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TIME-RESOLVED CRYSTALLOGRAPHY OF PROTEINS AT THE FEMTO SECOND
X-RAY PLASMA SOURCE IN ELI BEAMLINES

B. Angelov, J. Andreasson

ELI Beamlines, Fyzikalni ustav, AVCR, 25241 Dolní Bøežany, Czech Re pub lic
Borislav.Angelov@eli-beams.eu

The ad vances in de sign ing novel X-ray sources will al low
for time re solved X-ray scat ter ing and dif frac tion on a
femto second to mil li sec ond time scale. Un like large scale
fa cil i ties such as synchrotrons, in ten sive la sers can be used
for the gen er a tion of short X-rays pulses in a setup sim i lar
in size to the com mer cially avail able lab o ra tory X-ray
sources. The femto second la ser driven emis sion of X-ray
pulses from plasma (XPS) of fers higher time res o lu tion for
fast ki netic mea sure ments than con tin u ously emit ting
sources.  The ELI beamlines fa cil ity is planned to start op -
er a tion by the end of 2016 in Dolni Brezany, Czech Re pub -
lic. It will give a unique ad van tage for time re solved
crys tal log ra phy and wide an gle scat ter ing for a crys tal line
sam ples, in clud ing pro teins. The gen er ated pulses will
span approx. 100 fs with a rep e ti tion rate of 1 kHz. The
scat tered and dif fracted by the pro tein crys tal X-rays will

be counted us ing a DECTRIS Eiger 1M area de tec tor
which op er ates at the same frame rate as the source, i.e. 1
kHz. Such setup can be com bined with sev eral pump probe
la sers to study the fast kinetics for ex am ple in pro teins rel e -
vant to plant photosystems or vi sion in an i mals. Be cause of
the in ter dis ci plin ary na ture of the fields and of the ELI
beamlines fa cil ity reg u lar dis cus sions be tween ex perts in
the field of high power la ser-mat ter in ter ac tion and po ten -
tial us ers, as well as young sci en tists, are or ga nized.  

1. B. Rus ; F. Batysta ; J. Èáp ; M. Divoký ; M. Fibrich, et al.
“Out line of the ELI-Beamlines fa cil ity”, Proc. SPIE 8080,
Di ode-Pumped High En ergy and High Power La sers; ELI:
Ultrarelativistic La ser-Mat ter In ter ac tions and Petawatt
Pho ton ics; and HiPER: the Eu ro pean Path way to La ser En -
ergy, 808010, 2011; doi:10.1117/12.890392
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A NEW DESIGN OF PLATE GEOMETRY FOR EFFICIENT PROTEIN
CRYSTALLIZATION SCREENING

D. C. Yin*, C. Y. Zhang, R. Q. Chen, C. Dong, R. B. Zhou, Q. D. Cheng

School of Life Sci ences, North west ern Polytechnical Uni ver sity, Xi’an 710072, Shaanxi, PR
Chinayindc@nwpu.edu.cn

We pro pose in this re port a new de sign of ge om e try for
pro tein crys tal li za tion plates. Each plate com prises 96 units 
cor re spond ing to the 96 con di tions of com mer cial crys tal li -
za tion screen ing kits. Each unit con sists of 4 wells in which 
four dif fer ent vol ume ra tios of pro tein so lu tion to pre cip i -
tant so lu tion can be set up. Based on the ge om e try we man -
u fac tured two types of crys tal li za tion plates: 1) Microbatch 

plate (M plate): the 96 units are sep a rately sealed but the 4
wells in each unit are sealed to share the same com mon
space; 2) Cross-dif fu sion microbatch [1] plate (CDM

plate): all 96´4 wells are sealed to share the same com mon
space, so that all vol a tile com po nents in the drop lets can
freely dif fuse in the com mon space. Fig ure 1 shows sche -
mat i cally the ge om e try of these two crys tal li za tion plates.
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Fig ure 1. Two types of crys tal li za tion plates used in this study. (a) CDM plate; (b) M plate [1]. 



