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All or gan isms use a pleth ora of pro teins in ter act ing with
DNA. They ful fill es sen tial roles dur ing cell ho meo sta sis
and pro lif er a tion. The func tions of DNA-bind ing pro teins
are di vers and reach from mod i fy ing, la bel ing, check ing,
pro cess ing, reg u lat ing, open ing, lock ing, shield ing, de -
grad ing, ed it ing, tran scrib ing to struc tur ing DNA. Study -
ing DNA-bind ing pro teins is of ten a chal leng ing task as
their func tion and abun dance is tightly con trolled, and usu -
ally re stricted to cer tain con di tions, func tional states or cell
cy cle stages. How ever, re mark able find ings about their cel -
lu lar roles can be dis cov ered when tak ing the prop er ties
and func tional re quire ments of DNA-bind ing pro teins into

ac count. The in ter ac tion with DNA fa cil i tates ad di tional
strat e gies for the pu ri fi ca tion of DNA-bind ing pro teins and 
it of fers many meth ods for their func tional char ac ter iza -
tion. The pre sen ta tion will fo cus on spe cial fea tures of
DNA-bind ing pro teins and tech niques for their func tional
char ac ter iza tion. In ad di tion, var i ous ways of form ing, sta -
bi liz ing and an a lyz ing pro tein-DNA com plexes will be dis -
cussed. Un der stand ing the mode of ac tion of pro teins
in ter act ing with DNA is cru cial not only to com pre hend
com plex bi o log i cal pro cesses but also to shed light onto
their de fects and roles in dis eases like cancer.
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Even the first pro tein struc tural mod els were built us ing
X-ray crys tal log ra phy and NMR spec tros copy sixty and
thirty years ago, re spec tively. There are still many pro tein
se quences and pro tein com plexes with un known 3-D struc -
ture. The tre men dous prog ress in mass spec trom e try in last
de cades opened the space for study ing pro tein fold ing, pro -
tein/ligand in ter ac tions and pro tein dy nam ics in so lu tion.
The po ten tial of ion mo bil ity, chem i cal cross-link ing and

hy dro gen/deu te rium ex change for struc tural bi ol ogy will
be dis cussed.

This work has been sup ported by grants from the Min is try
of Ed u ca tion, Youth and Sports of the Czech Re pub lic
(LH15010, LD15089), the Czech Sci ence Foun da tion
(16-24309S) and Eu ro pean Re gional De vel op ment Funds
(CZ.1.05/1.1.00/02.0109).
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We are wit ness ing a si lent rev o lu tion in ap pli ca tion of the
NMR spec tros copy to bi o log i cal ques tions. NMR to gether
and X-ray crys tal log ra phy com ple ment each other in struc -
tural stud ies of pro teins and their com plexes. I will briefly
cover ba sic prin ci ples of NMR rel e vant for biomolecular
stud ies, quickly mov ing to ex am ples of hand i ness of NMR
for pro jects in volv ing pro teins and  pro tein in ter ac tions

with ei ther small or big ger mol e cules. NMR spec tros copy
can not com pete with crys tal log ra phy in speed and
straight ness but, un like it, of ten, us ing very sim ple ex per i -
ments, can an swer spe cific ques tions about pro tein in ter ac -
tions with pro teins, nu cleic ac ids or drugs. Es pe cially,
when it co mes to more spe cific ques tions and the  struc ture
is not the ul ti mate goal.
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Knowl edge of the phase di a gram has key im por tance when
de sign ing and con trol ling a crys tal li za tion pro cess for a
sub stance. In the case of pro teins, ac cu rate phase di a gram
data is lim ited due to the com plex ity of their struc ture
caused by the di ver sity of the amino acid res i due groups
that form pro teins, with this pro cess be ing eas ily in flu -
enced by en vi ron men tal con di tions. The sol u bil ity of a pro -
tein de pends strongly on the pro tein-pro tein in ter ac tions as
well as on the pro tein-sol vent in ter ac tions. Any slight mod -
i fi ca tion of the com po si tion can in flu ence the sol u bil ity
dra ma t i cally, or even al ter the na ture of these macro mole -
cules. In de pend ently of the com plex ity of pro tein be hav -
iour, the phase trans for ma tion is still gov erned by both the
ther mo dy nam ics and the ki net ics of the sys tem. It is still
pos si ble to de scribe all this in for ma tion in phase di a grams.
In the case that crys tal li za tion con di tions or nu cle ation
points are iden ti fied the in for ma tion can be plot ted in phase 
di a grams, rep re sented in a sim pli fied form in Fig ure 1, and
in this case the in for ma tion that is pro vided re lates to both
ther mo dy nam ics and ki net ics. Ther mo dy namic data are the 
sol u bil ity curves, the pres ence of metastable phases, poly -
morphs, liq uid-liq uid sep a ra tion… They de pend on mul ti -
ple pa ram e ters such as tem per a ture, pH, sol vent,
im pu ri ties, etc. In ad di tion, ki netic tra jec to ries in the phase
di a gram are rel e vant to con trol most of the fi nal prop er ties
of the syn the sized crys tals. The path fol lowed in the di a -
gram con trols the nu cle ation and growth of the crys tals,
and thus their num ber, size, and mor phol ogy. 

