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Crys tal li za tion of pro tein sam ples re mains the most sig nif i -
cant chal lenge in struc ture de ter mi na tion by X-ray crys tal -
log ra phy. Here we dem on strate the ef fec tive ness of
trans mis sion elec tron mi cros copy (TEM) anal y sis to aid in
the crys tal li za tion of bi o log i cal macromolecules. We
found the pres ence of well-or der lat tices with higher or der
Bragg spots, re vealed by Fou rier anal y sis of TEM im ages,
as a good pre dic tor of dif frac tion-qual ity crys tals. More -
over use of TEM al lowed 1) com par i son of lat tice qual ity
among crys tals from dif fer ent con di tions in crys tal li za tion
screens; 2) de tec tion of crys tal pa thol o gies that could con -

trib ute to poor X-ray dif frac tion, in clud ing crys tal lat tice
de fects, anisotropic dif frac tion and crys tal con tam i na tion
by heavy pro tein ag gre gates and nanocrystal nu clei; 3)
qual i ta tive es ti ma tion of crys tal sol vent con tent to ex plore
the ef fect of lat tice de hy dra tion on dif frac tion; and 4) se lec -
tion of high qual ity crys tal frag ments for microseeding ex -
per i ments to gen er ate reproducibly larger size crys tals.
Ap pli ca tions for X-ray free elec tron la ser (XFEL) and mi -
cro elec tron dif frac tion (MicroED) ex per i ments are also
discussed.
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Crys tal li za tion is of ten re ferred to as a bot tle neck in pro tein 
struc ture de ter mi na tion. How ever ap ply ing ra tio nal,
knowl edge based strat e gies and at ten tion to de tail, has
proved to be very suc cess ful in ob tain ing crys tal li za tion
sys tems for study ing pro tein/in hib i tor com plexes in drug
dis cov ery.

This sem i nar will de scribe the ra tio nale and the meth -
ods that have been suc cess fully used to crys tal lize med i -
cally rel e vant pro teins [1] in four dif fer ent phar ma ceu ti cal
com pa nies (Hoffmann-la Roche, Morphochem, Novartis
and Actelion). The first part will deal with pro tein char ac -
ter iza tion prior to ini ti at ing crys tal li za tion tri als [2], the dif -
fer ent meth ods and strat e gies of screen ing and ex am ples of
protein modification for crystallization.

The sec ond part will fo cus on seed ing and de scribe 
gen eral seed ing meth ods as an in tro duc tion to the most im -
por tant sub ject of the talk, Microseed Matrix Seeding
(MMS) [3-4]. One of the most pow er ful meth ods in tro -
duced into pro tein crys tal li za tion in the past 10 years in
par tic u lar for es tab lish ing suit able cocrystallisation or
soak ing sys tems for ob tain ing X-ray struc tures of
inhibitors complexes. 

Ex am ples will be given of in creased hit rates, elim i na -
tion of twinning, im proved dif frac tion and pro mot ing dif -
fer ent space groups.

1. Crys tal liz ing pro teins - a ra tio nal ap proach? D’Arcy A.
Acta Crystallogr D Biol Crystallogr. 1994 July.

2. The pro tein as a vari able in pro tein crys tal li za tion. D’Arcy
A, Mac Swee ney A, Haber A. Acta Crystallogr D Biol
Crystallogr. 2003 Jul;59(Pt 7):1343-6.  Dale GE, Oefner C, 
D’Arcy A. J. Struct Biol. 2003 Apr;142(1):88-97. Re -
view.1;50(Pt 4):469-71.1.

3. An au to mated microseed ma trix-screen ing method for pro -
tein crys tal li za tion. D’Arcy A, Villard F, Marsh M. Acta
Crystallogr D Biol Crystallogr. 2007 Apr;63(Pt 4):550-4.

4. Microseed ma trix screen ing for op ti mi za tion in pro tein
crys tal li za tion: what have we learned? D’Arcy A, Bergfors
T, Cow an-Ja cob SW, Marsh M. Acta Crystallogr F Struct
Biol Commun. 2014 Sep;70(Pt 9):1117-26.

The fol low ing are ac knowl edged for their sig nif i cant
contributios over many years, Paulus Erbel, San dra Cow -
an-Ja cob, May Marsh, Aengus Mac Swee ney, Frederic
Villard.
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Frag ment based drug dis cov ery has evolved to a ma ture hit 
find ing strat egy and there are to day nu mer ous suc cess ful
ex am ples in the lit er a ture. For a frag ment based cam paign
to be suc cess ful the abil ity to ob tain a large num ber of
struc tures of di verse chem i cal frag ments is un ques tion -
able, yet it is of ten chal leng ing to gen er ate struc tures with
bound frag ments. A sum mary of re cent lit er a ture re veals
that a wide rep er toire of ex per i men tal pro ce dures is em -
ployed to gen er ate ligand-bound crys tal struc tures [1], il -
lus trat ing that each pro tein and pro ject needs spe cific
at ten tion.