The crys tal li za tion plates ex hibit strong flex i bil ity to
adopt dif fer ent crys tal li za tion screen ing strat e gies. A very
prom is ing method is to vary the vol ume ra tio of pro tein so -
lu tion to pre cip i tant so lu tion among the 4 wells. Hence, 4
dif fer ent ini tial con cen tra tions can be si mul ta neously used
for each pre cip i tant so lu tion, so that more chances of ob -
tain ing crys tals may be achieved. 

Fig ure 2 shows some ex am ples that, dif fer ent ini tial
vol ume ra tios can pro vide more chances to ob tain crys tals:
when at one ini tial con cen tra tion, there may be no crys tals
at all (like in those clear drops), but at other ini tial con cen -
tra tions us ing the same pre cip i tant, crys tals may ap pear
(like in those drops with crystals). 

Fig ure 3 shows the com par i sons of crys tal li za tion re -
sults us ing CDM and M plates as com pared against the tra -
di tional sit ting drop vapour dif fu sion (SDVD) plate. It can

be seen that both CDM and M plates are pow er ful to in -
crease the ef fi ciency to crys tal lize proteins. 

AparApart from vary ing the vol ume ra tios of pro tein
so lu tion to pre cip i tant so lu tion, an other strat egy is to vary
the pH level in the drop let. By add ing an ex tra buffer at dif -
fer ent pH to the wells sep a rately, we may ad just the fi nal
pH in the crys tal li za tion drop let, thus cre at ing dif fer ent
crys tal li za tion conditions simultaneously. 

1. R. Q. Chen, D. C. Yin, Y. M. Liu, Q. Q. Lu, J. He,Y. Liu,
Acta Cryst. D70, (2014), 647.

2. C. Dong, C. Y. Zhang, Y. Y. Liu, R. B. Zhou, Q. D.
Cheng, D. C. Yin, Cryst. Growth Des. DOI:
10.1021/acs.cgd.5b00702. 

This work was sup ported by Na tional Nat u ral Sci ence
Foun da tion of China (Grant No. 31170816).
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Fig ure 2. Crys tal li za tion ex am ples at dif fer ent ini tial vol ume ra tios of pro tein so lu tion to pre cip i tant so lu tion [2].

Fig ure 3. Com par i sons of the num ber of crys tal li za tion screen ing hits us ing dif fer ent crys tal li za tion plates
(SDVD Plate, M Plate, and CDM Plate)2. The num ber of crys tal li za tion screen ing hits for the M and CDM
plates is with out re dun dancy, i.e., hits in one unit count as one hit. (a1) Com par i sons of the num ber of screen -
ing hits be tween CDM and SDVD Plates. (a2) The av er aged nor mal ized screen ing hits on the CDM plate
com pared to the SDVD Plate, **P < 0.01, er ror bar: mean ± SEM, n =12. (b1) Com par i son of the num ber of
screen ing hits be tween M and SDVD Plates. (b2) The av er aged nor mal ized screen ing hits on the M plate
com pared to the SDVD Plate, **P< 0.01, er ror bar: mean ± SEM, n =12.
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CHANGE OF FRACTAL DIMENSION DURING THE NUCLEATION PHASE OF
LYSOZYME CRYSTALLIZATION 
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In this study we fo cused on the ques tion how to grow crys -
tals as large as pos si ble in light of their use as sam ples for
neu tron pro tein crys tal log ra phy. We con cen trated on the
early stages of the crys tal li za tion pro cess where the di rec -
tions are set whether many small crys tals grow or few large
ones. We used lysozyme as a model sys tem since it has
been stud ied well in the past and the phase di a gram of its
crys tal growth is known. We used a com bi na tion of three
scat ter ing tech niques since the in volved size ranges re quire 
a large q-range. Small an gle neu tron scat ter ing was used in
com bi na tion with static light scat ter ing on the same sam ple
in or der to ob tain struc tural in for ma tion on the grow ing
crys tal seeds. In situ dy namic light scat ter ing at the neu tron
scat ter ing sam ple cell was used to ob tain an over view of all
sizes pres ent in the crys tal li za tion pro cess by mea sur ing
their hy dro dy namic ra dii. The small an gle neu tron scat ter -
ing tech nique re quires crys tal li za tion in heavy wa ter in -
stead of nor mal wa ter. We found that the crys tal li za tion
con di tions did not dif fer too much from the ones men tioned 

