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Pro tein crys tal li za tion in space is as sumed to pro ceed in
purely diffusional man ner with out grav ity-in duced con -
vec tion [1]. As a re sult, pro tein crys tals are ex pected to
be formed free of de fects and/or im pu ri ties. Pro teins as
well as pro tein so lu tions are usu ally dia mag netic, so
that a sim i lar ef fect on con vec tion should be pos si ble by 
mag netic force. Mag netic force (Fm) is pro por tional to
the prod uct of mag netic field (B) and mag netic field
gra di ent (dB/dz), as given in the following equation (1):
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where m0 is the vac uum per me abil ity, m is the mass, cm

is the mass sus cep ti bil ity, Bz and dBz/dz is the mag netic
flux den sity and gra di ent of mag netic field, re spec -
tively, in ver ti cal di rec tion. A dia mag netic sub stance is
lev i tated or its mo tion is im peded when Fm is equal or
close to grav ity. There fore, a mag netic field and a mag -
netic field gra di ent have been uti lized to ob tain high
qual ity pro tein crys tals, in which mag netic ori en ta tion
of crys tals and re duc tion in nat u ral con vec tion con trib -
ute mainly to the crys tal qual ity im prove ment [2]. Us ing 
this tech nol ogy we have de vel oped a high-through put
and high-qual ity pro tein crys tal growth sys tem with
strong mag netic force that en ables to can cel out the
grav ity of a wa ter drop let. This sys tem con sists of a
super con duct ing mag net, pro tein crys tal li za tion plates,
a tem per a ture con trol ler, and equip ment for in-situ ob -
ser va tion (Fig. 1) [3].

The sys tem de vel oped con tains two groups of super -
con duct ing coils; the top coil of Nb3Sn gen er ates mag -
netic fields down ward, while the bot tom coils of NbTi
and Nb3Sn gen er ate mag netic fields up ward; these coils
are op er ated in per sis tent mode. The max i mum mag -
netic field gen er ated reaches 16 T.  Fm and dBz/dz be -
come larg est be tween the two groups of coils, cre at ing a 
re duced-grav ity zone where the crys tal li za tion plates
are placed (Fig. 1).

Since the crys tal li za tion plates are placed in the
mag net bore, we can not know if crys tal li za tion has oc -
curred un til we ex am ine the cell out side of the bore.
Then, we not only in ter rupt the crys tal li za tion pro cess,
but also change the whole grav ity con di tions. In terms
of ef fi ciency, it is highly de sir able not to in ter rupt the
crys tal li za tion pro cess by tak ing out the crys tal li za tion

plates from the bore. It is di rect ob ser va tion that eliminates
these problems.

We have made up an op ti cal ob ser va tion probe which can
look into the crys tal li za tion plates in the mag net bore, en abling 
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Fig ure 2. Crys tals of a zinc pro te ase in the con trol ex per i ment
(A) and grown un der the mag netic quasi-microgravity con di -
tions (B).  (C) Crys tal growth in the quasi-microgravity.

Fig ure 1. De vel oped sys tem for pro tein crys tal li za tion un der
mag netic quasi-microgravity con di tions.



in-situ ob ser va tion of the crys tal li za tion pro cess. The op ti -
cal probe has a 3-D ad just able fo cus ing mech a nism with
enough high res o lu tion of a few microns (Fig. 1).
Pro tein crys tal li za tion has been car ried out through the sit -
ting drop vapour dif fu sion method. In the sys tem, we can
stack 10 crys tal li za tion plates, each hav ing 12 so lu tion res -
er voirs and 24 crys tal li za tion drop wells, en abling us to ex -
am ine 240 con di tions in one ex per i ment. The tem per a ture
around the crys tal li za tion plates is con trolled by the dry air

be tween 4 and 20 °C within ± 0.1°C.
In this study, we have con ducted crys tal li za tion ex per i -

ments us ing two pro tein sam ples, a GFP (green flu o res cent
pro tein)-like pro tein and a zinc pro te ase. In the case of the
GFP-like pro tein, tri an gu lar pyr a mid-shaped crys tals ap -
peared within 12–24 hours af ter the ini ti a tion of vapour
dif fu sion, ex hib it ing mag netic ori en ta tion. X-ray dif frac -
tion ex per i ments in di cated that the crys tal lo graphic c-axis
was par al lel with the di rec tion of the mag netic field. Nee -
dle-shaped thin crys tals of the zinc pro te ase also showed
mag netic ori en ta tion (Fig. 2). The long side of crys tals was

