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Ses sion IV - Automation in Crystallization

Monday, July 4 - morning

S4-L1

AUTOMATED CRYSTAL MOUNTING AND PROCESSING THROUGH LASER
PHOTOABLATION. NEW OPPORTUNITIES FOR INTEGRATED MACROMOLECULAR

CRYSTALLOGRAPHY PIPELINES 

Jose.  A. Marquez

Eu ro pean Mo lec u lar Bi ol ogy Lab o ra tory, Grenoble Out sta tion, 
marquez@embl.fr

The in tro duc tion of fast pixel ar ray de tec tors is open ing
new op por tu ni ties and in creas ing the ca pac ity of mod ern
syn chro tron fa cil i ties for macromolecular crys tal log ra phy.
How ever, the prep a ra tion of crys tals for dif frac tion ex per i -
ments still re quires man ual, elab o rate ma nip u la tions that
can re sult in sam ple loss. In col lab o ra tion with the EMBL
in stru men ta tion team we have de vel oped a novel ap proach
called CrystalDirect that en ables fully au to mated crys tal
mount ing and cryo-cool ing [1-3]. This new tech nol ogy is
based on the use of a thin film as crys tal li za tion sup port
from which crys tals can be re cov ered by ex cis ing the film
around the sam ple with a la ser beam and at tach ing it to a
data col lec tion pin. By elim i nat ing man ual pro ce dures,
crys tal mount ing be comes a more re li able and con trolled
op er a tion that does not de pend on the skills of the sci en tist.
More over, this ap proach of fers an un prec e dented level of
con trol dur ing sam ple pro cess ing open ing a num ber of new 
pos si bil i ties. For ex am ple, a mod i fi ca tion of the Crystal -
Direct pro to col makes it pos si ble to de liver small mol e -
cules and other chem i cals to crys tals by dif fu sion,
pro vid ing an al ter na tive to man ual crys tal soak ing ex per i -
ments. The CrystalDirect ap proach can con trib ute to clos -
ing the au to ma tion gap be tween crys tal li za tion and X-ray
data col lec tion thereby con trib ut ing to the ad vance ment of
chal leng ing pro jects in struc tural bi ol ogy that re quire the

anal y sis of large num bers of crys tals, like those tar get ing
multi-pro tein com plexes, mem brane pro teins or those in -
volv ing large scale com pound and frag ment screen ing in
the con text of drug de sign cam paigns.  The ex pe ri ence
from the use of this sys tem at the High Through put Crys tal -
li za tion Fa cil ity of the EMBL Grenoble outstation as well
as the new opportunities enabled by the integration of
crystallization and X-ray data collection into continuous,
fully automated workflows will be discussed.
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Fig ure 1. The left panel il lus trates the prin ci ple of the CrystalDirect tech nol ogy.  The right pan els show ex am ples of crys tals au to mat i -
cally mounted and cry-cooled. 
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ADVANCED IMAGING IN LAB-SCALE PROTEIN CRYSTALLIZATION

Moritz Hunkeler

Biozentrum, Uni ver sity of Basel

Crys tal li za tion of dif fi cult tar gets is a key bot tle neck in
struc tural bi ol ogy and re quires high-through put and
high-qual ity screen ing. Screen prep a ra tion has al ready
reached a high level of au to ma tion, but crys tal de tec tion
still largely re lies on vi sual in spec tion and ex pert opin ion.
Ad vanced im ag ing modes, such as sec ond-or der-non-lin -
ear im ag ing of chiral crys tals (SONICC), UV-two pho ton
ex cited flu o res cence (UV-TPEF) and trace-la bel flu o res -
cence de tec tion, pro vide tools for op ti miz ing crys tal de tec -

tion and char ac ter iza tion. An over view on two and a half
years of rou tine op er a tion of an ad vanced im ag ing sys tem
em ploy ing all above men tioned im ag ing modes in a
lab-scale en vi ron ment is pro vided. Strat e gies for op ti mized 
crys tal screen ing for chal leng ing tar gets in clud ing
nanocrystals, lipidic phase crys tal li za tion of mem brane
pro teins and large pro tein as sem blies, as well as for rapid
op ti mi za tion of rou tine pro tein-ligand co-crys tal li za tion
are dis cussed.
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TeXRank:  TEXTURE IMAGE ANALYSIS AND MACHINE LEARNING FOR
CRYSTALLIZING DIFFICULT PROTEINS

Carien Dekker

CPC/ Struc tural Bio phys ics, Novartis In sti tutes for Bio med i cal Re search, Virchow-16-4.249.16, CH-4002
Basel, Swit zer land

