
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.

1. G. K. Schuurman-Wolters, B. Poolman, J. Biol. Chem.,
280, (2005), 23785.

2. F. Fulyani, G. K. Schuurman-Wolters, A. V. Zagar, A.
Guskov, D. J. Slotboom, B. Poolman, Struc ture, 21,
(2013), 1879.

3. F. Fulyani, G. K. Schuurman-Wolters, D. J. Slotboom, B.
Poolman, J. Bacteriol., 198, (2015), 477.

4. D. Yernool, O. Boudker, Y. Jin, E. Gouaux, Na ture, 431,
(2004), 811.

5. O. Boudker, R. M. Ryan, D. Yernool, K. Shimamoto, E.
Gouaux, Na ture, 445, (2007), 387.

6. S. Jensen, A. Guskov, S. Rempel, I. Hänelt, D. J.
Slotboom, Nat. Struct. Mol. Biol., 20, (2013), 1224.

This work is sup ported by the grants from the Neth er lands
Or gani sa tion for Sci en tific re search (NWO, Top-sub sidy
grant 700.56.302 to BP and VICI grant 865.11.001 to DS)
and by Eu ro pean Re search Coun cil ERC start ing grant
282083 to DS.
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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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CHARACTERIZATION OF IMMUNE MODULATORY PROTEIN COMPLEX CD160-HVEM 
PARTICIPATING IN BIDIRECTIONAL SIGNALLING PATHWAYS

I. Nemèovièová1,3, M. Nemèoviè2, M. Kúdelová1, D. Zajonc3

1Bio med i cal Re search Cen ter and 2 In sti tute of Chem is try, Slo vak Acad emy of Sci ences, Bratislava
2Di vi sion of Cell Bi ol ogy and Im mune Reg u la tion, La Jolla In sti tute, Cal i for nia, USA

 viruivka@savba.sk

The ma jor ity of bi o log i cal events in volve the ac tion of one
macromolecule on an other, thus trig ger ing a se ries of rec -
og ni tion, sig nal ling and mod i fi ca tion events. The de tails of 
such macromolecular in ter ac tions are crit i cal to our un der -
stand ing of bi o log i cal func tion and be stow greater knowl -
edge than the three-di men sional struc tures of sin gle
macromolecules. Al though sub stan tial prog ress has been
made in macromolecular dock ing, it still re mains dif fi cult
to pre dict the mode of in ter ac tion be tween macromolecules 
even when the struc tures of the in ter act ing part ners are
known. Nat u ral killer (NK) cells ex press mul ti ple ac ti vat -
ing re cep tors that, upon en gage ment, re sult in the rapid re -
lease of cytolytic and an ti vi ral effectors re quired for host

de fence, no ta bly against her pes vi ruses (b-herpesvirus
cytomegalovirus, CMV). The host is pro tected from the
pow er ful in flam ma tory me di a tors pro duced by NK cells
through the ac tion of in hib i tory re cep tors. It was shown
that the UL144 mimic of herpesvirus en try me di a tor
(HVEM) from the CMV binds ex clu sively to B and T lym -
pho cyte attenuator (BTLA) but not to CD160, re sult ing in
in hi bi tion of NK cells. HVEM and the two Ig-superfamily
mem ber re cep tors that bind HVEM, CD160 and BTLA, are 
all ex pressed on NK cells. Here, we show the mo lec u lar
char ac ter iza tion and pre lim i nary crys tal lo graphic anal y sis
of CD160 and HVEM and there fore CD160-HVEM com -
plex for ma tion. CD160 is a 27 kDa glycoprotein which was 
ini tially iden ti fied with the monoclonal an ti body BY55. Its
ex pres sion is tightly as so ci ated with pe riph eral blood NK
cells. The cDNA se quence of CD160 pre dicts a cysteine-
 rich, glycosylphosphatidylinositol-(GPI)-an chored pro tein 
of 181 amino ac ids with a sin gle Ig-like do main weakly ho -
mol o gous to KIR2DL4 mol e cule. It was found that HVEM
pref er en tially en gages CD160 trimer to costimulate ac ti va -
tion, while a vi ral ortholog of HVEM spe cif i cally binds to
BTLA to sup press this sig nal ling. CD160 an ti gen is a pro -
tein that in hu mans is en coded by the CD160 gene. We
have found that CD160 is ex pressed at the cell sur face as a
tightly disulphide-linked multimer. The homology model

of atomic struc ture of CD160 an ti gen do main [Fig.1]
shows cysteine-rich re gion that was found to be re spon si -
ble for CD160 tight-timer for ma tion even un der re duced
con di tions. The crys tal li za tion of multimeric CD160-
 HVEM com plex was ac cessed by ad vanced macro -
molecular crys tal li za tion meth ods while non-re duc ing con -
di tions. CD160 trimer forms sta ble com plex with HVEM,
while monomeric form re fused to binds its cog nate ligand.
Taken to gether, reg u la tion of CD160 bidirectional bind ing
may rep re sent a com mon mech a nism of im mune reg u la tion 
tar geted by mul ti ple patho gens, which by ex ten sion is a po -
ten tial tar get for ther a peu tic ma nip u la tion.

IN is Ma rie Cu rie Fel low fi nanced by Programme SAS -
PRO, co-funded by Eu ro pean Un ion and the Slo vak Acad -
emy of Sci ences. The au thors grate fully ac knowl edge the
con tri bu tion of the Slo vak Re search and De vel op ment
Agency un der the pro ject APVV-14-0839 and the con tri bu -
tion of the Sci en tific Grant Agency of the Slo vak Re pub lic
un der the grant 2/0103/15.
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Fig ure 1. Homology model of CD160 struc ture with cysteine-rich
intermolecular net work.
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EXPRESSION, PURIFICATION AND BIOPHYSICAL CHARACTERIZATION OF
TRANSFER PROTEINS FROM THE GRAM-POSITIVE CONJUGATIVE PLASMID

pIP501 

Arumbakam Sridhar A.1, Fercher C.1, Grumet L.1, Grohmann E.2, Keller W.1 
1In sti tute for Mo lec u lar Bio sci ences, Karl-Franzens-Uni ver sity Graz, Humboldtstr. 50/III, Graz, 8010, Aus tria;

2De part ment of Life Sci ences and Tech nol ogy, Beuth Uni ver sity of Ap plied Sci ences Berlin, Seestr. 64, 
13347 Berlin, Ger many 

Conjugative plasmid trans mis sion leads to an ac cel er ated
prop a ga tion of bac te ria with mul ti ple an ti bi otic resis -
tances. In or der to un der stand gram-pos i tive con ju ga tion
on a mo lec u lar level, we are work ing on the func tional
char ac ter iza tion of in di vid ual trans fer pro teins de rived
from the conjugative plasmid pIP501. The re spec tive trans -
fer re gion is ar ranged in a sin gle operon en cod ing fif teen
pu ta tive trans fer pro teins which re sem ble a sim pli fied type
IV se cre tion sys tem (T4SS) [1, 2]. So far, we could de ter -
mine the high res o lu tion struc tures of TraK, TraN as well
as the C-ter mi nal do main of TraM which ex hib its a
VirB8-like fold [3, 4]. Low res o lu tion SAXS data were col -
lected for sol u ble trun ca tions of TraH and TraG, for the lat -
ter peptidoglycan de grad ing ac tiv ity has been de mons-
trated thereby fa cil i tat ing in ser tion of the T4SS ma chin ery
in the bac te rial cell en ve lope [5].  

Within this work, dif fer ent bio phys i cal and bio chem i -
cal meth ods have been em ployed to func tion ally char ac ter -
ize the N–ter mi nal do main of the bitopic pro tein TraM

(TraMDN) and the sol u ble trun ca tions of TraF. The pro -
teins have been suc cess fully ex pressed, pu ri fied and bio -
physi cally char ac ter ized. The so lu tion struc ture of the
N-ter mi nal do main was de ter mined through SAXS; fur ther 
NMR ex per i ments are be ing con ducted. Pre lim i nary data

has shown that TraMDN binds to DNA, sug gest ing a di rect

in volve ment in the conjugative trans fer of the T-DNA
strand. Cur rently, NMR ex per i ments are car ried out and
DNA band-shift ex per i ments are per formed to elu ci date

the func tional as pects of TraMDN. Crys tal li za tion tri als are 

car ried out in par al lel for TraMDN and TraF to de ter mine
their struc ture.  

1. Goessweiner-Mohr N, et al (2014) Con ju ga tion in
gram-pos i tive bac te ria. microbiolspec 2(4): 0004-2013.

2. Goessweiner-Mohr, N, et al. (2013) Conjugative type IV
se cre tion sys tems in Gram-pos i tive bac te ria. Plasmid
70.(3): 289-302.

3. Goessweiner-Mohr, N, et al. (2013) The 2.5 Å struc ture of
the Enterococcus con ju ga tion pro tein TraM re sem bles
VirB8 type IV se cre tion pro teins.Jour nal of Bi o log i cal
Chem is try 288.(3) : 2018-2028.

4. Goessweiner-Mohr, N, et al. (2012) Crys tal li za tion and
first data col lec tion of the pu ta tive trans fer pro tein TraN
from the Gram-pos i tive conjugative plasmid pIP501. Acta
Crystallographica Sec tion F: Struc tural Bi ol ogy and Crys -
tal li za tion Com mu ni ca tions 68.(11) : 1402-1405. 

