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MicroScale thermophoresis (MST) is an ex cep tion ally
pow er ful tech nique to quan tify biomolecular in ter ac tions.
It is based on thermophoresis, the di rected move ment of
mol e cules in a tem per a ture gra di ent, which strongly de -
pends on a va ri ety of mo lec u lar prop er ties such as size,
charge, hydration shell or con for ma tion. Thus, this tech -
nique is highly sen si tive to vir tu ally any change in mo lec u -
lar prop er ties, al low ing for a pre cise quan ti fi ca tion of
mo lec u lar events in de pend ent of the size or na ture of the
in ves ti gated spec i men.

Dur ing an MST ex per i ment, a tem per a ture gra di ent is
in duced by an in fra red la ser. The di rected move ment of
mol e cules through the tem per a ture gra di ent is de tected and
quan ti fied us ing ei ther co va lently at tached or in trin sic

fluorophores. By com bin ing the pre ci sion of flu o res cence
de tec tion with the vari abil ity and sen si tiv ity of
thermophoresis, MST pro vides a flex i ble, ro bust and fast
way to dis sect mo lec u lar in ter ac tions.

In this work, we pres ent re cent prog ress and de vel op -
ments in MST tech nol ogy and fo cus on MST ap pli ca tions
be yond stan dard biomolecular in ter ac tion stud ies. By us -
ing dif fer ent model sys tems, we in tro duce al ter na tive MST
ap pli ca tions – such as de ter mi na tion of bind ing stoichio -
metries and bind ing modes, anal y sis of pro tein un fold ing,
ther mo dy nam ics and en zyme ki net ics – and also dem on -
strate the ca pa bil ity of MST to quan tify high-af fin ity in ter -
ac tions with Kds in the low pM range as well as pro tein- 
pro tein in ter ac tions in pure cell lysates.
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Ex ten sive ef fort was un der taken re cently to un der stand
patho ge nic ity and vir u lence of some Candida spe cies [1].
Their abil ity to es cape im mune de fense of the host and sur -
vive even un der the se vere nu tri tion lim i ta tions and in the
pres ence of var i ous stress fac tors or antimycotics seems to
be re lated, among oth ers, to pres er va tion of their vacuolar
func tions. Non-in va sive meth ods pro vid ing in for ma tion
about chem i cal com po si tion of the vac u oles within liv ing
cells ex posed to var i ous ex ter nal fac tors are thus of great
im por tance for de vel op ment of novel antifungal strat e gies.

Es pe cially, con cen tra tion and struc tural prop er ties of
polyphosphates ac cu mu lated in the yeast vac u oles are of
par tic u lar in ter est, since they are sen si tive to nu tri tional
lim i ta tions and en vi ron men tal stresses, and can thus re flect
phys i o log i cal state of the cell [2]. Re cently, Raman
microspectroscopy was sug gested as prac ti cal al ter na tive
to la bo ri ous and time-con sum ing chem i cal anal y sis of
intracellular polyphosphate in clu sions in polyphosphate-
ac cu mu lat ing bac te ria [3]. In the pres ent work, the method
was used to mon i tor polyphosphates and other chem i cal
com pounds dis solved in the vac u oles of liv ing Candida
yeasts of dif fer ent phys i o log i cal state and/or un der var i ous

stress con di tions. It was shown that us ing proper im mo bi li -
za tion pro to cols, the spa tially-re solved Raman spec tra
from in di vid ual yeasts through out sta tis ti cally sound sets
of liv ing cells can be col lected rou tinely. Abun dance dis tri -
bu tions of ac tual con cen tra tion and poly mer iza tion de gree
of polyphosphates can be as sessed em ploy ing ad vanced
multivariate meth ods for spec tral anal y sis of struc tur ally
sen si tive polyphosphate bands (~688 and ~1154 cm-1)
prop erly nor mal ized with re spect to the wa ter OH stretches
at 3400 cm-1 [4].
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DNA-Hg com plexes play an im por tant role in sens ing of
de fects in DNA or pres ence of Hg in the en vi ron ment. A
fun da men tal way of char ac ter iz ing DNA-Hg com plexes is
in ves ti gat ing the way elec tric charge is trans ferred through
the com plex. The main goal of this con tri bu tion was to in -
ves ti gate the im pact of mer cury metal cat ion that links two
thy mine bases in DNA T-T mismached base pair (T-Hg-T)
on charge trans fer through the DNA mol e cule. We com -
pared the charge trans fer ef fi cien cies in stan dard DNA,
DNA with mis matched T-T base pairs and DNA with
T-Hg(II)-T base pair. For this pur pose we mea sured the

