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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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Crys tal li za tion re mains a bot tle neck for pro tein struc ture
de ter mi na tion, and it can be a chal lenge to get crys tals that
are of a size that en ables struc ture de ter mi na tion by use of
X-ray crys tal log ra phy. Crys tals of a size around 105 µm3

are suf fi cient for data col lec tions at most synchrotrons, but
with the use of microfocus beamlines crys tals smaller than
103 µm3 are used for data col lec tion and struc ture de ter mi -
na tion. The X-ray syn chro tron beamlines have been au to -
mated and im proved so data col lec tions can be per formed
in min utes. Com pared to this there are ma jor chal lenges as -
so ci ated with ob tain ing crys tals of a size that will en able
struc tural stud ies at high res o lu tion of pro teins by neu tron
dif frac tion. Here mm3 size pro tein crys tals are needed and
it re quires days of data col lec tion.

To com pare high res o lu tion data (better than 1.2C res o -
lu tion) col lected on crys tals of Hen Egg White Lysozyme
(HEWL) from both an X-ray source and a neu tron source,
triclinic crys tals of HEWL are re quired that should be
larger than  5.0 mm3 in size.

Triclinic crys tals of HEWL are dif fi cult to ob tain, but
fol low ing the pro ce dures by Heijna et al and Legrand et al
a re pro duc ible path for mak ing triclinic HEWL was
achieved. The pro ce dure in volves a pre cip i ta tion step at
4°C, be fore crys tal growth at room tem per a ture.

Op ti miz ing batch crys tal li za tion con di tions start ing
with 0.2 M NaNO3, 0.05 M Na-ac e tate pH 4.5 and a pro tein 

con cen tra tion in the drop of 10 mg/ml, us ing re peated se rial 
macro seed ing and months of grow ing we have ob tained
more than 10 crys tals big ger than 5 mm3 for planned neu -
tron dif frac tion ex per i ments at ILL, Grenoble.
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