aligned along the c-axis which is par al lel with the di rec tion
of the mag netic field. The crys tals were grown 1–2 days.
X-ray dif frac tion mea sure ments showed that these pro tein
crys tals ob tained in the mag netic quasi-microgravity had
better crys tal lo graphic qual ity and less vari a tion in qual ity
than crys tals grown with out the mag netic field.
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Porphyromonas gingivalis is a gram-neg a tive hu man
patho genic bac te rium. It is found in the oral cav ity and is
able to break through hu man gingival fibroblasts caus ing
dif fi cult and pain ful dis eases like gin gi vi tis and
periodontitis [1]. It also con tains a group of en zymes which 
be long to the dipeptidyl peptidase III (DPP III) fam ily. This 
group of en zymes, also known as enkephalinase B, is an
enkephalin-de grad ing en zyme that cleaves dipeptides se -
quen tially from the N-ter mini of its sub strates. All DPPs III 
de scribed thus far con tain the unique zinc bind ing mo tif
HEXXGH char ac ter is tic for the metallopeptidase fam ily
M49. DPP III play im por tant role in the mam ma lian pain
modulatory sys tem. This is sup ported by the find ing that
low lev els of DPP III ac tiv ity were de tected in the
cerebrospinal fluid of in di vid u als suf fer ing from acute pain 
[2]. 

The func tion of the DPP III homolog from Porphyro -
monas gingivalis is still un known, but it could be in volved
in patho ge nic ity. We aim at de ter min ing po ten tial sub -
strates of this en zyme as well as its three-di men sional
X-ray struc tures in or der to ob tain in for ma tion about its po -
ten tial func tion. Here, we rep re sent and dis cuss ITC and
SAXS data to gether with pre dicted struc tural model. We
also pres ent find ings about po ten tial in hib i tor of the en -
zyme us ing conformational changes cal cu lated from SAXS 
mea sure ments. Ad di tion ally, we briefly in ves ti gate C-ter -
mi nal end of the en zyme since it pos sesses struc tural sim i -

lar i ties with alkylpurin DNA glycosylase AlkD from B.ce -
reus
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The suc cess ful crystallisation of pro teins is im por tant be -
cause their mo lec u lar three di men sional struc tures can be
ob tained through X-ray dif frac tion when in their crys tal -
line form [1]. In ves ti ga tion of the crystallisation pro cess is
ben e fi cial for this pur pose. We have re ported that pro tein
crystallisation is sen si tive to au di ble sound, which is com -
monly pres ent but is of ten ig nored. Here we in ves ti gate the
ef fect of au di ble sound pa ram e ters, es pe cially fre quency,
on a pro tein crystallisation. We show a sig nif i cant fa cil i ta -
tion of pro tein crystallisation us ing 5000 Hz au di ble sound
(Figure1), pos si ble mech a nism was also tried to be clar i -

fied [2]. Suit ably con trolled au di ble sound can be ben e fi -
cial for pro mot ing pro tein crystallisation. There fore,
au di ble sound can be used as a sim ple tool to pro mote pro -
tein crystallisation. In ad di tion, the pro cess ing of other
types of ma te ri als may also be af fected by au di ble sound.
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Fig ure 1. Crystallisation screen ing re sults with and with out au di ble sounds. (a) Ra tio of crystallisation screen ing hits with au di ble
sound ir ra di a tion to that with out sound ir ra di a tion. The ini tial con cen tra tions for lysozyme and concanavalin A were both 10 mg/ml.
(Er ror bar: stan dard de vi a tion, n=4). (b) Crystallisation hits at 1000 Hz. (Er ror bar: stan dard de vi a tion, n=4). (c) Crystallisation hits at
5000 Hz. (Er ror bar: stan dard de vi a tion, n=4). (d) Num ber of crystallisation hits at 1000 Hz (red cir cles) and 5000 Hz (blue tri an gle) nor -
mal ized to the num ber of hits with out sound ir ra di a tion. 
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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].

1. J. M. García-Ruiz, F. Otálora, A. García-Ca bal lero, L. A.
González-Ramírez, C. Verdugo-Escamilla, J. Appl. Cryst.,
48, (2015), 1264.
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