While au to ma tion of both crys tal li za tion and drop im ag ing
is now wide spread, the flood of data re mains largely un ex -
ploited.  Al go rith mic ap proaches have his tor i cally fo cused
on per-drop scor ing or else ret ro spec tive data min ing; it re -
mains un clear what im pact the re sult ing com pu ta tional
tools have had on daily prac tice.  We re vis ited drop anal y -
sis us ing mod ern tex ture meth ods, in par tic u lar the texton
tech nique, with the ul ti mate goal of quan ti fy ing a pro tein’s
pre cip i ta tion be hav iour across the en tire set of drops in a
coarse screen, to serve as a fin ger print of its crystal -
lizability that can be com pared to the vast dataset of his tor i -
cal ex per i ments at the SGC.  The freely avail able pro gram

TeXRank com prises a suite of com pu ta tional tools for
day-to-day anal y sis of crys tal li za tion ex per i ments, in clud -
ing:  rank ing of drops by like li hood of crystal linity; clear-
 drop anal y sis for dis cov ery of better buffer so lu tions for the 
pro tein; and multi-drop anal y sis to pro vide a read-out of a
pro tein’s use ful ness even in the ab sence of crys tals along
with pre-cal cu lated op ti mi sa tion screens.  These tools will
be de scribed and re sults dis cussed, along with ques tions of
up take amongst us ers pre-con di tioned to expect very little
from a given experiment, and further possibilities opened
by these approaches.
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MICROFLUIDIC PLATFORM FOR OPTIMISATION OF CRYSTALLISATION
CONDITIONS
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Over the past few de cades, the sci ence of crystallisation has 
at tracted vast in ter est in in dus trial and ac a demic ap pli ca -
tions. In or der to get suit able qual ity crys tals, the crystal -
lisation pro cess is mon i tored and con trolled through the
screen ing of fa vour able crystallisation con di tions and sub -
se quent op ti mis ing of crys tal growth by de vel op ing a spe -
cific ki netic path in the phase di a gram. In re cent years,
crystallisation of pro teins or pharma ceuticals has been im -
proved thanks to high-through put tech niques, of fer ing
mul ti ple op er a tions such as mix ing, anal y sis, sep a ra tion. In 
one hand, high-through put ro bots rely on au to mated liq -
uid-han dling tech niques in te grated with dis pens ers and
fluidic cir cuits [1]. In re turn they gen er ally re quire high
bud get. In the other hand, microfluidic tech niques con trol -
ling and ma nip u lat ing flows at even lower scales (mi cro,
nano to picoliter) use minia tur ised de vices called lab on
chip [2, 3]. How ever, these de vices are not very ac ces si ble
to non-spe cial ists of microfluidics due to their com plex ity.

We de velop a microfluidic plat form ac ces si ble to non-
 spe cial ists of microfluidics and ap pli ca ble to sol u ble and
mem brane pro teins in aque ous and or ganic sol vents. It is
based on the no tion of mod u lar microfluidics [4], with dis -
crete com po nents that can be eas ily as sem bled, re placed or
re moved in a plug-and-play mode. It in cludes mod u lar
sub-func tions such as drop let gen er a tion and stor age,

on-line UV char ac teri sa tion and ob ser va tion (Fig.1). Thus,
com pared to tra di tional meth ods, it of fers ad van tages with
re spect to sys tem cost, plan ning, and main te nance. 

We used this plat form for the op ti mi sa tion of crystal -
lisation con di tions of a pro tein.  There fore, the chem i cal
com po si tion, size and fre quency of microdroplets were
mea sured on-line by UV spectrophotometry. An ini tial
con di tion was de duced from a rapid screen ing. Then we
var ied the con cen tra tions of pro tein and crystallisation
agent in hun dreds drop lets of iden ti cal sizes and we ob -
served their in flu ence on the crystallisation un til we ob -
tained 1 crys tal per drop let.  We ex pect this plat form will
be eas ily in cor po rated into any lab o ra tory, such as
chemical, pharmaceutical, biological. 

1. R.C. Stevens, Cur rent Opin ion in Struc tural Bi ol ogy, 10
(2000) 558-563.

2. C.L. Hansen, E. Skordalakes, J.M. Berger, S.R. Quake,
Pro ceed ings of the Na tional Acad emy of Sci ences, 99
(2002) 16531-16536.

3. L. Li, D. Mustafi, Q. Fu, V. Tereshko, D.L. Chen, J.D.
Tice, R.F. Ismagilov, Pro ceed ings of the Na tional Acad emy 
of Sci ences, 103 (2006) 19243-19248.

4. S. Zhang, N. Ferté, N. Candoni, S. Veesler, Or ganic Pro -
cess Re search & De vel op ment, 19 (2015) 1837-1841.

Fig ure 1. Scheme of the home-made microfluidic plat form: (1) sy ringe pump, (2) 7-en try junc -
tion, (3) on-line UV mod ule (4) tub ing-holder for thermostatting and ob ser va tion and XYZ-mo -
tor ized cam era.
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ADVANCEMENTS IN AUTOMATED IMAGING