5. Arends, K, et al.(2013) TraG en coded by the pIP501 type
IV se cre tion sys tem is a two-do main peptidoglycan-de -
grad ing en zyme es sen tial for conjugative trans fer. Jour nal
of bac te ri ol ogy 195.(19): 4436-4444.
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DEVELOPMENT AND APPLICATION OF METHODOLOGY FOR SUCCESSFUL
CRYSTALLISATION OF MEDICALLY RELEVANT PROTEINS

Sean Kassen, Lata Govada, Na omi E Chayen

Com pu ta tional and Sys tems Med i cine, De part ment of Sur gery and Can cer, Fac ulty of Med i cine, Im pe rial
Col lege Lon don, Sir Al ex an der Flem ing Build ing, Lon don SW7 2AZ, United King dom

s.kassen@im pe rial.ac.uk

The pro duc tion of high qual ity pro tein crys tals for X-ray
crys tal log ra phy is a ma jor ob sta cle to 3-D struc ture de ter -
mi na tion [1, 2], thus new meth ods to over come this are
con tin u ously be ing de signed. One such method is the “oil
bar rier” tech nique which en ables the slow ing down of the
crystallisation pro cess when poor crys tals are formed due
to crystallisation pro gress ing too rap idly [3].  This method
has been suc cess ful in im prov ing crys tal qual ity but has a
few prob lems:

This tech nique in volves man u ally plac ing a layer of oil
(100-500 microlitre of oil) over the res er voir of vapour dif -

fu sion tri als thereby con sum ing microlitre quan ti ties of
pro tein and reagents 

i. The method does not work when us ing above 15% of 
           poly eth yl ene glycols (PEGs) and precipitants such as 
        2-methyl 2 4-pentanediol (MPD) 

ii. The method is not ame na ble to high through put tri als 
An im proved oil bar rier method that over comes the

lim i ta tions of the above method is pre sented. The prin ci ple
of the oil bar rier re mains the same, but the key dif fer ence is
dis pens ing the oil in quan ti ties of be tween 100-250
nanolitres di rectly on top of the drop in vapour dif fu sion
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tri als. This cre ates a local ised sys tem of con trolled evap o -
ra tion be tween each drop and the pre cip i tant res er voir.
This im proved method is eas ily customisable al low ing for
the use of nanolitre vol umes of sam ples and making high
throughput trials possible.

When tested on two med i cally re lated pro teins – an an -
ti body-pep tide com plex and al pha-crustacyanin; a no tice -
able dif fer ence in crys tal num ber, size and qual ity was
ob served. Re sults show that this “oil-on-drop” method
pro duces fewer crys tals and these crys tals grow to a larger
size. Crys tals of the an ti body-pep tide com plex achieved
dif frac tion of 3.6 C com pared to dif frac tion of 7 C in
previous stud ies. In ad di tion, suc cess ful crystallisation of

al pha-crustacyanin, which crystallises with 30% PEG-
 5000 as the main pre cip i tant has pro duced fewer and larger
crys tals with the im proved method that was not rep li cated
with the tra di tional oil bar rier method. Work with other
pro teins and precipitants is on-go ing.

1. A. McPherson, & B. Cudney, Acta Cryst F, F70, (2014),
1445-1467.

2. J. A. Gavira, Ar chives of Bio chem is try and Bio phys ics
(2016), doi: 10.1016/j.abb.2015.12.010.

3. N. E. Chayen, Jour nal of Ap plied Crys tal log ra phy, 30,
(1997), 198-202.
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 STRUCTURAL STUDIES OF RNA-BINDING PROPERTIES OF ARCHAEAL Lsm
PROTEINS FROM METHANOCOCCUS VANNIELII AND SULFOLOBUS

ACIDOCALDARIUS

Natalia Lekontceva, Alisa Mikhailina, Vitaly Balobanov, Maria Nemchinova, 
Svetlana Tishchenko, Alexey Nikulin

In sti tute of Pro tein Re search RAS, Pushchino, Rus sia

Archaeal Sm-like pro teins be long to the large LSm fam ily,
which is char ac ter ized by the abil ity to adopt Sm fold. It is

com prised of a 5-stranded ß-sheet and an N-ter mi nal a-he -
lix. De spite the fact that they are struc tur ally con served,
func tions of the pro tein from archaea, bac te ria and eukarya
are dis sim i lar.

Eukaryotes con tain at least 18 dif fer ent Lsm pro teins
in volved in mRNA splic ing, telomere main te nance and
mRNA deg ra da tion. In bac te ria there is a sin gle bac te rial
Lsm pro tein called Hfq. It acts as an RNA chaperone fa cil i -
tat ing in ter ac tion be tween reg u la tory RNA and mRNA.
Archaeal genomes en code one or two Sm-like pro teins be -
long ing to two subfamilies SmAP1 and SmAP2. Homo -
logy be tween SmAP1 pro tein se quences of var i ous spe cies
is no less than 60%, while it does not ex ceed 30% be tween
the SmAP1 and SmAP2 pro teins of the same or gan ism. It
was shown that SmAP spe cif i cally rec og nizes poly(U) se -

quences and form com plexes with tRNA but up to now the
role of SmAP in the RNA me tab o lism or reg u la tion
translation in archaea studied rather poor.

In or der to study func tions of archaeal Lsm pro teins
SmAP2 from Methanococcus vannielii and SmAP from
Sulfolobus acidocaldarius were cho sen. The pro teins were
iso lated and pu ri fied. Crys tals of pro teins and their com -
plexes with ribonucleotides were ob tained. Us ing the ap -
proach, which was de vel oped in our group, we de ter mined
sin gle-stranded RNA-bind ing sites on the sur face of the
pro teins. In ad di tion, AMP af fin i ties to the pro teins have
been de ter mined by mea sur ing flu o res cence changes dur -
ing ti tra tion of the AMP-MANT solution by appropriate
protein.

This work was sup ported by Rus sian Sci en tific Foun da tion
(pro ject 14-14-00496).
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CRYSTALLIZATION OF DC8E8 ANTIBODY TETRATOPE ON THE MOLECULE OF
INTRINSICALLY DISORDERED PROTEIN tau

Ondrej Cehlár1,2, Rostislav Škrabana1,2, Mária Janubová1, Michal Novák1,2

1Axon Neu ro sci ence SE, Dvorakovo Nabrezie 10, 811 02 Bratislava, Slovakia
2In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences, Dubravska cesta 9, 845 10 Bratislava,

Slovakia

Ac cu mu la tion of in trin si cally dis or dered pro tein tau in the
form of in sol u ble ag gre gates is a com mon fea ture of
neurodegenerative tauopathies. Tau pro tein is en gaged in
the reg u la tion of microtubular dy nam ics in the neu rons,
how ever, un der patho log i cal con di tions tau in ter acts with
it self, es capes dis or dered state and forms toxic oli go mers
and ag gre gated fil a ments. Monoclonal an ti body DC8E8 is
able to in hibit tau-tau in ter ac tion  and there fore it holds
prom ise for the immunotherapy of Alz hei mer’s dis ease.
Min i mal epitope of DC8E8 rep re sents amino acid mo tif
HXPGGG that is pres ent in each of the four microtubule
bind ing re peat re gions (MTBRRs) of tau. Un rav el ling the
unique mode of rec og ni tion of DC8E8 can aid to re veal
hin dered struc tural fea tures of tau pro tein and their im pli -
ca tion for tau pro tein bi ol ogy. 

In the pre sented study we have crys tal lized the Fab
frag ment of DC8E8 an ti body with the pep tides cov er ing its 
epitopes from all four MTBRRs of tau, where the an ti body
Fab frag ment serves as a crys tal li za tion chap eron for the

dis or dered tau pep tide. Us ing bio phys i cal mea sure ments,
namely sur face plasmon res o nance and ELISA, we have
found that the an ti body has the high est af fin ity against the
sec ond MTBRR. The af fin ity for par tic u lar re peat re gions
de scends as follows: MTBR2 > MTBR1 > MTBR3 >
MTBR4. 

 This re search has been sup ported by Axon Neu ro sci ence
SE APVV grant LPP-0038-09 and by VEGA grant num ber
2/0177/15

1. Kontsekova, E., et al., Iden ti fi ca tion of struc tural de ter mi -
nants on tau pro tein es sen tial for its patho log i cal func tion:
novel ther a peu tic tar get for tau immunotherapy in Alz hei -
mer's dis ease. Alzheimers Re search & Ther apy, 2014. 6(4).

2. Kontsekova, E., et al., First-in-man tau vac cine tar get ing
struc tural de ter mi nants es sen tial for patho log i cal tau-tau in -
ter ac tion re duces tau oligomerisation and neurofibrillary
de gen er a tion in an Alz hei mer's dis ease model. Alzheimers
Re search & Ther apy, 2014. 6(4).
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TOWARDS CRYSTALLIZATION OF THE ONCOGENIC TRANSCRIPTION FACTOR
FROM THE T-BOX FAMILY, TBX2

S. Kimani1,2, D. Ballim1, T. Sewell2,3, E. Sturrock4, S. Prince1

1De part ment of Hu man Bi ol ogy, Uni ver sity of Cape Town, Ob ser va tory 7725, South Af rica
2Struc tural Bi ol ogy Re search Unit, Uni ver sity of Cape Town, Rondebosch 7700, South Af rica

3Elec tron Mi cro scope Unit, Uni ver sity of Cape Town, Rondebosch 7700, South Af rica
4In te gra tive Bio med i cal Sci ences de part ment, Uni ver sity of Cape Town, Ob ser va tory 7925, South Af rica

swkimani@gmail.com

The T-box tran scrip tion fac tor 2, TBX2, is upregulated in a
num ber of ep i the lial can cers where it plays a key role in
tumorigenesis by func tion ing as a po tent growth pro mot ing 
fac tor in the ini tial stages of can cer de vel op ment [1]. Pre vi -
ous work in our lab o ra tory has iden ti fied and val i dated
TBX2 as a novel ther a peu tic tar get for treat ment of ma lig -
nant mel a noma and ad vanced breast can cers, which are
highly ag gres sive can cers with lim ited ther a peu tic op tions
[2]. To take these find ings fur ther, we wish to carry out a
struc tural anal y sis of the TBX2 DNA bind ing do main
(T-box) in com plex with var i ous tar get genes DNA frag -
ments, and use this in for ma tion to computationally de sign
novel in hib i tors of the TBX2 oncogenic ac tiv ity.