in the lit er a ture for light wa ter when us ing a cor rected pD
value of pD = pH+0.4. The crys tal li za tion is ini ti ated by
mix ing a 60 mg/ml Lysozyme so lu tion with a 6 wt% NaCl
ac e tate buffer so lu tion (both at pD=4.75 and at 298 K) in a
1 :1 ra tio. Im me di ately af ter mix ing, dimers of lysozyme
mol e cules are formed and the struc ture fac tor seen in the
lysozyme stock so lu tion dis ap pears. Un der the cho sen con -
di tions we could ob serve a fractal growth of the clus ter of
mono mers with a change of the fractal di men sion from 1.0
to 1.7 in the first 90 min utes. This can be in ter preted as
clus ters be ing formed first which grow more in a lin ear
man ner with lit tle branch ing. Later, a swell ing oc curs cor -
re spond ing to a growth in the di men sion per pen dic u lar to
the pre vi ous lin ear growth. With these re sults the o ret i cal
mod els of crys tal growth can be im proved. Fur ther more,
the early de tec tion of crys tal seeds can be used to rap idly
change the crys tal li za tion con di tions (e. g. tem per a ture) in
or der to avoid the pro duc tion of more crys tal seeds.
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CRYSTALLIZATION OF HALOALKANE DEHOLOGENASE DgaA ISOLATED FROM
GLACIECOLA AGARILYTICA NO2

D. Malakhova1,2, Iu. Iermak1,3, R. Chaloupkova4, I. Kuta Smatanova1,3, D. Stys1
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A novel haloalkane dehalogenase DgaA, iso lated from
Glaciecola Agarilytica NO2 was suc cess fully crys tal lized.

 Haloalkane dehalogenases rep re sent an im por tant class 
of mi cro bial en zymes that catalyse an ir re vers ible hy dro ly -
sis of halogenated com pounds to the cor re spond ing al co -
hol, ha lide ion and pro ton [1]. This en zymes are widely
used for biodegradation and biosensing of en vi ron men tal
pol lut ants, de con tam i na tion of war fare agents, re cy cling
by-prod ucts from chem i cal pro cesses [2].

DgaA was iso lated from psychrophilic and mod er ate
halophillic or gan ism Glaciecola Agarilytica NO2, found in 
the East Sea ma rine sed i ment in Ko rea [3].

In or der to ob tain the  struc ture of DgaA x-ray dif frac -
tion anal y sis of en zyme’s crys tals was em ployed. Ini tial
screen ing for crys tal li za tion con di tions has been per formed 
on Gry phon crys tal li za tion ro bot (Art Rob bins In stru -
ments, USA) us ing sit ting drop vapour dif fu sion method
[4]. Af ter ini tial crys tal li za tion, microcrystals were found
in sev eral con di tions of JCSG - plus and Struc ture screen
1&2 (Mo lec u lar Di men sions Ltd, UK) com mer cial
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screens. Op ti mi za tion pro ce dures in clud ing pro tein and
salt con cen tra tion vari a tions re sulted in ap pear ance of
crys tals suf fi cient for x-ray dif frac tion ex per i ments. Nee -
dle clus ters and plate-like crys tals with size about 1.3 ×
0.059 mm and 0.2 × 0.065 mm, re spec tively, were ob -
tained. The datasets were col lected at res o lu tion rang ing
from 1.8 to 2.4 C. 

1. J. Newman, T. S. Peat, R. Rich ard, L. Kan, P.E. Swanson,
J. A. Affholter, I. H. Holmes, J. F. Schindler, C. J.
Unkefer, T. C. Terwilliger, Bio chem is try, 38, (1999), pp.
16105-16114.

