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S12-L1

ARE THE PROTEIN PRE-NUCLEATION CLUSTERS EQUILIBRIUM STRUCTURES OR
IRREVERSIBLE AGGREGATES? 

P. G. Vekilov1,2, M. A. Vorontsova1, M. Sa fari1, M. Byington1

1Dep.of Chem i cal and Biomolecular En gi neer ing, Uni ver sity of Hous ton, Hous ton TX 77204-4004, USA
2De part ment of Chem is try, Uni ver sity of Hous ton, Hous ton TX 77204-5003, USA

vekilov@uh.edu

Pro tein-rich clus ters of steady submicron size and nar row
size dis tri bu tion ex ist in pro tein so lu tions in ap par ent vi o la -
tion of the clas si cal laws of phase equi lib rium. Even though 
they con tain a mi nor frac tion of the to tal pro tein, ev i dence
sug gests that they may serve as es sen tial pre cur sors for the
nu cle ation of or dered sol ids such as crys tals, sickle-cell he -
mo glo bin poly mers, and am y loid fi brils.  The clus ter for -
ma tion mech a nism re mains elu sive.  We use the highly
ba sic pro tein lysozyme at nearly neu tral and lower pH as a
model and ex plore the re sponse of the clus ter pop u la tion to
the elec tro static forces, which gov ern nu mer ous bio phys i -
cal phe nom ena, in clud ing crys tal li za tion and fibrillization.  
We tune the strength of intermolecular elec tro static forces
by vary ing the so lu tion ionic strength I and pH and find that 
de spite the weaker re pul sion at higher I and pH, the clus ter
size re mains con stant. Clus ter re sponses to the pres ence of
urea and eth a nol dem on strate that clus ter for ma tion is con -
trolled by hy dro pho bic in ter ac tions be tween the pep tide
back bones, ex posed to the sol vent af ter par tial pro tein un -
fold ing that may lead to tran sient pro tein oli go mers.  These
find ings re veal that the mech a nism of the mesoscopic clus -
ters is fun da men tally dif fer ent from those un der ly ing the

two main classes of or dered pro tein solid phases, crys tals
and am y loid fi brils, and par tial un fold ing of the pro tein
chain may play a sig nif i cant role. 

The role of par tial pro tein un fold ing in clus ter for ma -
tion sug gests that the clus ters may rep re sent ir re vers ible
ag gre gates of de na tured pro tein. We de ter mine the en zyme
ac tiv ity of lysozyme in clus ter-con tain ing so lu tions and
dem on strate that it is equal to that of na tive lysozyme. Flu -

o res cence spec tros copy re veals that the struc tures of the a

and b lysozyme do main are in tact, i.e., the par tial un fold ing 
that un der lies clus ter for ma tion is con strained to the
interdomain con tacts. Upon so lu tion di lu tion, the ra tio of
the clus ter con cen tra tions to that of pro tein mono mers de -
creases ex po nen tially (it should be con stant for ir re vers ible 
ag gre gates), in agree ment with an equi lib rium model of
clus ter for ma tion. In their sum, these re sults dem on strate
that the clus ters are not ir re vers ible aggregates, but
represent equilibrium high-concentration protein do mains. 

1. M.A. Vorontsova, H.Y. Chan, V. Lubchenko, P G.
Vekilov, Bio phys i cal Jour nal, 109, (2015), 1959-1968.

2. A.B. Kolomeisky, Biophysical Journal, 109, (2015),
1759-1760.

S12-L2

ANTIBODIES AS CHAPERONES IN CRYSTALLISATION: PARAMETERS FOR
SUCCESS

Da vid Hargreaves

AstraZeneca, Dis cov ery Sci ences, Struc ture & Bio phys ics, AstraZeneca Dar win Build ing, Cam bridge Sci -
ence Park, Cam bridge, CB4 0WG, United King dom

An ti bod ies as Chaperones in Crystallisation: Pa ram e ters
for Suc cess. Crys tal li za tion Chaperones in clud ing An ti -
bod ies, Nanobodies and Aptamers have been shown ef fec -
tive in pro mot ing the crystallisation of oth er wise
un crys tal lis able tar gets. A prom i nent ex am ple is the
nanobody used to sta bi lize the GPCR-G-pro tein com plex
in the 2012 No bel Prize-win ning work Na ture 2011).