Here we share our ex pe ri ence from set ting up and ex e -
cut ing frag ment crys tal log ra phy in the Sol u ble Epoxide

Hydrolase pro ject that al to gether re sulted in 55 com plex
struc tures, where 38 are frag ments. The size of this dataset
has al lowed us to make ret ro spec tive anal y sis of ligand
prop er ties such as po tency, ligand sol u bil ity, clogP and
ligand ef fi ciency to iden tify suc cess fac tors for struc ture
gen er a tion and ask the ques tion if any of these could be used 
to guide crys tal li za tion ef forts. Our re sults re veals that po -
tency, ligand ef fi ciency and, to some de gree, clogP in flu -
ence the suc cess of com plex struc ture gen er a tion whereas
the mea sured aque ous ligand solubility did not. 

1. L. Öster, S. Tapani, Y. Xue, H. Käck, Drug Discov To day.,
9, (2015), 1104.
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The In ter na tional Space Sta tion (ISS) is a great tech ni cal
achieve ment, de signed as a flex i ble lab o ra tory able to sup -
port sci ence in a wide range of dis ci plines. Un for tu nately,
to make use of the ISS is still un ap peal ing to a large num -
ber of po ten tial us ers, due to the bur den of com plex rules
and long pro ce dures as so ci ated with de vel op ing and op er -
at ing equip ment on board the Sta tion. The pol icy of the
Eu ro pean Space Agency (ESA) about the uti li za tion of the
Co lum bus mod ule changed re cently, open ing to the pos si -
bil ity of ac cess ing the ISS on a com mer cial ba sis. This will 
al low for the es tab lish ment of new com mer cial ser vices
sup port ing the per for mance of ad di tional sci ence and tech -
no log i cal re search and de vel op ment.

One of the most in ter est ing as pects is re lated to the
pos si ble bi o log i cal ad vance ments com ing from the study
of space-grown pro tein crys tals. One of the ini tia tives un -
der prep a ra tion, with the sup port1 of the Eu ro pean Un ion
(EU), is cen tred on the XRayLab fa cil ity and aims at
boost ing the re search in var i ous fields, thanks to the sin gu -
lar ef fect of the microgravity on crys tals’ qual ity, as so ci -
ated with the un prec e dented ca pa bil ity of per form ing in
situ X-ray diffraction (XRD) measurements.

A prom is ing ap pli ca tion of this crys tal log ra phy tech -
nique tar gets pro tein-phar ma ceu ti cal com pounds mo lec u lar 
com plexes crys tal lized in or bit, with the objective of: 

• elu ci dat ing rigid pro tein atomic struc tures and con -
fig u ra tions;

• iden ti fy ing pro tein-ligand dock ing re la tion ships
(struc ture-ac tiv ity re la tion ships)

High qual ity crys tals will grow in the microgravity en vi -
ron ment guar an teed by the ISS, in a ded i cated ex per i men tal
microfluidic set ting called the PharmaCard (Fig ure 1). The
XRD mea sure ments will be per formed in situ, by means of
this novel XRD in stru ment, to avoid de te ri o ra tion of the
pro tein crys tals when ex posed to the re-en try and ground
trans port stress en vi ron ment. The ac quired data, con sist ing
of the XRD pat tern im ages, will be ei ther downlinked or
stored in data stor age me dia that will then be down loaded to 
ground for com pu ta tional analysis and structural
determination.

The PharmaLab fa cil ity will tar get ap pli ca tions in the
sec tor of struc ture-based drug de sign and de vel op ment. In
ad di tion, the use of an X-ray mea sure ment fa cil ity and of
microfluidics in space may have other in ter est ing ap pli ca -
tions not only for pro teins but also for phar ma co log i cal



com pounds and other small mol e cules com pounds. Crys -
tal li za tion is such a uni ver sal pro cess that we can not
safely ex plore the space with out a deep knowl edge on
how mol e cules join them selves un der microgravity to
form crys tals, from nano- to metre-size scale2. 

1. This pro ject has re ceived fund ing from the Eu ro pean
Com mis sion’s H2020 Frame work Pro gram for re search,
tech no log i cal de vel op ment and dem on stra tion un der grant 
agree ment No. 666815. 