tem per a ture de pend ence of steady-state flu o res cence and
UV-VIS of the DNA mol e cules. The ex per i men tal re sults
were con fronted with the re sults ob tained em ploy ing the o -
ret i cal DFT meth ods. In our case it was namely the spa tial
over lap of bases that sub stan tially in flu enced the cal cu lated 
charge trans fer rates, and the over lap of bases was no ta bly
af fected by the pres ence of Hg(II) link age in the T-T mis -
match. Our in ves ti ga tion of the metallo DNA du plex pro -
vides the ba sis for de sign of metal-con ju gated nu cleic acid
nanomaterials.
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Re pet i tive extragenic pal in dromes (REPs) are small im per -
fect palindromic re peats of 20–40 DNA nu cleo tides in
length which are found in many bac te rial spe cies at a high
copy num ber [1]. They are im por tant in the reg u la tion of
cer tain bac te rial func tions, such as In te gra tion Host Fac tor
re cruit ment and mRNA turn over. REPs con sist of a GTAG
tetranucleotide and a nearby self-com ple men tary GC-rich
se quence with the po ten tial to form sta ble non ca non i cal
DNA sec ond ary struc tures. Sin gle strand hair pin stem loop
con for ma tions have been shown to pro vide pref er a ble
bind ing sites for the REP-as so ci ated ty ro sine transposase
(RAYT) from Esch e richia coli [2]. The con served
tetranucleotide and pal in drome of REP el e ments play a key 
role in REP rec og ni tion by RAYTs. 

Genomic se quence anal y sis has iden ti fied nu mer ous
po ten tial REPs el e ments in a num ber of dif fer ent host bac -
te rial spe cies. REPs from Esch e richia coli, Stenotro -
phomonas maltophilia and Cardiobacterium hominis were
cho sen to ex plore the pos si bil ity of non-ca non i cal DNA

struc ture for ma tion in these se quences sim i lar to that
ob served for REP of Esch e richia coli. Spec tro scopic and
ca lo ri met ric melt ing stud ies of sin gle stranded oligo -
nucleotide REP se quences were per formed to de ter mine
their con for ma tion, sta bil ity and ther mo dy namic char ac ter -
is tics. 

Sta bil ity of oligonucleotides con for ma tions was as cer -
tained from their tem per a ture-in duced melt ing tran si tions
mon i tored by ul tra vi o let absorbance. Model de pend ent
tran si tion pa ram e ters were es ti mated from a van’t Hoff
anal y sis of the melt ing curves and, in se lect cases, com -
pared to model free ca lo ri met ric mea sure ments. The
conformational state of the oligonucelotides was as sessed
by cir cu lar dichroism spec tros copy (CD) and the con cen -
tra tion de pend ence of the melt ing tem per a ture. Our data
showed that oligonucleotides cor re spond ing to REP rec og -
ni tion DNA se quences from dif fer ent bac te ria can adopt a
range of non-ca non i cal DNA con for ma tions in so lu tion,



which may be im por tant for RAYT rec og ni tion of REP el e -
ments. 
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Lectins, car bo hy drate-bind ing pro teins, play an im por tant
role in var i ous pro cesses like cell-cell com mu ni ca tion or
host-patho gen in ter ac tion. Due to their spec i fic ity and re -
vers ibil ity in bind ing, they are also widely used for de tec -
tion, sep a ra tion and/or anal y sis of var i ous glycans and
glycoproteins [1]. The de tailed un der stand ing of in ter ac -
tion be tween the pro tein and par tic u lar saccharide may
help both in an a lyz ing lectin func tion and lectin en gi neer -
ing for sci en tific ap pli ca tions.

Fucose-bind ing lectin AAL from Aleuria aurantia is
known for de cades and widely used in re search [2]. How -
ever, its five non-equiv a lent bind ing sites make it an un -
easy tar get for de tailed anal y sis of pro tein-ligand
in ter ac tion. Its struc tural homologue RSL form Ralstonia
solanacearum, on the other hand, forms only two sets of
bind ing site of very sim i lar amino acid com po si tion [3]. As
such, this lectin can be a suit able model for AAL, or maybe
even re place it in some ap pli ca tions.

In our study, we fo cused mainly on RSL abil ity to bind

a- and b-methylfucoside. We cre ated a set of mu tants in
order to dis tin guish be tween both RSL bind ing sites. Sev -
eral meth ods were com bined to an a lyze the in ter ac tion of
the pro teins with sac cha rides from the thermodynamical
and struc tural point of view. Hence we em ployed iso ther -

mal ti tra tion cal o rim e try (ITC) and nu clear mag netic res o -
nance (NMR) ti tra tion as well as X-ray crys tal log ra phy,
where we ob tained sev eral high-res o lu tion struc tures.
Com bin ing all these meth ods, we got a com plex view on
lectin-car bo hy drate in ter ac tion in this in ter est ing lectin
fam ily.
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