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 NEUTRON CRYSTALLOGRAPHY OF MEMBRANE PROTEINS

Swati Aggarwal1, Claes von Wachenfeldt2 and Esko Oksanen1

1Eu ro pean Spallation Source ERIC, Lund, Swe den
2De part ment of bi ol ogy, Lund Uni ver sity, Swe den

Hy dro gens play a cru cial role for pro tein func tion and in -
volved in al most ev ery mech a nism. They are crit i cal in un -
der stand ing the func tion of var i ous pro ton pumps such as
bacteriorhodopsin (BR) and cytochrome oxidase C. Their
light or re dox driven ac tion and uni di rec tional pro ton
pump ing mech a nism mo ti vates the struc tural study of these 
mem brane pro teins. With the ad vance ment in tech nol ogy,
neu tron crys tal log ra phy is used to lo cate hy dro gen as it is
not vis i ble by X-ray crys tal log ra phy [1]. Since it re quires
larger crys tals, no neu tron struc tures of these mem brane
pro teins have been de ter mined yet. In or der to max i mize
crys tal size, we need large amount of pro tein to feed the
crys tals. Thus, we fo cused on op ti miz ing the largescale
pro duc tion of mem brane pro tein. In the ini tial stage, we
used OmpF as a model sys tem due to its high sta bil ity, yield 
and sol u bil ity in aque ous so lu tions to de ter mine the neu -
tron struc ture at a later stage [2]. A com par a tive study for
the pro duc tion of OmpF was done con sid er ing var i ous pa -
ram e ters such as tem per a ture, me dia, op ti cal den sity at
wave length of 600 nm and in duc ing con di tions by

Isopropyl b-D-1-thiogalactopyranoside (IPTG). The most
chal leng ing part was to avoid the im proper fold ing of pro -
tein and ex trac tion of outer mem branes to the max i mum.
Thus, af ter sys tem atic tri als with dif fer ent con di tions, we
were able to op ti mize the pro to col for large scale pu ri fi ca -
tion of OmpF.  We also re pro duced the pub lished crys tal li -
za tion con di tions for OmpF. The next step will be to grow
crys tals large enough for neu tron stud ies.

1. Blakeley, M.P. 2009. “Neu tron macromolecular crys tal log -
ra phy.” Crytallography Reveiws 15 (3): 157-218.

2. Yamashita, Eiki, Mariya V Zhalnina, Stanislav D
Zakharov, Onkar Sharma, and Wil liam A Cramer. 2008.

“Crys tal struc tures of the OmpF porin: func tion in a colicin 
translocon.” The EMBO Jour nal 27 (15): 2171-2180.

3. Ekaterina M. Nestorovich, Christophe Danelon, Mathias
Winterhalter, and Sergey M. Bezrukov. 2002.” De signed to 
pen e trate: Time-re solved in ter ac tion of sin gle an ti bi otic
mol e cules with bac te rial pores.” Pro ceed ings of the Na -
tional Acad emy of Sci ences of the United States of Amer ica

99 (15): 9789-9794.

This pro ject has re ceived fund ing from the Eu ro pean Un -
ion’s Ho ri zon 2020 re search and in no va tion programme
un der the Ma rie Sklodowska Cu rie grant agree ment No
722687. I also ac knowl edge the sup port of Fed er a tion of
Eu ro pean Bio chem i cal So ci et ies in the form of a Youth
Travel fund which en abled me to at tend this course.
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Fig ure 1. A trimeric OmpF chan nel in the lipid bilayer of the
outer bac te rial mem brane is a path way for pen i cil lin an ti bi ot ics to 
the periplasmic space [3].
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ANA LYS ING STRUC TURE, FUNC TION AND DY NAM ICS OF IN DUS TRI ALLY
IM POR TANT EN ZYMES FROM NECTRIA HAEMATOCOCCA FOR BIOFUEL

PRO DUC TION

Andaleeb, H.1,2, Brognaro, H.1,Perbandt, M.1, C. Betzel, C.1 

Uni ver sity of Ham burg, Barlskamp 47, 225 49 Ham burg, Ger many

The alarm ing lev els of en vi ron men tal pol lu tion, eco nomic
growth, as the in creas ing fuel re quire ments are pa ram e ters
that trig ger sci en tific re search ac tiv i ties in the field of
biofuel pro duc tion. Biofuels are ex pected to re place
approx. 20% of the fos sil fuel used by 2020 [1,2]. In this
con text and due to com pet i tive ness of grains and bio mass
re quired for food-pro duc tion re search ac tiv i ties in the field
of biofuel pro duc tion shifted to wards an a lyz ing the po ten -
tial of lignocellulosic bio mass for bioethanol pro duc tion.
As we know to day, fun gal cellulases such as endo gluca -

nase, cellobiohydrolase, b-glucosidase and lytic poly -
saccha ride monooxygenase play a vi tal role in hy dro ly sis
of com plex lignocellulosic bio mass to sim pler mono mers,
which can be fur ther used to pro duce biofuels. There fore,
such en zymes are to day in fo cus of in ves ti ga tions. [3, 4]

The fun gus Nectria haematococca was re cently iso -
lated by the re search group of Prof. W. Schäfer, UHH Bot -
any and the ini tial secretome anal y sis showed its po ten tial
ap pli ca tion in the deg ra da tion of veg e tal cell walls, when
grown on two dif fer ent agro in dus trial res i dues. 

Con se quently, in terms of the pro posed PhD re search
ac tiv i ties se lected cellulolytic, hemicellulolytic and re dox
en zymes from Nectria haematococca will be ana lysed in
de tail, to score their po ten tial for fu ture in dus trial ap pli ca -
tions. The so far se lected en zymes be long to GH fam i lies
GH5, GH6, GH7, GH10, GH11 and GH12. Fur ther a lytic
polysaccharide monooxygenase (AA9), polysaccharide
lyase (PL3) and car bo hy drate esterase (CE5) are se lected
for the proposed investigations. 

For de tailed struc ture-func tion-anal y sis se lected genes
(C7ZH33 and C7Z9N2) from Nectria haematococca are
cloned into pET 52-b and pGEX-6P-1. En zymes were ex -
pressed by dif fer ent strains of E. Coli. fol low ing stan dard
pro ce dures. Tar get en zymes were al ways ex pressed as in -
clu sion bod ies. Pu ri fi ca tion of ex tracted en zymes is per -
formed by us ing Tris buffer pH 8 with 1%  Dimethyl[3-(
propyl]. azaniumyl}pro pane-1-sulfonate. Pu ri fi ca tion was

done ap ply ing stan dard pro ce dures and frac tions ob tained
from chro ma tog ra phy have been con cen trated by us ing dif -
fer ent cen trif u gal con cen tra tor de vices and en zy matic as -
say has been done by us ing Xylan as sub strate. Un for tu nate 
ac tiv ity as says showed that the tar get en zymes were in ac -
tive. Due to cur rent sol u bil ity prob lems and ob served in ac -
tiv ity we need to change the ex pres sion sys tem, and plan to
use such as yeast or in sect cells to ex press the ac tive form
of tar get en zymes. Pres ently clon ing is being done to
transfer the constructs into pFASt-Bac-Hta for insect cell
expression. 

In near fu ture the in di vid ual en zyme specificities will
be in ves ti gated ap ply ing se lected and dif fer ent sub strates.
To ob tain X-ray suit able crys tals dy namic light scat ter ing
(DLS) and cir cu lar dichroism spec tros copy will be used to
ob tain ho mo ge neous sam ple sus pen sions. The three-di -
men sional struc tures will pro vide es sen tial in for ma tion
about the en zyme’s func tion al ity and spec i fic ity. Struc tural 
data will be used for fur ther func tional op ti mi za tion via site 
di rected mu ta gen e sis aim ing to de sign en zymes suit able
for in dus trial ap pli ca tions to treat lignocellulosic waste
material for the effective production of biofuels. 

1. Sajith S, Priji P, Sreedevi S, et al. An over view of fun gal
cellulases with an in dus trial per spec tive. J Nutr Food
Sci. 2016, 4:461. DOI:10.4172/2155-9600.1000461.

2. Zhou J, Wang YH, Chu J, et al. Iden ti fi ca tion and pu ri fi ca -
tion of the main com po nents of cellulases from a mu tant
strain of Trichoderma viride T 100-14.Bioresour
Technol. 2008,99:6826–6833.

3. Brognaro H, Bezerra T, et al. Myceliophthora thermophila
M77 uti lizes hydrolytic and ox i da tive mech a nisms to de -
cons truct bio mass. AMB Ex press. 2016, 6: 103.

4. Ezeilo U, Zakaria I, et al. En zy matic break down of
lignocellulosic bio mass: the role of glycosyl hy dro las es
and lytic polysaccharide monooxygenases. Biotechnol and
Biotechnol Equip. 2017,31(4),647-662.
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LO CAL IZA TION OF AN EPITOPE REC OG NIZED BY A PROM IS ING PRO TEC TIVE
AN TI BODY ON THE SUR FACE OF GLYCOPROTEIN E OF TICK-BORNE

EN CEPH A LI TIS VI RUS

I. Baykov1, L. Emelyanova1,2, A. Matveev1,2, E. Karelina1,2, N. Moor1,2, N. Tikunova1,2

1In sti tute of Chemical Bi ol ogy and Fun da men tal Med i cine SB RAS, Novosibirsk, Rus sia
2Novosibirsk State Uni ver sity, 630090 Novosibirsk, Rus sia

Tick-borne en ceph a li tis vi rus is a flavivirus that causes
more than 10 000 cases an nu ally. High af fin ity pro tec tive
an ti body ch14D5a against glycoprotein E of tick-borne en -
ceph a li tis vi rus was con structed ear lier in our lab o ra tory
[1]. It is planned to cre ate a ther a peu tic drug on the ba sis of
this an ti body, so it is nec es sary to lo cal ize the epitope rec -
og nized by this an ti body on the sur face of glycoprotein E.
By test ing dif fer ent re com bi nant frag ments of glycoprotein 
E, it was shown that the an ti body binds to the do main D3 of 
the glycoprotein E, pre sum ably within the a and b strands.
A more pre cise de ter mi na tion of the epitope will be per -
formed by x-ray dif frac tion. In or der to do this, a Fab frag -
ment of ch14D5a an ti body, as well as a sin gle-chain
vari able frag ment were gen er ated and ex am ined by size ex -
clu sion chro ma tog ra phy, as well as by dy namic light scat -
ter ing. The af fin ity of the an ti body frag ments to the
re com bi nant do main D3 mea sured by the SPR-based bio -
sen sor was about 40 nM. Com plexes of the do main D3 of
glycoprotein E with Fab frag ment of ch14D5a an ti body, as

well as with sin gle-chain vari able frag ment have been ob -
tained. As a re sult of the ini tial screen ing of the crys tal li za -
tion con di tions, pris matic crys tals ans microcrystals were
ob tained for the Fab+D3 com plex. Fur ther stud ies are nec -
es sary for the prep a ra tion of dif frac tion-qual ity crys tals as
well as the de ter mi na tion of the struc ture of the com plex.
We be lieve that lo cal iza tion of the epitope rec og nized by
the an ti body ch14D5a will al low us to es ti mate vari abil ity
of glycoprotein E in this re gion, so it will be pos si ble to de -
ter mine the suit abil ity of this an ti body for treat ing var i ous
sub types of tick-borne en ceph a li tis vi rus. In ad di tion, in -
for ma tion about rec og nized epitope may shed light on the
mech a nism of pro tec tion ac tiv ity of this antibody.

The re search was sup ported by the Rus sian Sci ence Foun -
da tion (pro ject 17-74-10146) and by the Min is try of Ed u -
ca tion of the Rus sian Fed er a tion (pro ject MK- 
6575.2018.4).

