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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

S5-L1

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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Gati, C. et al., (2014) Se rial crys tal log ra phy onin
vivogrown microcrystals us ing syn chro tron ra di a tion.
IUCrJ 1.

Stellato, F. et al., (2014) Room-tem per a ture
macromolecular se rial crys tal log ra phy us ing syn chro tron
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Tenboer, J. et al., (2014) Time-resolved serial
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Ad vances at X-ray free elec tron la sers (XFELs) are broad -
en ing the scope of this tech nol ogy and al low ing ex per i -
ments with more var ied and dif fi cult pro tein tar gets.  One
re main ing bot tle neck how ever is the pro duc tion of mi -
cro-crys tals suit able for de liv ery to the XFEL beam. 
Through a se ries of ex per i ments at the Linac Co her ent
Light Source, Cal i for nia, we have op ti mised two dif fer ent
meth ods for mi cro-crys tal pro duc tion of the photosynthetic 
re ac tion cen ter from Blastochloris viridis.  One, in which
we crushed macro-crys tals me chan i cally through
vortexing, and an other in which we grew ho mo ge neous
sam ples of mi cro-crys tals us ing a  mi cro-seed ing method. 

These meth ods have led to an in creased crys tal hit-rate and
thus de creased sam ple us age com pared to pre vi ous ex per i -
ments on the same pro tein.  Our mi cro-crys tals dif fracted to 
2.85 C, and were suit able for a time-re solved ex per i ment,
in which we visu al ised the pro tein at two time-points of the
photosynthetic re ac tion.  The mi cro-crystallisation tech -
niques de scribed will be valu able ad di tions to the small but
grow ing li brary of tech niques avail able for struc tural bi ol -
o gists per form ing se rial crys tal log ra phy ex per i ments at an
XFEL
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Dis cov ery of the im por tant and di verse bi o log i cal roles of
RNA mol e cules is ever in creas ing. Sim i lar to pro teins,
knowl edge of the three-di men sional struc tures of RNAs is
crit i cal to un der stand ing their func tions. How ever, struc -

ture elu ci da tion of RNAs us ing con ven tional meth ods has
been ex tremely ham pered by tech ni cal chal lenges, and is
re flected in the over whelm ingly few RNA struc tures in the
pro tein data bank. In ad di tion to mo lec u lar size lim i ta tions



faced by nu clear mag netic res o nance (NMR), the in trin si -
cally sim i lar chem i cal sig na tures of nu cleo tides re sult in
se vere peak over lap in NMR spec tra. RNAs are of ten dif fi -
cult to crys tal lize, and when avail able, RNA crys tals of ten
ex hibit high mosaicity, high sol vent con tent, and high sus -
cep ti bil ity to ra di a tion dam age. In ad di tion, RNAs tend to
be very dy namic, and low-tem per a ture data col lec tion on a
sin gle crys tal may not pro vide the most ac cu rate de pic tion
of its struc ture. Clearly, there is an acute need for ad vanced
meth ods for RNA struc ture de ter mi na tion. Se rial femto -
second crys tal log ra phy (SFX) us ing an X-ray free elec tron
la ser (XFEL) has the po ten tial to rev o lu tion ize RNA crys -

tal log ra phy by over com ing many of these tech ni cal chal -
lenges. Its ad van tages in clude the use of nano/mi cro-sized
crys tals, room-tem per a ture data col lec tion, the abil ity to
out run ra di a tion dam age, and a high-through put over -
sampling of crys tal data. We have used SFX to de ter mine
the struc ture of the ad e nine riboswitch RNA apatamer do -
main in the ligand-free state. For the first time, these re sults 
pro vide a struc tural ba sis for the ligand-in duced
conformational switch re quired for the reg u la tion of gene
ex pres sion.

This ma te rial is based upon work sup ported by funds from
the NIH In tra mu ral Re search Pro gram.
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Cou pling microfluidic tech nol ogy with ad vanced pro tein
crys tal log ra phy tech niques for in situ anal y sis is an area of
re search where sig nif i cant ad vances can be made.
Microfluidic plat forms have the ben e fit of not only en -
abling ex per i ments at small vol umes, but also of cre at ing
an en vi ron ment free of in er tial or con vec tive ef fects while
pro vid ing ex qui site con trol over lo cal con di tions and gra -
di ents. A sig nif i cant prob lem in microfluidic-based crys -
tal log ra phy is the back ground scat ter ing re sult ing from the
in ter ac tion of X-rays with the de vice ma te ri als, which may
re duce the sig nal to noise ra tio ob tained from small or
weakly dif fract ing crys tals. These chal lenges can be over -
come by de creas ing the over all thick ness of the
microfluidic de vice. Graphene is an atom i cally-thin layer
that can act as an X-ray com pat i ble win dow ma te rial with
neg li gi ble con tri bu tions to back ground scat ter ing. Ad di -
tion ally, the re mark able me chan i cal strength and gas
impermeability of graphene fur ther en hance its util ity for
in te gra tion into microfluidic de vices for pro tein crys tal log -
ra phy. To fa cil i tate han dling and in cor po ra tion of atom i -

cally-thin graphene lay ers into a microfluidic chip, we
uti lize graphene at tached to a ~200 nm PMMA sup port ive
film us ing stan dard CVD graphene trans fer tech niques. We 
have eval u ated the abil ity of var i ous graphene-PMMA
films to pro tect against sam ple de hy dra tion over time,
along with var i ous hy dro philic sur face treat ments to fa cil i -
tate sur face wet ting in microfluidic chan nels. The po ten tial
for these ul tra-thin de vices to en able data col lec tion from
microcrystals was eval u ated us ing se rial Laue crys tal log ra -
phy of caspase-7, a mem ber of the cysteine aspartate fam ily 
of pro teas es that reg u late apoptosis, or pro grammed cell
death. This work dem on strates the util ity of ul tra-thin
graphene-PMMA films as a sub-micrometre level bar rier
against de hy dra tion in microfluidic de vices while en abling
the col lec tion of high qual ity X-ray dif frac tion data on
biomedically im por tant pro teins. Our ul ti mate goal is to
uti lize graphene-based microfluidic tech nol o gies and se rial 
crys tal log ra phy to en able the use of chem i cal trig ger ing for 
the time-re solved struc tural anal y sis of ad di tional bi o log i -
cally and biomedically-rel e vant protein targets.
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