Jochen Müller-Dieckmann

Formulatrix, 10 DeAngelo Drive, Bed ford, USA

The un am big u ous and re li able iden ti fi ca tion of bi o log i cal
crys tals re mains a ma jor ob sta cle in crys tal log ra phy par tic -
u larly in the crit i cal stage of ini tial screen ing ex per i ments.
Au to mated im ag ing at high-res o lu tion in the VIS range is
of ten in suf fi cient to iden tify all con di tions that have or may 
re sult in crys tals. The use of UV light and flu o res cence im -
ag ing adds an ad di tional tool in that pro cess. One pos si bil -
ity to over come the short com ings of in trin sic flu o res cence,
which crit i cally de pends of the amount of nat u rally oc cur -
ring Trp, is Trace La bel Flu o res cence (TLF). A new pro to -
col al lows easy and rapid la bel ling of 0.1% of sam ples with 
a va ri ety of flu o res cent dyes im me di ately prior to crys tal li -
za tion. In ad di tion to a sig nif i cantly en hanced sig nal to
noise ra tio over in trin sic flu o res cence, mul ti ple la bel ling
can be used to ver ify the pres ence of multi-sub unit com -
plexes in the crys tal. We in tro duce a new de vice which en -
ables us ers to quickly change be tween the re quired

ex ci ta tion wave lengths for their pre ferred dye or com bi na -
tion of dyes.

Sec ond Or der Non-lin ear Im ag ing of Chiral Crys tals
(SONICC) pro vides un prec e dented res o lu tion and con trast 
in the iden ti fi ca tion of chiral crys tals en tirely in de pend ent
of any back ground ma te rial like sol u ble or pre cip i tated
sam ple or plas tic ware. Microcrystalline ma te rial which is
of ten the only lead in ini tial screen ing ex per i ments can pos -
i tively be iden ti fied. The method re lies on the use of a
femto-sec ond la ser at 1064nm wave length and the rapid
scan ning of crys tal li za tion drop lets to pre vent sam ple dam -
age. We have in te grated that tech nol ogy with our Rock
Imager line of imagers to fur ther en hance the rep er toire of
tools for the unambiguous identification of crystals in
crystallography.

Both meth ods and their tech ni cal re al iza tions will be in -
tro duced to gether with ex am ples from the field to dem on -
strate their range of ap pli ca tion and benefits.

Ses sion V - Serial Crystallography

Monday, July 4 - morning
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CHANGING CONCEPTS: CRYSTALLIZATION FOR SERIAL AND TIME-RESOLVED
CRYSTALLOGRAPHY

Dominik Oberthuer

DESY, CFEL, Notkestrasse 85, Ham burg, 22607, Ger many

Se rial crys tal log ra phy meth ods at both X-ray free-elec tron
la sers (Chap man, 2011) and third gen er a tion syn chro tron
sources (Gati, 2013; Stellato, 2014) are now well es tab -
lished, mak ing it pos si ble to de ter mine the struc tures of
pro teins – from small to very large – that only form very
small crys tals or that are ex tremely ra di a tion sen si tive.  Se -
rial crys tal log ra phy meth ods are also very well suited for
time-re solved ex per i ments (Tenboer, 2014; Barends,
2015), mak ing it pos si ble to re veal the dy namic na ture of
bi o log i cal macromolecules and their in ter ac tions at
near-atomic spa tial res o lu tion and on ultrafast timescales.
In case of such ex per i ments one de lib er ately strives to
grow mi cron- or sub-mi cron sized crys tals of pro teins that
would oth er wise form larger crys tals as well. Small crys -
tals not only al low for uni form la ser ex ci ta tion of all
unit-cells in the X-ray beam, but for fu ture mix-and-dif fuse 
stud ies of re ac tions that can not be photo-in duced, since the
small di men sions al low for fast enough dif fu sion of sub -
strate into the crys tals, such that en zy matic re ac tions can be 
in duced homogenously at a de fined time de lay to the X-ray

probe. Size ho mo ge ne ity of the crys tals and, since the
amount of sam ple is lim ited, a high yield of crys tals and op -
ti mized sam ple de liv ery meth ods are very im por tant in this
re gard. Here prom is ing new crys tal li za tion meth ods will be 
shown, as well as a pipe line for (nano-) crys tal char ac ter -
iza tion prior to the crys tal lo graphic ex per i ment and an
over view on strat e gies to re duce sam ple con sump tion. Yet
an other par a digm shift that will be ad dressed is re lated not
to the size, but to the in ter nal qual ity of pro tein crys tals: In
the past it was at tempted to grow as highly or dered pro tein
crys tals as pos si ble, how ever re cently it could be shown
that cer tain dis or der in pro tein crys tals can be ex ploited to
di rectly ob tain the mo lec u lar trans form from crys tal lo -
graphic ex per i ments (Ayyer, 2016).

Ayyer, K. et al., (2016) Macromolecular diffractive im ag -
ing us ing im per fect crys tals. Na ture 530, 202-6.

Barends, T.R. et al., (2015) Di rect ob ser va tion of ultrafast
col lec tive mo tions in CO myoglobin upon ligand dis so ci a -
tion. Sci ence 350, 445-50.
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