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A key yet un re solved ques tion of the pathogenesis of Alz -
hei mer’s dis ease (AD) and other tauopathies is the cause
and the mech a nism of the tran si tion from the un struc tured
monomeric tau pro tein to the in sol u ble fil a ments de pos ited
in the brain tis sue. In the phys i o log i cal state, tau pro tein ex -
ists as a conformational en sem ble of interconverting struc -
tures and on the scale of tran si tion from monomeric
through oligomeric and fil a men tous spe cies we can ob -
serve con for ma tions re act ing with spe cific an ti bod ies,
mainly with DC11, which is able to spe cif i cally dis crim i -
nate be tween tau pro teins iso lated from healthy brain and
tau pro teins iso lated from the brain of AD pa tient. The an ti -
body rec og nizes also the re com bi nant trun cated tau pro -
teins up to the short est frag ment tau321-391 [1].

It was found that conformational an ti bod ies DC11 and
MN423 have cat a lytic pro-aggregatory ef fects in tau ag -
gre ga tion as say, whereas the an ti body DC8E8 has in hib i -
tory ef fects on tau fil a ment for ma tion [2]. This may im ply
pos si ble mech a nism of in duc tion of patho log i cal tau con -
for ma tion, in which the an ti body pre pared against patho -
log i cal tau im prints the patho log i cal con for ma tion into the
phys i o log i cal tau pro teins in so lu tion and there fore speeds
up the tau ag gre ga tion. The in for ma tion about confor -
mational epitopes of these an ti bod ies is there fore of high
sig nif i cance.

To fur ther un cover the bind ing mode of the confor -
mational an ti body DC11, we have per formed NMR
epitope map ping us ing 13C, 15N la belled tau321-391 and
tau297-391 (dGAE) and recombinantly pre pared Fab frag -
ment of DC11 an ti body. The over lay of HSQC spec tra
showed the re gion of tau be tween res i dues 370-390 to be
af fected by the bind ing of DC11, i.e., its C-ter mi nal re gion. 

How ever, pre vi ous stud ies sug gest the im por tance of re -
gion 321-325 for the in ter ac tion of tau with DC11 an ti -
body. We have fur ther char ac ter ized the in flu ence of DC11 
Fab bind ing on the non-epitope tau res i dues us ing NMR re -
lax ation mea sure ments of 15N la belled tau dGAE. 

We have crys tal lized Fab frag ment of DC11 an ti body
and at tempted to crys tal lize its com plexes with tau pep tides 
tau321-391 and tau371-387. We have also per formed
SAXS mea sure ments with Fab DC11 and tau pro teins
tau321-391 and tau297-391 (dGAE). 

The re sults high light the im por tance of the R’ re gion of
tau, that was re cently shown to be im por tant also for tau in -
ter ac tion with microtubules [3]. This se quence forms the
in ter face of rigid fil a ment core and flank ing fuzzy C ter mi -
nal seg ment in solved tauopathy fil a ments.
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The com mu nity of struc tural bi ol o gists ben e fit from the
cul ture to share struc tural data, widely ac cepted im ple men -
ta tion of the mmCIF dic tio nary as gen er ally ac cepted stan -
dard how to ar chive them, and gen er ally well-func tion ing
pub licly ac ces si ble ar chive, the PDB. De spite this gen er -
ally pos i tive sit u a tion, there re main se ri ous qual ity prob -
lems. These prob lems are more se ri ous for nu cleic acid
struc tures than for pro teins, pri mar ily be cause there are
many fewer high-qual ity struc tures [1]. The prob lems with
nu cleic acid ge om e try can be di vided into three groups: (i)
in con sis tently set and ap plied tar get val ues of the va lence
ge om e try, bond dis tances and an gles, for nu cleo tides; (ii)
poorly re fined back bone ge om e tries; (iii) in com pletely and 
of ten in cor rectly as signed base pair ing to pol o gies. In the
talk, I in tro duce web-based tools that ad dress these prob -
lems and of fer so lu tion to some. The tools are avail able
from our web ap pli ca tion dnatco.datmos.org [2]. The web
leads you from the An no ta tion TAB, which of fers an over -
view of the ge om e try of an a lyzed struc tures ac ces si ble for
a non-ex pert. The Val i da tion TAB en ables an in-depth
anal y sis of nu cleic acid struc tures and ex pert judge ment of
their qual ity. This TAB pro vides a de tailed anal y sis of NA
con for ma tion at the level of dinucleotide. This anal y sis is
based on our orig i nal sys tem of the dinucleotide NtC
classes [3]. It also of fers val i da tion of va lence ge om e try.
Soon, we will also pro vide an in te grated tool to an a lyze

