which the
struc ture was solved to 2.4 C.

 An other chal leng ing crys tal li za tion ex per i ment was on 
the syn ap tic en zyme, acetylcholinesterase (AChE), which
is an im por tant tar get for drug de sign. AChE in hib i tors are
em ployed in the treat ment of my as the nia gra vis and other
neuromuscular dis eases; the first gen er a tion of drugs for
the man age ment of Alz hei mer’s dis ease are also AChE in -
hib i tors. Fur ther more, AChE is the prin ci pal tar get of nerve 
agents and of many in sec ti cides. It took me sev eral years to
get sin gle crys tals suit able for X-ray data col lec tion of the
hu man AChE (hAChE) in the pres ence of adenosine

3’,5’-monophosphate (AMP). Ini tially I got crys tals from
the crys tal li za tion screens which did not dif fract (Fig. 3).

Ad di tive screens yielded nice look ing crys tals how ever
still did not dif fract (Fig. 4). Op ti mi za tion on the orig i nal
crystallization con di tions as well as on the ad di tive yielded
many crys tals for which the struc ture was solved to 2.75 C
(Fig.5).
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Fig ure 1. Conk2 crys tals.

Fig ure 2. Conk3 crys tals ob tained by Mi cro
seed ing of Conk2 crys tals

http://www.weizmann.ac.il/ISPC
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Cys tic Fi bro sis (CF), a fa tal ge netic dis ease af fect ing pre -
dom i nantly Eu ro pean de scen dants, has symp toms of poor
growth, poor weight gain, in fer til ity, lung dis ease, in tes ti -
nal ob struc tion and un timely death due to re spi ra tory and /
or liver fail ure. An es ti mated 80,000 peo ple suf fer from CF
world wide. The gene re spon si ble for CF codes for the cys -
tic fi bro sis transmembrane con duc tance reg u la tor (CFTR),
an in te gral mem brane glycoprotein chan nel in the plasma
mem brane of ep i the lial mam ma lian cells. A high-res o lu -
tion crys tal struc ture of the full-length pro tein has re -

mained elu sive, leav ing ques tions re gard ing CFTR’s
mech a nism of ac tion un an swered. Here, we ex plore these
ques tions and we sum ma rize our ef forts at pro duc ing crys -
tals of full-length CFTR us ing in meso and in surfo crys tal -
li za tion meth ods with a CFTR con struct that is ac tive and
locked in an open con for ma tion. We dis cuss small mol e -
cules known to res cue CFTR func tion and how they might
aid high-res o lu tion struc ture de ter mi na tion. From this
work, we have gained in sights re gard ing the di rec tion of
fu ture crys tal li za tion trials.
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STRUCTURAL CHARACTERISATION OF AMINO ACID MEMBRANE TRANSPORTERS

V. Arkhipova, G. K. Schuurman-Wolters, A. Guskov, D. J. Slotboom, B. Poolman 

Groningen Biomolecular Sci ences and Bio tech nol ogy In sti tute, Uni ver sity of Groningen
Nijenborgh 4, 9747 AG Groningen, The Neth er lands

valentina.arkhipova@rug.nl

All liv ing cells are en closed by a se lec tively per me able
mem brane that serves as a bar rier be tween the ex ter nal en -
vi ron ment and the con tents of the cell. This mem brane con -
sists of a lipid bilayer that is not per me able to most of
mol e cules, es pe cially to po lar sub stances. Ions and wa -
ter-sol u ble mol e cules re quire the as sis tance of spe cific pro -
tein car ri ers to trans port them across the mem brane. These
in te gral mem brane pro teins pro vide pas sive or ac tive trans -
port of their sub strates when the mol e cules move down or
against their con cen tra tion gra di ent re spec tively. Ac tive
trans port can be en er gized from ATP hy dro ly sis (by
ATP-bind ing cas sette (ABC) trans port ers) or by uti liz ing

the elec tro chem i cal gra di ent of a sec ond sub strate (co- or
anti-trans ported by so-called sec ond ary ac tive trans port -
ers). 

In this work we study mech a nisms of ac tive up take of
amino ac ids by the bac te rial trans porter GlnPQ and the
archaeal trans porter GltT us ing X-ray crys tal log ra phy.
GlnPQ is an ABC-im porter with sol u ble sub strate-bind ing
do mains that have dif fer ent af fin i ties for asparagine,
glutamine and glu ta mate [1-3]. Archaeal GltT is a sec ond -
ary trans porter that ca tal y ses the up take of aspartate to -
gether with so dium ions [4-6]. Sev eral struc tures of these
trans port ers are al ready known, how ever some de tails of
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Fig ure 3. hAChE with AMP. Fig ure 4. hAChE with AMP and Taurine as 
ad di tive. 