1. I.K. Baykov, A. Matveev, O. Stronin et al. Vac cine, 32
(2014) 3589-3594.
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Fig ure 1. Crys tals ob tained for Fab+D3 com plex as a re sult of ini tial screen ing.
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PRELIMINARY CHAR AC TER IZA TION OF CLIN I CALLY SIG NIF I CANT
CYTOMEGALOVIRUS UL144 GLYCOPROTEIN 

M. Ben ko1, M. Nem èo viè2 and I. Nem èo vi èo vá1

1Bio med i cal Re search Cen ter, In sti tute of Vi rol ogy, Slo vak Acad emy of Sci ences, Bratislava, Slovakia
2In sti tute of Chem is try, De part ment of Glycobiology, Slo vak Acad emy of Sci ences, Bratislava, Slovakia

The prev a lence of hu man cytomegalovirus (HCMV)
ranges from 40 to 100 % world wide. A pri mary HCMV in -
fec tion re sults in a life long la tent or per sis tent in fec tion. In
healthy peo ple, HCMV in fec tion is of ten asymp tom atic,
but in new borns and immunosuppressed in di vid u als, it can
cause life-threat en ing dis ease. HCMV en codes func tions
which limit host de fenses dur ing pro duc tive and la tent
phases of in fec tion. Stud ies of vi ral gene func tions have
iden ti fied a wide range of HCMV gene prod ucts with
immunomodulatory roles that may en hance the ca pac ity of
this vi rus. One group of these vi ral genes shares the com -
mon prop erty of hav ing ac quired the ca pac ity to mimic cel -
lu lar cytokines or their re cep tors. These in clude chemo -
kines and their re cep tors, which rep re sent a cytokine sub set 
that me di ates chemoattraction. One of such pro tein with
immunomodulatory po ten tial in at ten u a tion of con gen i tal
an ti vi ral re sponse is UL144. Here, we pres ent the clon ing,

iso la tion, ex pres sion and pu ri fi ca tion of such re com bi nant
HCMV UL144 glycoprotein in baculovirus Sf9 in sect sys -
tem. By pre lim i nary liquid chro ma tog ra phy-tan dem mass
spec trom e try (LC-MS/MS) we have iden ti fied up to 6 pep -
tides of HCMV UL144 genes that has proved the sam ple
or i gin. By us ing size-ex clu sion chro ma tog ra phy, we have
shown this is in suf fi cient qual ity and it has the cor re spond -
ing mo lec u lar weight of mono mer. Pre pared pro tein is be -
ing fur ther used for bio phys i cal (SPR bind ing, DLS/SLS)

as well as crys tal lo graphic (struc ture-func tional) stud ies.

IN is Ma rie Cu rie Fel low fi nanced by Programme
SASPRO, co-funded by Eu ro pean Un ion and the Slo vak
Acad emy of Sci ences un der the con tract No. 0003/01/02.
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
2/0020/18 and the con tri bu tion of the FEBS YTF grant.
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TWO STRUCTURAL MECHANISMS FOR INHIBITORY REGULATION OF FASCIOLA
HEPATICA CATHEPSIN L1

Michal Buša1, Zuzana Matoušková1, Jiøí Vondrášek1, John Dal ton2, Saša Štefaniè3, 
Mi chael Mareš1

1In sti tute of Or ganic Chem is try and Bio chem is try, Czech Acad emy of Sci ences, 166 10 Prague, 
Czech Re pub lic

2School of Bi o log i cal Sci ences, Queen’s Uni ver sity, BT9 7BL Bel fast, North ern Ire land
3In sti tute of Par a si tol ogy, Uni ver sity of Zu rich, 8057 Zu rich, Swit zer land

Fasciolosis caused by the liver fluke Fasciola he pat ica is a
world wide spread par a sitic dis ease of ru mi nants re spon si -
ble for con sid er able eco nomic losses in the cat tle in dus try
and is now rec og nized as an emerg ing hu man dis ease. Pro -
teas es of par a sitic helmints rep re sent prom is ing ther a peu tic 
tar gets. This work is fo cused on cysteine pro te ase
cathepsin L1 from F. he pat ica (FhCL1). It plays a cru cial
role in nu tri tion, in va sion and mi gra tion of adults of F. he -
pat ica. 

We iden ti fied two novel struc tural mech a nisms for nat -
u ral reg u la tion of proteolytic ac tiv ity of FhCL1 that are

me di ated by en dog e nous in hib i tors of F. he pat ica. First,
we de ter mined the struc ture (at 1.7 C res o lu tion) of ma ture
FhCL1 in com plex with the propeptide, which is gen er ated
from the FhCL1 zy mo gene and func tions as an
autoregulatory in hib i tor. Sec ond, we de ter mined the struc -
ture (dif fract ing at 1.6 C res o lu tion) of the in hib i tor
FhCY2, a mem ber of the stefin fam ily, which con tains a re -
ac tive site for bind ing to the FhCL1 ac tive site.

Ma te ri als Struc ture, vol. 23,  no. 2a (2016) Pro tein crys tal li za tion course - Posters     a47
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VAL I DA TION OF COM PU TA TIONAL PRO TEIN EN GI NEER ING METH ODS BY X-RAY
CRYS TAL LOG RA PHY

N. Capra, H.J. Wijma, H. Arabnejad, L. Yakovlieva, X. Niu, A.M.W.H. Thunnissen and 
D.B. Janssen

De part ment of Bio chem is try, Uni ver sity of Groningen, The Neth er lands
n.capra@rug.nl

Computationally de signed li brar ies hold a much larger
abun dance of im proved en zymes vari ants than (semi)-ran -
dom li brar ies. The Groningen Biocatalysis group is de vel -
op ing strat e gies for im prov ing sta bil ity and
enantioselectivity of en zymes, which com bine com pu ta -
tional en zyme de sign with “in-silico” screen ing by mo lec u -
lar dy nam ics sim u la tions[1]. The strat egy for im prov ing

thermo- [2] and sol vent-sta bil ity [3](termed FRESCO) has
pro duced en zymes vari ants of an epoxide hydrolase and
two dehalogenases with much higher un fold ing tem per a -
ture and high cosolvent re sis tance. The strat egy for en gi -
neer ing enantioselective en zymes (termed CASCO) has
re sulted in enantiocomplementary vari ants of an epoxide
hydrolase for the pro duc tion of highly enantioenriched (S,

S)- and (R, R)-diols[4].
The FRESCO and CASCO meth ods need fur ther im -

prove ment to en hance the ef fec tive ness and re li abil ity of
the com pu ta tional meth ods.  Eval u a tion of the de signed
pro to cols will be car ried out with the use of pro tein crys tal -
log ra phy by solv ing high res o lu tion struc tures of the re-en -
gi neered vari ants of tar get en zymes. The 3D struc tures will
be used to pro vide a struc tural ba sis ex plain ing the ob -
served ef fects of mu ta tions, in par tic u lar for de signs where
the ob served ef fects de vi ate from the pre dicted ef fects. De -
vi a tions be tween the pre dicted and ob served struc tures will 
be ex am ined to al low ad just ments of the com pu ta tional
tools, such that the re li abil ity of the pre dic tions is im -
proved. Solved struc tures will serve as in put for com pu ta -

tional tools to pre dict ac tiv i ties that can be com pared to

ex per i men tal data.

1. Wijma HJ, Floor RJ, Jekel PA, Baker D, Marrink SJ
and Janssen DB. 2014. Computationally de signed li -
brar ies for rapid en zyme stabilitzation. Pro tein Eng
Des Sel 27:49-58.

2. Floor RJ, Wijma HJ, Colpa DI, Ramos-Silva A, Jekel PA,
Szymansky W, Feringa BL, Marrink SJ and Janssen
DB.2014 Com pu ta tional li brary de sign for in creas ing
haloalkane dehalogenase sta bil ity. ChemBioChem
15:1660-72.

3. Arabnejad H, Dal Lago M, Jekel PA, Floor RJ, Thunnissen 
AMWH, Terwisscha van Scheltinga AC, Wijma HJ and
Janssen DB. 2016. A ro bust cosolvent-com pat i ble
halohydrin dehalogenase by computationally li brary de -
sign. Pro tein En gi neer ing, De sign & Se lec tion 1-15.

4. Wijma HJ, Floor RJ, Bjelic S, Marrink SJ, Baker D
and Janssen DB. 2015. Enantioselective en zymes by
com pu ta tional de sign and in silico screen ing. Angew
Chem Int Ed Engl 54:3726-30.

Uni ver sity of Groningen, ES-Cat MSC-ITN 2017-2021.
This pro ject has re ceived fund ing from the Eu ro pean Un -
ion’s Ho ri zon 2020 re search and in no va tion programme
un der the Ma rie Sk³odowska-Cu rie grant agree ment No
722610.

This ma te rial re flects only the au thor’s views and the Un -
ion is not li a ble for any use that may be made of the in for -
ma tion con tained therein.

P7

NANOCRYSTAL DETECTION AND SCORING BASED ON ADVANCED SECOND
HARMONIC GENERATION SIGNAL DETECTION

Qing-di Cheng1, Robin Schu bert1,3, Hsiang-Yu Chung2, Shih-Hsuan Chia2, Guoqing Chang2,
Franz X. Kärtner2,3, Markus Perbandt1,3, and Chris tian Betzel 1,3

1Uni ver sity of Ham burg, Lab o ra tory for Struc tural Bi ol ogy of In fec tion and In flam ma tion, c/o DESY, Build. 22a 
Notkestr. 85, 22607 Ham burg, Ger many

2Cen ter for Free Elec tron La ser Sci ence, Ultrafast Op tics and X-Rays, Notkestr. 85, 22607 Ham burg
3Cen ter of Ultrafast Im ag ing, c/o DESY, Bldg. 99, Luruper Chaussee 149, 22761 Ham burg, Ger many

The size of pro tein crys tals re quired for dif frac tion data
col lec tion at high bril liant and mi cro-fo cus X-ray sources
is con tin u ously de creas ing. This cre ates a strong de mand to 
de velop and es tab lish new meth ods to an a lyze, score and
op ti mize pro tein nano- and mi cro-crys tal sus pen sions for
se rial crys tal log ra phy. To sup port and fa cil i tate this de -

mand, a new mi cro scope based setup was de signed and
con structed, based on de tect ing sec ond har monic gen er a -
tion (SHG) sig nals of the par ti cles in sam ple sus pen sions.
This method has the ad van tage of al low ing re li able dif fer -
en ti a tion of amor phous and crys tal line par ti cles. The setup
and in stru ment en hances the al ready avail able sig nal sen si -
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tiv ity to such an ex tent that de tec tion of rel a tively small
crys tals size and crys tals with higher sym me try, known to
pro duce rather weak sig nals, is now pos si ble. Fur ther, the
in stru ment is equipped with ad di tional chan nels, which are
ca pa ble of de tect ing the third har monic gen er a tion sig nal,

and fur ther more, also use three-pho ton ex cited UV-flu o -
res cence all in par al lel, to pro vide com ple men tary in for ma -
tion about the crys tal line sam ple suspension. 

Ac knowl edge ments: Uni ver sity of Ham burg sup ports.
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STRUCTURE-FUNCTION STUDIES OF THE NON-STRUCTURAL PROTEINS FROM
SINGLE-STRANDED +RNA VIRUSES

D. C. Dinesh and E. Bouøa

De part ment of Mo lec u lar Bi ol ogy and Bio chem is try, In sti tute of Or ganic Chem is try and Bio chem is try of the
Czech Acad emy of Sci ences (IOCB AS CR), Prague, Czechia

The Picornaviridae fam ily is small (22 to 30 nm) non-en -
vel oped icosahedral vi ruses that use sin gle-stranded pos i -
tive-sense RNA (ss+RNA) as ge nome and are re spon si ble
for caus ing a wide range of dis eases in both hu mans and
an i mals (e.g., Poliovirus-PV, Aichivirus-AiV, Hep a ti tis C
vi rus-HCV, etc.). Their ge nome (~7.5 kb) trans lates into a
sin gle polyprotein that is proteolytically prosed into
capsid/struc tural VP1-4 pro teins and non-struc tural (NS)
pro teins (2A; 2BC-2B, 2C; 3AB-3A, 3B; and 3CD-3C,
3D) which in clude both ma ture and sta ble in ter me di ates
that are cru cial for the vi ral life cy cle. 

Picornaviruses rep li cate in side a hy brid mem brane plat -
form/mem bra nous web/rep li ca tion organelle (RO) within
the host cell to shield from im mune re sponses. Cryo-EM
im ages pres ent ROs as a highly curved and multilamellar
struc tures [2;3]. Sev eral 3D struc tures of non-struc tural
pro teins from picornaviruses are avail able, but only for the
sol u ble do mains, in clud ing the re cent crys tal struc ture of
the sol u ble do main of EV71-2C pro tein [4]. Cur rently, re -
com bi nant 3A, 3AB full length wild-type/mu tated pro teins
with mem brane span ning re gions are be ing pre pared and

re con sti tu tion into liposomes and sol u ble do main of 2C
pro teins from AiV, FMDV and Sicinivirus, which are be -
lieved to adopt a slightly dif fer ent struc ture and a novel
oligomerization mech a nism is pre pared for crys tal lo -
graphic stud ies. Re cent work from our group has struc tur -
ally elu ci dated that 3A pro teins act as mo lec u lar har nesses
to hi jack the host ACBD3 pro tein, that in ter acts with the
host lipid kinase PI4KB to gen er ate neg a tively charged
mem branes en riched in PI4P [5]. Ad di tion ally, it was also
dis cov ered that neg a tive charge and 3B pro tein co-op er ate
to re cruit 3Dpol form ing the rep li ca tion com plex [6]. We
ex pect to re con struct the whole vi ral rep li ca tion cy cle “in
vi tro”, which will al low us to es tab lish how ss+RNA vi -
ruses hi jack hu man host fac tors to sculpt mem brane into
their ROs and to better un der stand its formation and the
molecular mechanisms bridging virus and host. 

