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Grow ing crys tals is a fas ci nat ing and vi sual pro cess. It is
also an ex cel lent way to dis cover the sci en tific pro cess and
to grasp the chal lenges of mod ern bi ol ogy. In 2014 in the
frame of the in ter na tional year of crys tal log ra phy, we used
sim ple crys tal li za tion ex per i ments to raise in ter est in ma jor 
ad vances in crys tal log ra phy and struc tural bi ol ogy among
mem bers of the gen eral pub lic and par tic u larly sec ond ary
school stu dents. Ac tiv i ties were un der taken in a va ri ety of

con texts: through par tic i pa tion in the na tional sci ence fes ti -
val, crys tal li za tion con tests, ex hi bi tions, talks at schools,
in ter ac tive webcasts and par tic i pa tion in our uni ver sity’s
sci ence out reach pro gram. 

This en rich ing ex pe ri ence could be eas ily im ple mented
by any lab o ra tory or uni ver sity. This pre sen ta tion will il -
lus trate our ap proach and the ed u ca tional ma te ri als we
have de vel oped.
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The lipid cu bic phase or in meso method is, by now, a
proven and ro bust method for crys tal liz ing mem brane pro -
teins. It also works with sol u ble pro teins. Al ready, it is re -
spon si ble for over 300 en tries in the Pro tein Data Bank,
some cor re spond ing to high pro file tar gets such as the

b2-adrenoreceptor-G pro tein and the rho dop sin-arrestin
com plexes [1-3]. Be cause crys tal li za tion takes place in a
bicontinuous mesophase, the method in its ex e cu tion re -
quires man ual dex ter ity to prop erly pre pare, dis pense,
screen and har vest from this char ac ter is ti cally sticky and
vis cous host ing liq uid crys tal. Over the past de cade, we
have been ac tive in run ning work shops world wide with a
view to pass ing along this spe cial ized tech nique. In sup port 
of this out reach ac tiv ity, sev eral pa pers that in clude in -
struc tional vid eos have been made avail able on line and
open-ac cess [4]. Re cently, the method was in cluded as part
of a lab o ra tory mod ule in a third year un der grad u ate bio -
chem is try course at Trin ity Col lege Dub lin. Given that the
method works with sol u ble pro teins, for rea sons of ease
and cost, lysozyme was used as the test pro tein fol low ing a
pro to col spe cif i cally de signed to pro duce rec og niz able
crys tals in meso within an hour at room tem per a ture [5].
Eigh teen stu dents suc cess fully com pleted the mod ule that
came in three parts. The first in volved pre par ing the pro tein 
so lu tion, form ing and dis pens ing the pro tein-laden meso -
phase, set ting up screens and mon i tor ing crys tal growth.  A

one-hour lec ture on the the ory and prac tice of the method
was given the week pre ced ing the lab o ra tory ex er cise and
stu dents were ad vised to view the on line video that de -
scribes the method well in ad vance of the lab. The sec ond
part be gan with a one-hour lec ture on prin ci ples and prac -
tices of macromolecular crys tal log ra phy. This was fol -
lowed by lab o ra tory work that in volved eval u at ing the
crys tal li za tion screen ing re sults, re cord ing crys tal char ac -
ter is tics (size, shape, den sity, dis tri bu tion), dis cuss ing pro -
tein sol u bil ity and lipid/wa ter tem per a ture-com po si tion
phase di a grams, and view ing in meso ro bots, an imager/in -
cu ba tor and a ro tat ing an ode X-ray diffractometer in ac -
tion. The fi nal part con sisted of a com puter lab where the
stu dents were in tro duced to and trained in the ru di ments of
mo lec u lar mod el ling/graphics us ing Coot and PyMol. Be -
cause the stu dents en rolled in the course were spe cial iz ing
in Mo lec u lar Med i cine, in su lin was used for the com puter
lab work. In this pre sen ta tion, our ex pe ri ences teach ing the
course, how it might be im proved, and feed back from the
stu dents will be described.  

Sup ported, in part, by a grant from Sci ence Foun da tion
Ire land (12/IA/1255).
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The aim of a crys tal li za tion lec ture is to pro vide biocrystal -
lographs, who in tend to tackle pro tein-crys tal li za tion, with
the ory and prac ti cal ex am ples.  

We in tro duce the fun da men tal phe nom ena in pro tein
crys tal li za tion: supersaturation, nu cle ation, growth and
trans for ma tion of crys tals. More over, from a phys i cal point 
of view pro teins serve as macromolecular model sys tems
be cause bi o log i cal macromolecules and small or ganic or
min eral mol e cules fol low the same rules, that is to say crys -
tal growth mechanisms are the same [1].

