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Aminoacyl-tRNA syn the tas es (aaRSs) are ubiq ui tous en -
zymes that cat a lyze the first step of pro tein biosynthesis or
trans la tion. In the pres ence of ATP, they ac ti vate the amino 
ac ids as adenylates and sub se quently bind the amino acid
moity onto the 3’ CCA end of trans fer RNAs [1]. The re -
sult ing aminoacyl-tRNAs are then car ried by the elon ga -
tion fac tors to the ri bo some to be in cor po rated into na scent
polypeptide chains. AaRSs are a tar get of choice for drug
de sign be cause they are es sen tial en zymes hav ing a high
spec i fic ity for their sub strates. 

Our study is fo cused on bac te rial aspartyl-tRNA syn -
the tas es (AspRSs) that bind spe cif i cally L-aspartate. We
have ini ti ated the struc tural char ac ter iza tion of the bind ing
mode of two fam i lies of in hib i tors. One is a nat u ral an ti bi -
otic pro duced by E. coli strains that tar gets the cat a lytic site
of AspRSs (col lab o ra tion with Prof. S. Rebuffat, Mu seum
Na tional d’Histoire Naturelle, Paris) and the other a se ries
of chem i cally syn the sized pep tides that were se lected
against an AspRS from the op por tu nis tic hu man patho gen
Pseu do mo nas aeruginosa (col lab o ra tion with Prof.
Hiroaki Suga, University of Tokyo). 

We ap ply var i ous crystallogenesis ap proaches to pre -
pare crys tals that are suit able for the X-ray dif frac tion anal -

y sis. They in volve the op ti mi za tion of crys tal pro duc tion
ei ther by cocrystallization or by soak ing of na tive crys tals
with lig ands. In the case where the en zyme of one bac te rial
spe cies does not yield ex ploit able crys tals, the pro tein is ei -
ther chem i cally meth yl ated to change its sur face prop er ties
and crystallizability, or a close struc tural homolog with a
con served ac tive site is sub sti tuted to take ad van tage of ge -
netic di ver sity. In the fi nal step crys tal li za tion sys tem at i -
cally takes place in an agarose gel with a low gel ling
tem per a ture to im prove crys tal qual ity, sta bil ity dur ing the
soak ing with in hib i tors, and han dling [2]. The ra tio nale of
our crystallogenesis strategy will be presented and
illustrated with examples. 
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The ex hi bi tion CRISTALES: a world to dis cover is a teach -
ing/out reach ac tiv ity whose main goals are to in crease
aware ness of the im por tance of crys tal log ra phy and its role
in ev ery day life in mod ern so ci ety, mo ti vate young peo ple,
and pro mote ed u ca tion and re search in crys tal log ra phy.

CRISTALES is de signed to in spire the au di ence with a
care ful de sign and a view of crys tal log ra phy that places the
em pha sis not only on the most im por tant con tri bu tions of
crys tal log ra phy to so ci ety´s wel fare, in clud ing new ma te ri -
als and bio med i cal re search, but also on those as pects of
crys tal log ra phy related to art and the mind. 

This work de scribes the sim plest ver sion of the ex hi bi -
tion, com posed of 14 post ers that have been cre ated spe cif -
i cally for schools and uni ver si ties. Each poster dis plays an
im age that is both aes thet i cally pow er ful and sci en tif i cally
in trigu ing, so as to pro voke the cu ri os ity of the stu dents.
The post ers also con tain a brief text ex plain ing the im age
and its re la tion to crys tal log ra phy and a QR code that links
the poster to a web page containing further information [1].
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Bio phys i cal microgravity re search on the In ter na tional
Space Sta tion us ing bi o log i cal ma te ri als has been on go ing
for sev eral de cades. The well-doc u mented sub stan tive ef -
fects of long du ra tion microgravity in clude the fa cil i ta tion of
the as sem bly of bi o log i cal macromolecules into large struc -
tures, e.g., for ma tion of large pro tein crys tals un der µ-grav -
ity. NASA is in vested not only in un der stand ing the pos si ble
phys i cal mech a nisms of crys tal growth, but also pro mot ing
two flight in ves ti ga tions to de ter mine the in flu ence of
µ-grav ity on pro tein crys tal qual ity. In ad di tion to crys tal
growth, flight in ves ti ga tions to de ter mine the ef fects of shear 
on nu cle ation and sub se quent for ma tion of com plex struc -

tures (e.g., crys tals, fi brils, etc.) are also sup ported. It is
now con sid ered that long du ra tion microgravity re search
aboard the ISS could also make pos si ble the for ma tion of
large com plex bi o log i cal and biomimetic ma te ri als. In -
ves ti ga tions of var i ous ma te ri als un der go ing com plex
struc ture for ma tion in microgravity will not only
strengthen NASA sci ence pro grams, but may also pro -
vide in valu able in sight to wards the con struc tion of large
com plex tis sues, or gans, or biomimetic ma te ri als on
Earth.
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We have de vel oped the pro to type of an in te grated ap pa ra tus
for the ra tio nal op ti mi za tion of crys tal growth by map ping
and ma nip u lat ing tem per a ture-pre cip i tant con cen tra tion
phase di a grams [1]. This so-called crys tal li za tion bench
com prises a flow cell di al y sis set-up to ex change crys tal li za -
tion con di tions  and con trol tem per a ture dur ing ex per i ment.

Based on this macro-scale in stru ment we have fo cused
on a min ia tur iz ing ap pa ra tus that al lows pre cise con trol of
the ex per i ment pa ram e ters us ing microfluidics. The first
func tional microfluidic chips in te grat ing microdialysis with
the vol ume less than 1µL al ready ex ist [2]. These micro chips 
have mul ti ple de signs in or der to per form sin gle or mul ti ple
crys tal li za tion ex per i ments at the same time. As a proof of
prin ci ple, the ex per i ments, no ta bly us ing dyes, have been
per formed to dem on strate the high re sis tance of the di al y sis
mem brane, its proper in te gra tion in the chip as well as lack of 
any leakages during the  crystallization experiments.

The suc cess of these pre lim i nary stud ies al lows to drive
crys tal li za tion ex per i ments with model pro teins like lyso -

zyme and a plant kinase. The chem i cal com po si tion in the 
chip can be sys tem at i cally ex changed dur ing crys tal li za -
tion ex per i ment us ing a pres sure-driven pump. It en ables
to in ves ti gate a multidimensional phase di a g rams.

The ma te ri als that com pose the chips have been cho -
sen care fully and tested at the ESRF on syn chro tron
beamline FIP-BM30A in or der to limit sig nif i cant scat -
ter ing back ground. These re sults were com pared to tra di -
tional crys tal li za tion plates used for in-plate
crys tal li za tion. We dem on strate that these chips are X-ray 
com pat i ble al low ing to col lect in-situ dif frac tion data at
room tem per a ture of a large num ber of protein crystals
grown on the chip.
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