[1] Zell et al., 2017; [2] Belov et al., 2014; [3] Harak et al.,
2015; [4] Guan et al, 2017; [5] Klima et al., 2017 and [6]
Dubankova et al., 2017.

Ma te ri als Struc ture, vol. 23,  no. 2a (2016) Pro tein crys tal li za tion course -  Post ers     a49

Fig ure 1. Poliovirus 1 (serotype 1) ge nome or ga ni za tion and pro cessed capsid/struc tural and non-struc tural  pro teins (ar row and
ar row heads shows ma jor and mi nor cleav age sites) [1]. 
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CRYSTALLIZATION AND REFINEMENT OF THE LSM FAMILY ARCHAEAN
PROTEINS WICH REPRESENTS A MINIMAL LSM CORE

M. Fando1, N. Lekontseva1 and A. Nikulin2

1Group for struc tural stud ies of ri bo somal pro teins, In sti tute of Pro tein Re search Pushchino, Rus sia
2Lab.for Struc tural Stud ies of the Trans la tion Ap pa ra tus, In sti tute of Pro tein Re search Pushchino, Russia 

Pro teins of the Sm-like fam ily (Lsm) are found in three do -
mains of life. They pro vide biogenesis and func tion ing of
var i ous RNA mol e cules in the cells. They are de fined by
the abil ity to adopt the Sm fold, which is com prised of a

5-stranded b-sheet and an N-ter mi nal a-he lix. Bac te rial
Lsm pro teins called Hfq ex hibit chaperone ac tiv ity pro mot -
ing in ter ac tion be tween reg u la tory sRNA and mRNA dur -
ing regulation of trans la tion [1]. Eukaryotic Sm pro teins
are core pro teins of the spliceosome while eukaryotic Lsm
pro teins are in volved in the mRNA deg ra da tion [2]. Func -
tions of the archaeal Lsm pro teins (SmAP) in a cell have
been stud ied poorly, al though there are some data on their
par tic i pa tion in the pro cess ing of some RNA (such as
tRNA). 

In or der to study func tions of an archaeal Lsm pro tein
(SmAP) Halobacterium salinarum and Haloarcula maris -
mortui were cho sen as its sources. These pro teins are
homo logues and they have re mark able dif fer ences of the
se quences com pared with the other SmAP pro teins. SmAP
pro teins from H. salinarum and H. marismortui have no
un struc tured re gions; they are rep re sented by a min i mal

Lsm core. These pro teins were iso lated and pu ri fied in pre -
para tive scale, then they were crys tal lized and a high-res o -
lu tion dif frac tion dataset for the pro tein from H. salinarum
was col lected at ERSF in Grenoble. De spite the fact that
pro teins are 78% iden ti cal, it seems not pos si ble to ob tain
good pro tein crys tals from H. marismortui. Crys tal struc -
ture of SmAp pro tein of H. salinarum al lows cre at ing a
model for de ter mi na tion the struc ture of its homologue
from H. marismortui. In ad di tion, this struc ture al lows to
de sign site-spe cific mu ta gen e sis of the sur face of
HmaSmAP in or der to in crease its crys tal li za tion ca pa bil -
ity. 

At the mo ment HsaSmAP struc ture is un der de ter mi na -
tion and re fine ment.

The work is sup ported by RFBR grant #18-04-00222 and
YTF grant for the ad vanced course PC18-001.

1. X. Sun, I. Zhulin, RM. Wartell,  Nu cleic Ac ids Res. 30
(2002) 3662–3671.

2. S. Thore, C. Mayer, C. Sauter, S. Weeks, D. Suck,  J. Biol.
Chem.  278 (2003), 1239–1247.
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BINDING MODE BETWEEN TRANSIENT RECEPTOR POTENTIAL (TRP) MEMBRANE
CHANNELS AND PDZ3 DOMAIN

A. Frtus1, K. Bousova2, J. Teisinger1

1In sti tute of Phys i ol ogy, The Czech Acad emy of Sci ences, Prague, Czech Re pub lic,
2In sti tute of Or ganic chem is try and Bio chem is try, The Czech Acad emy of Sci ences, Prague, Czech Re pub lic

PDZ do main in ter ac tion mod ules are found in multi do -
main scaf fold pro teins which reg u late dif fer ent bi o log i cal
pro cesses, such as clus ter ing ion chan nels, tar get ing sig nal -
ing com plexes and main tain ing sev eral cel lu lar struc tures

[1]. PDZ do main con tains six bstrands (bA to bF) and two

a he li ces (aA and aB) form ing par tially opened bar rel. We 
recognize two in ter ac tion modes be tween PDZ do mains

and tar get pro teins: ca non i cal, when aB/bB groove of PDZ 
do main binds to short se quence at the C ter mini of ligand,
or non-ca non i cal, when PDZ do mains rec og nize in ter nal
pep tide se quence or ligand is bind ing away from the

aB/bB groove [2]. Tran sient re cep tor po ten tial (TRP) pro -
tein superfamily is highly con served in yeast, in ver te brates
and ver te brates. They are in volved in var i ous phys i o log i cal 
pro cesses, such as stim uli sen sa tion and ion ho meo sta sis.
Mu ta tions in these nonselective cat ion chan nels are re lated
to hu man dis eases, such as can cer and neu ro log i cal dis or -

ders [3]. Pro ject is fo cused on find ing novel bind ing sites in 
in ter ac tion of var i ous tran sient re cep tor po ten tial (TRP)
mem brane chan nels N and C ter mini with highly abun dant
PDZ pro tein do main by us ing steady-state flu o res cence
ani so tropy mea sure ments, and X ray crys tal li za tion to
better un der stand the in ter ac tion mode. We ex pect non-ca -
non i cal in ter ac tion mode in PDZ3 bind ing with TRP mem -
brane chan nel. Hu man PDZ3 do main from Tight junc tion
pro tein ZO1 will be pre pared with mo lec u lar bi ol ogy tools
and pre dicted se quences from TRP mem brane chan nels to
bind PDZ do main will be chem i cally syn the sized as pep -
tides. Macromolecular crys tal li za tion of the com plex re -
veal ca non i cal or non-ca non i cal bind ing mode and un cover 
amino ac ids which play the key role in in ter ac tion.

1. Ye F. and Zhang M.: Struc tures and tar get rec og ni tion
modes of PDZ do mains: re cur ring themes and emerg ing
pic tures. Biochem. J., 455 (2013).
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2. Lee H. and Zheng J.: PDZ do mains and their bind ing part -
ners: struc ture, specifity, and mod i fi ca tion. Cell Com mu ni -
ca tion and Sig nal ing, 8 (2010).

3. Ramsey S., Delling M., Clap ham D.: An In tro duc tion to
TRP Chan nels. Annu. Rev. Physiol., 68 (2006).
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TEST OF GENETIC CODE EVOLUTION HYPOTHESES: REVERSE EVOLUTION OF
RNA BINDING DOMAIN OF RIBOSOMIAL PROTEIN L11

Valerio Guido Giacobelli1, Kosuke Fujishima2, Vyacheslav Tretyachenko1, Klara Hlouchova1

1De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Hlavova 2030, 128 00, Prague 2,
Czech Re pub lic

2Earth-Life Sci ence In sti tute, To kyo In sti tute of Tech nol ogy, To kyo, 1528550, Ja pan

Al though ex tant pro teins con sist of 20 dif fer ent amino
ac ids, it has been pro posed that pri mor dial pro teins con -
sisted of a smaller set of “early” amino ac ids and that ad di -
tional “mod ern” amino ac ids have grad u ally been re cruited
into the ge netic code [1-3]. This nat u rally leads to the ques -
tions: can struc tured and func tional pro teins be con structed 
us ing the “early” amino-acid al pha bet? Can ex tant pro teins 
be re verse-evolved while pre serv ing their struc ture/func -
tion? 

To test this, pro tein da ta bases have been in spected to
se lect model ex tant pro tein can di dates with dif fer ent struc -
tural folds. Our pre lim i nary search con tains pro teins with
both cat a lytic and bind ing/in ter ac tion func tions. The first
tar get an a lyzed was RNA-bind ing do main of ri bo somal
pro tein L11.The se lected pro tein tar get was “re -
verse-evolved” in vi tro into vari ants where the “mod ern”
amino ac ids were ran dom ized by “early” ones. The li brar -
ies of ran dom ized genes were in cor po rated into a ge no -
type-phe no type link age to be com pat i ble with an
ap pro pri ate li brary dis play (mRNA dis play [4]) and se lec -
tion method. The se lec tion of suc cess ful can di dates was
based on con ser va tion of struc ture and/or func tion and the

most “suc cess ful” vari ants will be char ac ter ized an a lyz ing
the new struc ture and the new complex protein/RNA by
X-Ray crys tal log ra phy. 

This re search will in form us of the essentiality of “mod -
ern” amino ac ids for build ing pro tein struc ture/func tion
and thus will pro vide a di rect test of the hy poth e ses about
early pro teins. In ad di tion, pro teins con structed from a lim -
ited amino acid al pha bet are of im por tance in pro tein en gi -
neer ing and syn thetic bi ol ogy. Fi nally, this area touches
upon the very ba sic link of pro tein se quence-struc -
ture-func tion that lies at the core of many bio tech no log i cal
and biomedicine prob lems and has ex press im pli ca tions for 
construction of artificial biochemistries.

This work was sup ported by the Czech Sci ence Foun da tion
grant (GAÈR 17-10438Y) and Czech So ci ety for Struc tural 
Bi ol ogy (CSSB)

1. Trifonov EN. Gene, 2000, 261:139-151. 

2. Higgs PG, Pudritz RE. Astrobiology, 2009, 9: 483–490.

3. Freeland SJ. Vol.1 – Or i gins and Syn the sis of Amino Ac -
ids. Hughes AB ed., Wiley-VCH, 2009, 43-75.

4. Seelig B. Nat Protoc., 2011, 6(4):540-52.
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THE STRUCTURE AND FUNCTION OF HUMAN MITOCHONDRIAL HEAT SHOCK

PROTEINS

M. Birèáková1, B. Keresztesová1, N. Kunová1, V. Kotrasová1, G. Ondrovièová1, J. Bauer1, 
P. Baráth2, V. Pevala1 and E. Kutejová1

1In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Dúbravska cesta 21, Bratislava, Slovakia
2 In sti tute of Chem is try, Slo vak Acad emy of Sci ences, Dúbravská cesta 9, Bratislava, Slovakia

Mo lec u lar chaperones be long to a spe cial class of heat
shock pro teins (Hsp) that as sist the fold ing, un fold ing and
for ma tion of pro teins’ qua ter nary struc ture as well as play

an im por tant role in their trans port into the cor rect 
subcellular com part ment. The Hsp70 pro tein fam ily
has been found in both, prokaryotes and eukaryotes. Like
other chaperones, Hsp70 per form their phys i o log i cal func -
tion ex clu sively in com plex with other co-chaperones. In
gen eral, Hsp70’s chaperone func tion is reg u lated through
cy cles of ATP bind ing, ATP hy dro ly sis and ADP re lease

me di ated pre cisely by the ac tiv ity of its co-chaperones [1].
In hu man mi to chon drial Hsp70 sys tem, these in clude
co-chaperones with J-do mains, such as Hsp40 (2 isoforms:
Tid-1L and Tid-1S), which stim u late the ATP hy dro ly sis
[2]; nu cle o tide ex change fac tors (2 isoforms: GrpE1 and
GrpE2), which re cy cle Hsp70 into an ATP-bound state that 
per mits the ef fi cient re lease of sub strate [3]; and the Hsp70
es cort pro tein Hep1 in volved in in creas ing of Hsp70
ATPase ac tiv ity [4]. To date, no full Hsp70 pro tein has
been suc cess fully crystalized, only the struc tures of sep a -
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rate Hsp70 do mains have been solved so far [5]. As well as
none of the qua ter nary struc ture of any Hsp70
co-chaperone is known. There fore, our work is fo cused on
iso la tion and pu ri fi ca tion of hu man mi to chon drial Hsp70
and its co-chaperones GrpE, Hep1 and Tid1 and their crys -
tal li za tion, ei ther in di vid u ally or in com plex with Hsp70, in 
or der to solve the crys tal struc tures and ul ti mately un der -
stand the in ter ac tions be tween Hsp70 and its sub strates and 
how these in flu ence the Hsp70 chaperone ac tiv ity.

 This work was sup ported by grants from the Slo vak Grant
Agency of Sci ence (VEGA 2/0113/14, VEGA 2/0075/18),
the Slo vak Re search and De vel op men tal Agency
(APVV-0375-15) as well as the fi nan cial sup port from the
Youth Travel Funds Grant.