base pairs de tected in the an a lyzed struc ture. Now the web
basepairs.datmos.org pro vides an over view of base pairs in 
the PDB struc tures. The TAB Re fine of fer tools to mod ify
struc tures dur ing the pro cess of their re fine ment. The last
TAB, Browse, al lows the user to view NA struc tures from
var i ous per spec tives. Re sults of most anal y ses are avail -
able for down load in sev eral for mats. 
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Tra di tional the ory of pro tein crys tal li za tion takes crys -
tal li za tion as a pre cip i ta tion of ide ally dis solved pro tein
mol e cules from an ideal mother li quor in ther mo dy namic
equi lib rium. This gives good re sults for small or ganic mol -
e cules. How ever, large sur face of pro tein mol e cules of fers
many dif fer ent ad he sion modes and some of them are mu -
tu ally in com pat i ble in a sin gle crys tal. Thus, the pro tein
crys tal li za tion is a com pet i tive pro cess be tween these ad -
he sion modes.

“Dynamic the ory of pro tein crys tal li za tion (DTPC)”
re spects the fact that the mo lec u larly over crowded so lu tion 
near the crys tal li za tion con di tions con tains va ri ety of mo -
lec u lar clus ters with ad he sion prop er ties dif fer ent from the
“na ked mol e cules”.  The crys tal log ra pher know ing the ad -
he sion prop er ties of clus ters can con trol the ad he sion of
pro tein mol e cules to the sur face of grow ing crys tal and in -

crease qual ity of these crys tals sim ply by add ing the re -
quired chem i cals in the so lu tion. The best re sults are quar -
an tined by the „prin ci ple of the dom i nant ad he sion mode
(PDAM)“. In a sim pli fied form, the cri te rion for suc cess ful 
crys tal growth and in crease of crys tal qual ity is the in crease 
of a dif fer ence be tween free en er gies of the com pet i tive ad -
he sion modes 

DFcryst  ~  Fdom i nant AM - S Fin com pat i ble AM

This of fers the crys tal log ra pher a ra tio nal way not only
to grow qual ity crys tals but also to choose the re quired
crys tal line form. The new ap proach changes the sit u a tion
sig nif i cantly and leads to en hance ment of ef fi ciency and
ac cu racy of all stand ing crys tal li za tion meth ods. DTPC



with PDAM are gen eral and should be re spected by any
method of pro tein crys tal li za tion. 

Ho mo ge ne ous crys tal li zati on

When the crys tal log ra pher knows the rules for for ma tion of 
these tem po rary com plexes, then he can con trol pref er -
ences of the ad he sion modes tak ing part in the crys tal grow. 
He can de cide which of the mu tu ally ex clu sive pro tein-pro -
tein ad he sion modes suc ceeds and be comes dom i nant by
us ing his knowl edge of the ad he sion modes us ing the „pro -
tein-sur face-ac tive mol e cules (PSAM)“. Reach source of
the ad he sion mode ex am ples is the PDB of fer ing an in sight
how the „pro tein sur face shield ing agents“ work in prac -
tice and how the „crys tal struc ture form ing el e ments“
help in find ing the best crys tal ar chi tec ture.