2. T. Koudelakova, S. Bidmanova, P. Dvorak, A. Pavelka, R. 
Chaloupkova, Z. Prokop, J. Damborsky, Bio tech nol ogy
jour nal, 8, I.1, (2013), pp. 32-45.

3. J. J. Yong, S. J. Park, H. J. Kim, S. K. Rhee, International
Jour nal of Sys tem atic and Evo lu tion ary Mi cro bi ol ogy, 57,
(2007), pp. 951-953. 

4. A.  Ducruix, R. Giege, Crys tal li za tion of Nu cleic Ac ids and
Pro teins. A Prac ti cal Ap proach, 2nd ed., Ox ford Uni ver sity 
Press (2013).

This work was par tially sup ported by the Min is try of Ed u -
ca tion, Youth and Sport of the Czech Re pub lic – pro jects
CENAKVA (No. CZ 1. 05/2.1. 00/01.0024) and CENAKVA
II (No. LO1205 un der NPU I pro gram) and GAJU grant
(134/2013/ Z 2014 FUUP), and by the GACR 207/12/0775.
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 EFFECTS OF POLYETHYLENE GLYCOL 4000 AND SODIUM CHLORIDE: 
3-DIMENSIONAL PHASE DIAGRAM FOR A PROTEIN CRYSTALLIZATION

S. Takahashi1, B. Yan1, N. Furubayashi2, K. Inaka2, H. Tanaka1

1Con fo cal Sci ence Inc., 2-12-2 Iwamoto-cho, Chiyoda-ku, To kyo 101-0032 JAPAN
2Maruwa Foods and Bio sci ence Inc., 170-1 Tsutsui-cho, Yamatokoriyama, Nara 639-1123 JAPAN
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Crys tal li za tion is as so ci ated with a de crease in the sol vent
ac ces si ble sur face of a pro tein. For the crys tal li za tion of
pro tein mol e cule, it is im por tant to neu tral ize its charge
with counterions to pro duce electroneutrality [1]. Pre vi -
ously, we have shown that the im por tance of co-ex ist ing
so dium chlo ride in poly eth yl ene gly col (PEG) 4000 -
based crys tal li za tion so lu tion, the most widely used pre -
cip i tant [2]. How ever, the re la tion be tween PEG 4000 and
so dium chlo ride could not be enough dem on strated.
There fore, we per formed lysozyme crys tal li za tion in the
con cen tra tion range of PEG 4000 (0-25 %) and so dium
chlo ride (0.1-1.0 M) us ing batch method in a cap il lary of
0.3mm di am e ter to make a 3-di men sional phase di a gram.
In the course of ex per i ments, we found that lysozyme crys -
tals could grow in lower con cen tra tion (0.1~0.2 M) of so -
dium chlo ride if PEG 4000 was co-ex isted. In the so lu tion
of lower PEG 4000 con cen tra tion, a few but large crys tals
grew (Fig. 1-1). On the other hand, in the so lu tion of
higher PEG 4000 con cen tra tion, many but small crys tals
grew (Fig. 1-2), and if the PEG 4000 con cen tra tion is
much higher, large but clus tered crys tals grew (Fig. 1-3).
These re sults are con sis tent with the clas si cal nu cle ation
the ory [3, 4, 5]. The X-ray dif frac tion data showed that the
crys tals grown in higher PEG 4000 so lu tion dif fracted to
higher res o lu tion. These re sults sug gest that it may be
better to use so lu tion of lower con cen tra tion PEG with cer -
tain amount of so dium chlo ride to grow sin gle crys tals, but 
op ti mi za tion of the con cen tra tion of PEG 4000 and so -
dium chlo ride may be a crit i cal prob lem from a point of
view of dif frac tion study.

1. K. D. Col lins, Meth ods, 34, (2004), 300.

2. M. Yamanaka, K. Inaka, N. Furubayashi, M. Matsushima,
S. Takahashi, H. Tanaka, S. Sano, M. Sato, T. Kobayashi,
T. Tanaka, J. Syn chro tron Rad., 18, (2011), 84.