1. A. Szabo, T. Langer, H. Schroder, J. Flanagan, B. Bukau,
F.U. Hartl. Proc Natl Acad Sci U S A. (1994)

91:10345-10349.

2. B. Lu, N. Garrido, J.N. Spelbrink, C.K. Suzuki. J Biol

Chem. (2006) 281:13150-13158. 

3. D.J. Naylor, A.P. Stines, N.J. Hoogenraad, P.B. Hoj. J Biol 

Chem. (1998) 273:21169-21177. 

4. P. Zhai, C. Stanworth, S. Liu, J.J Silberg. J Biol Chem.

(2008) 283:26098-26106.

5. P. Zhang, J.I. Leu, M.E Murphy, D.L. George, R.
Marmorstein. PLoS One. (2014) 9(7): e103518.

P13

CORE FACILITY FOR CRYSTALLOGRAPHIC AND BIOPHYSICAL RESEARCH TO
SUPPORT THE DEVELOPMENT OF MEDICINAL PRODUCTS 

J. Kutner, M.W. Górna, M. Maliñska, M. Wanat, D. Dawidziak, M. Kisia³a, S. Sutu³a, 
K. WoŸniak

Core Fa cil ity for Crys tal log ra phy and Bio phys ics, 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, Zwirki I Wigury 101, 02 089 War saw, Po land 

The pro ject “Core fa cil ity for crys tal lo graphic and bio -
phys i cal re search to sup port the de vel op ment of me dic i nal
prod ucts” (cfcb.uw.edu.pl) is funded by the TEAMTECH
Core Fa cil ity programme from the Foun da tion for Pol ish
Sci ence (www.fnp.org.pl). The pro ject will es tab lish a
Core Fa cil ity for Crys tal log ra phy and Bio phys ics
(CFCB UW) at the Bi o log i cal and Chem i cal Re search Cen -
tre, Uni ver sity of War saw un der the su per vi sion of Prof.
dr hab. Krzysztof WoŸniak (crys tal.chem.uw.edu.pl).

The mis sion of the new Fa cil ity is fo cused on anal y sis
of pro teins and small chem i cal com pounds (mol e cules)
lead ing to crys tal li za tion tri als for ac a demic and com mer -
cial us ers. The pro ject will en able the study of chal leng ing
bio chem i cal and phar ma ceu ti cal prob lems, with em pha sis
on drug de vel op ment and col lab o ra tions with the lo cal re -
search groups. Work at CFCB UW will be car ried out in an
in ter dis ci plin ary way, in clud ing both wet bi ol ogy (“BIO”)
and chem i cal crys tal log ra phy (“CHEM”)
tech niques as well as the o ret i cal ap proaches
in clud ing struc ture mod el ling, bio -
informatics and com pu ta tional meth ods. Bi -
ol ogy and chem is try team mem bers will
work in syn ergy com ple ment ing their
knowl edge, skills and ex pe ri ence. Apart
from ser vices and col lab o ra tions, post doc -
toral and PhD re search ers are ex pected to
carry out their own re search pro jects ded i -
cated ei ther to small mol e cule or pro tein
crys tal log ra phy. 

Young sci en tists work ing in the pro ject will ben e fit
from mentoring and ex change vis its with the pro ject part -
ners, Prof. Wladek Mi nor (Uni ver sity of Vir ginia, USA)
and Prof. Ben Luisi (Uni ver sity of Cam bridge, UK). Work 
at CFCB will in clude, among oth ers, col lab o ra tion with
biotech/phar ma ceu ti cal com pa nies, such as the WPD
Pharmaceuticals or the Phar ma ceu ti cal Institute in Warsaw 
(Poland).

This work was sup ported by the TEAMTECH Core Fa cil ity 
programme from Foun da tion for Pol ish Sci ence (TEAM
TECH CORE FACILITY/2017-3/4, Nr. 0032).
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Fig ure 1. Sche matic view of the main pipe lines of the Core Fa cil ity for
Crys tal log ra phy and Bio phys ics
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INVESTIGATIONS OF ACCESSIBILITY OF T2/T3 COPPER CENTRE OF TWO-DOMAIN 
LACCASE FROM STREPTOMYCES GRISEOFLAVUS AC993

I.A. Kolyadenko, O.S. Kostareva, A.O. Mikhaylina, S.V. Tishchenko, A.G. Gabdulkhakov

In sti tute of pro tein re search RAS, Pushchino, Mos cow Re gion, Rus sia

Laccase (EC 1.10.3.2, pdiphenol:dioxygen oxido -
reductase) is a cop per con tain ing en zyme cat a lyz ing ox i da -
tion of phe no lic sub strates and some in or ganic ions with
re duc tion of dioxygen to wa ter. Laccases of fungi con sist
of three do mains, among bac te rial laccases there are both
three do main and two do main struc tures. It is known that
two-do main laccases (2D) are more thermostable than
three do main (3D) ones, sta ble against in hib i tors and are
func tion ally ac tive in the al ka line pH area. In the struc tures
of the 3D laccases, the cop per ion of the T2 cen ter and the
pair of cop per ions of the T3 cen ter are con nected by chan -
nels with the sur face of the pro tein. We have per formed a
com par a tive struc tural anal y sis and showed that the chan -
nels for 2D and 3D laccases dif fer in length and width. 

Re cently we showed that con ser va tive His165 be long -
ing to sec ond co or di na tion sphere of T2/T3 cop per cen tre
of 2D laccase Streptomyces griseoflavus (SgSL) is the
“gate” of the chan nel lead ing through the interdomain cav -
ity to the Cuâ ion of T3 cen ter. Fur ther, we sug gested the
pres ence of a sec ond chan nel lead ing to the Cuá ion of T3

cen ter and that con ser va tive Ile170 can pre vent pas sage of
ox y gen to this cen ter. 

For the ver i fi ca tion of our hy poth e sis, we have ob tained 
two mu tant forms with sub sti tu tions Ile170 to large amino
acid res i due Phe (I170F SgL) and small res i due Ala (I170A 
SgL) and crys tal lized them. Crys tal struc tures of I170F
SgL and I170A SgL were ob tained with high res o lu tion
-1.95 C and 1.98 C re spec tively. Anal y sis of struc tures of
mu tant forms showed that chan nel was com pletely blocked 
by the side chain of Phe in po si tion 170. The sub sti tu tion
Ile170 to Ala make the chan nel a few large, how ever, we
did not ob serve the pen e tra tion of wa ter into this chan nel. 

The ox i diz ing ac tiv ity of mu tant forms was mea sured
us ing as sub strate ABTS at pH=4.5 and 2.6-DMP at pH=9.
The re sults of bio chem i cal stud ies showed that both sub sti -
tu tions of Ile170 de crease the ac tiv ity of the en zyme. Tak -
ing into ac count the struc tural and func tional data we guess
that Ile170 is not a chan nel gate way and its true role has not 
yet been clarified.

This re search was sup ported by the Rus sian Foun da tion
for Ba sic Re search (No. 18-04-00270).
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STRUCTURAL, BIOCHEMICAL AND BIOPHYSICAL ANALYSIS OF
CRYPTOCHROMES IN PLATYNEREIS DUMERILII 

S. Krishnan1, 2, E. Wolf 1

1Johannes Gutenberg Universität Mainz, In sti tute of Mo lec u lar Bi ol ogy, Mainz, Ger many
2 Grad u ate School of Ex cel lence Ma te ri als Sci ence in Mainz (MAINZ)

The changes in light con di tions al low most or gan isms
to an tic i pate changes in their sur round ing and to adapt /
change their be hav ior and phys i ol ogy. The 24h day/night
ac tiv ity cy cle also called the cir ca dian rhythm gov erns sev -
eral phys i o log i cal and be hav ioral pro cesses in a cir ca -
dian man ner. The transcriptional and translational
feed back loop of sev eral reg u la tory genes gov erns the cir -
ca dian clocks. The reg u la tory genes are par tially shared be -
tween in sects and the mam ma lian/ver te brate/in ver te brate
sys tems in di cat ing a pos si ble evo lu tion ary func tion.

The bris tle worm Platynereis dumerilli has a circa lu -
nar (monthly) in ad di tion to a cir ca dian (daily) clock
which reg u lates its mat u ra tion and helps it to ad just its re -
pro duc tion to tidal rhythms. Platynereis dumerilli pos -
sess 3 dif fer ent kinds of cryptochromes, one each sim i lar to 
the drosophila (l -CRY), mam ma lian repressor (tr-CRY)
and plant (p-CRY) cryptochromes. Platynereis is suit -
able model to study the in ter play be tween cir ca dian and
non-cir ca dian clock com po nents and the in flu ence of this

on the be hav ior of the or gan ism. It has al ready been
es tab lished that the circalunar clock of the worm af fects the 
cir ca dian clock at sev eral lev els and the circalunar clock
per sists even when the cir ca dian clock is dis rupted. The
pro posed model does not in clude the cryptchromes l -CRY
and p-CRY as their func tions are still un -
clear. This study fo cuses to char ac ter ize l- CRY and p -CRY 
spec tro scop i cally by UV/VIS and flu o res cence spec tros -
copy and struc tur ally by X-ray crys tal log ra phy and SAXS. 

1. Juhas, M et al, A novel cryptochrome in the di a tom
Phaeodactylum tricornutum in flu ences the reg u la tion of
light-har vest ing pro tein lev els, FEBS J (2014)
281:2299-2311.

2. Zantke et al, Cir ca dian and Circalunar Clock Interactions

in a Ma rine Annelid, Cell Re ports (2013), 5(1), 99-113.

3. Vinayak et al, Ex qui site Light Sen si tiv ity of Drosophila
melanogaster cryptochrome, PLOS Ge net ics (2013) 9(7).
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4. Berndt et al, A novel photoreaction mech a nism for the cir -
ca dian blue light photoreceptor Drosophila cryptochrome,
J.Bio.Chem (2007) 282:13011.

Ac knowl edge the sup port of the MAINZ grad u ate school
for fi nan cial sup port to par tic i pate in the course.
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STRUCTURAL BA SIS OF IN TER AC TIONS BE TWEEN 14-3-3 PRO TEINS AND THE
14-3-3 BIND ING MO TIFS OF CALCIUM/CALMODULIN-DE PEND ENT PRO TEIN

KINASE KINASE 

Domenico Lentini Santo1, Veronika Obsilova2, Tomas Obsil1,2

1De part ment of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, 
12843 Prague

2In sti tute of Phys i ol ogy, The Czech Acad emy of Sci ence, 14220 Prague

Cal cium/calmodulin-de pend ent pro tein kinase kin ases
(CaMKK1 and CaMKK2) are mem bers of the Ca2+/calmo -
dulin-de pend ent kinase (CaMK) fam ily in volved in ad i -
pos ity reg u la tion, glu cose ho meo sta sis and apoptosis.
These up stream ac ti va tors of CaMKI, CaMKIV and
AMP-ac ti vated pro tein kinase are neg a tively reg u lated by
phosphorylation, which also trig gers an as so ci a tion with
the scaf fold ing pro tein 14-3-3. Stud ies have shown that
CaMKKs bind to var i ous 14-3-3 isoforms and that the con -
served N-ter mi nal mo tif con tain ing phosphorylated S74 in
CaMKK1 (S100 in CaMKK2) func tions as the pri mary
14-3-3 bind ing site. Fur ther more, a sec ond 14-3-3 bind ing
mo tif lo cated at the C-ter mi nus con tain ing phosphorylated
S475 in CaMKK1 (S511 in CaMKK2) has also been sug -
gested. Al though the C-ter mi nal 14-3-3 bind ing mo tif (se -
quence RSLpSAP) is a ca non i cal “mode I” 14-3-3 bind ing
site, the N-ter mi nal mo tif (se quence RKLpSLQE) con tains 
a Gln res i due at the po si tion +2 rel a tive to the

phosphorylated res i due pSer. Bioinformatics sur vey of
14-3-3 bind ing sites re vealed that Gln is sel dom found at
+2 be cause the Pro res i due and, to a lesser ex tent, Ser, Gly
and Asp also, are fre quently found at this po si tion. To elu -
ci date the struc tural ba sis of in ter ac tions be tween 14-3-3
pro teins and the 14-3-3 bind ing mo tifs of CaMKK, we
solved the crys tal struc tures of phosphopeptides con tain ing 
both 14-3-3 bind ing mo tifs of CaMKK bound to 14-3-3.
The struc tures showed that both phosphopeptides in ter act
with the amphipathic groove of 14-3-3 sim i larly to other
14-3-3 com plexes. Nev er the less, in the case of the N-ter -
mi nal mo tif, the in ter ac tion be tween the side-chain of Gln
at the po si tion +2 rel a tive to pS and the phos phate group
ap pears to abruptly change the di rec tion of the polypeptide
chain.