Two new and emerg ing uses re sult in specific chal -
lenges for crys tal li za tion of pro teins. In both, pre cise con -
trol of crys tal size is es sen tial. New ap proaches to se rial
(time-re solved) crys tal log ra phy, where crys tals in the 1-20

mm size are used to solve struc tures in clud ing those/struc -
tures of short-lived in ter me di ates with re ac tions ini ti ated

by light or rapid mix ing. Se rial crys tal lo graphic meth ods
are be ing in creas ingly used at syn chro tron sources (se rial
syn chro tron crys tal log ra phy) due to ad vances in mi cro-
and nano-fo cus beamlines, as well as at rap idly de vel op ing
ul tra-bright free-elec tron la ser sources (se rial femto second
crys tal log ra phy [1]), en abling struc ture de ter mi na tion of
pre vi ously in trac ta ble pro teins. At the other ex treme are the 
re quire ments of the next-gen er a tion flag ship neu tron
sources, such as the ESS (Eu ro pean Spallation Source,
Lund). Be cause neu trons in ter act very weakly with mat ter,
much larger, and ide ally cu bic crys tals are needed with vol -

umes of > 0.01 mm3 (i.e. 200 mm on a side) for neu tron
crys tal log ra phy [2]. This is, how ever, the only way to visu -
al ise all of the pro tons in a pro tein struc ture, im por tant in -
for ma tion for drug de sign.

The de tailed knowl edge of the phase di a gram is at the
ba sis of the de vices [3-6] we have de vel oped es pe cially
with the fo cus on X-ray and Neu tron Macromolecular
Crys tal log ra phy. The 1st gen er a tion in stru ment com bines
the use of tem per a ture con trol and seed ing and al lows for
grow of large crys tals in crys tal li za tion batch [3]. A crys tal -
li za tion batch in the metastable zone is seeded with small
pro tein crys tals. The seeds are main tained in side this re -
gion of the phase di a gram for as long as pos si ble by do ing a 
tem per a ture step each time the crys tal so lu tion equi lib rium
is achieved. The tem per a ture steps are re peated un til crys -
tals of suitable size for diffraction measurement are
obtained. 

The 2nd gen er a tion in stru ment, rep re sented in Fig ure 2,
adds new func tion al ity to the first in stru ment thanks to a
fluidic cell en abling to per form a tem per a ture con trolled di -
al y sis crys tal li za tion ex per i ment [4,5]. The new crys tal
growth ap pa ra tus com bines ac cu rate tem per a ture con trol
with con trol of the chem i cal com po si tion of the crys tal li za -



tion so lu tion and there fore it al lows very so phis ti cated ex -
per i ments to be per formed. Sys tem atic phase di a grams in
multi-di men sional space can be in ves ti gated us ing far less
pro tein ma te rial than pre vi ously. We have dem on strated
that it can be ben e fi cial to pro vide suf fi cient scat ter ing vol -
umes for neu tron stud ies that re quire large-vol ume well-or -
dered sin gle crys tals. Based on this macro-scale in stru ment 
we have also con ceived 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 [6]. The func tional microfluidic chips in te -
grat ing microdialysis with the vol ume less than 1 µL have
been al ready suc cess fully tested with model pro teins. The
micro chips have mul ti ple de signs in or der to achieve sin gle 
or mul ti ple crys tal li za tion ex per i ments at the same time.
They are trans par ent to X-ray ra di a tion and al low per form -
ing in situ X-ray crys tal log ra phy ex per i ments at room tem -
per a ture. The re cently de vel oped fluidic de vices, once
adapted, are expected to be useful in monitoring and
controlling the crystallization processes of challenging
biological macromolecules, such as membrane proteins.
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The im mune-elec tron mi cro scopic lo cal iza tion of mol e -
cules of in ter est by monoclonal and polyclonal an ti bod ies
in cells and tis sues has be come an in dis pens able rou tine
tech nique in nu mer ous fields of bi o log i cal and bio med i cal
re search. It is based on a spe cific bond be tween an ti gen and 
spe cific an ti bod ies con ju gated with a high-den sity gold
nanoparticle tag, which can be vi su al ized usu ally by trans -

mis sion elec tron mi cro scope (TEM). The aim of my con tri -
bu tion is to give an over view of new meth ods of immuno- 
lo cal iza tion aimed at si mul ta neous mul ti ple de tec tion of
mol e cules of in ter est, which are based on us ing low volt age 
elec tron mi cros copy and cor re la tive light and elec tron mi -
cros copy.
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Fig ure 2. Sim pli fied view of a crys tal li za tion ap pa ra tus for tem -
per a ture con trolled flow cell di al y sis with real time visualization.

Fig ure 1. Sche matic view of a mul ti di men sional phase di a gram.
The ar row il lus trates a spe cific path way taken dur ing crys tal li za -
tion.