3. M. Volmer, A. Weber, Z. Phys. Chem., 119, (1926), 277.

4. D. Turnbull, J. Chem. Phys., 18, (1950), 198.

5. I. Yoshizaki, H. Nakamura, S. Fukuyama, H. Komatsu, S.
Yoda, J. Microgravity Sci. App., 19(1), (2002), 30.

Fig ure 1-1. Lysozyme crys tals grown in 5% PEG 4000 and 0.2 M 
NaCl.

Fig ure 1-2. Lysozyme crys tals grown in 15% PEG 4000 and 0.2
M NaCl.

Fig ure 1-3. Lysozyme crys tals grown in 20% PEG 4000 and 
0.1 M NaCl.
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STRUCTURE INVESTIGATION OF NATURE POLYETHER PRODUCT BIOSYNTHESIS

Qian Wang and Chu-Young Kim

Chem is try De part ment, Col lege of Sci ence, The Uni ver sity of Texas at El Paso

Polyether na ture prod ucts have been of spe cial at ten tion
be cause of their fas ci nat ing struc ture and bi o log i cal ef -
fects. They are widely used as anticancer, an ti bi ot ics, and
antivirus ther a peu tics. Lasalocid A is an ionophore poly -
ether that can be syn the sized by a se ries of en zymes Lsd11
to Lsd19 in Streptomyces lasaliensis. It con tains a poly -
cyclic ether skel e ton con structed by enantioselective
epoxi dation and epoxide-open ing cyclization. Our group

has in ves ti gated the epoxide hy dro ly sis step in lasalocid A
biosynthesis. Now our in ter est is in the epoxidation step
where the ether ring stereoconfiguration is de ter mined by
the epoxidase Lsd18. Solv ing Lsd18 atomic struc ture us ing 
X-ray crys tal log ra phy would help us un der stand the mech -
a nism of ether ring stereocontrol.
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METALLACARBORANE IN HIB I TORS OF CAR BONIC ANHYDRASE IX, PROM IS ING
COM POUNDS FOR THER APY AND DI AG NOS TIC 

J. Brynda1,3, P. Øezáèová1,3, M. Fábry1, J. Štìpánková2, M. Hajdúch2, J. Holub4,
Václav Šícha4, Jan Nekvinda4,  and Bohumír Grüner4
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We have pre vi ously iden ti fied carboranes and metalla -
carbo ranes mod i fied by sulfamido or sulfonamido goup as
a prom is ing class of spe cific in hib i tors of Car bonic
Anhydrase IX (CA IX) [1]. 

Here we re port on re cent ad vances in the mo lec u lar de -
sign of carborane and metallacarborane in hib i tors tar get ing 
CA IX isoenzyme. This en zyme, which is as so ci ated with
solid hypoxic tu mors, be longs to newly iden ti fied tar gets
for can cer ther apy and diagnostics. 

The scope of cur rently avail able site-di rected mod i fi ca -
tions on var i ous bo ron cages is overviewed, with an em -
pha sis on the prog ress in the syn the sis of carboranes and
metallacarboranes sub sti tuted by sulfamide, sulfonamide
and other sim i lar groups, i.e. func tions known to bind
tightly to the zinc atom in the ac tive site of CA-IX. The new 
gen er a tions of poly he dral in hib i tors of CA-IX, based on
the care ful se lec tion of bo ron cages and op ti mized sub sti tu -
tions, ex hibit sig nif i cantly en hanced in vi tro ac tiv i ties with
cor re spond ing Ki val ues in the range of tenths of pM to
sev eral nM. The struc ture-ac tiv ity re la tion ship (SAR) ob -

served within a small li brary of ca. 60 sub sti tuted
carboranes and metallacarboranes is discussed. 

These re sults are com ple mented by syn chro tron struc -
tures of en zyme-in hib i tor com plexes and by a short over -
view of phar ma co log i cally rel e vant fac tors such as plasma
pro tein bind ing, cell mem brane pen e tra tion, and ba sic re -
sults from tox i col ogy and pharmacokinetic stud ies (mouse
model) per formed on a panel of the se lected in hib i tors of
CA IX en zymes. Due to prom is ing in hib i tory prop er ties,
these com pounds are thus pri mar ily con sid ered as can di -
dates for drugs applicable in cancer treatment. 