The TBX2 T-box do main from both the hu man and
mouse have been cloned in a pET28b ex pres sion vec tor

and the pro teins over-ex pressed as N-ter mi nal
hexahistidine fu sion pro teins. Both pro teins have been pu -
ri fied and crys tal li za tion screen ing for both the DNA-free
and the DNA-complexed T-box pro teins at tempted us ing
var i ous screen ing kits and strat e gies. A num ber of crys tal -
line forms have been ob tained and op ti mi za tion is un der -
way to gen er ate dif frac tion qual ity crys tals. Progress in this 
work will be presented.

1. J. Peres, E. Da vis, S. Mowla, D.C. Bennet, J.A. Li, S.
Wansleben, S. Prince, Genes & Can cer 1(3), (2010), 272. 

2. S. Mowla, R. Pinnock, V.D. Leaner, C.R. Goding, S.
Prince, The Bio chem i cal jour nal 433(1), (2010) 145.

Re search sup ported by the Na tional Re search Foun da tion
of South Af rica.
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CRYSTALLIZATION BEHAVIOUR OF GLYCERALDEHYDE DEHYDROGENASE FROM
THERMOPLASMA ACIDOPHILUM

Iu. Iermak1,2, O. Degtjarik1,3, F. Steffler4, V. Sieber5 and I. Kuta Smatanova1,2
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The glyceraldehyde dehydrogenase from Thermoplasma
acidophilum (TaAlDH) is a mi cro bial en zyme that ca tal y -
ses the ox i da tion of Dglyceraldehyde to D-glycerate in the 
ar ti fi cial en zyme cas cade de signed for the con ver sion of
glu cose to the or ganic sol vents isobutanol and eth a nol [1,
2]. Var i ous mu tants of TaAlDH were con structed by ran -
dom ap proach fol lowed by site-di rected and sat u ra tion mu -
ta gen e sis in or der to im prove en zyme prop er ties es sen tial
for its func tion ing within the cas cade [3]. 

For fur ther im prove ment of TaAlDH, it will be more ef -
fec tive to mod ify the en zyme at tar get po si tions via ra tio nal 
de sign. Since avail able TaAlDH pro tein mod els are poor
(homology < 40%), a TaAlDH crys tal struc ture would al -
low for dis tinct en zyme mod i fi ca tions with pre dict able im -
pact on activity and stability.

Var i ously shaped crys tals grew within one-two weeks
af ter ini tial screen ing in 30 di verse con di tions for TaAlDH
wild type and 24 dif fer ent con di tions for TaAlDH
F34M+S405N mu tant. In or der to ob tain the best qual ity
crys tals op ti mi za tion was car ried out con sid er ing fol low -
ing pa ram e ters: (a) al ready known dif frac tion qual ity of
crys tals; (b) size and shape of crys tals (big sin gle crys tals
with sharp edges pre ferred); (c) vi su ally dif fer ent crys tal
forms (to check as many as pos si ble dif fer ent vari ants of
pro tein mol e cules pack ing in side the crys tal). Op ti mi za -
tion, in clud ing vari a tion of pH, pro tein and pre cip i tant con -
cen tra tions and ra tios, re sulted in dif fract ing crys tals only
from one con di tion for TaAlDHwt and two con di tions for
TaAlDH F34M+S405N. Crys tals from other con di tions

were poorly re pro duc ible and dif fracted only to 8-10 C
res o lu tion even af ter microseeding pro ce dure. 

Crys tals of TaAlDHwt be long to monoclinic P1211
space group with 8 mol e cules per asym met ric unit and dif -
fracted to the res o lu tion of 1.95 C  TaAlDH F34M+S405N
crys tal lizes in two dif fer ent space groups: triclinic P1 with
16 mol e cules per asym met ric unit and monoclinic C121
with 4 mol e cules per asym met ric unit. These crys tals dif -
fracted to the res o lu tions of 2.14 and 2.10 C for P1 and
C121, re spec tively [4].
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HIV-1 Vpr STEERS THE REPAIR ENZYME URACIL DNA GLYCOSYLASE TOWARDS
DESTRUCTION: THE X-RAY STRUCTURE OF THE DDB1-DCAF1-Vpr-UNG2

COMPLEX

Guillermo Calero, Ying Wu, Xiaohong Zhu, Chris to pher Barnes, Aina Co hen, 
Angela Groneborn, Jingo Ahn

Uni ver sity of Pitts burgh, 3501 Fifth Ave, Pitts burgh, 15260 PA, USA

The HIV-1 ac ces sory pro tein Vpr is re quired for ef fi cient
vi ral in fec tion of macrophages and pro mo tion of vi ral rep -
li ca tion in T-cells. The bi o log i cal ac tiv i ties of Vpr are
closely tied to the in ter ac tion with DCAF1, a cel lu lar sub -
strate re cep tor of the Cullin4-RING E3 ubiquitin ligase
(CRL4) of the host ubiquitin proteasome-me di ated pro tein
deg ra da tion path way. At pres ent, the mo lec u lar de tails of
how Vpr usurps the pro tein deg ra da tion path way have not
been de lin eated. Here, we pres ent the crys tal struc ture of
the DDB1-DCAF1-HIV-1-Vpr-Ura cil-DNA glycosylase

(UNG2) com plex. The struc ture re veals how Vpr en gages
with DCAF1 and cre ates the spe cial bind ing in ter face for
UNG2 re cruit ment, dis tinct from how the re lated Vpx pro -
teins re cruit SAMHD1 for deg ra da tion. Vpr and Vpx uti -
lize sim i lar N-ter mi nal and he li cal re gions to bind the
sub strate re cep tor, while dis tinctly dif fer ent re gions tar get
the spe cific cel lu lar sub strates. Fur ther more, Vpr em ploys
mo lec u lar mim icry of DNA by a vari able loop for spe cific
re cruit ment of the UNG2 sub strate.
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INTEGRATED STRUCTURAL BIOLOGY STUDY OF THE FrpD PROTEIN FROM
NEISSERIA MENINGITIDIS

E. Sviridova1,2, L. Bumba3, P. Rezacova4,5, V. Veverka4, G. Schenk6, P. Sebo3,7 and  
I. Kuta Smatanova1,2
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FrpD is a highly con served li po pro tein of Neisseria
meningitidis an chored to the bac te rial outer mem brane.
The frpD gene se quence con tains two trans la tion ini ti a tion
sites, which give rise to pro duc tion of the full-length FrpD
pro tein (FrpD271) that har bours N-ter mi nal sig nal pep tide
pro mot ing FrpD ex port across the cy to plas mic mem brane
by Sec translocase, and the trun cated FrpD pro tein
(FrpD250) that lacks the sig nal pep tide and re main ing in cy -
to plasm of the bac te ria. The ex ported FrpD271 pre cur sor is
pro cessed to its ma ture form on the periplasmic side of the
cy to plas mic mem brane, se quen tially mod i fied by a lipid
mol e cule at Cys25 res i due, and sorted to the outer bac te rial
mem brane [1]. The bi o log i cal func tion of FrpD is un -
known. It ap pears to be linked to the FrpC pro tein, since
FrpD was found to bind the N-ter mi nal part of FrpC with
very high af fin ity (Kd = 0.2 nM) [1]. How ever, mech a nism

of FrpD-FrpC in ter ac tion is un known due to the ab sence of
struc tural in for ma tion on these pro teins. 

We pres ent here the first crys tal and so lu tion struc tures
of the FrpD pro tein and the NMR spec tros copy iden ti fi ca -
tion of the FrpD-FrpC in ter ac tion in ter face. Ac cord ing to
the de tailed struc ture anal y sis, the atomic struc tures of
FrpD re veal a novel pro tein fold. Our work con sti tutes the
first step in clar i fy ing the mo lec u lar ba sis of FrpD-FrpC in -
ter ac tion and sets the base for fur ther in ves ti ga tion of the
role of FrpD in the vir u lence mech a nism of N. meningitidis
and for the func tional and bio chem i cal char ac ter iza tion of
the high af fin ity in ter ac tion between the FrpD protein and
the FrpC protein.

1. K. Prochazkova, R. Osicka, I. Linhartova, P. Halada, M.
Sulc, and P. Sebo, J. Biol. Chem., 280, (2005), 3251-3258.
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ANTIBODY-ASSISTED CRYSTALLIZATION OF A CELL SURFACE RECEPTOR

Galina Obmolova, Alexey Teplyakov, Jeffrey Luo, Gary L. Gilliland

Janssen Re search & De vel op ment, LLC. 1400 McKean Rd, Spring House, PA 19477, USA

The pre sented crys tal li za tion case com bines sev eral prac ti -
cal ap proaches that should al ways be con sid ered in dif fi -
cult sit u a tions. Many cell sur face re cep tors are
multidomain mol e cules that are conformationally flex i ble
but can be sta bi lized through in ter ac tions with the nat u ral
lig ands or an ti bod ies. We em ployed the lat ter ap proach to
crys tal liz ing the extracellular por tion of a cell sur face re -
cep tor al pha chain. Mul ti ple ex pres sion con structs of the
3-do main mol e cule were tried. Based on the ex pres sion
lev els, the vari ant com pris ing do mains 2 and 3 was cho sen.
Crys tal li za tion of this mol e cule in com plex with the Fab

frag ment of the re cep tor-spe cific an ti body was suc cess ful
but yielded crys tals that con tained only the Fab. To avoid
for ma tion of Fab crys tals, the smaller Fv frag ment (scFv)
was used. The re cep tor-scFv com plex was formed but
failed to yield any crys tal hits. There fore the com plex was
sub jected to subtilisin treat ment. Crys tal li za tion us ing
microseed ma trix screen ing re sulted in the crys tals of the
com plex. The struc ture was de ter mined and an a lyzed to
explain how the cleavage of the VL-VH linker in scFv
promoted crystallization of the scFv complex.
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STRUCTURE-FUNCTIONAL CHARACTERIZATION OF THE MEMBER OF a/b -
HYDROLASES SUPERFAMILY - DpcA FROM PSYCHROBACTER CRYOHALOLENTIS

K5
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The mag ni fi ca tion of the anthropogenic in flu ences of dif -
fer ent pol lut ants on the bio sphere, for in stance halogenated 
al kanes, ne ces si tate the search ing of new meth ods and re -
sources for their de con tam i na tion and deg ra da tion. Halo -
alkane dehalogenase (EC 3.8.1.5; HLDs) DpcA iso lated
from psychrophilic Psychrobacter cryohalolentis K5 is
aimed on the solv ing of the is sue men tioned above by
catalysing the hydrolytic con ver sion of halogenated
aliphatic com pounds ac com plished by cleav age of car -
bon-halo gen bond with the sub se quent re leas ing of the cor -
re spond ing al co hol, ha lide ion and a pro ton.

