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BRINGING THE BEAMLINE HOME: INCREASING PRODUCTIVITY AND REDUCING
COSTS WITH THE D8 VENTURE WITH METALJET X-RAY SOURCE

Vernon Smith

Bruker AXS GmbH, Karlsruhe, Ger many
ver non.smi th@bru ker-axs.de 

The METALJET X-ray source de liv ers a beam of flux over 
three times greater than any home-source pre vi ously avail -
able.  In the D8 VENTURE, the METALJET is cou pled
with the PHOTON 100 CMOS de tec tor which pro vides
greater sen si tiv ity for col lect ing data from weakly dif fract -
ing crys tals or those with very large unit cells.  The
PHOTON 100 also en ables con tin u ous data col lec tion
which im proves data qual ity and leads to vast re duc tions in
data col lec tion times.

As ex pected, ini tial re sults from the sys tem dem on -
strate that the per for mance of the new D8 VENTURE with

METALJET will en able much of the work pre vi ously re -
quir ing syn chro tron beam time to be done in the home-lab - 
screen ing of weakly dif fract ing crys tals, high qual ity data
col lec tion and high-speed data col lec tion with au to mated
sam ple chang ing are now pos si ble.

This en ables much more work to be done in the
home-lab, re duc ing the num ber of syn chro tron trips and as -
so ci ated time and fi nan cial ex penses.  High-pro duc tiv ity
re sults not only high sam ple through put; but also con sid ers
the qual ity and the value of the results.
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QUESTIONS IN IDENTIFICATION OF IONS IN ENZYMES AND RECEPTORS
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Bi o log i cal macromolecules, such as pro teins, nu cleic ac -
ids, and their com plexes, fre quently re quire pres ence of
metal or other ions to per form their na tive func tions. In sin -
gle crys tal stud ies of bi o log i cal macromolecules iden ti fi ca -
tion of lig ands or gen er ally sol vent mol e cules very of ten
rep re sents an un easy task. The stud ied mol e cules un dergo a 
lengthy pro cess of ex pres sion, mod i fi ca tion (and se cre -
tion), pu ri fi ca tion and some times even spe cial pre-crys tal -
li za tion treat ment. Pro teins and nu cleic ac ids are
com monly crys tal lized in so lu tions of salts and pres ence of
un wanted metal ions in the used chem i cals is not ex cluded.
Even “trace” im pu ri ties in chem i cals of known iden tity can
rep re sent a suf fi cient source of po ten tial lig ands of stud ied
mol e cules. There fore the re sult ing set of po ten tial “bind -
ers” for a given pro tein or nu cleic acid en com passes both
the nat u ral co factors and the com plete co hort of chem i cals
that were en coun tered on the long jour ney to the stud ied
state.

If struc ture res o lu tion al lows, the de tails of an X-ray
struc ture of an en zyme or re cep tor can tell us more than a
pure co in ci dence of lo cal iza tion of an ion in a cer tain pro -
tein site. When care fully an a lyzed, such sites can bring
better in sight into the struc ture-func tion re la tion ship and
also a better un der stand ing of the rel e vance of the an a lyzed
state of a given pro tein. Metal bind ing to an en zyme can be

on one hand a pure con se quence of a par tic u lar crys tal li za -
tion con di tion and can be viewed as such. On the other
hand it can in di cate a real bind ing site where a metal ion is
nec es sary for proper func tion or sta bil ity (extracellular hy -
dro las es re quir ing so dium or cal cium ions to main tain their
sta bil ity, cop per, zinc or other metal stor age and trans port
pro teins, etc.).   

