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Se rial crys tal log ra phy has be come a great suc cess story and 
an in creas ing num ber of struc tures have been solved us ing
this novel method [1]. In con trast to con ven tional crys tal -
log ra phy, where a struc ture de ter mi na tion is ide ally car ried 
out by data col lec tion from one large crys tal in se rial crys -
tal log ra phy dif frac tion im ages from sev eral thou sands of
small crys tals are col lected in a se rial fash ion. The in di vid -
ual datasets from all these crys tals are then merged into one 
large and ide ally com plete data set from which the struc ture 
can be de ter mined.  Orig i nally de vel oped for X-ray Free
Elec tron La sers, se rial crys tal log ra phy has re cently been
ap plied at syn chro tron sources. 

Ef fi cient sam ple de liv ery for se rial crys tal log ra phy re -
mains chal leng ing. Cur rently most of the ex per i ments are
con ducted with liq uid-jet sys tems with di am e ters down to
1 um. Draw backs of all liq uid jet de liv ery sys tems are high
sam ple con sump tion and mod er ate hit rates of typ i cally a
few per cent. The use of high vis cos ity jets such as LCP or
agarose tre men dously re duces sam ple con sump tion but is
paid with a large back ground scat ter ing sig nal mak ing this
method impracticable for micron-sized crystals.      

An other sam ple de liv ery tech nique for se rial crys tal -
log ra phy is the use fixed tar gets [2]. Here the crys tals are
loaded onto a solid sup port, which is then ras ter-scanned
through the X-ray beam. We have de vel oped a sam ple
holder from sin gle crys tal line sil i con and of about 2.5 x 4.5
mm in size, which is equipped with a pe ri odic ar ray of mi -

cro-pores with a di am e ter be tween 4 and 30 mm [3]. For
load ing of the chips the mi cro-crys tal-sus pen sion is pipet -
ted on the up per side of the chip. Mother-li quor is then
soaked-off through the mi cro-pores side by us ing a piece of 
fil ter pa per from the lower side of the chip. All mi cro-crys -
tals larger then the pore di am e ter are re tained by the chip
and ar range them selves to pe ri odic pore pat tern. Dry ing out 
of the crys tals is pre vented by con tin u ously ex pos ing them
to a stream of hu mid i fied air or he lium dur ing load ing and
data col lec tion. For data col lec tion at cryo genic tem per a -
tures the chips can be al ter na tively cryo-frozen by plung ing 
them into liq uid ni tro gen or eth ane af ter load ing. Due to ef -
fi cient re moval of the mother li quor, the use of sin gle crys -
tal line sil i con, and the ab sence of any cover foil, the chip
al lows for X-ray data col lec tion with very low back ground. 
The chip has al ready been suc cess fully used for sev eral
struc ture de ter mi na tions at synchrotrons and also at the
X-ray Free Elec tron La ser LCLS in Stan ford. 
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Se rial crys tal log ra phy at XFEL’s has shown great prom ise
in re cent years for solv ing crys tal struc tures from pro teins
which grow only mi cron sized crys tals. G-pro tein cou pled
re cep tors are an im por tant group of mem brane pro teins
which are of ten crys tal lized in Lipidic Cu bic Phase (LCP).
This ma te rial has very high vis cos ity, and a de vice has been 
de vel oped, which al lows the gen er a tion of a mi cro scopic
stream of LCP with ad just able speed for sam ple de liv ery to
the X-ray beam [1]. Some im por tant GPCR struc tures
could be solved with this de vice at the LCLS [2]. In ad di -
tion, new me dia with sim i lar vis cos ity to LCP have been
de vel oped which en able de liv ery of sol u ble or mem brane
pro teins into the X-ray beam with low sam ple con sump tion 
[3].  The high vis cos ity in jec tion method has also been
shown to fa cil i tate se rial dif frac tion ex per i ments with
microcrystals at syn chro tron microfocus beamlines. This

talk will high light these de vel op ments and dis cuss the pos -
si bil i ties. 

1. Weierstall, U., James, D., Wang, C., White, T. A., Wang,
D., Liu, W., et al. (2014). Lipidic cu bic phase in jec tor fa -
cil i tates mem brane pro tein se rial femto second crys tal log ra -
phy. Na ture Com mu ni ca tions, 5.
http://doi.org/10.1038/ncomms4309