2.  J.M. Gar cia Ruiz, F. Otálora, in An swers to a ques tion -
naire on the PharmaLab ex per i men tal fa cil ity for Space
Ap pli ca tions Ser vices (Dec. 2015).
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Im prov ing the crys tal qual ity of a pro tein is al ways an im -
por tant tar get for struc ture de ter mi na tion us ing X-ray dif -
frac tion. In this pro ject, we pres ent a sys tem atic qual ity
com par i son of pro tein crys tals grown us ing the cross-dif fu -
sion microbatch (CDM) method and the stan dard sit ting-
 drop va por-dif fu sion method. Crys tal li za tion con di tions
for eleven dif fer ent pro teins were screened us ing these two
meth ods, and the crys tals of all con di tions were checked in
terms of the res o lu tion limit and mosaicity. It was found
that crys tals grown in the plate us ing the CDM method ex -
hibit better mor phol ogy and higher crys tal qual ity than
crys tals ob tained us ing the stan dard sit ting-drop va por-dif -

fu sion method. X-ray dif frac tion tests show that the CDM
method is in deed a prac ti cal and use ful method for ob tain -
ing high-qual ity pro tein crys tals to re duce the work load as -
so ci ated with both pro tein crys tal li za tion screen ing and
op ti mi za tion.

A crys tal li za tion plate us ing the CDM method is shown
in Fig. 1 [1]. (a) Im age of crys tal li za tion plate us ing the tra -
di tional sit ting drop va por-dif fu sion (SDVD) method. (b)
Im age of crys tal li za tion plate us ing the cross-dif fu sion
microbatch (CDM) method. The size of this plate is made
to be com pat i ble with the SBS stan dard plate. This crys tal -
li za tion plate is sim i lar to the tra di tional SDVD plate, ex -
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Fig ure 1.  PharmaLab Card and XRD (con cept)

Fig ure 1. Com par i son of im ages of the crys tal li za tion plate us ing the CDM method and the SDVD method.
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cept for the ma te rial and the res er voir, which was re placed
by more pits to in crease the num ber of protein con cen tra -
tions or pH gradients.

Fig. 2 shows some typ i cal im ages [(a)-(d), crys tals
grown in a CDM crys tal li za tion plate; (a’)-(d’), crys tals
grown in a SDVD crys tal li za tion plate]. The crys tals grown 
in the CDM crys tal li za tion plate looked better than the
crys tals grown in the SDVD crys tal li za tion plates [2].
Some de fec tive crys tals were ob tained from the SDVD
crys tal li za tion plate. The crys tal mor pho log i cal com par i -
son showed that the crys tals grown in CDM crys tal li za tion
plates dis played rel a tively better mor phol ogy than crys tals

grown in SDVD crys tal li za tion plates. (a), (a’) Lysozyme;

(b), (b’) Proteinase K; (c), (c' ) a-Chymotrypsinogen A II;
(d), (d’) Catalase.

Fig. 3 ex hib its a com par i son of the res o lu tion lim its of
all the “Dif frac tion data” qual ity the crys tals ob tained from
the CDM and the SDVD crys tal li za tion plate [2]. (a) In
terms of the res o lu tion limit of the proteinase K crys tals,
the re sults dem on strated a sig nif i cant dif fer ence be tween
the two groups (P <0.05). (b) A com par i son of the
mosaicity of proteinase K. The re sults dem on strated sig nif -
i cant dif fer ence be tween the two groups (P <0.05). (c) A

com par i son of the res o lu tion lysozyme crys tals ob tained in
the CDM and the SDVD crys tal li za tion plate. The dif fer -
ence be tween two groups was sig nif i cant (P <0.05). (d) A
com par i son of the mosaicity of lysozyme crys tals. The re -
sults showed an ex tremely sig nif i cant dif fer ence be tween
the two groups (P <0.01). There fore, the CDM crys tal li za -
tion plate clearly dem on strated an improvement in both
resolution and mosaicity compared with the SDVD
method.

In con clu sion, it was found that the CDM method can
im prove the qual ity of pro tein crys tals com pared with the
con ven tional SDVD method. This crys tal li za tion screen -

ing method could be suit able for rou tine pro tein crys tal li za -
tion.

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

2. H. Hou, B. Wang, S. Y. Hu, J. Z. Wang, P. F. Zhu, Y. Liu,
M. Y. Wang, D. C. Yin, CrystEngComm., 17, (2015),
5365.

This work was sup ported by Na tional Nat u ral Sci ence
Foun da tion of China (Grant No. 31200551).

Fig ure 2. Typ i cal morphology of crys tals grown in the CDM and the SDVD crys tal li za tion plate.

Fig ure 3. A com par i son of the res o lu tion lim its of all the “Dif frac tion data”
qual ity crys tals ob tained from the CDM crys tal li za tion plate and the SDVD