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro jects 16-02739S) and the Ini tial Train ing Net work,
funded by the H2020 Ma rie Cu rie Ac tions of the Eu ro pean
Com mis sion un der Grant Agree ment 675179.
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STRUCTURAL STUDIES OF INTERMEDIATE FILAMENTS

A. Lilina, S. Strelkov 

De part ment of Phar ma ceu ti cal and Phar ma co log i cal Sci ences, KU Leuven, Leuven 3000, Bel gium

In ter me di ate fil a ments (IFs) form one of the three fil a ment
sys tems of the eukaryotic cytoskeleton. Six dif fer ent types
of IFs pro vide re in force ment to the cell to with stand ex ter -
nal stress. Our study is fo cused on the struc ture of vimentin
that was shown to have dis tinct roles in actin or ga ni za tion,
cell sig nal ing, can cer cells dis sem i na tion and wound heal -
ing.

Like all IF pro teins, vimentin con sists of the cen tral

con served a-he li cal do main flanked by more vari able
“head” and “tail” do mains. Two par al lel cen tral do mains

form a-he li cal coiled coil. Such dimers as so ci ate into
tetramers that in turn com bine into octamers and higher oli -
go mers, ul ti mately yield ing ma ture fil a ment. To date, the
de tailed mo lec u lar ar chi tec ture of IFs is not known. To ad -
dress this chal lenge, we are us ing both X-ray crys tal log ra -
phy and elec tron mi cros copy (EM).

A com mon stum bling block of crys tal lo graphic stud ies
is to grow a crys tal. Full-length vimentin is not suit able for
crys tal li za tion as it has a ten dency to wards self-as sem bly
into fil a ments. Di vid ing the fil a ment into mul ti ple over lap -
ping frag ments solved the prob lem for dimer struc ture, but
the mo lec u lar ar chi tec ture of the tetramer remains a
challenge [1]. 

In or der to sta bi lize the tetrameric as sem blies of trun -
cated vimentin we use N- and C-ter mi nal fu sions with sev -
eral he li cal bun dle do mains, fol low ing the strat egy re cently 
ap plied to my o sin frag ments [2]. In ad di tion, to stim u late
crys tal for ma tion, fu sions with larger glob u lar domains are
being made. 

In par al lel, we are ex plor ing the use of EM to wards re -
solv ing the mo lec u lar struc ture of as sem bled fil a ments as
well as higher as sem bly intermediates. 
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Ul ti mately, we hope to com bine all sources
of ex per i men tal in for ma tion as well as re cent
ad vances with in silico mod el ling [3] to wards
ob tain ing novel in sights into the mo lec u lar or -
ga ni za tion of IFs (Fig.1).

1. A. Chernyatina, D. Guzenko, S. Strelkov,
Curr. Opin. Cell Biol., 32 (2015) 65-72. 

2. K. C. Tay lor et al., PNAS, 112 (2015)
E3806–E3815. 

3. D. Guzenko, S. Strelkov, Bioinformatics 34
(2017) 215–222.
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CRYSTAL STRUCTURE OF
b-CARBONIC ANHYDRASE

FROM CANDIDA ALBICANS 

S. Macháèek, J. Dostál, O. Heidingsfeld, J. Brynda, I. Pichová

In sti tute of Or ganic Chem is try and Bio chem is try IOCB Re search Cen tre & Gilead Sci ences, Acad emy of Sci -
ences of the Czech Re pub lic, Flemingovo nám. 2, 166 10, Prague, Czech Re pub lic, Prague, Czech Re pub lic

Patho genic yeasts of the ge nus Candida rep re sent the most
prev a lent cause of mycotic dis eases world wide. They be -
have as op por tu nis tic patho gens, which means that they
can live in hu man hosts as harm less com men sals, be ing
kept un der the con trol by the host im mune sys tem. One of
the key sur vival strat e gies of fun gal patho gens is the abil ity 
to pro lif er ate in dif fer ent car bon di ox ide (CO2) con cen tra -
tions. CO2 is among the most im por tant gases for liv ing or -
gan isms. In na ture, the con cen tra tion of CO2 is bal anced by 
interconversion to hy dro gen car bon ate (HCO3, bi car bon -
ate) how ever, its av er age amount re quired by or gan ism is
much greater than the amount pro duced spon ta ne ously
from CO2. There fore, bi car bon ate pro duc tion re quires a
fine tuned reg u la tion. For this rea son, a highly di verse fam -
ily of en zymes has evolved that are able to ac cel er ate the
interconversion re ac tion up to 10 000-fold. The mem bers
of this fam ily, car bonic anhydrases (CAs) are able to cat a -
lyze re vers ible hydration of CO2 to bi car bon ate. CAs
evolved in all three do mains of life, and are di vided into

six, evolutionarily un re lated classes (a, b, g, d, e and z) that 
in de pend ently arose from dif fer ent pre cur sors dur ing con -
ver gent evo lu tion. ß-CAs are pres ent in many patho genic
mi cro or gan isms but not in the mam ma lian hosts and there -
fore rep re sent pos si ble tar get for drug de vel op ment.

We de ter mined the crys tal struc ture of CA form
Candida albicans (CaNce103) at 2.2 C res o lu tion.
CaNce103 as sem bles as a tetramer, with the ac tive site lo -
cal ized at the in ter face be tween two mono mers. At the bot -
tom of sub strate pocket, the zinc ion is co or di nated by three 
highly con served res i dues Cys78, His133 and Cys136 in
ad di tion to wa ter mol e cule. Ac tiv ity as says of full length
and trun cated ver sions of CaNce103 in di cated that the
N-ter mi nal re gion is in dis pens able for en zy matic ac tiv ity.

 This work was sup ported by grant GA17-08343S from the
Czech Sci ence Foun da tion ,by pro ject NPU LO1302. Par -
tic i pa tion of S.M. in the course was sup ported by Czech So -
ci ety for Struc tural Bi ol ogy.
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Fig ure 1. Workflow of the pro ject: com bi na tion of dif fer ent ap proaches to ob tain
in for ma tion about vimentin struc ture.
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PRELIMINARY RESULTS OF A STRUCTURAL STUDY ON THE POLYMERASE WZY:
A DIFFERENT APPROACH TO BACTERIAL DRUG RESISTANCE

I. Marcovich, S. Semeraro, R. De Zorzi

 De part ment of chem i cal and phar ma ceu ti cal sci ences, Uni ver sity of Trieste, 34127 Trieste, It aly

The in teg rity of the Lipoplysaccharide (LPS) layer is es -
sen tial for bac te rial sur vival and for the patho genic ac tiv ity
of bac te ria. In sep ti ce mia caused by Gram-neg a tive or gan -
isms [1] such as Pseu do mo nas aeruginosa, an op por tu nis tic 
patho gen in volved in most of nosocomial in fec tions, the
endotoxic shock de pends on LPS ac ti va tion of
immunogenic re cep tors [1]. The Wzy-de pend ent path way
is one of the bio chem i cal routes that lead to the for ma tion
of LPS [2]. In this path way, oli go sac cha rides are bound to a 
lipid car rier and trans ferred from the cy to plasm to the
periplasm. The Wzx pro tein, a flippase, is in volved in this
first step [3]. The polysaccharide for ma tion is cat a lyzed by
the poly mer ase Wzy that adds a sin gle O-An ti gen unit to
the re duc ing end of a sugar poly mer [2], gen er at ing a new
glycosidic bond. Fi nally, poly sac cha rides are chan neled to
the outer mem brane through the pro tein Wza. 

Con sid er ing that pro teins be long ing to the Wzy-path -
way play an es sen tial role in the cor rect LPS as sem bly and
in cell wall for ma tion [1], the aim of the pres ent work is to
struc tur ally char ac ter ize Wzy through X-Ray crys tal log ra -
phy in or der to un der stand its mo lec u lar mech a nism. Due
to the low se quence homology be tween dif fer ent bac te rial

strains, Wzy is a prom is ing tar get for a new gen er a tion of
an ti bac te rial drugs.

Here we pres ent the pre lim i nary re sults of this study.
The gene en cod ing for P. aeruginosa Wzy was cloned in a
bac te rial overexpression vec tor with a GFP and a Histidine
tag at the C-term. Us ing flu o res cence mea sure ments and
West ern Blot ting anal y sis, the ex pres sion pro to col was op -
ti mized. The over-ex pressed pro tein was solubilized in dif -
fer ent de ter gents and de gree of solubilization and sta bil ity
of the pro tein were tested. Af fin ity chro ma tog ra phy and
size ex clu sion chro ma tog ra phy were em ployed for pro tein
pu ri fi ca tion. Wzy have been char ac ter ized by Cir cu lar
Dichroism, and a pre lim i nary screen ing of crys tal li za tion
con di tions has been car ried out.

1. C. R. Raetz and C. Whitfield, Lipopolysaccharide endo tox -
ins- Annu Rev Biochem 2002.

2. S. T. Is lam and J. S. Lam, Syn the sis of bac te rial poly sac -
cha rides via the Wzx/Wzy-de pend ent path way- Can. J.
Microbiol. 2014

3. S. T. Is lam and J. S. Lam,Wzx flippase-me di ated mem -
brane translocation of sugar poly mer pre cur sors in bacteria. 
- EnvironMicrobiol, 2013.
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EXPRESSION, PURIFICATION AND ENZYMATIC ACTIVITY OF HUMAN ALDO­KETO
REDUCTASE 1C2 (AKR1C2)

M. Marinoviæ, J. Plavša, E. Petri, A. Æeliæ

De part ment of Bi ol ogy and Ecol ogy, Fac ulty of Sci ences, Uni ver sity of Novi Sad, 21000 Novi Sad, Ser bia

Aldo­keto re duc tases are en zymes in volved in re duc tion of
al de hyde and ketone groups of var i ous sub strates us ing
NADPH and NADH as co factors. AKR1C2 is a hu man
isoform that acts on a wide spec trum of com pounds as sub -
strates, in clud ing ste roid hor mones, which can af fect the
pro gres sion and de vel op ment of cer tain dis eases, such as
hor mone­de pend ent types of can cer. In ad di tion, AKR1C2
binds bile ac ids and is strongly in hib ited by some of them.
To date, sev eral crys tal struc tures of AKR1C2 complexed
with co fac tor and dif fer ent in hib i tors have been re solved.

Here, we have ex pressed hu man AKR1C2 from E. Coli
us ing a pET28 vec tor con struct which was a gen er ous gift
from Pro fes sor Chris Bunce, Uni ver sity of Bir ming ham,
UK. We have pu ri fied ac tive AKR1C2 en zyme us ing af fin -
ity chro ma tog ra phy and gel fil tra tion, and tested its ac tiv ity 
via spec tro pho to met ric as say which mea sures absorbance
at 340 nm, rep re sent ing NADPH con sump tion in the pres -

ence of phenanthrenequinone (PQ). AKR1C2 was shown
to be ac tive, and fur ther steps in clude iden ti fy ing po ten tial
in hib i tors among ste roid com pounds syn the sized by or -
ganic chem ists at our Fac ulty of Sci ences. In ad di tion, we
have run sev eral mo lec u lar dock ing sim u la tions of nat u ral
bile ac ids to al ready re solved AKR1C2 struc tures to de -
velop a sys tem that will aid in pre­se lec tion of com pounds
for en zy matic ac tiv ity in hi bi tion tests. Once in hib i tors have 
been iden ti fied, we will work to wards co­crys tal li za tion of
en zyme­co fac tor com plexes with in hib i tors and in ves ti gate 
the struc tural ba sis of in hi bi tion. Our re sults might be help -
ful in de vel op ing new drugs for treat ment of hor mone de -
pend ent types of cancer.