DpcA has high enantioselectivity and the nar row est
sub strate spec i fic ity of all bio chem i cally char ac ter ized
HLDs with the high est ac tiv ity of the en zyme to ward
1-bromobutane and 1,3-dibromopropane at 25 °C what
high lights it among the other HLDs.

The crys tals of DpcA dif fracted to the res o lu tion 1.05C
beamline 14.2, de tec tor Rayonics MX-225 CCD (BESSY
II elec tron-stor age ring, HZB, Ger many), be longed to P21

space group and with one mol e cule in the asym met ric unit.
The struc ture was solved by mo lec u lar re place ment with
the help of the co or di nates of Xanthobacter autotrophicus
(PDB code: 1B6G; 40% se quence iden ti ties).

The pro tein has a glob u lar shape and is com posed of
two do mains. The core do main con tains eight par al lel
ß-strands that form cen tral beta-sheet, within one is
antiparallel (ß2). The cen tral ß-sheet is flanked by four

a-he li ces on the one side and two are on the other side of
the sheet. The highly con served main do main is the scaf -
fold- like for the cat a lytic res i dues, and a smaller he li cal
cap do main, cov er ing the ac tive site, which has re vealed
the cat a lytic pentad es sen tial for for the SN2 re ac tion
mech a nism: nucleophile D123, cat a lytic base H280, cat a -
lytic acid D250, ha lide-sta bi liz ing W124 and W164. 

For the struc ture anal y sis the crys tals were soaked with
the lig ands: 1-bromohexane, 1-bromobutane, 1,2-dibro -
moethane and 2-bromopropane. The com par i son of struc -
ture of DpcA and DpcA with 1,2-dibromoethane is car ried
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out for the un der stand ing the psychrophilic prop er ties of
the enzyme. 

We thank Manfred Weiss and San dra Pühringer for their
as sis tance with data col lec tion at the MX 14.2 BESSY
beamline in Berlin. This work is sup ported by the Grant
Agency of the Czech Re pub lic (P207/12/0775). 
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PARALOGOUS CHEMORECEPTORS WITH DIFFERENT LIGAND SPECIFICITY
MEDIATE CHEMOTAXIS TO AMINO ACIDS IN PSEUDOMONAS AERUGINOSA

J. A. Gavira1, M. Rico-Jiménez2, M. Conejero-Muriel1, E. Pineda1, T. Krell2
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Bac te ria adapt to the vari able en vi ron men tal con di tions
through var i ous sig nal transduction mech a nisms achieved
through the ac tion of one-com po nent sys tems, two-com po -
nent sys tems and chemosensory path ways (1). The stim u -
la tion of the lat ter path way is achieved by sig nal bind ing to
the ligand bind ing do main (LBD) of the chemoreceptors,
which in turn gen er ates a mo lec u lar stim u lus that mod u -
lates CheA autophosphorylation and con se quently
transphosphorylation of the CheY re sponse reg u la tor. 
Chemosensory path ways me di ate ei ther flagellum-based
chemotaxis, type IV pili based mo til ity or are in volved in
the reg u la tion of al ter na tive cel lu lar pro cesses.

Chemotaxis of the hu man patho gen Pseu do mo nas
aeruginosa to amino ac ids has been pre vi ously stud ied and
is me di ated pri mar ily by three paralogous chemoreceptors,
termed PctA, PctB (2) and PctC (3). While PctA re sponds
to 18 dif fer ent proteinogenic L-amino ac ids, PctB binds
pref er en tially to L-glutamine, which is one of the two
amino ac ids that is not rec og nized by PctA. PctC binds with 
high pref er ence to gamma-aminobutyrate (GABA), which

is a com pound om ni pres ent in na ture and that ex erts mul ti -
ple bi o log i cal func tions such as hu man neu ro trans mit ter,
plant hormone or growth substrate for bacteria.

We re port here high res o lu tion struc tures of the LBDs
of these three paralogous re cep tor in com plex with sev eral
of their lig ands. These 3 do mains adopt a dou ble CACHE
fold and ligand rec og ni tion oc curs in the mem brane dis tal
CACHE moi ety. These struc tures are dif fer ent to the 4-he -
lix bun dle type of LBD of the E. coli chemoreceptors,
which are the tra di tional mod els in the study of chemo -
receptors. The ligand spec i fic ity of LBD homo logues in
other spe cies can not be in ferred by over all LBD se quence
com par i son. How ever, the mo lec u lar de tail of ligand rec -
og ni tion, as re vealed in our study, will pro vide the ba sis for 
the de vel op ment of spe cific bioinformatic al go rithms to
iden tify homo logues with sim i lar ligand pro files. All crys -
tals were ob tained us ing the cap il lary coun ter-dif fu sion
tech nique. The use of cap il lar ies al lowed us to ob tain the
PctA-Met com plex from the PctA-Ile crys tal by dif fus ing
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an ex cess of methionine within a capillary containing the
crystals of the complex.
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SMALL ANGLE SOLUTION SCATTERING STUDY OF THE COMPLEX FORMATION
BETWEEN XANTHINE OXIDOREDUCTASE AND NOVEL PURINE ANALOG
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The de vel op ment of novel ther a peu tic drugs tar get ing the
ac tive site of a pro tein re quires de tailed knowl edge of the
mo lec u lar struc ture. Us ing small an gle X-ray (SAXS) or
neu tron scat ter ing it is pos si ble to re con struct the struc ture
of the tar geted pro tein at low res o lu tion be fore and af ter
complexation with the drug. Here SAXS was em ployed to
study the struc tural changes of the xanthine oxidoreductase 
(XOR) un der complexation with novel pu rine an a log as ef -
fec tive in hib i tor of the XOR en zyme ac tiv ity (Ki =0.55
microM). XOR is a key en zyme of pu rine ca tab o lism,
which is in volved in the pathogenesis of hyperuricemia,
gout and ox i da tive stress-re lated car dio vas cu lar dis eases
[1, 2]. Cur rently, there are two XOR in hib i tors avail able at
the mar ket – pu rine based allopurinol and nonpurine
febuxostat. Since these both drugs pos sess sig nif i cant side
ef fects [3], the search for new XOR in hib i tors con tin ues. 

The ini tial re sults re vealed that the stud ied pu rine an a -
log in flu enced the struc ture of XOR thus bind ing af fin ity

was rather high. This ef fect can be ex plained by con sid er -
ing the ge om e try of the ac tive site of XOR and the over all
shape of the small pu rine an a log. Fur ther ex per i ments are
planned to clar ify mech a nism of XOR in hi bi tion by this
pu rine an a log. Based on these struc ture-ac tiv ity re la tion -
ships, improved analogs will be designed.

1. D. Grassi, L. Ferri, G. Desideri, P. Di Giosia, P. Cheli, R.
Del Pinto, G. Properzi, C.Ferri, Curr. Pharm. Des., 19,
(2013), 2432.

2. B. Gondouin , N. Jourde-Chiche, M. Sallee, L. Dou, C.
Cerini, A. Loundou, S. Morange, Y. Berland, S. Burtey, P.
Bru net, R. Guieu, B. Dusso,  Nephron., 131, (2015), 167.

3. L. I. Faruque, A. Ehteshami-Afshar, N. Wiebe, L.
Tjosvold, J. Homik, M. Tonelli, Semin. Ar thri tis. Rheum.,

43, (2013), 367.
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STRUCTURE OF THE C345c DOMAIN OF MURINE COMPLEMENT COMPONENT C4

Trine A. F. Gadeberg, So fia Mortensen, Gregers R. Andersen

De part ment of Mo lec u lar Bi ol ogy, Aarhus Uni ver sity, Aarhus, Den mark
trineg@mbg.au.dk

Com ple ment is a cen tral part of the in nate im mune sys tem.
It acts as a dan ger-sens ing sys tem and its ac ti va tion ini ti -
ates a proteolytic cas cade, re sult ing in a strong in flam ma -
tory re sponse [1]. There are three dif fer ent com ple ment
ac ti vat ing path ways; the clas si cal path way, the lectin path -
way and the al ter na tive path way. The path ways con verge
in the for ma tion of the proteolytic C3 and C5 convertases.
In the clas si cal and lectin path way, the convertases con tain
C4b as the sub strate re cog nis ing sub unit, and C2a as the

proteolytic sub unit. In the clas si cal path way, C3b and Bb
are found as these re spec tive sub units. 

In the lectin and clas si cal path way, ac ti va tion is trig -
gered when rec og ni tion mol e cules de tects dan ger sig nals
in the form of car bo hy drates or an ti bod ies. MASP-2 and
C1s are serine pro teas es found in com plex with the rec og -
ni tion mol e cules. Upon ac ti va tion they bind and cleave C4
into C4b and C4a [2, 3]. The bind ing oc curs through the
C-ter mi nal C345c do main of C4 in ter act ing with an exosite 
be tween two CCP domains of the protease (Fig. 1) [4]. 

