
will be shown [6]. Our find ings also ex plain sources of in -
con sis tences and irreproducibilities in con tem po rary bi ol -
ogy [7,8]. 
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QUANTITATIVE ANALYSIS OF BIOMOLECULAR INTERACTIONS WITH
MICROSCALE THERMOPHORESIS (MST)

Piotr Wardega

NanoTemper Tech nol o gies GmbH, Flößergasse 4, 81369 München, Ger many

Microscale Thermophoresis (MST) al lows for quan ti ta tive
anal y sis of pro tein in ter ac tions in free so lu tions and with
low sam ple con sump tion. The tech nique is based on
thermophoresis, the di rected mo tion of mol e cules in tem -
per a ture gra di ents. Thermophoresis is highly sen si tive to
all types of bind ing-in duced changes of mo lec u lar prop er -
ties, be it in size, charge, hydration shell or con for ma tion.
In an all op ti cal ap proach, thermophoresis is in duced us ing
an in fra red la ser for lo cal heat ing, and mol e cule mo bil ity in 
the tem per a ture gra di ent is an a lyzed via flu o res cence. In
ad di tion to flu o res cence by la bels or fu sion pro teins at -
tached to one of the bind ing part ners, in trin sic pro tein flu o -
res cence can be uti lized for MST thus al low ing for
la bel-free MST anal y sis. Its flex i bil ity in as say de sign

qual i fies MST for biomolecular interactionanalysis in
com plex  ex per i men tal set tings, which we herein dem on -
strate by ad dress ing typ i cally chal leng ing types of bind ing
events from var i ous fields of life sci ence. The in ter ac tion of 
small mol e cules and pep tides with pro teins is, de spite the
high mo lec u lar weight ra tio, readily ac ces si ble via MST.
Fur ther more, MST as says are highly adapt able to fit to the
di verse re quire ments of dif fer ent biomolecules, e.g. mem -
brane pro teins to be sta bi lized in so lu tion. The type of
buffer and ad di tives can be cho sen freely. Mea sur ing is
even pos si ble in com plex bioliquids like celllysate and thus 
un der close to in vivo con di tions and with out sam ple pu ri -
fi ca tion. Bind ing modes that are quan ti fi able via MST in -
clude dimerization, cooperativity and com pe ti tion.
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INTERDOMAIN INTERACTION IN THE MOTOR SUBUNIT OF THE TYPE I
RESTRICTION-MODIFICATION SYSTEM EcoR124I AND THEIR FUNCTIONAL

RELEVANCE

Sinha D1,2, Bialevich V1,2, Shamayeva K1,2, Guzanova A3, Csefalvay E1, Reha D1, 
Weiserova M3, Ettrich R1,2

1In sti tute of Nanobiology and Struc tural Bi ol ogy, Global Change Re search Cen ter, Acad emy of Sci ences of
the Czech Re pub lic, Zamek 136, CZ-373 33 Nove Hrady, Czech Re pub lic 

2Fac ulty of Sci ences, Uni ver sity of South Bo he mia in Ceske Budejovice, Zamek 136, CZ-373 33 Nove
Hrady, Czech Re pub lic

3In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the Czech Re pub lic, Vídeòská 1083, 14220 Praha 4,
Czech Re pub lic

EcoR124I is a type I re stric tion-mod i fi ca tion (R-M) en -
zyme and as such forms multifunctional heteromeric com -
plexes with DNA cleav age and ATP-de pend ent DNA
translocation ac tiv i ties lo cated on mo tor sub unit HsdR.
When unmethylated in vad ing DNA is rec og nized by the
com plex, two HsdR endonuclease/mo tor sub units start to
translocate dsDNA with out strand sep a ra tion ac tiv ity up to
thou sands base pairs to wards the sta tion ary en zyme while
con sum ing ~1 mol e cule of ATP per base pair ad vanced. Fi -
nally, af ter translocation is blocked the HsdR sub units
cleave the dsDNA nonspecifically far from rec og ni tion
site. The crys tal struc ture of the mo tor sub unit R de ter -
mined by our group in 2009 [1] re vealed the four do mains
within the sub unit in a square planer ar range ment. Com pu -
ta tional mod el ing in clud ing mo lec u lar dy nam ics in com bi -
na tion with crys tal log ra phy, point mu ta tions, in vivo and in 
vi tro as says re veal how in ter ac tions be tween these four do -
mains con trib ute to ATP-de pend ent DNA translocation,
DNA cleav age or interdomain com mu ni ca tion be tween the 
translocase and endonuclease ac tiv i ties [2, 3, 4, 5]. 