Pro tein crys tal can be re garded as a well-de fined block
of highly con cen trated so lu tion (20-70 % wa ter con tent),
where the 3D long-range pe ri od ic ity is en sured by well-de -
fined intermolecular forces for most at oms in the unit cell.
Ad di tives ad her ing tem po rally to pro tein sur face in this so -
lu tion can block some sur face that may be de ci sive for ad -
he sion and de po si tion of new pro tein mol e cules to the
sur face of grow ing crys tal. The crys tal li za tion ad di tives
shield ing the pro tein-pro tein ad he sion modes are called
“Pro tein Sur face Shield ing Agents (PSSA)”. Their cover
usu ally a large sur face on pro tein sur face ex posed to sol -
vent pro tect ing thus the spe cific ad he sion modes.

The ad he sion po ten tial of good PSSA’s is lower than
ad he sion be tween pro tein mol e cules and thus PSSA’s are
usu ally ex pelled from their po si tion dur ing the crys tal
growth. How ever, in some cases they re main built in
well-de fined po si tions on the pro tein sur face, so that the
PDB gives many ex am ples of their func tion. Sev eral thou -

sands of ex am ples show the most fre quent bind ing in ter ac -
tions of PEG-based poly mers with pro teins:

• che lat ing of sev eral ether oxygens on tips of Lys,
Arg, His,

• cat ions chelated by PEG oxygens bind to car bonyl
groups,

• mul ti ple H-bonds in H-bond do nor rich grooves,

• com bi na tion CH2- in ter ac tions and hy dro pho bic in -
ter ac tions namely in the Trp rich clefts, etc.

He te ro ge ne ous crys tal li zati on

Many sci en tists spend a lot of ef fort to find crys tal li za tion
ini ti a tors (bio-glass, coarsely wrin kled foils, nano-car bon
ma te ri als, im printed poly mers, po rous Si, hoarse hairs,
prop erly coated nanotubes and nanostructured car bon
black, etc.).The prin ci ple of dom i nat ing ad he sion mode ex -
plains why these mys te ri ous ma te ri als are work. These ma -
te ri als de pres sions with pro tein ad he sive sur face. Spe cific
ad he sion of pro tein mol e cules leads to their en er get i cally
de mand ing pre-ori en ta tion and re stricts an ac cess to the ad -
he sive sur faces re spon si ble for in com pat i ble PPAM. The
unique PPAMs in the grow ing crys tal nu clei make the nu -
clei more sta ble be cause of lower num ber of stack ing
faults. They do not dis solve and can con tinue to grow even
af ter their re lease into the seem ingly un der-sat u rated bulk
so lu tion. Con trary to for mer mu tu ally con tra dict ing ex pla -
na tion, he DTPC ex plains all ex per i ments avail able by now  
on a unique com mon ba sis. The new in sight prom ises
better de sign of crys tal li za tion cat a lyz ers prom is ing sig nif -
i cant ad vance in the struc ture de ter mi na tion by dif frac tion
methods.
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Struc tural bi ol ogy is con tin u ously ori ented to wards un der -
stand ing more and more com plex struc tures of pro teins,
nu cleic ac ids and their com plexes. In struc ture re fine ment,
pa ram e ters of tens to hun dreds of thou sands at oms are
mod i fied. Chal leng ing data are fre quently re corded at low
res o lu tion and low-res o lu tion struc ture re fine ment can eas -
ily be come un sta ble. The pro gram PDBCOP is de signed to
re veal in sta bil i ties in co or di nates and ADPs (Atomic Dis -
place ment Pa ram e ters).

The pro gram PDBCOP per forms quick cal cu la tions for
com mon ‘Ta ble 1’, re ports ex tremes in ADPs, ex treme oc -
cu pan cies, gen er ates a se quence of struc ture model for val -
i da tion against the orig i nal se quence, and com pares two
PDB files (most likely in put and out put from struc ture re -
fine ment mod els). The new ver sion also ac cepts in put in
the CIF for mat.

The orig i nal ver sion of PDBCOP by Karla Fejfarová
[2] is also still avail able on the orig i nal url
https://crysa.fzu.cz/pdbcop/. The new ver sion writ ten in
Python3 and also com piled bi na ries for MS Win dows are
avail able on the new ad dress                           
http://kmlinux.fjfi.cvut.cz/~kolenpe1/pdbcop/.
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