For many stan dard cases typ i cal metal-ligand dis tances
and stan dard co or di na tion are ob served. For ex am ple an
ob ser va tion of the typ i cal oc ta he dral co or di na tion of Ca2+

ion mostly by ox y gen at oms with a ma jor ity of the O-Ca2+

dis tances in the range of 2.3-2.4 C (1500 ob ser va tions in
the PDB) does not leave much space for spec u la tion and
iden tity of such an ion for an extracellular en zyme with
added cal cium in the crys tal li za tion con di tion is far from
doubt ful. In spite of that even de pend ence of a given en -
zyme say on man ga nese does not nec es sar ily im ply that an
ion lo cal ized in its X-ray struc ture is the same. Many pro -
tein metal bind ing sites are pro mis cu ous and can bind for
ex am ple a few dif fer ent types of met als of the fourth pe -
riod. For some of them ac tiv ity to wards the same sub strate
can be mea sured with dif fer ent di va lent met als oc cu py ing
the rel e vant sites. There are se ri ous im pli ca tions fol low ing
from this knowl edge: 1) Not all struc tural data in the PDB
(or in deed in your lo cal set of solved struc tures) con tain
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cor rect in for ma tion on metal or ion iden tity, 2) Spe cial at -
ten tion should be paid to ion iden ti fi ca tion in all struc tural
stud ies of metal-bind ing or ion-bind ing, and es pe cially
metal-de pend ent pro teins.

A ma jor ity of pro tein crys tals do not pro vide dif frac tion 
data to atomic or sub atomic dif frac tion lim its (1.2 C or
better). To date some 76 thou sand X-ray struc tures de pos -
ited in the Pro tein Data Bank have the high dif frac tion limit 
of data 1.2 C or worse (98% of all X-ray struc tures) and
about 1800 1.2 C and better (2%). There fore pro tein crys -
tal log ra phers must mostly rely on other in di ca tors of the
na ture of an ion than just the height of an elec tron den sity
max i mum. More over, pro tein X-ray struc tures very of ten
pro vide an ac cu rate pic ture of a mix ture of struc tural states
and this can be true even for a metal or ion bind ing site.
There fore, es sen tial fea tures of an ob ser va tion (rel a tive
heights of un bi ased elec tron den sity max ima, pres ence of
anom a lous sig nal, the short est in ter atomic dis tances, sta -
bil ity of atomic po si tions in re fine ment, na ture of co or di -
nat ing at oms/ions) must be dis tin guished from mar ginal
signs which can be eas ily smeared by worse qual ity of the
dif frac tion data, res o lu tion lim its, po si tion in the pro tein
chain (ter mini, sur face) or lo cal dis or der (atomic dis place -
ment pa ram e ters, oc cur rence of some lon ger co or di na tion
dis tances, miss ing ver ti ces of the first co or di na tion
sphere).

In our struc tural stud ies of en zymes (chitinases, nu -
cleases, glycosyl hy dro las es, anhydrolases, oxi das es etc.)
and nat u ral killer cell re cep tors we reg u larly ap ply the de -
scribed ap proach to help us iden tify a par tic u lar pro tein
ligand. Ex am ples in clude iden ti fi ca tion of metal ions such
as Cu2+, Mn2+, Zn2+, Ni2+, Ca2+, Mg2+, Na+ and other ionic
lig ands, for in stance Cl-, PO4

3-, SO4
2- [1-6].

The sum of the avail able tools for iden ti fi ca tion of met -
als/ions in pro tein struc tures in cludes anom a lous scat ter ing 
sig nal, typ i cal co or di na tion and bond ing dis tances [7], sta -
tis ti cal eval u a tion of typ i cal cases, as sess ment of the lo cal
en vi ron ment, ex per i men tal con di tions such as pH, and

other. Ac cess to tun able X-ray sources with flu o res cence
de tec tors en ables ab sorp tion edge checks and flu o res cence
anal y sis in some cases [4] and avail abil ity of a mi crom e ter
high en ergy pro ton beam al lows el e ment iden ti fi ca tion by
microbeam Pro ton In duced X-ray Emis sion (microPIXE)
[8].

Lighter ions, such as Na+, Mg2+and Cl-, be long to a spe -
cial cat e gory as their pres ence in pro tein struc tures ei ther
re mains un no ticed or is mis in ter preted. In such cases the
cor rect as sign ment of an ion type and its dis tinc tion from a
wa ter mol e cule rely on suf fi cient ev i dence from all avail -
able in for ma tion sources.

Grant sup port from the Czech Sci ence Foun da tion is grate -
fully ac knowl edged (pro ject no. 310/09/1407).

1. T. Skálová, J. Dohnálek, L. H. Ostergaard, 
P. R. Ostergaard, P. Kolenko, J Dušková, A. Štìpánková, 
J. Hašek. J. Mol. Biol. 385, (2009), 1165.