2. Kang, Y., Zhou, X. E., Gao, X., He, Y., Liu, W.,
Ishchenko, A., et al. (2015). Crys tal struc ture of rho dop sin
bound to arrestin by femto second X-ray la ser. Na -
ture, 523(7562), 561–567.
http://doi.org/10.1038/nature14656.
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Growth and prep a ra tion of high qual ity mi cro-sized pro tein 
crys tals, op ti mal for data col lec tion ex per i ments at mod ern
mi cro-fo cus syn chro tron (SR) beamlines and growth of
nanocrystals re quired for data col lec tion at Free-Elec -
tron-La ser (FEL) ra di a tion sources is a new and chal leng -
ing task. Lat est meth ods will be pre sented to pre cisely
mon i tor crys tal growth and to op ti mize the prep a ra tion of
crys tal line par ti cles, too small to be ob served by light mi -
cros copy. The iden ti fi ca tion of the pres ence of a spa tial re -
pet i tive ori en ta tion of macromolecules (crys tal nu clei) in
the early stages of the crys tal li za tion pro cess is es sen tial to
de tect nanocrystals. The op ti cal prop er ties of a crys tal lat -
tice of fer the po ten tial to de tect the tran si tion from dis or -
dered to higher or dered par ti cles. A unique ex per i men tal
setup was de signed and con structed to de tect nanocrystal
for ma tion by an a lyz ing de po lar ized scat tered la ser light.
The abil ity of a lat tice to de po lar ize la ser light de pends on

the dif fer ent re frac tive in di ces along dif fer ent crys tal axes.
The re sults ob tained so far dem on strate that the suc cess ful
de tec tion of nano-sized pro tein crys tals at early stages of
crys tal growth is pos si ble, by an a lyz ing the sig nal in ten sity
of the de po lar ized com po nent of the scat tered light. The
method and ap proach al lows an ef fec tive dif fer en ti a tion
be tween pro tein-dense liq uid clus ter for ma tion and or -
dered nanocrystals [1]. The data and re sults ob tained so far
were ver i fied by com ple men tary meth ods like X-ray pow -
der dif frac tion, sec ond har monic gen er a tion, ul tra vi o let
two-pho ton ex cited flu o res cence and scan ning elec tron
microscopy. 

Fur ther, this par tic u lar ad vanced la ser light scat ter ing
tech nique can be com bined with a state of the art pro tein
crys tal li za tion ro botic setup (Xtal-Con trol ler [2]), al low ing 
the con trolled nanoliter in cre ments ad di tion of pro tein, pre -
cip i tant and ad di tive so lu tion to wards a crys tal li za tion so -
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lu tion sit ting on a microbalance. By this com bi na tion,
crys tal li za tion phe nom ena can be char ac ter ized in de tail
and meth ods can be op ti mized for the ef fi cient pro duc tion
of nanocrystals. Details and examples will be presented.

The in ves ti ga tion were sup ported by the ex cel lence clus ter
“The Ham burg Cen tre for Ultrafast Im ag ing - Struc ture,
Dy nam ics and Con trol of Mat ter at the Atomic Scale” of
the Deut sche Forschungsgemeinschaft (DFG) and by the
Röntgen-Angström-Clus ter (pro ject 05K12GU3) funded

by the Ger man Fed eral Min is try of Ed u ca tion and Re -
search (BMBF). 

1. Schu bert et al., Jour nal of Ap plied Crys tal log ra phy, Is sue
48, 1476-1484, (2015)

2. Meyer et al. Acta Crystallographica Sec tion F68, 994-998,
(2012).
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On de mand acous tic drop let ejec tion is a gen eral, touchless
method that use fo cused sound waves to eject picoliter to
nanoliter vol umes from one place to an other. A spot-fo -
cused pi ezo elec tric trans ducer is driven by a wave form
pulse with fre quency and am pli tude that ul ti mately im pact
drop let size and ve loc ity, re spec tively. A wide va ri ety of
so lu tions can be ma nip u lated, from crys tal li za tion re agents 
and chem i cal li brar ies to rel a tively vis cous slur ries of
microcrystals. Drop lets can be ejected from any well

within a range of microplates, or launched from a cus tom,
3D printed and re fill able mi cro-well. The drop let des ti na -
tion can be any well within a microplate, a known lo ca tion
such as a mounted crys tal or any spot within MiTeGen
micromesh, an op ti cally and X-ray trans par ent trans port
belt, or di rectly into the XFEL in ter ac tion zone. Sev eral ex -
am ples of ap pli ca tions will be de scribed, in clud ing on-de -
mand acous tic in jec tors for SFX and spec tro scopic data
col lec tion at the LCLS.
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Con tin u ing tech ni cal ad vances at syn chro tron beamlines
and the rise of XFELs is en abling struc tural bi ol o gists to
tackle ever more chal leng ing ques tions and has brought
about ma jor changes in the crystallisation-crys tal log ra -
phy-struc ture-bi ol ogy workflow.

This has led to a change in per cep tion to ward the use -
ful ness of clas si cal in-house crys tal log ra phy and driven
ma jor tech no log i cal ad vances re quired to pro vide in-house

crys tal lo graphic fa cil i ties that are rel e vant to the modern
experiment.

This talk will re view how the de vel op ment of tech -
niques such as microcrystallography, se rial crys tal log ra -
phy and in situ crys tal log ra phy at beamlines has been
ini ti ated de vel op ment of new tech nol o gies for in house
crys tal log ra phy sys tems and dis cuss how the role of in-
 house crys tal log ra phy has changed over re cent years.