Here at AstraZeneca we have pur sued the use of An ti -
body Frag ments though a bioinformatics driven ap proach
to en able crys tal sys tems for Drug Dis cov ery. Re cent work
has been suc cess ful for the On col ogy tar get Mcl1 Myeloid

Cell Leu ke mia 1; an anti-apoptotic pro tein from the Bcl-2
en abling Struc ture Based De sign for a DNA en coded li -
brary hit. This talk de scribes the pro cess by which the
chaperone mol e cules were ob tained and, us ing ex am ples
from this and other pro jects, how their bio phys i cal prop er -
ties such af fin ity, epitope and ther mal sta bil ity cor re late
with their pro pen sity to crys tal lise. The talk will also cover
a com par i son of our ligand bound Mcl1-An ti body com plex 
with ex am ples of Mcl1 ligand bound struc tures from the
lit er a ture.
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PROTEIN CRYSTALLIZATION IN HYDROGELS, CURRENT STATUS AND FUTURE
PROSPECT
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Al though crys tal li za tion in hydrogels is not a fre quent
prac tice in bio-crys tal log ra phy, the ben e fits of us ing a
poly meric me dia for the crys tal li za tion of macromolecules
are mul ti ple - i.e. pre vents con vec tion and crys tal sed i men -
ta tion, acts as im pu rity fil ter, etc. - and have been proven to
pro duce crys tals of higher qual ity [1]. The used of
hydrogels also avoids the ma nip u la tion of the crys tals and
there fore the os motic and me chan i cal stress ex erted on the
crys tals dur ing han dling pre serv ing the in teg rity of the
macromolecule crys tals even when ex posed to or ganic sol -
vents.

There are many types of hydrogels (agarose, sil ica,
PEGs base hydrogel, sephadex, etc) that are com pat i ble
with pro tein crys tal li za tion. Among them, agarose is prob -
a bly the most widely tested and can be used at con cen tra -
tions be low its crit i cal gel ling point, thus fa cil i tat ing its mix 
with the pro tein so lu tion. Hydrogel gel me dia should also
be taken into ac count not only for im prov ing crys tal qual ity 
but also to ex ert con trol over the nu cle ation and growth
pro cesses. Even more, gel-grown pro tein crys tals have
been re cently shown to be ex cel lent can di dates to pro duce
crys tals of big ger size for neu tron dif frac tion stud ies us ing
crys tals grown in agarose as seeds [2] or even be used as
me dia for the con tin u ous de liv ery of nano/mi cro-metre size 
crys tals needed for se rial femto second crys tal log ra phy. It
is there fore ex pected that pro tein crys tals grown in situ in
hydrogel will be used in XFEL ex per i ments to min i mize
sam ple con sump tion [3]. In this work we will re vise the
cur rent tends in the use of hydrogels fo cus ing on our most
re cent re sults ob tained with dipeptides-based hydrogels for 
the pro duc tion of high qual ity pro tein crys tal [4] and the
for ma tion of new poly morphs [5]. The pres er va tion of

crys tal in teg rity will be ex plained on the ba sis of the in cor -
po ra tion of the gel ma trix within the crys tals. The amount
of incorporated hydrogel is quantified using thermo-
 gravimetrical analysis (TGA) of silica grown crystals.

1. B. Lorber, C. Sauter, A. Theobald-Dietrich, A. Moreno, P.
Schellenberger, M.-C. Rob ert, B. Capelle, S. Sanglier, N.
Potier, R. Giege, Prog ress in bio phys ics and mo lec u lar bi -
ol ogy, 101, (2009), 13.

2. S. Sugiyama, N. Shimizu, K. Kakinouchi, O. Hiraoka, H.
Matsumura, H. Y. Yoshikawa, Y. Takahashi, M.
Maruyama, M. Yoshimura, H. Adachi, K. Takano, S.
Murakami, T. Inoue, M. Murata, Y. Mori, CrystEngComm, 
17, (2015), 8064.

3. C. E. Conrad, S. Basu, D. James, D. Wang, A. Schaffer, S.
Roy-Chowdhury, N. A. Zatsepin, A. Aquila, J. Coe, C.
Gati, M. S. Hunter, J. E. Koglin, C. Kupitz, G. Nel son, G.
Subramanian, T. A. White, Y. Zhao, J. Zook, S. Boutet, V.
Cherezov, J. C. H. Spence, R. Fromme, U. Weierstall, P.
Fromme, IUCrJ, 2, (2015), 421.

4. M. Conejero-Muriel, J. A. Gavira, E. Pineda-Molina, A.
Belsom, M. Bradley, M. Moral, J. d. D. G.-L. Durán, A.
Luque González, J. J. Díaz-Mochón, R.
Contreras-Montoya, Á. Martínez-Peragón, J. M. Cuerva, L. 
Álvarez de Cienfuegos, Chem. Commun. 51, (2015), 3862.

5. M. Conejero-Muriel, R. Contreras-Montoya, J. J.
Díaz-Mochón, L. Álvarez de Cienfuegos, J. A. Gavira,
CrystEngComm, 17, (2015), 8072

The au thor would like to ac knowl edge the sup port of the
MICINN (Spain) pro jects BIO2013-4297-P and ESRF and
ALBA staff for their sup port dur ing data col lec tions and al -
lo cated time.
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S12-L4

FLYING THROUGH OPTIMIZATION SCREENING WITH dragonfly

Paul Thaw

Prod uct Man ager – Crys tal log ra phy, TTP Labtech, Melbourn Sci ence Park, Royston, SG8 6EE, UK

Pro tein crys tal op ti mi za tion is vi tal to en sure high qual ity
X-ray dif frac tion data for the solv ing of high res o lu tion
struc tures. This pro cess in volves the set-up of a se ries of
com plex screen ing com bi na tions where the ra tios of the in -
di vid ual com po nents iden ti fied from pri mary crys tal li za -
tion stud ies are var ied.