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 23,  no. 2  (2016)       133



Over-ac ti va tion of com ple ment is the cause of sev eral
dis eases [5, 6], and in hib i tors of com ple ment ac ti va tion are
in ter est ing to find. It has been found that the C4 C345c do -
main can act as an in hib i tor of the clas si cal and lectin path -
ways. Fu ture ex per i ments based on this find ing would be
con ducted in a mouse based an i mal model. There fore, the
struc tural sim i lar ity of the murine C4 C345c do main to its
hu man coun ter part is of in ter est. Here, I pres ent the crys tal
struc ture of the murine C4 C345c do main at 2.1C  res o lu -
tion (Fig. 2). The struc ture re veals a pos i tively charged
patch on the C4 C345c do main where it in ter acts with the
CCP exosite of MASP-2. 

1. D. Ricklin, G. Hajishengallis, K. Yang, and J. D. Lambris,
“Com ple ment: a key sys tem for im mune sur veil lance and
ho meo sta sis.,” Nat. Immunol., vol. 11, no. 9, pp. 785–97,
Sep. 2010.

2. A. J. Perry, L. C. Wijeyewickrema, P. G. Wilmann, M. J.
Gunzburg, L. D’Andrea, J. a Irving, S. S. Pang, R. C.
Duncan, J. a Wilce, J. C. Whisstock, and R. N. Pike, “A
mo lec u lar switch gov erns the in ter ac tion be tween the hu -
man com ple ment pro te ase C1s and its sub strate, com ple -
ment C4.,” J. Biol. Chem., vol. 288, no. 22, pp. 15821–9,
May 2013.

3. T. R. Kjaer, S. Thiel, and G. R. Andersen, “To ward a struc -
ture-based com pre hen sion of the lectin path way of com ple -
ment.,” Mol. Immunol., vol. 56, no. 4, pp. 413–22, Dec.
2013.

4. R. T. Kidmose, N. S. Laursen, J. Dobo, T. R. Kjaer, S.
Sirotkina, L. Yatime, L. Sottrup-Jensen, S. Thiel, P. Gal,
and G. R. Andersen, “Struc tural ba sis for ac ti va tion of the
com ple ment sys tem by com po nent C4 cleav age,” Proc.
Natl. Acad. Sci., vol. 109, no. 38, pp. 15425–15430, Sep.
2012.

5. G. Bajic, S. E. Degn, S. Thiel, and G. R. Andersen, “Com -
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com ple ment-re lated dis eases,” EMBO J., vol. 34, no. 22,
pp. 1–23, 2015.

6. A. P. Sjöberg, L. A. Trouw, and A. M. Blom, “Com ple -
ment ac ti va tion and in hi bi tion: a del i cate bal ance.,” Trends
Immunol., vol. 30, no. 2, pp. 83–90, Feb. 2009.
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STRUCTURES OF THE FeSI and FeSII (SHETHNA) PROTEINS OF AZOTOBACTER
VINELANDII   

B. V. Kabasakal, C. A. R. Cot ton, L. Lieber, J. W. Murray

De part ment of Life Sci ences, Im pe rial Col lege Lon don, Ex hi bi tion Road, Lon don, SW7 2AZ, Eng land
burak.kabasakal11@im pe rial.ac.uk

Ni tro gen fix ing Azotobacter vinelandii has two [2Fe-2S]
pro teins, FeSI and FeSII, Shethna pro tein I and II. In this
study, we pres ent the 2.11 C, and 2.34 C res o lu tion X-ray
crys tal struc tures of FeSI and FeSII, re spec tively. FeSII has 
been shown as a pro tec tive en zyme for nitrogenase against
ox y gen-me di ated in ac ti va tion. How ever, there is no
known re la tion of A. vinelandii FeSI with nitrogenase,
even though it is ho mol o gous to the [2Fe-2S] ferredoxin

from Clostridium pasteurianum, which has been shown to
in ter act with the nitrogenase MoFe pro tein. FeSI re veals a
homodimer with [2Fe-2S] clus ter co or di nated by the side
chains of sur round ing con served cysteine res i dues. It is
highly sim i lar to the struc ture of [2Fe-2S] pro tein from
Aquifex aeolicus, in clud ing the po si tions of [2Fe-2S] clus -
ters and con served cysteine res i dues. On the other hand,
dimeric FeSII re veals five mono mers per asym met ric unit.
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Fig ure 1. The crys tal struc ture of the C4-MASP2 com plex. C4 is
blue ex pect for C4a (red) and the C345c do main (brown). The
MASP2 CCP do mains (ma genta) in ter act with the C4 C345c do -
main [4].

Fig ure 2. The crys tal struc ture of the murine C4 C345c do main
in the same ori en ta tion as in fig ure 1. The sche mat ics are col ored
from blue (N ter mi nus) to red (C ter mi nus). 



All four cop ies are in an “open” con for ma tion which may
al low the [2Fe-2S] clus ter to in ter act with nitrogenase,
whereas one copy is in a “close” con for ma tion which has a
less ac ces si ble [2Fe-2S] clus ter. The conformational
changes may be re lated to ox i da tion and re duc tion states of
the [2Fe-2S] clus ter. These struc tures will pro vide cru cial

in for ma tion for un der stand ing the nitrogenase ox y gen pro -
tec tion mech a nism, and elu ci dat ing of the re la tions of
iron-sul phur pro teins in both struc tural and evo lu tion ary
as pects.
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ISOLATION AND CRYSTALLIZATION OF PLANT PSII

Jaroslava Kohoutová1, Magda Vojtová1, Estela Pineda Molina2, Zbynìk Zdrahal3, Ondøej
Šedo3, Da vid Potìšil3, Jose A. Gavira4,Tatyana Prudnikova1 and Ivana Kutá Smatanová 1

1Uni ver sity of South Bo he mia in Èeské Budìjovice, Fac ulty of Sci ence, Branišovská 31, 
37005 Èeské Budìjovice

2Acad emy of Sci ences of the Czech Re pub lic Cen ter for Nanobiology and Struc tural Bi ol ogy, In sti tute of Mi -
cro bi ol ogy , Zámek 136, 373 33 Nové Hrady

3Core Fa cil ity – Proteomics, CEITEC, Masaryk Uni ver sity, Kamenice 5,625 00 Brno
4Laboratorio de Estudios Cristalográficos, Edf. López Neyra, P.T. Ciencias de la Salud, Avenida del

Conocimiento s/n, 18100 Armilla (Granada) Spain

Photosystem II (PSII) is the heart of photosynthetic pro -
cess. This multisubunit com plex is em bed ded in the
thylakoid mem brane of plants, al gae and cyanobacteria.
The func tion of the photosystem II in dif fer ent or gan isms is 
iden ti cal while the com po si tion of sub units is dif fer ent [1].
Re cently the 3D X-ray struc tures of cyanobacterial PSII
were de ter mined to the max i mum res o lu tion of 1.9 C [2].
Com pared to plant PSII cyanobacterial PSII con sists of dif -
fer ent ex trin sic pro teins and also the light-har vest ing com -
plex is not bound in thylakoid mem brane to PSII core as it
is in plant PSII. 

No crys tal struc ture of PSII from higher plants is avail -
able un til now and to get struc tural data of PSII, crys tal li za -
tion of the PSII from higher plants em ploy ing sev eral
crys tal li za tion tech niques and test ing the role of dif fer ent
ad di tives were re ported. Af ter test ing of sev eral crys tal li za -
tion con di tions and tech niques, the 3D crys tals of PSII

were ob tained from PSII com plexes iso lated from Pisum
sativum at the res o lu tion of about 10.0 C [3], from
Nicotiana tabaccum at 7.0 C [4] and from Spinacia
oleracea at 6.5 C  [5].We re port here new op ti mized pro to -
col for iso la tion of plant PSII with re pro duc ible crys tal li za -
tion con di tions and us ing of new crys tal li za tion tech niques
and test ing meth ods. Ob tained green crys tals were an a -
lyzed by LC/MS and con tent of se lected pro teins from PSII 
was con firmed. 

1. Bar ber, J., Q. Rev. Biophys. 2003, 36, 71–89.

2. Umena et al., Jour nal name:Na ture 2011, Vol -
ume:473,Pages:55–60.

3. Kuta-Smatanova et al., Photosynth.Res. 2006, 90, 255-259.

4. Pi ano et al., Photosynth. Res. 2010, 106, , 221-226.

5. Adir, N., Acta Cryst. 1999, D55, 891–894.
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1UCIBIO@REQUIMTE – Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade
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Al de hyde oxidase (AOX) is a xanthine oxidase (XO) re -
lated en zyme with emerg ing im por tance in the me tab o lism
of drugs and xenobiotics [1]. The hAOX holoenzyme is a
homodimer (2x150 kDa) and each mono mer is con sti tuted
by three do mains: the N-ter mi nal do main with two dis tinct
[2Fe-2S] clus ters (FeSI and FeSII), the cen tral FAD bind -
ing do main and the C-ter mi nal cat a lytic Moco do main.  We 
re port the first crys tal struc ture of hu man AOX in the sub -

strate-free form (2.6C res o lu tion) and in com plex with the
sub strate phthalazine and the in hib i tor thioridazine (2.7C
res o lu tion) (Fig 1-A) [2]. 

Crys tals of hAOX were ob tained through the
vapour-dif fu sion tech nique us ing poly eth yl ene gly col
4000 as pre cip i tant. The crys tals are very sen si tive to ma -
nip u la tion and grew to their max i mum size within 24 h (Fig 
1-B). Ex ten sive tri als and mod i fied pro to cols were per -

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 23,  no. 2  (2016)       135



formed in or der to pro mote better crys tal li za tion con di -
tions, im prove crys tal qual ity and al low co-crys tal li za tion
and soak ing ex per i ments with bound substrate and/or
inhibitors. 

Crys tals with bound mol e cules were only ob tained
when us ing large amount of the sub strate phthalazine as
co-crys tal li za tion agent, fol lowed by soak ing of the ob -
tained crys tals with a thioridazine hy dro chlo ride har vest -
ing so lu tion. Anal y sis of the pro tein ac tive site com bined
with steady-state ki net ics high light the unique fea tures that
char ac ter ize hAOX as an im por tant drug-me tab o liz ing en -
zyme, which in clude bind ing and sub strate orientation at
the active site [2]. 