This work was sup ported by Ser bian Min is try of Ed u ca -
tion, Sci ence and Tech no log i cal De vel op ment and FEBS
Youth Travel Fund.
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DRUGGING CHALLENGING E3 LIGASES: A NOVEL MULTIDISCIPLINARY
APPROACH TO IDENTIFY SMALL-MOLECULES THAT BIND FBW7

Míriam Martínez-Cartró1, Salvatore Scaffidi1, Xa vier Barril1,2, Carles Galdeano1

1Facultat de Farmàcia i Ciències de l’Alimentació, Institut de Biomedicina (IBUB), Universitat de Bar ce lona.
Av. Joan XXIII 27-31, 08028, Bar ce lona, Spain

2Cata lan In sti tu tion for Reasearch and Ad vanced Stud ies (ICREA), Passeig Lluís Companys, 23, 
08010 Bar ce lona, Spain

Dur ing nor mal cel lu lar ho meo sta sis, pro teins are con -
stantly syn the sized and de stroyed. The most com mon deg -
ra da tion path way for pro teins is the Ubiquitin Proteasome
Sys tem (UPS), a highly reg u lated sig nal ling cas cade that is
ul ti mately re spon si ble for the con trolled deg ra da tion of a
large num ber of pro teins. E3 ligases pro vide sub strate
spec i fic ity to this sys tem, mak ing them ex tremely at trac -
tive can di dates as drug tar gets. How ever, the de vel op ment
of small-mol e cules against E3 ligases has led to lim ited
suc cess, in part be cause mod u lat ing their ac tiv ity and reg u -
la tion re quires tar get ing pro tein-pro tein in ter ac tions. [1]

Fbw7 is an im por tant E3 ligase and one of the most
com monly de reg u lated pro teins in hu man can cers. In deed,
6% of can cers have mu ta tions in the fbw7 gene. On one
hand, the loss of ac tiv ity of the mu tated Fbw7 re sults in a
loss of its tu mour sup pres sor func tion and an upregulation
of the nat u ral and oncogenic sub strate pro teins: c-Myc,
cyclin-E, Notch, etc. [2] On the other hand, the in hi bi tion
of Fbw7 has been pro posed as an ap proach to sen si tize can -
cer stem cells to chemotherapies. [3] How ever, so far, no
po tent small-mol e cules di rectly tar get ing Fbw7 have been
re ported. In this pro ject, us ing a novel multidisciplinary ap -
proach, we aim to iden tify small-mol e cules that tar gets
Fbw7 to dis en tan gle the more con ve nient phar ma co log i cal
strat egy to ma nip u late it. 

To iden tify ligandable allosteric sites in the Fbw7-Skp1 
sur face we have ap plied MDmix sim u la tions. [4] Dock -
ing-based vir tual screen ing ap ply ing Duck [5] fil ter has
been per formed to find potential hits. These po ten tial hits
have been tested by Sur face Plasmon Res o nance and con -
firmed by STD-NMR. Fol low ing this workflow, we have

been able to iden tify mol e cules that tar get Fbw7 in the one
digit micromolar range. In par al lel, a frag ment-based
screen ing has been per formed and sev eral frag ments have
also been iden ti fied. Work is on-go ing to ob tain struc tural
in for ma tion that will con firm us the bind ing site and bind -
ing mode of these hits.

The au thor is grate ful to the FEBS for the FEBS Youth Travel
Funds (YTF). The au thor is also grate ful to the or ga ni za tions that
have pro vided fund ing sup port, in clud ing the Secretaria
d’Universitats i Recerca del Departament d’Economia i
Coneixement de la Generalitat de Catalunya and the 7th
Eu ro pean Frame work Pro gram-Ma rie Cu rie COFUND
(con tract 600385; Beatriu de Pinós Fel low ship) and by the
Span ish Ministerio de Economia y Compe titividad
(SAF2015-68749-R). 

1. Galdeano, C. Drug ging the Undruggable: Tar get ing Chal -
leng ing E3 Ligases for Per son al ized Med i cine. Fut. Med.
Chem. 9 (2017) 347–350.

2. Hao, B. et al. Struc ture of a Fbw7-Skp1-Cyclin E Com -
plex: Multisite-Phosphorylated Sub strate Rec og ni tion by
SCF Ubiquitin Ligases. Mol. Cell 26 (2007) 131–143.

3. King, B. et al. The Ubiquitin Ligase FBXW7 Mod u lates
Leu ke mia-Ini ti at ing Cell Ac tiv ity by Reg u lat ing MYC Sta -
bil ity. Cell 153 (2013) 1552–1566.

4. Álvarez-García, D. & Barril, X. Mo lec u lar Sim u la tions
with Sol vent Com pe ti tion Quan tify Wa ter Displaceability
and Pro vide Ac cu rate In ter ac tion Maps of Pro tein Bind ing
Sites. J. Med. Chem. 57 (2014) 8530–8539.

5. Ruiz-Carmona, S. et al. Dy namic Undocking and the
Quasi-Bound State as Tools for Drug Dis cov ery. Nat.
Chem. 9 (2017 201-206.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 23,  no.3 a (2018) Pro tein crys tal li za tion course -  Lec tures    a57



P22

CONTRIBUTE KNOWLEDGE ABOUT UNRESOLVED SITES OF THE PHF CORE BY
X-RAY CRYSTALLOGRAPHY OF RECOMBINANT TAU PROTEIN IN COMPLEX WITH

MULTIPLE ANTIBODIES 

K. Mihalovièová1, R. Škrabana1,2, A. Legenova2, O. Cehlar1,2, P. Majerova1,2, P.  Filipcik1,2, 
E. Drozdikova2, J. Sithova1,2, M. Novak1

1 In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences, Bratislava
2AXON Neu ro sci ence R&D Ser vices SE, Bratislava

Tau pro tein is a na tively un folded pro tein and plays an im -
por tant role in sta bi li za tion of microtubules [1]. How ever,
in Alz hei mer dis ease and other tauopathies, tau pro tein is
the con stit u ent of neurofibrillary tan gles [2]. Ultra -
structurally, tau in clu sions are made of paired he li cal fil a -
ments (PHFs) and straight fil a ments [3]. Struc ture of tau
fi brils has been re cently elu ci dated us ing cryo-elec tron mi -
cros copy at 3.4-3.5 Å res o lu tion, how ever, there were still
un re solved sites at both N and C ter mi nal re gions of the fil -
a ment core [4]. Struc tural study of re com bi nant PHF core
tau pro tein frag ments in com plex with PHF core con for ma -
tion spe cific monoclonal an ti bod ies may help to elu ci date
miss ing parts. Conformational an ti body MN423, which
rec og nizes a com pact fold of the PHF core, was se lected
for this task [5].  

In my work I have pre pared the re com bi nant PHF core
frag ment dGAE con tain ing tau res i dues 297-391 (num ber -
ing ac cord ing to the tau2N4R) to gether with re com bi nant
MN423 Fab, DC8E8 Fab and DC25 Fab for crys tal li za tion
ex per i ments with tau. MN423 can in duce a PHF core con -

for ma tion and re main ing two an ti bod ies can help with cre -
at ing crys tal con tacts. Af ter screen ing cocrystallization
con di tions and crys tal growth op ti mi za tion, the struc ture
will be solved us ing X-ray crys tal log ra phy.   

Par tic i pa tion in the Course was sup ported by FEBS YTF
grant. 

1. T. Guo, W. No ble, D. P. Hanger. Acta Neuropathol, 133

(2017), 665-704.

2. C. M. Wischik, M. Novak, H. C. Thogersen, P. C. Ed -
wards, M. J. Runswick, R. Jakes, J. E. Walker, C. Milstein, 
M. Roth, and A. Klug. Proc. Natl. Acad. Sci. USA. 85
(1988), 4506-4510. 

3. R. A. Crow ther, Proc. Natl. Acad. Sci. USA, 88 (1991),
2288-2292.

4. A. W.P. Fitzpatrick, B. Fal con, S. He, G. A. Murzin, G.
Murshudov, H. J. Garringer, R. A. Crow ther, B. Ghetti, M.
Goedert, S. H. W. Scheres. Na ture, 547(2017) 185-190.

5. R. Skrabana, R. Dvorsky, J. Sevcik, M. Novak. Jour nal of
Struc tural Bi ol ogy, 171 (2010), 74-81.
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ELU CI DAT ING THE STRUC TURAL BA SIS OF LINK AGE SPEC I FIC ITY IN THE
UBIQUITIN LIGASE HUWE1

Mony Nair. Rahul and Lorenz. Sonja

Rudolf  Virchow Zentrum for Ex per i men tal Biomedicine, Uni ver sity of  Würzburg, Ger many

Pro tein ubiquitination is a posttranslational mod i fi ca tion
that reg u lates pro tein func tions on all lev els. Con se quently, 
de reg u la tion of ubiquitination is im pli cated in var i ous hu -
man dis eases, in clud ing neurodegeneration, in flam ma tion,
and can cer.

Ubiquitination re ac tions are driven by a cat a lytic cas -
cade of E1, E2, and E3 en zymes (ubiquitin ligases). The
large num ber of E3 ligases - over 1000 es ti mated in the hu -
man proteome - me di ate the rec og ni tion of tar get pro teins
for mod i fi ca tion, thus pro vid ing key spec i fic ity fac tors in
ubiquitin sig nal ling. More over, the par tic u lar func tional
out come of ubiquitination for the tar get pro tein is de pend -
ent on the type of ubiquitin mod i fi ca tion that is formed.

Sub strates may be mod i fied with sin gle ubiquitin mol e -
cules or chains of di verse link age specificities that trig ger
dis tinct down stream re sponses.

Our study aims to re veal how a par tic u lar E3 en zyme,
HUWE1, en codes link age spec i fic ity. HUWE1 is a key
player in tu mor bi ol ogy and, there fore, an at trac tive ther a -
peu tic target. 

To un der stand how HUWE1 syn the sizes ubiquitin
chains we will dis sect the in ter ac tions of this ligase with
ubiquitin by a com bi na tion of struc tural and func tional
tools with a dis tinct fo cus on X-ray crys tal log ra phy.

Par tic i pa tion in the Course was sup ported by FEBS YTF
grant.
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CRYSTALLIZATION OF TRANSCRIPTIONAL REPRESSORS DEOR AND
EFFECTOR-BINDING DOMAIN OF GNTR FROM BACILLUS SUBTILIS

M. Nováková1, P. Øezáèová1,2, J. Škerlová1,2 and M. Fábry2

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, 
Flemingovo nám. 2, Prague 6, Czech Re pub lic

2In sti tu te of Mo le cu lar Ge ne tics, Aca de my of Sciences of the Czech Re pub lic, Ví deò ská 1083, Pra gue 4,
Czech Re pub lic 

DeoR is in volved in car bon catabolite re pres sion in B.
subtilis as the lo cal repressor of the deoxyribose and
deoxyribonucleoside ca tab o lism. The struc ture of the
C-ter mi nal effector-bind ing do main of DeoR has al ready
been re ported [1]. How ever, to un der stand fully the
allosteric ef fects of the repressor dur ing the met a bolic reg -
u la tory pro cess, it is nec es sary to re solve the 3D struc ture
of the full-length pro tein in com plex with its op er a tor
DNA. To achieve this, we ini ti ated struc tural stud ies by
X-ray dif frac tion. Re com bi nant DeoR was pre pared by
heterologous ex pres sion in E. coli BL21 (DE3) and pu ri -
fied with yield of 3.4 mg per L of bac te rial cul ture. Bio -
chem i cal and bio phys i cal anal y sis re vealed that pro tein
forms dimer and binds DNA du plex de rived from the op er -
a tor se quence. Crys tal li za tion of DeoR in com plex with
DNA was car ried out us ing the vapour dif fu sion sit ting-
and hang ing-drop tech niques. Nee dle-shaped crys tals were 
ob tained and pres ence of DNA was con firmed by flu o res -
cence mi cros copy in the pres ence of SYBR-Gold®. Dif -
frac tion data were ob tained to a res o lu tion of 3.9 C and
struc ture was solved by mo lec u lar re place ment. While
model is be ing re fined, crys tal li za tion con di tions are be ing

op ti mized to ob tain better-dif fract ing crys tals. 

GntR is also in volved in car bon catabolite re pres sion in
B. subtilis but as a lo cal repressor of D-gluconate ca tab o -
lism. Al though it was the first char ac ter ized pro tein from
GntR fam ily [2], any part of its struc ture has not been
solved yet. As the first step to ap proach this we ini ti ated
struc tural stud ies of the C-ter mi nal effector-bind ing do -
main (C-GntR) in com plex with its effector D-gluconate.
Re com bi nant C-GntR was pre pared by heterologous ex -
pres sion in E. coli BL21 (DE3) and pu ri fied with yield of
21.4 mg per 1 L of bac te rial cul ture. Bio chem i cal and bio -
phys i cal anal y sis re vealed that pro tein forms dimer. Crys -
tal li za tion of complexed C-GntR was car ried out us ing
vapour dif fu sion tech niques. Ob tained crys tals dif fracted
X-ray to a res o lu tion of 2.2 C. At tempts to solve struc ture
by mo lec u lar re place ment failed and thus crys tals for ex -

per i men tal phas ing will be pre pared. 

 This pro ject was sup ported by the Min is try of Ed u ca tion of
the Czech Re pub lic (programme “NPU I”) pro ject
LO1304.

