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X-ray pro tein crys tal log ra phy is a valu able tool for gain ing
the three-di men sional (3D) struc ture of pro teins at the
atomic level. The 3D struc tures of pro teins of fer im por tant
in for ma tion for the struc ture-func tion re la tion ship and the
struc ture-based drug de sign. How ever, X-ray crys tal log ra -
phers rarely use hy dro gen at oms and hydration wa ter mol e -
cules to ob tain an in-depth un der stand ing of the pro tein 3D
struc ture. Neu tron crys tal log ra phy pro vides in sights into
pro tein struc ture protonation de tails. One im por tant pur -
pose of neu tron macromolecule crys tal log ra phy is to ob tain 
ex tremely large pro tein crys tals to ob tain an an a lyz able dif -
frac tion pat tern from the avail able neu tron beam. So far, in -
ves ti ga tors have de vel oped sev eral growth tech niques for
large pro tein crys tals, in clud ing macroseeding, the
slow-cool ing method, the float ing-and-stir ring tech nique,
the large-scale hang ing drop method, and top-seeded so lu -
tion growth. How ever, sev eral ob sta cles re main with these
meth ods. For ex am ple, with the macroseeding tech nique
that is of ten em ployed to grow pro tein sin gle crys tals, we
must pay scru pu lous at ten tion when han dling the seed
crys tal. A seed crys tal is in tro duced into a pre-equil i brated
pro tein so lu tion, and this cy cle is re peated sev eral times.
How ever, it is of ten dif fi cult to use a seed crys tal be cause
pro tein crys tals are usu ally very small and frag ile. To over -

come this dif fi culty, we used hydrogels [1]. We pre vi ously
de vel oped a new method for grow ing pro tein crys tals in
high-strength hydrogels [2, 3]. Our study dem on strated
that the high-strength hydrogels in crease the me chan i cal
sta bil ity of the pro tein crys tals while con sid er ably re duc ing 
os motic shock, in part be cause in cor po rat ing hydrogel fi -
bers into the crys tal dur ing growth sig nif i cantly strength -
ens the crys tal. Here we re port the novel com bi na tional
tech nique of seed ing and re in forc ing hydrogel-grown pro -
tein crys tals for neu tron crys tal log ra phy [4].
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Neu tron crys tal log ra phy is an im por tant com ple men tary
tech nique to X-ray crys tal log ra phy since it pro vides de tails 
of the H-atom and pro ton po si tions in bi o log i cal mol e cules
and from crys tals that are free from ra di a tion dam age. His -
tor i cally, the use of neu tron crys tal log ra phy was lim ited
be cause very large crys tals of sev eral cu bic milli metres
were re quired, due to the low fluxes of even the most in -
tense neu tron sources. In more re cent years how ever, crys -
tal vol ume re quire ments have been re duced via the use of
new and im proved neu tron in stru men ta tion, and the cre -
ation of ded i cated deuteration fa cil i ties for the pro duc tion
of perdeuterated sam ples. These de vel op ments now al low
crys tals with vol umes from ~0.1 – 1 mm3

 to be used for
high-res o lu tion neu tron dif frac tion stud ies of bi o log i cal
macromolecules with unit-cell edges from ~ 50 - 150 C, re -

spec tively [1]. Nev er the less, fur ther re duc tions in crys tal
vol umes are cer tainly re quired be fore the ap pli ca tion of
neu tron crys tal log ra phy can be come com mon place. In this
talk I will speak about prog ress in the de vel op ment of neu -
tron cryo-crystallography, which un til re cently had been
rarely at tempted [2, 3] and yet can al low smaller crys tal
vol umes to be used than at room tem per a ture, and per mit a
wider ar ray of stud ies to be per formed, such as cryo-trap -
ping stud ies of en zyme re ac tion in ter me di ates [4].
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Fun gal polysaccharide monooxygenases (PMOs) are a re -
cently dis cov ered fam ily of extracellular en zymes that
break glycosidic bonds at the sur faces of crys tal line car bo -
hy drates, and en hance the sus cep ti bil ity of the sub strate to
fur ther en zy matic deg ra da tion by “clas si cal” glycoside hy -
dro las es.  PMOs are cop per con tain ing metallo-en zymes
which re quire in put of two elec trons and one ox y gen mol e -
cule to achieve hydroxylation of one car bon in the
glycosidic bond. 

X-ray crys tal lo graphic stud ies to date have failed to un -
am big u ously de ter mine the chem i cal na ture of the ox y gen
spe cies bound to the cat a lytic cen ter. This is due in part to

metal photo-re duc tion by ex po sure to the X-ray beam lead -
ing to a mix Cu(I)/Cu(II) catalytic center. 

In marked con trast to X-rays, neu trons do not cause ra -
di a tion dam age and are there fore well suited to study the
en zy matic mech a nism of re dox en zymes. Neu tron crys tal -
log ra phy is how ever in her ently lim ited by the flux of neu -
tron beams avail able. Large crys tals are re quired to
com pen sate for the weaker neu tron beam in ten si ties. We
will dis cuss meth ods used to grow PMO crys tals suit able
for neu tron data col lec tion on the IMAGINE in stru ment at
the High Flux Iso tope Re ac tor and our re cent neu tron
crystallography structure of a fungal PMO.
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Much in stru men ta tion de vel op ments in crys tal li za tion
have con cen trated on mas sive parallelization as says and re -
duc tion of sam ple vol ume per ex per i ment to find ini tial
crys tal li za tion con di tions. Yet im prov ing the size and dif -
frac tion qual ity of the crys tals for dif frac tion stud ies of ten
re quires de coup ling crys tal nu cle ation and growth. This in
turn re quires con trol ling vari ables such as pre cip i tant and
pro tein con cen tra tion, equil i bra tion rate, tem per a ture, that
are all dif fi cult pa ram e ters to con trol in the ex ist ing set ups.

We have de vel oped a tem per a ture con trolled di al y sis
but ton for our pre vi ous de vice [1] and also con structed a
pro to type of an au to mated 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 [2]. More over as the crys tal li za tion pro cess is
based on di al y sis, it al lows to ex plore crys tal li za tion con di -
tions with out con sum ing the pro tein sample, so the
conditions can be changed in a reversible fashion.

This new crys tal li za tion bench (Fig ure 1) com prises a
flow-cell di al y sis set-up in ther mal con tact with Peltier
mod ules. A mi cro scope-mounted video cam era al lows for
real-time ob ser va tion in the di al y sis cham ber. There is also
a dry air sys tem pre vent ing con den sa tion. Each pa ram e ter
is con trolled us ing the user-friendly su per vi sion soft ware,
re sult ing in re duc ing any han dling on the bench dur ing the
ex per i ment. The con trol soft ware of the ap pa ra tus, writ ten
un der LabVIEW (Fig ure 2), en ables real-time vi su al iza tion 
of the di al y sis cham ber, di rect mea sure ments of crys tal
size, tem per a ture con trol thanks to a PID elec tronic tem -
per a ture con trol ler in the range of 233-353±0.1K and con -
trol of the chemical composition thanks to a pres sure- 
driven flow controller.

This in stru ment, makes pos si ble the ra tio nal op ti mi za -
tion of large crys tal growth based on knowl edge of a mul ti -
di men sional phase diagram.
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Fig ure 1. Pho to graph of the new ap pa ra tus for the tem per a -
ture-con trolled flow ing res er voir di al y sis.

 

Fig ure 2. Graph i cal user in ter face for sys tem setup, view ing,
mon i tor ing, treat ing im ages, re cord ing se quences, tem per a ture
con trol, pump ing so lu tions, mea sur ing crys tal.