2. A. Stsiapanava, J. Dohnálek, J. Gavira, M. Kutý, 
T. Koudeláková, J. Damborský, I. Kutá-Smatanová, Acta
Crystallogr. D-Biol. Crystallogr. 66, (2010), 962.

3. P. Kolenko, D. Rozbeský, O. Vanìk, V. Kopecký, 
K. Hofbauerová, P. Novák, P. Pompach, J. Hašek, 
T. Skálová, K. Bezouška, J. Dohnálek, J. Struct. Biol. 175,
(2011),  434.

4. J. Dohnálek, T. Kova¾, P. Lipovová, T. Podzimek, 
J. Matoušek, J. Sync. Rad. 18, (2011), 29.

5. T. Kova¾, P. Lipovová, T. Podzimek, J. (Jaroslav)
Matoušek, J. Dušková, T. Skálová, A. Štìpánková, 
J. Hašek, J. Dohnálek, Acta Crystallogr. D-Biol.
Crystallogr. 69, (2013), 213.

6. A. Štìpánková, J. Dušková, T. Skálová, J. Hašek, 
T. Kova¾, L.H. Ostergaard, J. Dohnálek, Acta Crystallogr.
F F69 (2013), ac cepted.

7. M. M. Har ding, M.W. Nowicki, M.D. Walkinshaw,
Crystallogr. Rev. 16, (2010), 247.   

8. E. F. Garman, G.W. Grime, Prog. Biophys. Mol. Biol. 89,
(2005), 173.

L19

STRUCTURAL INSIGHT INTO THE CONFORMATION OF ONE OF THE
MICROTUBULE BINDING MOTIFS ON THE ALZHEIMER’S DISEASE-ASSOCIATED

PROTEIN TAU
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The Alz hei mer’s dis ease-as so ci ated pro tein tau is a typ i cal
rep re sen ta tive of in trin si cally dis or dered pro teins (IDPs),
ex ist ing as a conformational en sem ble. Un der phys i o log i -
cal con di tions, tau as so ci ates with microtubules and reg u -
lates their dy nam ics, whereas dur ing the pro gres sion of
neurodegeneration tau dis so ci ates from microtubules,
misfolds and cre ates highly in sol u ble de pos its.

To ob tain an in sight into the atomic struc ture of tau,
spe cific monoclonal an ti bod ies can be used as sur ro gate
tau pro tein bind ing part ners to form com plex crys tals ame -
na ble to X-ray anal y sis [1]. Here we pres ent the study with

the monoclonal an ti body Tau5, which has its epitope in the
proline rich re gion of tau [2]. The Fab frag ment of Tau5 has 
been crys tal lized alone and in com plex with 30 amino acid
long tau pep tide Gly(201)-Arg(230) [3] and the struc tures
were solved to the 1.69 C res o lu tion. 13 res i dues from the
tau pep tide can be mod eled in the com plex struc ture, but
only some of them make con tact with the an ti body com bin -
ing site. The struc ture of tau polypeptide re veals several
im por tant fea tures for which only pro pen si ties were pre vi -
ously ob served by NMR [4].
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INHIBITORS OF GLUTAMINYL CYCLASES AGAINST ALZHEIMER`S DISEASE
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N-ter mi nal for ma tion of pyroglutamate (pGlu) is cat a lyzed
by glutaminyl cyclases (QCs) [1,2]. This form of
post-translational mod i fi ca tion is ob served on nu mer ous
bioactive pep tides. For ma tion of pGlu-am y loid has been
also linked with Alz hei mer`s dis ease [3-5]. In hib i tors of
hu man QCs are cur rently the sub ject of in tense de vel op -
ment and test ing [6,7].

We have cur rently solved crys tal struc tures of two
isoforms of QCs from Drosophila melanogaster [7]. Com -
par a tive study of struc tures of hu man, murine, and in sect
QCs from the PDB [8] al lowed us rea son able eval u a tion of
var i ous bind ing modes of in hib i tor PBD150. Struc tural ob -
ser va tions are in con cert with our in hi bi tion stud ies.
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