The struc ture of the com plex with the non-com pet i tive
in hib i tor thioridazine re vealed a new, un ex pected and fully
oc cu pied in hib i tor-bind ing site, struc tur ally con served

among mam ma lian AOXs and XO (Fig 1-C). The new
struc tural in sights into the cat a lytic and in hi bi tion mech a -
nisms of hu man AOX now re ported will be of great value
for the ra tio nal anal y sis of clin i cal drug in ter ac tions in volv -
ing in hi bi tion of AOX1 as well as for pre dict ing and
designing AOX-stable putative drugs [2].  

1. M.Terao, M.J.Romão, S.Leimkühler, M.Bolis, M.Fratelli,
C.Coelho, T.Santos-Silva and E.Garattini “Struc ture and
func tion of mam ma lian al de hyde oxi das es”, ARCH.
TOXICOL, 90 (2016): 753-780. doi:
10.1007/s00204-016-1683-1.

2. C. Coelho, A .Foti, T. Hartmann, T. Santos-Silva, S.
Leimkühler and M.J. Romão “Struc tural in sights into
xenobiotic and in hib i tor bind ing to hu man al de hyde
oxidase” NATURE CHEM. BIOL., 11(10) (2015): 779-83.
doi: 10.1038/nchembio.1895.
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Fig ure 1. (A) Sur face rep re sen ta tion of the hAOX crys tal struc ture and dif fer ent pro tein co factors and dis tances 
(FAD, FeSII, FeSI and Moco). The phthalazine (Pht) and thioridazine (Thi) mol e cules from dif fer ent mono -
mers (light green and blue) are rep re sented in space-fill ing mode; (B) Crys tals of hAOX with ap prox i mate di -
men sions of  0.1x0.15x0.15 ob tained us ing poly eth yl ene gly col 4000; (C) Close-up of the thioridazine
mol e cule (pink) bind ing site pocket with the struc tures of hAOX-free (green) and hAOX-Pht-Thi (blue) su per -
im posed.
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In bac te ria the op ti mal con cen tra tion level of metal ions is
con trolled by transcriptional metalloregulators. The CueR
(Cu efflux Reg u la tor) pro tein reg u lates the intracellular
amount of CuI-ion in sev eral strains of bac te ria. This mem -
ber of the MerR pro tein fam ily also op er ates by an ac ti va -
tion mech a nism based on a conformational change of the
DNA-bound pro tein upon metal ion co or di na tion. This
also af fects the struc ture of the DNA and there fore, RNA
poly mer ase can ini ti ate the tran scrip tion of the reg u lated
genes lead ing to the for ma tion of pro teins the role of which
is the re moval of metal ion from the cell. The CueR pro tein
gives a transcriptional re sponse only for sin gly charged
tran si tion metal ions (CuI, AgI and AuI).

The pur pose of our work is to solve the struc ture of the
CueR pro tein in com plex with an un fla voured di va lent
metal ion, the strong binder HgII. In that case we could
com pare the struc tural dif fer ences with the al ready avail -
able pro tein struc tures con tain ing monovalent metal ions.
Thus would help the un der stand ing of the struc tural de tails
of bac te rial metal ion reg u la tory mech a nisms on mo lec u lar
ba sis. For this pur pose we have op ti mized the con di tions of 
the CueR pro tein ex pres sion and pu ri fi ca tion in E. coli, and 
set up a crys tal li za tion screen with sim i lar con di tions as de -
scribed in the lit er a ture. The re sults of these ex per i ments
are pre sented. 
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STRUCTURE AND FUNCTION STUDIES OF RNA-BINDING PROTEINS WITH FAST
MOTIFS AND A RAP DOMAIN
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Struc tural Bi ol ogy Group, Bi o log i cal and Chem i cal Re search Cen tre, De part ment of Chem is try, Uni ver sity of
War saw, 101 Zwirki and Wigury St, 02-089 Warsaw, Po land
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The FASTK fam ily (Fas-ac ti vated Serine/Threonine
Kinase) con tains six hu man pro teins which lo cal ize to the
mi to chon dria and have been func tion ally linked to cel lu lar
res pi ra tion and with a rare mi to chon drial dis ease. While
hu man FASTK was ini tially an no tated as an atyp i cal Ser/
Thr kinase later stud ies dis pute this an no ta tion [1]. Struc -
tur ally, FASTKD pro teins con tain an N-ter mi nal mi to -
chon drial tar get ing sig nal, a pair of FAST mo tifs and a
C-ter mi nal RAP do main (Fig ure 1).The N-ter mi nal part is
pre dicted to be highly glob u lar but with small dis or dered
re gions. The FAST mo tifs are pu ta tive RNA bind ing do -

mains with a novel a-he li cal re peat fold that has no se -
quence sim i lar ity to any other known he li cal re peat mo tifs.
In ter est ingly, the RAP do main is found in many mem bers
of the re cently iden ti fied class of octotricopeptide re peat
(OPR) pro teins, which are abun dant in plants and green al -
gae and is be lieved to play a role in chloroplast RNA bi ol -
ogy [2]. The OPR pro teins have been shown to bind RNA
with pref er ence for some sub strates [3], but their struc ture
or RNA bind ing spec i fic ity is un known. The RAP do main

is also overrepresented in Plasmodium, and hence struc -
tural in for ma tion of this do main is rel e vant to the field of
ma laria.

The ob tained struc tures and func tions of these pro teins
may have rel e vance to drug de sign ther a peu tic strat e gies,
par tic u larly of can cer and in flam ma tion and will likely re -
veal new folds of RNA bind ing do mains thus con trib ut ing
to the gen eral knowl edge of the rules that gov ern RNA rec -
og ni tion. Our pro ject aims to pro vide for the first time
struc tural and novel bio chem i cal in for ma tion about the
relatively understudied FASTK family.

1. C. Wu, M. H. Ma, K. R. Brown, M. Geisler, E. Tzeng, C.
Y. Jia, I. Jurisica, S.S. Li, Proteomics, 7, (2007), 11.

2. A. H. Auchincloss, W. Zerges, K. Perron, J. Gi -
rard-Bascou, J. D. Rochaix, J Cell Biol., 157, (2002), 6.

3. M. Rahire, F. Laroche, L. Cerutti, J.D. Rochaix, Plant J.
72, (2012), 4.
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To mato multifunctional nuclease (TBN1; UniProt ac ces -
sion no. Q0KFV0), which be longs to the nuclease type I
fam ily, 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
plant tis sue dif fer en ti a tion [1]. Fur ther more, TBN1 ex hib -
its anticancerogenic prop er ties [2]. The en zyme pos sesses
endonuclease and exonuclease-like ac tiv ity on sin gle
stranded and dou ble stranded RNA and DNA and on struc -
tured RNA, with pro duc tion of mono- and oligo -
nucleotides from 3’-end of nu cleic ac ids [3]. Based on the
crys tal struc ture of TBN1, the phospholipase ac tiv ity of the 
en zyme was dis cov ered [4]. TBN1 con sists of 277 amino -
acids with a mo lec u lar mass of 31.6 kDa (about 37 kDa
when glycosylated).

Three crys tal struc tures of TBN1 were solved in our
group: one struc ture of wild type TBN1 and two struc tures
of mu tant N211D [4,5]. The com mon mo tif con served
among all known struc tures is for ma tion of super-he li ces,
where pro tein mol e cules are re lated by 31 screw axis. The
con tacts are pro vided by the ac tive site of one mol e cule and 
a sur face loop (SDR-loop) of a neigh bor ing mol e cule.
How ever, pack ing of super-he li ces to fi nal crys tal dif fers
across dif fer ent crys tal li za tion con di tions. The con served
for ma tion of intermolecular con tacts in crys tals sug gests
the way of as sem bly of mol e cules into oli go mers in so lu -
tion, which were ob served by dy namic light scat ter ing. The 
in ter ac tion of the ac tive site and the sur face loop is best re -
solved in the cur rently re ported struc ture, where the ac tive
cen tre at the zinc clus ter is oc cu pied by phos phate ion. It

cor re lates with be hav ior of TBN1 in phos phate buffer. The
phos phate ion binds dif fer ently than cor re spond ing ions in
known struc tures of AtBFN2 from Arabidopsis thaliana
[6]. 

Prop er ties of mu tants, de signed to mod ify dimerization
and ac tiv ity of TBN1, sug gest that de lib er ate dis rup tion of
the loop-ac tive site con tacts lim its ex pres sion of the ac tive
en zyme. There fore for ma tion of TBN1 oli go mers to gether
with phos phate bind ing are hy poth e sized to have reg u la -
tory roles in apoptotic-like and senescense processes in
plant cells.