Based on data ob tained us ing in-situ in ves ti ga tion of
crys tal li za tion [2], we il lus trate physico-chem i cal prop er -
ties of crys tal li za tion with mov ies: How supersaturation is

achieved? How do nu cle ation, growth, poly mor phism,
demixion and ki netic rip en ing pro ceed? We show that
these mov ies are per fect tools to teach crys tal growth. Thus
in our lec ture, we give con crete ex am ples il lus trat ing
protein crys tal li za tion [3.
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The crys tal li za tion pro cess in cludes both ther mo dy namic
and ki netic fea tures in mul ti di men sional phase spaces, and
our un der stand ing is based on a crys tal li za tion phase di a -
gram, rep re sented in a sim pli fied form in Fig ure 1. Ther -
mo dy namic data are the sol u bil ity curves, the pres ence of
metastable phases, poly morphs, liq uid-liq uid sep a ra tion…
They de pend on mul ti ple pa ram e ters such as tem per a ture,
pH, sol vent, im pu ri ties, etc. In ad di tion, ki netic tra jec to ries
in the phase di a gram are rel e vant to con trol most of the fi -
nal prop er ties of the syn the sized crys tals. The path fol -
lowed in the di a gram con trols the nu cle ation and growth of
the crys tals, and thus their num ber, size, and mor phol ogy. 

Two new and emerg ing uses re sult in spe cific chal -
lenges for crys tal li za tion of pro teins. In both, pre cise con -
trol of crys tal size is es sen tial. New ap proaches to se rial
(time-re solved) crys tal log ra phy, where crys tals in the 1-20

mm size are used to solve struc tures in clud ing those/struc -
tures of short-lived in ter me di ates with re ac tions ini ti ated
by light or rapid mix ing. Se rial crys tal lo graphic meth ods
are be ing in creas ingly used at syn chro tron sources (se rial

syn chro tron crys tal log ra phy) due to ad vances in mi cro-
and nano-fo cus beamlines, as well as at rap idly de vel op ing
ul tra-bright free-elec tron la ser sources (se rial femto second
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Fig ure 1: Sche matic view of a mul ti di men sional phase di a gram.
The ar row il lus trates a spe cific path way taken dur ing crys tal li za -
tion.

http://www.jove.com/index/details.stp?id=1712
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crys tal log ra phy), en abling struc ture de ter mi na tion of pre -
vi ously in trac ta ble pro teins. At the other ex treme are the re -
quire ments of the next-gen er a tion flag ship neu tron
sources, such as the ESS (Eu ro pean Spallation Source,
Lund). Be cause neu trons in ter act very weakly with mat ter,
much larger, and ide ally cu bic crys tals are needed with vol -

umes of > 0.01 mm3 (i.e. 200 mm on a side) for neu tron
crys tal log ra phy in the fu ture.

We have de vel oped an ap pa ra tus and a method for the
op ti mi za tion of crys tal growth us ing pre cise tem per a ture

con trol and di al y sis com bined with real-time vi su al iza tion.
Sev eral neu tron crys tal log ra phy tar gets are be ing in ves ti -
gated on the de vel oped sys tem and the pos i tive re sults al -
ready ob tained in di cat ing that the con trol of crys tal growth
does not com pro mise the dif frac tion qual ity, and rather im -
proves it. The goal of this lec ture is to pro vide the au di ence
with re lated pro to cols us ing a thor ough knowl edge of the
phase di a gram and dem on strate how to se lect the start ing
po si tion and ki netic path way in op ti miz ing the crys tal li za -
tion ex per i ments.
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The Lab o ra tory for Crys tal lo graphic Stud ies (LEC) has
shown since its cre ation a clear com mit ment with the pro -
mo tion of crys tal log ra phy and crys tal growth at all the lev -
els of ed u ca tion, from pri mary schools to grad u ate
Uni ver sity level. The “Krystalla Pro ject” com prises a se -
ries of co or di nated ac tiv i ties spe cif i cally de signed to pro -
mote the im por tance of crys tal log ra phy and crys tal li za tion, 
namely: 
1 The itin er ant ex hi bi tion “CRISTALES: A world to dis -

cover” which will ex em plify the ap pli ca tions of crys tal -
log ra phy on our daily life and the fun da men tals be hind
our sci ence.

2 The book-guide of the ex hi bi tion “CRISTALES: A
world to dis cover”[1, 2].

3 A di dac tic edi tion of the doc u men tary “The Mys tery of
the Gi ant Crys tals” in clud ing the mak ing-off of the
movie, short vid eos ex plain ing the fun da men tals and ap -
pli ca tions of crys tal li za tion and sci en tific notes for
teach ers.

4 A se ries of work shops on “pop u lar crys tal log ra phy” and
“crys tal log ra phy” for kids.

5 The Na tional Crys tal li za tion Com pe ti tion in the School
6 A se ries of di dac tic guides to use well-known mov ies as

crys tal lo graphic teach ing and pop u lar iza tion ma te ri als.
7 A se ries of crys tal li za tion grad u ate and post grad u ate

courses as part of the In ter na tional Mas ter on Crys tal log -
ra phy and Crys tal li za tion of the UIMP/CSIC.

We will pres ent in this com mu ni ca tion an over view o most
od these  pro jects. 
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