1. J. Škerlová, M. Fábry, M. Hubálek, Z. Otwinowski, P.
Øezáèová, FEBS J., 281 (2014) 4280-4292. 

2. Y. Miwa, Y. Fujita, J Biol Chem., 263 (1988)
13252-13257.
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NADPH OXI DAS ES AND THEIR ROLE IN RE DOX SIG NAL ING: STRUC TURAL AND
BIO CHEM I CAL STUD IES FOR THE DE VEL OP MENT OF NEW

IN HIB I TORS/MOD U LA TORS AS A PATH WAY TO CANCER THERAPY

Joana Reis,1 Francesca Magnani,1 Elisa Millana Fananas,1 Marta Ceccon,1 Marta Massari,1

Simone Nenci,1 Elvira Romero,2 Marco W. Fraaijeb2 and Andrea Mattevi1

1De part ment of Bi ol ogy and Bio tech nol ogy “L. Spallanzani,” Uni ver sity of Pavia, 27100 Pavia, It aly
2Mo lec u lar Enzymology Group, Uni ver sity of Groningen, 9747 AG Groningen, The Neth er lands 

NADPH-oxi das es (NOXs) are the only known en zymes
whose sole func tion is ROS gen er a tion. More over, mam -
mals con tain sev eral en zyme isoforms: Nox1-Nox5,
Duox1 and Duox2, which dif fer with re spect to their sub -
unit com po si tion, reg u la tion, spe cific ac tiv i ties, and ROS
prod uct(s). These in te gral mem brane pro teins are known to 
per form del i cate sig nal ing roles that are spe cific for each of 
the seven isoforms pres ent in hu mans and which mod u late
path ways that in duce and sus tain cell pro lif er a tion [1].

Re cently, our re search group has been suc cess ful in ac -
com plish ing the first crys tal struc ture of the cytosolic

dehydrogenase (DH) and trans-mem brane (TM) do mains
of NOX us ing a bac te rial ortholog which is highly sim i lar
(40% se quence iden tity) to hu man NOX5 [2]. The struc -
tural anal y sis had re vealed the ar chi tec ture and the ar range -
ment of the re dox co factors in the cat a lytic core of these
in te gral mem brane en zymes. Fur ther more, the struc tural
elu ci da tion hinted to wards fea tures that could be ex ploited
for the de sign of se lec tive drugs against dis tinct NOX
isoforms [2].

In this frame work, our group has been cur rently fo -
cused in the study of the three-di men sional struc ture of the
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full-length NOX core sub unit. This will clar ify the mech a -
nism re lated with the elec tron trans fer from intracellular
NADPH to the ex ter nal heme, where the ROS gen er a tion
takes place. Ac cord ingly, we are cur rently work ing on the
screen ing of de ter gents which might limit pro tein deg ra da -
tion and en hance sta bil ity. The de vel op ment of mu tants tar -
get ing the do main linker re gion whose flex i bil ity might
lead to pro te ol y sis is an other suc cess ful strat egy to ob tain
pro tein suit able for struc tural and bio chem i cal stud ies. This 
work will also be sup ported on the de vel op ment of lig ands
as use ful tools to help ex pres sion, pu ri fi ca tion, and crys tal -
li za tion of the TM-DH core sub unit by sta bi liz ing its struc -

ture. The de vel op ment of isoform-spe cific NOX in hib i tors
and mod u la tors can act as pow er ful tools to investigate the
biology of ROS signaling and consolidate the role of NOXs 
in cancer. 

1. Block K, Gorin Y. Aid ing and abet ting roles of NOX oxi -
das es in cel lu lar trans for ma tion. Nat Rev Can cer., 12
(2012) 627-637. 

2. Magnani F, Nenci S, Millana Fananas E, Ceccon M,
Romero E, Fraaije MW, Mattevi A. Crys tal struc tures and
atomic model of NADPH oxidase. Proc Natl Acad Sci
USA. 114 (2017) 6764-6769.
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CRYSTALLIZATION AND STRUCTURE DETERMINATION OF NEW
ENE-REDUCTASES

M.S. Robescu, L. Cendron and E. Bergantino 

De part ment of Bi ol ogy, Padova Uni ver sity, 35121 Padova, It aly

Ene-re duc tases (ERs) (EC 1.6.99.1) from the Old Yel low
En zyme (OYE) fam ily are ver sa tile flavin-de pend ent cat a -
lysts that have been ap plied to the asym met ric trans-re duc -
tion of a broad range of ac ti vated C=C-bonds at the
ex pense of NAD(P)H co fac tor [1]. These flavoenzymes
ex hibit a re mark ably broad range of sub strate ac cep tance,

cat a lyz ing the re duc tion of a,b-un sat u rated ke tones, al de -
hydes, carboxylic ac ids and de riv a tives (such as es ters, lac -
tones, cy clic im ides), nitriles and ni tro com pounds,
yield ing prod ucts with a va ri ety of bio tech no log i cal and
phar ma ceu ti cal ap pli ca tions [2].

Here we re port the crys tal grow ing con di tions and the
three-di men sional struc tures of seven new ene-re duc tases

from dif fer ent or gan isms (i.e. bac te ria, fungi and al gae).
Till now five ene-re duc tases be long ing to the “clas si cal”
and two be long ing to the “thermophilic-like” ERs sub -
classes have been crys tal lized and their struc ture solved
with good to mod er ate res o lu tion. 

The dif fer ent strat e gies de vel oped for their crys tal li za -
tion and the struc tural pe cu liar i ties of the dif fer ent ERs
sub classes are also discussed.

In or der to un der stand biocatalysts stereoselectivity and 
the key in ter ac tions with sub strates and co factors, at tempts
to soak crys tals with NAD(P)H an a logues and dif fer ent
com pounds are also reported. 
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INITIAL CRYSTALLIZATION STUDIES OF BTLA PROTEIN IN COMPLEX WITH
PEPTIDE BASED INHIBITORS OF BTLA/HVEM COMPLEX FORMATION

M. Szymczak1, M. Orlikowska1, M. Spodzieja1, K. Kalejta1, S. Ziêtkiewicz2,
S. Rodziewicz- Motowid³o1

1Fac ulty of Chem is try. Uni ver sity of Gdansk, ul. Wita Stwosza 63, 80-308 Gdansk, Po land
2In ter col le giate Fac ulty of Bio tech nol ogy UG&MUG, Uni ver sity of Gdansk, 

ul. Abrahama 58, 80-307 Gdansk, Po land

Mel a noma is con sid ered to be one of the most dan ger ous
skin can cers that oc curs in hu mans. It usu ally de vel ops
from nat u rally oc cur ring pig ment cells – melanocytes
which un der gone in ap pro pri ate trans for ma tion [1]. The
con stantly in creas ing in ci dence of mel a noma causes that
this dis ease re mains a big chal lenge for con tem po rary on -
col ogy. The prom is ing way of in hib it ing the de vel op ment
of can cer seems to be a ther apy based on block ing im mune
check points, e.g. HVEM/BTLA. B  and T  lym pho cyte
attenuator (BTLA) is an im mu no glob u lin- like re cep tor
which high est ex pres sion was ob served on the sur face of B

lym pho cytes and CD4+ T cells [2]. BTLA has the abil ity to
form com plex with the HVEM (Herpesvirus en try me di a -
tor) pro tein pres ent, for ex am ple, on the cells sur face of
mel a noma. Com plex be tween HVEM/BTLA pro teins in -
hib its the ac ti va tion of CD8+ T lym pho cytes. Block ing the
in ter ac tion be tween these two re cep tors with small mol e -
cules (pep tides or peptidomimetics) can be the way to stim -
u late the body’s im mune re sponse.

Up to now the crys tal struc ture of the full- length
HVEM pro tein and its lig ands has not been de ter mined.
How ever in 2005 the crys tal struc ture of com plex of
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extracellular do mains of BTLA and HVEM was solved.
This struc tures shows that BTLA binds to the N- ter mi nal
do main of HVEM, spe cif i cally to re gion 26 33 which is in
Cysteine Rich Do main 1 (CRD1) [3]. This in for ma tion al -
lowed to de sign and char ac ter ize pep tide- based in hib i tors
of BTLA/HVEM com plex for ma tion.

The de vel op ment of the ef fi cient method of ex pres sion
and pu ri fi ca tion of hu man BTLA was nec es sary to de ter -
mine crys tal struc ture of BTLA in com plex with pep tide 
based in hib i tors of BTLA/HVEM com plex for ma tion. Pro -
tein used for crys tal li za tion was ex pressed in E.coli and pu -
ri fied us ing af fin ity col umn fol lowed by size ex clu sion
chro ma tog ra phy. Pep tides were syn the sized by solid- phase 
peptide synthesis method.

This work was sup ported by Pol ish Na tional Sci ence Cen -
ter grant no.2016/21/D/NZ1/02777.

1. V. Gray-Schopfer, C. Wellbrock, R. Marais, Mel a noma bi -
ol ogy and new tar geted ther apy, Na ture, 445 (2007): p.
851-857.

2. AC. Vendel, J. Calemine-Fenaux, A. Izrael-Tomasevic, V.
Chauhan, D. Ar nott, DL. Eaton, B and T lym pho cyte
attenuator reg u lates B cell re cep tor sig nal ing by tar get ing
Syk and BLNK. J Immunol., 182 (2009): p. 1509-1517.

3. DM. Compaan, LC. Gon za lez, I. Tom, KM. Loyet, D.
Eaton, SG. Hymowitz, At ten u at ing lym pho cyte ac tiv ity:
the crys tal struc ture of the BTLA-HVEM com plex. 
J Biol Chem., 280 (2005): p. 39553-61.
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CRYS TAL STRUCTURES OF THE CELL WALL PRO TEINS CWP8 AND CWP6 FROM
CLOSTRIDIUM DIFFICILE

A. Usenik1, N. Lindiè1, M. Renko1,2,3, M. Miheliè1,2, J. Borišek4, A. Perdih4, G. Pretnar1,2, U.
Müller5,6  and D. Turk1,2
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3pres ent ad dress: MRC Lab o ra tory of Mo lec u lar Bi ol ogy, Fran cis Crick Av e nue, Cambridge 
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stein-Str. 15, D-12489 Berlin, Ger many 
6pres ent ad dress: Lund Uni ver sity, Syn chro tron Ra di a tion Re search, De part ment of Phys ics, Sölvegatan 14,

SE-223 62 Lund, Swe den

The cell wall of Gram-pos i tive bac te ria is a sur face,
exoskeletal organelle com posed of peptidoglycan, sec ond -
ary poly mers and a wide va ri ety of pro teins. Sev eral types
of cell wall pro teins are non-co va lently at tached via cell
wall bind ing do mains in some cases form ing sur face pro -
tein lay ers (S-lay ers). Of the two con served S-layer-an -
chor ing mod ules com posed of three tan dem SLH or CWB2 
do mains, the lat ter have so far eluded struc tural in sight. In
C. difficile 630, one of the most im por tant nosocomial
patho gens caus ing an ti bi otic-as so ci ated di ar rhea that can
lead to po ten tially le thal pseudomembranous co li tis, there
are 29 cell wall pro teins (CWPs), in clud ing the ma jor
S-layer pre cur sor, SlpA, shar ing the CWB2 mod ule. We
have re cently re ported the crys tal struc tures of multi-do -
main cell wall pro teins Cwp8 and Cwp6 that re vealed a tri -
an gu lar trimer of 2x2 Rossmann-fold CWB2 do mains and
the struc tural ba sis of the in tact mod ule fold nec es sary for
its bind ing to the cell wall sub stan ti at ing pre vi ous re ports

that un per turbed three tan dem CWB2 re peats me di ate
non-co va lent bind ing to the an ionic sec ond ary poly mer
PSII. The trimer bind ing ar range ment con tains highly con -
served res i dues and is shared be tween CWB2 and the SLH
S-layer/cell wall-an chor ing mod ules sug gest ing a com mon 
or con ver gent evo lu tion ary or i gin. Ad di tional struc tural in -
sight into the mo lec u lar or ga ni za tion of C. difficile cell wall 
is pro vided by show ing par tial struc tural sim i lar ity of the
N-ter mi nal parts of Cwp8 and SlpA. Based on bio chem i cal
char ac ter iza tion of Cwp6 and its C-ter mi nal do main struc -
tural align ment with PDB deposites, we also con clude that
Cwp6 is a zinc-de pend ent N-acetylmuramoyl-L-alanine
amidase be long ing to an Amidase_3 (PF01520) fam ily. A
com par i son with pre vi ously re ported EM and AFM data of
S-lay ers sug gests that C. difficile S-lay ers are com plex
oligomeric struc tures, likely com posed of sev eral dif fer ent
pro teins.
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OP TI MI ZA TION OF THE CRYS TAL LI ZA TION BENCH FOR CRYS TAL LIZ ING THE
MEM BRANE PRO TEINS 

E. Vahdatahar1, N. Junius 2, 1, 3, D. Cobessi 4, 3, 1, 2, J-L. Ferrer 4,2,1,3 M. Budayova  Spano1, 4, 3, 2

1Doc toral school of Phys ics, Uni ver sity of Grenoble Alpes, 38044 Grenoble, France
2CEA, 38044, Grenoble, France

3CNRS, 38044 Grenoble, France
4IBS, 38044 Grenoble, France

While large vol ume crys tals (~ mm3) are re quired for neu -
tron pro tein crys tal log ra phy, small uni form-size

microcrystals (~ 10 - 20 mm) are used for time-re solved ex -
per i ments in X-ray pro tein crys tal log ra phy. In case of
mem brane pro teins find ing suit able crys tal li za tion con di -
tions rep re sent one of the most chal leng ing parts. To over -
come this ob sta cle the crys tal li za tion bench was de signed
in our lab a few years ago. It uses di al y sis method while al -
low ing the vari a tion of the tem per a ture and the chem i cal
com po si tion dur ing the ex per i ment to find the best con di -
tion of crys tal li za tion of glob u lar pro teins [1]. The goal of
my work is to de velop the cur rent crys tal li za tion bench as
well as the ra tio nal op ti mi za tion strat e gies of crys tal
growth based on knowl edge of equi lib rium phase di a grams 
for crys tal li za tion of mem brane pro teins.