1. J. Matousek, P; Kozlova, L. Orctova, A. Schmitz, K.
Pesina, O. Bannach, N. Diermann, G. Steger, D. Riesner,
Biol. Chem., 388, (2007), 1-13.
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Fig ure 1. Do main com po si tion and sec ond ary struc ture pre dic tion of the hu man FASTK fam ily (Pfam: PF08373).
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An ces tral se quence re con struc tion al lows res ur rec tion of
an cient en zymes based on the se quences pre dicted by a
phylo gen etic anal y sis. Start ing from an align ment of mod -
ern se quences, the phylo gen etic tree is in ferred, and sta tis -
ti cal meth ods are used to pre dict the most likely an ces tral
se quences at the in ter nal nodes of the tree. Genes that en -
code the in ferred an ces tral se quences can then be syn the -
sized and ex pressed in cul tured cells; al low ing the
struc ture, func tion and bio phys i cal prop er ties of each res -
ur rected pro tein to be ex per i men tally char ac ter ized [1,2].
The main ob jec tive of this pro ject is to pro vide struc tural
in sights into ca tal y sis of res ur rected an ces tor of two func -
tion ally dis tinct en zymes, hydrolytic haloalkane dehalo -
genase (HLD) LinB from Sphingobium japonicum UT26
[3,4] and lu ci fer ase Rluc from Renilla reniformis [5,6], be -
long ing to oxidoreductases. De sign, con struc tion and ac -
tiv ity test ing of the res ur rected an ces tral en zyme ancHLD-
 RLuc re vealed cor rect fold ing, en hanced ther mo dy namic
sta bil ity up to 20 °C com pared to the pres ent-day en zymes
and the most im por tantly pro mis cu ous hydrolase and
oxidoreductase ac tiv ity. The an ces tral en zyme was suc -
cess fully crys tal lized by the sit ting-drop vapour dif fu sion
method. Two dif fer ent crys tal forms of ancHLD-RLuc
were ob tained at 292 K in Morpheus, JSCG (Mo lec u lar Di -
men sions, UK) and Wiz ard (Rigaku Re agents, USA)
screens. The crys tals size and shape was fur ther op ti mized
by vary ing the buffer pH and PEG con cen tra tion. Dif frac -
tion data for op ti mized crys tals of ancHLD-RLuc grown
from dif fer ent crys tal li za tion con di tions were col lected to
res o lu tions rang ing from 1.5 to 1.9 C. The crys tals be -
longed to the orthorhombic space group P21212 and mono -

clinic space group P1211. Struc ture of the an ces tral en zyme 
was solved by mo lec u lar re place ment us ing the co or di nates 
of RLuc [6]. X-ray struc tural anal y sis re vealed that
ancHLD-RLuc can adopt two dif fer ent con for ma tions:
monomeric con for ma tion, very sim i lar to that of LinB and
RLuc mono mers, and do main-swapped dimer con for ma -
tion which has never been de tected be fore for any HLD
mem ber or RLuc. Both mono mer and dimer con for ma tions 
of ancHLD-RLuc were iden ti fied in so lu tion to gether with
small por tion of tetramer, con firm ing that the do -
main-swapped dimer is not a crys tal li za tion arte fact. The
struc tural data, to gether with ki netic and mo lec u lar mod el -
ling data, will pro vide in sight into struc tural ba sis of dual
hydrolase and oxidoreductase ac tiv ity of res ur rected an -
ces tor.
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The use of omega-3 poly un sat u rated fatty ac ids (O3PU
FAs) such as docosahexaenoic acid (DHA) and ei cosa -
pentaenoic acid (EPA), has in creased in re cent years be -
cause of its ben e fits for hu man health. For the pro duc tion
of these O3PUFAs, ma rine bac te ria such as moritella ma -
rina or colwellia psychrerythraea (DHA pro duc ers) or
Shewanella baltica (EPA pro ducer) pos sess large en zyme
com plexes called PUFA synthases (Pfa), which re sem ble
bac te rial an ti bi otic pro duc tion pro teins known as poly -
ketide synthases (PKS).  

For grow ing PUFA car bon chain, some es sen tial en -
zyme mod ules are needed to pro duce the first decar -
boxylation and suc ces sive con den sa tions rounds. These
mod ules con sist of heterodimers of keto synthases (KS)
and acyltransferase (AT) that, in co or di na tion with acyl
car rier pro teins (ACPs), in cor po rate acyl groups to the
grow ing chain, per form ing the so-called claisen con den sa -
tions. In cases where long-chain PUFAs are syn the sized,
the chain elon ga tion is guided by a spe cial heterodimeric
Ketosynthase-Chain length fac tor (KS-CLF) do main. In
con trast to homodimeric KS-KS do mains found in reg u lar

fatty acid synthases, the ac tive site cysteine is ab sent from
the C-ter mi nal sub unit of this KS-CLF heterodimer. A hy -
dro pho bic tun nel that holds the grow ing chain is a crit i cal
de ter mi nant of the fi nal polyketide chain length. Be sides
de ter min ing the fi nal length of PUFAs, KS-CLF
heterodimer can decarboxylate malonyl units, thus “seed -
ing” the acyl chain in the first cyclization of the polyketide
and plac ing the new mol e cule within the KS-CLF tun nel.
We have re cently ob tained crys tals of a 100 kDa Keto -
synthase-Chain length fac tor heterodimer from a PUFA
synthase. These crys tals were dif fracted at ALBA syn chro -
tron in Bar ce lona (Spain) and the pro tein struc ture was
solved by mo lec u lar re place ment at 1.9C res o lu tion. This
first solved struc ture of a Pfa KS-CLF heterodimer re sulted 
to be very in for ma tive to un der stand the role of this do main 
in O3PUFA syn the sis. More over, bio chem i cal stud ies in
com bi na tion with mod el ing of the other Pfa mod ules al -
lowed us to pro pose a model of the over all Pfa ar chi tec ture. 
These struc tural stud ies could be used for the mod i fi ca tion
and op ti mi za tion of O3PUFA syn the sis in dif fer ent mi cro -
or gan isms. 
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Phosphatidylinositol 4-kinase IIa (PI4K IIa) is one of the
four mam ma lian lipid kin ases that catalyse the con ver sion
of phosphatidylinositol to phosphatidylinositol 4 phos -
phate, a ma jor pre cur sor of higher phosphoinositides and a
key lipid mol e cule in a receptor-me di ated sig nal ling path -
way [1]. Since PI4K IIa is a con sti tu tively mem brane
bound pro tein, its en zy matic ac tiv ity is mod u lated in di -
rectly via chang ing the lipid com po si tion and af fect ing the
en zyme dif fu sion in a phospholipid bilayer [2]. The func -

tional role of PI4K IIa in a cell phys i ol ogy is still not fully

un der stood. Here, we pres ent the crys tal struc ture of

hu man PI4K IIa in com plex with ATP [3]. The struc ture
re vealed a bi-lobal char ac ter (N- and C-lobes) of the cat a -
lytic do main with the ATP binding pocket po si tioned in be -
tween. Fur ther more, a unique lat eral hy dro pho bic pocket
with a sec ond ATP bound was found in the C-lobe of the
cat a lytic do main. Mo lec u lar dy namic sim u la tions and mu -
ta gen e sis anal y sis re vealed the mem brane bind ing mode
and a pu ta tive func tion of a lat eral hy dro pho bic pocket. 
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Al to gether, these re sults pro vided the in sight into a func -

tional state of PI4IIa when bound to the mem brane.
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2. B. Barylko, Y. S. Mao, P. Wlodarski, G. Jung, D. D. Binns, 
H.Q. Sun, H.L. Yin, J.P. Albanesi, J Biol Chem., 284,
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Bac te rial cells dis play a va ri ety of poly sac cha rides and
glycoconjugates in their cell walls and ex ter nal struc tures.
Gram-neg a tive bac te ria uti lize hep tos es as part of their rep -
er toire of extracellular polysaccharide vir u lence de ter mi -
nants. The poly sac cha rides of par tic u lar rel e vance for
in fec tion are the lipopolysaccharides (LPS) and cap su lar
poly sac cha rides (CPS). The Gram-neg a tive bac te rium B.
pseudomallei re quires CPS for full vir u lence [1]. This
patho gen is the caus ative agent of melioidosis, the most
com mon cause of com mu nity-ac quired sep ti ce mia in many 
re gions of South-East Asia [2, 3]. Mor tal ity from sep ti ce -
mia ranges from 14 % to 50 %, de pend ing on treat ment,
and up to 90 % if un treated [4]. The or gan ism is also con -
sid ered to be a sig nif i cant threat for bioterrorism [5] and is
cur rently classed by the US Cen ters for Dis ease Con trol
and Pre ven tion as a tier-1 agent [6]. New treat ments are be -
ing ur gently sought by the USA and UK de fense agen cies.
Dis rup tion of heptose biosynthesis of fers an at trac tive tar -
get for novel antimicrobials. A crit i cal step in the syn the sis
of hep tos es is their 1-O phosphorylation, me di ated by kin -
ases such as HldE or WcbL. 

Here, we pres ent the struc ture of WcbL from
Burkholderia pseudomallei. We re port that WcbL op er ates 
through a se quen tial or dered Bi-Bi mech a nism, load ing the 
heptose first and then ATP. We show that dimeric WcbL
binds ATP anti-co op er a tively in the ab sence of heptose,

and co op er a tively in its pres ence. Mod el ing of WcbL sug -
gests that heptose bind ing causes an el e gant switch in the
hy dro gen-bond ing net work, fa cil i tat ing the bind ing of a
sec ond ATP mol e cule. 
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Fig ure 1. Sche matic rep re sen ta tion GDP-linked path way for the cap su lar polysaccharide biosynthesis, high light ing the kinase ac tiv ity

of WcbL. S7P, sedoheptulose-7-phos phate, M7P, D-manno-ab,-D-heptose-7-phos phate; phosphorylation of D-ab-D-heptose-7-phos -

phate to D-a-D-heptose-1,7PP (M7PP) us ing ATP.

Fig ure 2. Monomeric crys tal struc ture of WcbL at 1.76 Å. The
back bone is shown in car toon rep re sen ta tion, rain bow col ored
from red (N ter mi nus) to blue (C ter mi nus). Mo lec u lar sur face
of WcbL col oured by charge den sity (red: neg a tive; blue: pos i -
tive) with bound AMPPNP and D-mannose. 



Fi nally, we screened a li brary of drug-like frag ments,
iden ti fy ing hits that po tently in hibit WcbL. Based on the
struc tural and ki netic data, we have pro posed a mech a nism
for the ac tion of WcbL, and show that small drug-like frag -
ments are com pe tent in bind ing to the ac tive site and in hib -
it ing WcbL in com pe ti tion with ATP. Given that WcbL
knock outs pres ent a very strong phe no type, these data
strongly sug gest that WcbL would be an ex cel lent tar get
for ad junct ther a pies to pre vent the for ma tion of pro tec tive
sur face poly sac cha rides in Gram-negative bacteria.
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Med. Microbiol. 2002;51:539–547.