 In or der to re duce the ef fort and te dium of this time
con sum ing pro cess, TTP Labtech have de signed drag on -
fly® for crys tal li za tion screen ing as an ad di tion to their
suc cess ful mos quito® liq uid handling portfolio.

drag on fly is a liq uid han dler for sim ple, fast and ac cu -
rate crys tal screen op ti mi za tion with un sur passed repro -
ducibility. drag on fly’s pos i tive dis place ment tech nol ogy

en sures highly ac cu rate dis pens ing, from 0.5 µL up to 4
mL, across a wide range of vis cos i ties. Its rapid plate prep -
a ra tion is uniquely com bined with non-con tact dis pens ing
to en sure zero cross-con tam i na tion. Dis pense res o lu tion is
0.1 µL, allowing very fine gradients to be created.

The part ner soft ware – drag on fly de signer has been de -
signed from the ground up to be an easy-to-use gra di ent de -
sign tool which is stand alone and pro vided with out
re stric tion on user num bers to sig nif i cantly re duce on go ing 
costs.

In this talk we will re view both the tech nol ogy be hind
the drag on fly and real world ex am ples of speed ing up suc -
cess ful crys tal li za tion pro jects.

S12-L5

PROTEIN CRYSTALLISATION - TRICKS AND PRACTISE

Lubica Urbanikova

In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Dubravska cesta 21, 845 51 Bratislava, 
Slo vak Re pub lic

lubica.urbanikova@savba.sk

Prep a ra tion of highly or dered pro tein crys tals is es sen tial
for us ing X-ray crys tal log ra phy tech nique, which is still the 
most pow er ful tool for de ter min ing the three-di men sional
struc ture. At high tech ni cal level of data col lec tion at syn -
chro tron sources and soft ware de vel op ments for data pro -
cess ing and struc ture de ter mi na tion and re fine ment,
pro tein crys tal li za tion still re mains more art than sci ence
and rep re sents one of the ma jor lim it ing steps. Con di tions
at which a pro tein might pro duce highly or dered crys tals
can not be com puted, they must be iden ti fied em pir i cally.
Crys tal li za tion is in flu enced by ex tremely large num ber of
pa ram e ters from which the most im por tant is pro tein it self.
It is well known that sub tle changes in con di tions as well as
pro tein mod i fi ca tions may have a dra matic ef fect on crys -
tal li za tion behaviour. 

We have crys tal lized a num ber of pro teins add de ter -
mined their ter tiary struc tures. The main ob jects were mu -
tants of ribonuclease Sa from bac te ria Streptomyces

aureo faciens, glucoamylases and their mu tants from the
yeast Saccharomycopsis fibuligera, actin-bind ing do main
of cytoskeletal pro tein plectin from Mus musculus, CE16
acetylesterase from fungi Trichoderma reesei, GH30
xylanase A from bac te ria Dickeya chrysanthemi and other
en zymes. Suc cess ful crys tal li za tion was con di tioned by the 
use of spe cial ap proach tai lored to each pro tein or mu tant.
Sim i larly, the choice of cryoprotectant and op ti mi sa tion of
the crys tal flash cool ing pro ce dure was cru cial for col lect -
ing good sets of data. The tested tricks and suc cess fully
used ap proaches will be described, illustrated and
discussed. 

 The work was sup ported by the Slo vak Acad emy Re search
Grant Agency VEGA grant No. 2/0190/14 and Slo vak Re -
search and De vel op ment Agency grant APVV-0602-12.
We ac knowl edge the EMB c/o DESY, Ham burg and MFPL
Vi enna Uni ver sity for pro vid ing us with syn chro tron
source and lab o ra tory X-ray source fa cil i ties.
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TRANSMISSION ELECTRON MICROSCOPY FOR THE EVALUATION AND
OPTIMIZATION OF CRYSTAL GROWTH

Guillermo Calero, Hil lary Stevenson, Guowu Lin, Chris to pher Barnes

Uni ver sity of Pitts burgh, 3501 Fifth Ave, Pitts burgh, 15260 PA, USA

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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A RATIONAL APPROACH TO CRYSTALLISING PROTEINS IN THE
PHARMACEUTICAL INDUSTRY, THE IMPACT OF MICRO SEED MATRIX SEEDING

Allan D’Arcy

Actelion Pharmaceuticals Ltd., allan.darcy@gmail.com

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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