1. J. Brynda, P. Mader, V. Šícha, M. Fábry, K. Poncová, M.
Bakardiev, B. Grüner, P. Cígler, P. Øezáèová, Angew.
Chem., Intl. Ed. Eng., 2013, 52, 13760.

Sup ported by Czech Sci ence Foun da tion, Pro ject No.
15-05677S and in part by Tech nol ogy Agency of the Czech
Re pub lic, Pro ject No. TE01020028 (phar ma col ogy and in
vivo test ing).  Also sup port from in sti tu tional re search pro -
jects RVO 68378050, 61388963, and 61388980 by the
Acad emy of Sci ences of the Czech Re pub lic is ap pre ci ated..
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TAILORED SUITS FIT BETTER: CUSTOMIZED CRYSTALLIZATION SCREENS – 
THE KEY TO SUCCESS?

Georg Mlynek1,2, Nikos Pinotsis1, Jul ius Kostan1, Kristina Djinovic-Carugo1

1De part ment of Struc tural and Com pu ta tional Bi ol ogy, Max F. Perutz Lab o ra to ries, Uni ver sity of Vi enna,
Cam pus Vi enna Biocenter 5, A-1030 Vienna, Aus tria

2Food Bio tech nol ogy Lab o ra tory, De part ment of Food Sci ences and Tech nol ogy, BOKU Uni ver sity of Nat u ral 
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Pro duc ing well dif fract ing is one of the bot tle necks in
macromolecular crys tal log ra phy. Com mer cial sparse ma -
trix are now a days vastly used for the ini tial screen ing of
crys tal li za tion con di tions [1] . The de sign of these screens
is based on con di tions that have been suc cess ful in the past
with other pro teins [2]. How ever, these screens are have
their weak nesses firstly be cause a sub stan tial amount of
struc tures were solved by high-through put con sor tia.
These aimed at the be gin ning to de velop meth ods and solve 
the struc tures of procaryotically ex pressed, se creted and
highly sol u ble pro teins [3]. Sec ondly, re peated use of
sparse ma trix screens with out add ing new con di tions just
over samples the pre-se lected con di tions but will not
change the pa ram e ter space to a maybe more ef fi cient and
com pre hen sive one.

Crys tal li za tion is a ther mo dy nam i cally driven pro cess,
which de pends on a mul ti tude of pa ram e ters that are not yet 
com pletely un der stood. How ever there is ev i dence that the
pro pen sity of a pro tein to crys tal lize in a cer tain con di tion
is cor re lated to its melt ing tem per a ture (Tm) [4].

With the aim to max i mize the prob a bil ity of suc cess, we 
de vel oped a crys tal li za tion strat egy, where un der ly ing con -
cept is to mainly em ploy com pounds, which in crease the
melt ing tem per a ture of the pro tein. In the first step, the pro -
tein is sub jected to thermofluor as says, in or der to de ter -
mine which com pounds and which pH have the ma jor

im pact on its sta bil ity. In the sec ond step, the pro tein is then 
sub jected to a cus tom ized crys tal li za tion screen de signed
to com prise com pounds that were iden ti fied to in crease the
Tm. 

The cus tom ized strat egy yielded dif frac tion-qual ity
crys tals of a wide range of model as well as not-crys tal lised 
in-house pro teins, where the stan dard ap proaches failed.
Fur ther more, the in her ently sim ple de sign, mod u lar and
flex i ble na ture of the plat form makes it easy to mod ify and
op ti mize cer tain steps. In for ma tion gained through the ap -
proach can be also used to im prove the sam ple mono -
dispersity, sta bil ity for stor age, and even de rive a pos si ble
func tion of not yet an no tated pro teins. Herein we will re -
port on the re sults of our cus tom ized crys tal li za tion strat -
egy, and give an outlook on future experiments and
applications.
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