2. Stone R. Rac ing to de fuse a bac te rial time bomb. Sci ence.
2007;317:1021–1023.

3. Wiersinga W.J., Cur rie B.J., Pea cock S.J. Melioidosis. N.
Engl. J. Med. 2012;367:1035–1044.

4. Limmathurotsakul D., Pea cock S.J. Melioidosis: a clin i cal
over view. Br. Med. Bull. 2011;99:125–139.

5. Rotz L.D., Khan A.S., Lillibridge S.R., Ostroff S.M.,
Hughes J.M. Pub lic health as sess ment of po ten tial bi o log i -
cal ter ror agents. Emerg. In fect. Dis. 2002;8:225–230.

6. But ler D. Vi ral re search faces clamp down. Na ture.
2012;490:456.

P2-26

CRYSTALLIZATION OF THE MET EXTRACELLULAR DOMAIN WITH
CRYSTALLIZATION CHAPERONES

T. Meyer, H. H. Niemann

Struc tural Bio chem is try, De part ment of Chem is try, Bielefeld Uni ver sity, Universitätsstraße 25, 33615
Bielefeld, Ger many

timo.meyer@uni-bielefeld.de

The hu man re cep tor ty ro sine kinase MET is ac ti vated upon 
bind ing of the hepatocyte growth fac tor (HGF), its en dog e -
nous ligand. MET-ac ti va tion plays an es sen tial role in de -
vel op ment and wound heal ing and in duces di verse
re sponses in sev eral cell types, such as pro lif er a tion, mo til -
ity, morphogenesis and angiogenesis. The struc ture of the
com plete dimerized MET ectodomain to gether with HGF
is still un known. The MET ectodomain con sists of the six
subdomains SEMA, PSI, and the Ig-like do mains Ig1, Ig2,
Ig3 and Ig4. While a rigid-body model could be cal cu lated
from SAS data [1], the crys tal li za tion of MET con structs
con tain ing Ig2, Ig3 and Ig4 still re mains chal leng ing, most
likely due to high interdomain flex i bil ity. 

A prom is ing ap proach to over come this is sue and solve
the struc ture of MET is the use of in ter ac tion part ners as
crys tal li za tion chaperones. This tech nique was ini tially
suc cess fully ap plied for the MET SEMA-do main to gether

with the HGF b-chain [2]. More over, the patho genic bac te -
rium Lis te ria monocytogenes also binds to MET via its sur -
face pro tein InternalinB (InlB), es sen tially hi jack ing the
MET sig nal ling path way and in duc ing the up take of Lis te -
ria into oth er wise nonphagocytic cells. Re com bi nant InlB
could be uti lized to sta bi lize the SEMA-, PSI- and Ig1-do -
main for crys tal lo graphic anal y ses [3, 4]. 

In our most re cent stud ies, we fo cused on this ap proach
and were able to ob tain a more de fined struc ture of the Ig2
do main. In ad di tion, we iden ti fied a wider set of MET bind -

ing pro teins for fur ther crys tal li za tion tri als to fi nally solve
the struc ture of the whole MET extracellular do main.
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E. Gherardi, P. Timmins, D. W. Heinz, D. I. Svergun, J.
Mol. Biol., 377, (2008), 489–500. 
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Wiesmann, The EMBO Jour nal, 23, (2004), 2325–2335. 

3. H. H. Niemann, V. Jäger, P. J. G. But ler, J. van den
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Cell, 130, (2007), 235–246. 
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Fig ure 1. MET741 (green) to gether with InlB321 (or ange).
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Aminoacyl-tRNA syn the tas es (aaRSs) cat a lyze the first re -
ac tion in the biosynthesis of pro teins. The E. coli arginyl-
 tRNA synthetase (ArgRS) has been crys tal lized in com plex 
form with tRNAArg (B. stearothermophilus), at pH 5.6 us -
ing am mo nium sul fate as a pre cip i tat ing agent. 

For crys tal li za tion of the ArgRS:tRNAArg com plex,
pro tein and tRNA were mixed at a 1:1.3 mo lar ra tio and
crys tal lized in hang ing drops. Res er voirs con tained 0.1 M
Na ci trate and 1.95 M (NH4)2SO4 at pH 5.6. Di-pyr a mid
shaped crys tals mea sur ing 0.2 × 0.2 × 0.6 mm3 were grown
over 2–3 days. All crys tals were flash-frozen in liq uid ni -
tro gen for X-ray dif frac tion data col lec tion at 100° K.  For
the ArgRS:tRNAArg com plex, data were re corded at an
Quan tum 315r charge-cou pled de vice de tec tor (ADSC,
Poway, CA) at beamline 19-ID of the Advanced Photon
Source. 

The space group of EcoArgRS:tRNA crys tals is P65,
which could not be de ter mined un til solv ing the phase
prob lem. For phas ing data of ArgRS:tRNA crys tals, mo -
lec u lar re place ment was per formed with PHENIX.phaser.
The struc ture of SceArgRS in com plex with tRNA was em -
ployed as the search model. The space group P65 pro vided
a rea son able phase so lu tion. The fi nal model was man u ally
ad justed in COOT and refined with PHENIX.  

The solved struc ture dem on strates sev eral de ter mi nant
in ter ac tions be tween tRNA and the synthetase in the
D-stem of the tRNA. The E coli ArgRS is an al pha-he lix
rich (about 60%) struc ture hav ing an ac tive site built on a
Rossmann beta-sheet scaf fold. The tRNA spreads over the
ac tive site with the 3’ end spanding over Ins-2 and D-loop
over Add-1 and the anticodon arm point ing to ward Add-2.
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Campylobacter jejuni col o nizes in the in tes ti nal tract of
var i ous an i mal spe cies and causes acute gastroenteritis
world wide in hu mans. C. jejuni moves into in tes ti nal mu -
cosa us ing flagella for col o ni za tion on the mucosal
epithelia. The flagellar fil a ment is com posed of flagellin
that is O-linked glycosylated with pseudaminic acid
(PseAc). C. jejuni PseH (cjPseH) is re spon si ble for the
third step of the pseudaminic acid biosynthesis path way
and is in dis pens able for flagellar for ma tion and bac te rial
mo til ity. cjPseH is an N-acetyltransferase that trans fers an
acetyl group from acetyl coenzyme A to the amino group of 

UDP-4-amino-4,6-dideoxy-N-acetyl-b-L-altrosamine to

gen er ate UDP-2,4-diacetamido-2,4,6-trideoxy-b-L-altro -
pyranose. As a first step to pro vide the struc tural mech a -
nism for cjPseH-me di ated ca tal y sis, re com bi nant cjPseH
pro tein was overexpressed by the Esch e richia coli ex pres -
sion sys tem and pu ri fied to ho mo ge ne ity by Ni-NTA af fin -
ity chro ma tog ra phy, cat ion ex change chro ma tog ra phy, and 

gel fil tra tion chro ma tog ra phy. cjPseH was ini tially crys tal -
lized in PEG 300 so lu tions and its crys tal li za tion con di tion
was im proved to ob tain dif frac tion-qual ity crys tals via var -
i ous screen ing and op ti mi za tion strat e gies (Fig ure 1). As a
re sult, X-ray dif frac tion data to 2.0 C res o lu tion were col -
lected from the cjPseH crys tal that be longed to space group 
P21212 with one mol e cule in the asym met ric unit. 

Crys tals pro duced by streak-seed ing and feed ing meth -
ods at 25% PEG MME 550, 0.1 M phos phate-ci trate pH 4.2 
(D) Crys tals pro duced by streak-seed ing and feed ing meth -
ods in the pres ence of 10 mM re duced glutathione and 10
mM ox i dized glutathione at 24% PEG MME 550, 0.1 M
phos phate-ci trate pH 4.4. 
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Ba cil lus ce reus has been a use ful model for study ing Ba cil -
lus anthracis, an ob li gate patho gen, due to their evo lu tion -
ary close ness. Among a large num ber of ho mol o gous
pro teins, the pu ta tive MazG-like pro tein, BC1531, is ab so -
lutely con served with 100% se quence iden tity in B. ce reus,
B. anthracis, and other Ba cil lus spe cies. Re com bi nant
BC1531 pro tein was ex pressed in Esch e richia coli cells
and was pu ri fied by Ni-af fin ity and size-ex clu sion chro ma -
tog ra phy.  Size-ex clu sion chro ma tog ra phy anal y sis in di -
cated that the pu ri fied BC1531 pro tein ex ists as a tetramer
in so lu tion. BC1531 was crys tal lized in so dium ci trate so -
lu tion and was dif fracted to 2.74C res o lu tion. The dif frac -

tion im ages were indexed in ei ther the P31 or P32 space
group with unit cell pa ram e ters, a = 90.84 C, b = 90.84 C, c
= 97.41 C. Fu ture struc ture-based com par a tive func tional
as says on BC1531 would make a sig nif i cant con tri bu tion
to un der stand ing the cel lu lar func tion of MazG in life
threat en ing B. anthracis. Here, we pres ent the ex pres sion,
pu ri fi ca tion, and crys tal li za tion of BC1531 as a first step
to ward re veal ing the struc tural and bio chem i cal fea tures of
Ba cil lus MazG-like pro tein.
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Fig ure 1. Op ti mi za tion of cjPseH crys tal li za tion. (A) Ini tial crys tals ob tained at 34% PEG 300, 0.1 M
phos phate-ci trate pH 4.0. (B) Crys tals pro duced by streak seed ing at 31% PEG MME 550, 0.1 M phos -
phate-ci trate pH 4.6. (C) Crys tals pro duced by streak-seed ing and feed ing meth ods at 25% PEG MME
550, 0.1 M phos phate-ci trate pH 4.2 (D) Crys tals pro duced by streak-seed ing and feed ing meth ods in
the pres ence of 10 mM re duced glutathione and 10 mM ox i dized glutathione at 24% PEG MME 550,
0.1 M phosphate-citrate pH 4.4. 