Fig ure 5. hAChE with AMP in the pres ence
of Taurine and op ti mi za tion of the orig i nal
con di tion.



their func tion ing re main elu sive. Crys tal li za tion and struc -
tural char ac ter iza tion of these trans port ers in dif fer ent
states with high res o lu tion is needed to clar ify the ex ist ing
structural models and results of biochemical experiments.
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CLOSED CLEFT OF O-ACETYL SERINE SULFHYDRALASE (OASS) ACTIVE SITE
FROM BRUCELLA ABORTUS IS RESPONSIBLE FOR LOSS CSC FORMATION

Sudhaker Dharavath, Gourinath Samudrala 

Jawaharlal Nehru Uni ver sity, School of Life Sci ences, New Delhi, 110067, In dia

Brucellosis also known as ’un du lant fe ver’, ‘Med i ter ra -
nean fe ver’ or ‘malta fe ver’ is zoonosis, an in fec tious dis -
ease caused by bac te ria called brucella. It can spread from
an i mals to hu mans, when per son co mes into con tact with
an an i mal or an i mal prod ucts of in fected with brucella.
Brucellosis is con sid ered a sig nif i cant health treat in many
parts of the world es pe cially in Med i ter ra nean coun tries of
Eu rope, north and east Af rica, the Mid dle East, South and
Cen tral Asia and Cen tral and South Amer ica. Ac ti va tion of
NADPH oxidase and low ROS pro duc tion needed for the
bac te rium to in duce pre ma ture cell death of neu tro phils
with out in duc ing pro in flam ma tory phenotypic changes.
This event majorly achieved by im por tant antioxidative
prop erty of Cystein, in volved in sur vival and pro tec tion of
patho genic mi crobes from ox i da tive stress and is the pre -
cur sors for biosynthesis of many me tab o lites like gluta -
thione, tripanthione and taurine etc., in volved in
main tain ing cel lu lar ho meo sta sis, as cysteine biosynthesis
path way is cru cial for in hib i tor de sign ing. In bac te ria,
plants and most of the patho genic pro to zo ans, cysteine
biosynthesis is a two-step path way. Serine acetyl trans -
ferase (SAT) cat a lyzes the first step of the path way in
which it trans fers the acetyl group from acetyl Coenzyme A 
to serine to form O-acetyl serine (OAS) and in sec ond step
O-acetyl serine sulfydralase (OASS) cat a lyzes the con den -
sa tion of O-acetyl serine with sul fide to pro duce cysteine.

Cysteine biosynthetic path way is reg u lated by for ma -
tion of a decameric com plex called cysteine synthase com -
plex (CSC), plays an im por tant role in main tain ing
intracellular cysteine level. The SAT C-ter mi nal tail binds
at the ac tive site of OASS to form CSC, which was re ported 

ear lier in E.coli, Sal mo nella, Hemophilus, leishmania, and
Arabidopsis. And there are few struc tural mod els for CSC,
al though no struc tural ev i dence has been given so far.

 Here in Brucella abortus OASS, does not in ter acts
with its cog nate SAT C-ter mi nal tail. We re cently de ter -
mined the crys tal struc ture of na tive BaOASS at 2.2C res o -
lu tion. The de tailed com par i son of BaOASS crys tal
struc ture with OASS com plexes with SAT C-ter mi nal pep -
tides from other or gan isms showed the two res i dues 96Q
and 125Y of BaOASS pres ent in stead of M and G from all
other OASS re spec tively, oc cu py ing the ac tive site pocket
and in ter fer ing the en try of SAT C-ter mi nal tail into the ac -
tive site pocket of OASS. Thus black ing the ac tive site
pocket for en try of SAT C-ter mi nal pep tide. Point mu ta tion 
of these res i dues (Q96 and Y125) was done to gen er ate
three mu ta tions (Q96A, Y125A and Q96A Y125A). The
bind ing af fin ity of SAT C-ter mi nal pep tides were mea -
sured by flu o res cence spec trom e ter for all three mu tants, it
was found that the bind ing af fin ity (Kd) of dou ble mu tant
BaOASS (Q96A Y125A) is much stron ger (1000 fold) and
sin gle mu tants of BaOASS (Q96A), BaOASS (Y125A)
about (10 fold stron ger) up on ti tra tion with SAT C-ter mi -
nal mim ick ing pep tides com pared to Na tive BaOASS.

The Sur face Plasmon Res o nance (SPR) has been done for
both na tive BAOASS and mu tant BaOASS (Q96A Y125A)
with BaSAT pro tein, where dou ble mu tant can bind to
BaSAT with about 7uM bind ing af fin ity while na tive pro -
tein can’t bind to BaSAT. These ob ser va tions clearly con -
forms the rea son for not form ing CSC in BaOASS and we
have val i dated these ob ser va tions by mutational stud ies.
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