We pu ri fied suc cess fully two model mem brane pro -
teins, ShuA and AcrB, both ex pressed in Esch e richia coli.
As an ex am ple, for AcrB, we started with 4 litres (Luria
Broth me dium) of cul ture of E.coli cells. We in duced the
ex pres sion of AcrB by add ing IPTG, we dis rupted the cells
with the Microfluidizer to iso late the mem brane, and fi -

nally, we pu ri fied the pro tein by HisTrap col umn. At the
end of the pu ri fi ca tion pro ce dure, SDS-PAGE was used to
eval u ate the pu rity of the pro teins. 7.2 mg of pure Acr B has 
then been used in ini tial crys tal li za tion screen ing to ob tain
first crys tals. This has been done by con ven tional crys tal li -
za tion tech niques (vapour dif fu sion). Cur rently, we are op -
ti miz ing its crys tal li za tion by re duc ing the num ber of
crys tals per vol ume of crys tal li za tion so lu tion. We will re -
pro duce crys tal li za tion ex per i ments in or der to find the
best crys tal li za tion con di tions for our mem brane mod els
and the crys tal li za tion bench will be used to ob tain suit able
crys tals for both the neu tron macromolecular crys tal log ra -
phy and fast (sub ms) time-re solved X-ray crys tal log ra phy.

This pro ject has re ceived funded from the Eu ro pean un -
ion’s ho ri zon 2020 re search and in no va tion pro gram un -
der the MARIE SK£ODOWSKA-CURIE grant agree ment
NO 722687. Par tic i pa tion in the Course was sup ported by
FEBS YTF grant.

1. Junius, N., Oksanen, E., Terrien, M., Berzin, C., Ferrer, J.
L., & Budayova-Spano, M., J. Appl. Cryst., 49 (2016),
806-813.
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STRUCTURAL INSIGHTS INTO THE MECHANISM OF CLIC1 MEMBRANE INSERTION

L. Varela, A. Hendry, J. L. Ortega- Roldan

School of Bio sci ences, Uni ver sity of Kent, Can ter bury, CT2 7NJ, United King dom

The Chlo ride Intracellular Chan nel (CLICs) pro teins con -
sist of a fam ily of meta mor phic pro teins that ex ist in an
equi lib rium be tween a sol u ble and a mem brane- bound
state. The al ter ation of CLIC func tion has been in volved in
ischemia- reperfusion and dif fer ent forms of can cer. CLIC1 
has been di rectly linked with glioblastoma proliferative ca -
pac ity. It can be found as a chlo ride chan nel or as a sol u ble
re duced form with oxidoreductase ac tiv ity. CLIC1 in hib i -
tors block both its ion chan nel func tion and oxidoreductase
ac tiv ity. How ever, it is un known what form or forms of the
pro tein are rel e vant in the con text of healthy and
glioblastoma cells and how the equi lib rium be tween them
is af fected in dis ease. In this study, we have as signed 90%
of the back bone res o nances and mea sured back bone dy -
nam ics in dif fer ent con di tions rel e vant to CLIC1 ac tiv ity.

The sec ond ary struc ture in so lu tion fol lows the X- ray
struc ture. How ever, the re gion around he lix 7 in the C- ter -
mi nal do main dis plays el e vated fast -time dy nam ics. We
have also ob served that pH pro duces al ter ations in the
back bone dy nam ics both in the N  and C  ter mi nal do mains,
mod i fy ing the over all shape of the pro tein as we have ob -
served by SAXS, in par tic u lar the re gion around he lix 7.
Lipids ti tra tions show that CLIC1 in ter acts with lipids with
very dif fer ent af fin i ties. We have solved the X- ray struc -
ture of CLIC1 in the pres ence of lipids, and whereas the
over all struc ture is sim i lar to the sol u ble re duced mono mer, 
the re gion around he lix 7 is in a dif fer ent ori en ta tion, sug -
gest ing that this re gion may be in volved in the in ter ac tion
with lipid mem branes in a first step to wards the in ser tion
on the mem brane.
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STRUC TURE OF CVHSP AND ITS CO-AS SEM BLY WITH OTHER MAM MA LIAN MALL 
HEAT-SHOCK PRO TEINS

Zihao Wang, Miranda P. Col lier, Justin L.P. Benesch

De part ment of Chem is try, Uni ver sity of Ox ford, UK

Cardiovascular heat shock pro tein (cvHsp) is ex pressed in
cardiomyocytes shortly af ter myo car dial in farc tion and in
other mus cle tis sues. The cel lu lar role of cvHsp is still un -
clear but its knock out can cause the col lapse of skel e tal
mus cle sarcomeric struc ture [1]. As a mem ber of the small
heat-shock pro tein (sHsp) fam ily, it com prises a cen tral

"a-crystallin do main”, flanked by flex i ble N- and C-ter mi -
nal re gions. SHsps have the ten dency to wards het -
ero-oligomerisation within the fam ily, while the roles of

those oli go mers are to be re vealed [2]. Pre vi ous bio chem -
is try stud ies sug gest that dimerised filamin C (FLNC) may

be a po ten tial in ter ac tion sub strate of cvHsp [3].
Very lit tle is known about the struc ture of cvHsp. Here

I pres ent na tive mass spec trom e try (MS) data and pre lim i -
nary struc tural stud ies to in ves ti gate the char ac ter is tics of
cvHsp and its in ter ac tions with other sHsp fam ily mem -
bers. Un like the other hu man sHsps, we find that cvHsp
does not oligomerise via the as sem bly of dimers. Trace
amount of dimers only ap pear above pH 7.5, and the ma -
jor ity of cvHsp re mains to be monomeric (Fig. 1). We gen -
er ated trun cated con structs lack ing the N- and C-ter mi nal

re gions, or just the N-ter mi nal re gion to study the co-as -

sem bly of cvHsp in de tail as well as the crys tal struc ture.
We found that the core seg ment co-as sem bles with the

cores of other sHsps, Hsp27 and aB-crystallin. Al though
cvHsp can form an oxi dised dimer, in ter ac tions be tween
the heterodimers are con firmed to be non-co va lent by col -

li sion in duced dis so ci a tion (CID), which is a gas phase ac -
ti va tion method in na tive MS. Tri mers are also ob served
for both trun cated con structs, which means fur ther se -
quence op ti mi sa tion is needed through pro te ol y sis for the

for ma tion of crys tal.  
Future work will fo cus on de ter min ing the bind ing sub -

strates of cvHsp and fur ther struc tural study on cvHsp.

1. W. Liao, L. Juo, Y. Shih, Y. Chen & Y, Yan, PLOS Ge net -
ics., 13 (2017) 8.

2.  G. Kappé, E. Franck, P. Verschuure, W.Boelens, J.
Leunissen, W. De Jong,  Cell Stress & Chaperones., 8
(2003) 53-61.

3. E. Mer cer, Y. Lin, L. Co hen-Gould, T. Ev ans, Dev Biol.,
435  (2018) 41-55.

P32

EXPRESSION, PURIFICATION AND BIOPHYSICAL CHARACTERIZATION OF
SELECTED PYRIDOXAL PHOSPHATE SYNTHASE COMPLEXES 

N. Ullah,1,2 C. N. Mudogo,1 S. Falke,1 M. Perbandt,1 C. Wrenger3 and C. Betzel1

1In sti tute of Bio chem is try and Mo lec u lar Bi ol ogy, Uni ver sity of Ham burg, Ger many
2De part ment of Bio chem is try, Bahauddin Zakariya Uni ver sity, Multan-60800, Punjab, Pa ki stan

3Unit for Drug Dis cov ery, De part ment of Par a si tol ogy, In sti tute of Bio med i cal Sci ences, Uni ver sity of Sao
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In terms of in ter dis ci plin ary re search ac tiv i ties, we plan to
ana lyse the struc ture-func tion and dy nam ics of se lected
pyridoxal phos phate synthase com plexes of the vi ta min B6

me tab o lism, which are po ten tial tar gets for struc ture based
drug dis cov ery in ves ti ga tions to treat in fec tious dis eases.
The in ves ti ga tions will fo cus in par al lel and com par a tive,
ap ply ing com ple men tary bioanalytical and bio phys i cal
meth ods, on pyridoxal-5-phos phate (PLP)-synthase com -
plexes of:  Plasmodium vivax, My co bac te rium tu ber cu lo -
sis and methicillin re sis tant Staph y lo coc cus aureus
(MRSA), with a strong fo cus ap ply ing pulsed syn chro -
tron- or XFEL ra di a tion to per form time re solved struc -
tural in ves ti ga tions and uti liz ing data about the al ready
pub lished crys tal struc ture of Plasmodium berghei (Pdx1)

and Plasmodium falciparum (Pdx2) chi me ric com plex 
[1]. 

Ma laria is still one of the lead ing causes of mor bid ity
and mor tal ity in de vel op ing coun tries, es pe cially in Af rica, 
but also in Asia and Latin Amer ica, caused by Plasmodium
spe cies [1]. Tu ber cu lo sis is a wide spread and deadly in fec -
tious dis ease caused by My co bac te rium tu ber cu lo sis [2].
MRSA in fec tions are known also as nosocomial and an ti -
bi otic re sis tant in fec tions, caus ing world wide a high num -
ber of fa tal cases and known to be a sub stan tial threat to
global health [3].

The term vi ta min B6 col lec tively re fers to the com -
pounds: pyridoxal, pyridoxine, pyridoxamine and their re -
lated phos phate es ters. The met a bol i cally ac tive forms are
pyridoxal-5-phos phate (PLP) and pyridoxamine-5-phos -
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phate (PMP). PLP is known as na ture's most ver sa tile co -
fac tor and is in volved in more than 100 en zy matic
re ac tions [4]. Vi ta min B6 is syn the sized through con sec u -
tive re ac tions me di ated by the pyridoxal-5-phos phate
(PLP)-synthase com plex con sist ing of pyridoxal bio -
synthesis lyase PdxS (Pdx1) and glutamine amido -
transferase PdxT (Pdx2) [2]. Pdx1 ex ist as hexa mer- 
dodecamer equi lib rium in so lu tion. The dodecamer is
formed by two interdigitating rings, each con sist ing of six
Pdx1 mol e cules. Pdx2 sub units at tach to the Pdx1 oligo -
mer, and fully dec o rated com plexes con tain ing 12 Pdx2
sub units at tached to a Pdx1 dodecamer [5].

We val i dated and es tab lished the bac te rial ex pres sion
and pu ri fi ca tion of both pro teins of Plasmodium vivax, first 
as model sys tem in prep a ra tion for crys tal li za tion ex per i -
ments. Anal y sis of the re com bi nant pro teins by size ex clu -
sion chro ma tog ra phy and Dy namic Light Scat ter ing (DLS) 
re vealed that Pdx1 is monodisperse and dodecameric in so -
lu tion, whereas, Pdx2 ap pears as both in monomeric and
multimeric forms, with a ten dency to ag gre gate with time. 

In ter est ingly, by ap ply ing monodisperse Pdx1 to Pdx2
ag gre gates a sta ble monodisperse com plex val i dated by a

DLS with ra dius dis tri bu tion (RH) of 9.7 ± 1.3 nm and a
cor re spond ing  Mw of approx. 600 KDa was ob served.
Show ing a strong and unique in ter ac tion be tween Pdx1 and 

Pdx2, in de pend ently of the oligomerization state of Pdx2.
Be side crys tal li za tion ex per i ments we plan to ana lyse the
in ter ac tion be tween the two pro teins by time-re solved
SAXS/SEC-SAXS, which will pro vide new in sights into
the struc ture and func tional dynamicity of the com plex en -
zyme ma chin ery.  De tails will be pre sented.
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