1. Mikalai Lapkouski, et al.[2009]Struc ture of the mo tor sub -
unit of type I re stric tion-mod i fi ca tion com plex
EcoR124I.,Nat Struct Mol Biol16:1.94-95Jan.
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endonuclease/mo tor sub unit of Type I re stric tion-mod i fi ca -
tion en zyme EcoR124I,Jour nal of Mo lec u lar Modeling20
(7):2334.

3. Eva Csefalvay, et al.[2015]Func tional cou pling of du plex
translocation to DNA cleav age in a type I re stric tion en -
zyme PLOS One ac cepted with mi nor re vi sions 21.1.2015. 
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gion in po si tion ing the two helicase do mains in the mo tor
sub unit of the re stric tion-mod i fi ca tion sys tem EcoR124I
[manu script in prep a ra tion]

5. Sinha D, et al.The he li cal do main of the mo tor sub unit of
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WAVELET FILTER FOR FEMTOSECOND STIMULATED RAMAN SPECTROSCOPY: 
A NEW APPROACH BRINGS NEW HORIZONS

Miroslav Kloz1,2, Jörn Weissenborn1, Yusaku Hontani1, John T.M. Kennis1

1De part ment of Phys ics, VU Uni ver sity Am ster dam, Boelelaan 1081HV, Am ster dam, The Neth er lands,
m.kloz@vu.nl

2In sti tute of Phys ics ASCR, v.v.i. (FZU), ELI-Beamlines Pro ject, 182 21 Prague, Czech Re pub lic

It is now more than 50 years since the dis cov ery of stim u -
lated Raman phe nom ena and more than 15 years since es -
tab lish ing the femto second stim u lated Raman spectro s -
copy (FSRS) tech nique. Nev er the less, stim u lated Raman
mea sure ments as an an a lyt i cal probe have not be come a
wide spread and uni ver sal tool, as ma jor prob lems per sisted 
through un re solved is sues of par a sitic sig nals and in suf fi -
cient sen si tiv ity of ap plied de tec tion tech niques.

Here, we at tempt to solve both is sues si mul ta neously by 
a sim ple but rad i cal shift in the ex per i men tal ap proach. The 
tra di tional way is to gen er ate FSRS sig nal by a sin gle
narrowband pi co sec ond pulse. Such ap proach is eas i est to

im ple ment, but in sev eral in de pend ent ways not prac ti cal
for ac tual Raman data ac qui si tion. We de vel oped a new ap -
proach where the FSRS sig nal is gen er ated by pseudo -
random wave forms in stead of by a sin gle narrowband
pulse. The ac quired Raman spec tra are then con vo luted by
the ap plied wave form, and based on the knowl edge of the
wave form they can be un am big u ously deconvoluted with
no loss of spec tral res o lu tion. The power of the tech nique is 
dual. First, the deconvolution works as a very ef fi cient fil -
ter that re jects par a sitic sig nals and off sets au to mat i cally
and with high fi del ity, do ing away with hu man bias in
base line es ti ma tion. The sec ond gain is hid den in the
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delocalization of the sig nal over a broad in ter val on the de -
tec tor ar ray, greatly re duc ing the so called “fixed pat tern
noise”. In fact, very sim i lar ap proaches have for de cades
been a work horse in many tech nol o gies such as Wi-Fi data
trans fers.  With the Wave let-Re solved FSRS (WR-FSRS)
we man aged to  re cord femto second tran sient Raman spec -
tra to a sen si tiv ity ap proach ing units of µOD in only tens of
sec onds of ac cu mu la tion time. To our best knowl edge
WR-FSRS in creases the re solv ing power of FSRS ex per i -
ments at least one or der of mag ni tude while mak ing data
pro cess ing en tirely au to matic, ren der ing the ex per i ment
ac ces si ble to re search ers with out FSRS ex per tise. Based on 

the data we ac quired, we be lieve that WR-FSRS can be a
break through in the field time-re solved Raman spec tros -
copy.

L25

STRUCTURAL STUDIES OF ASK1-TBD:TRX1 COMPLEX BY FLUORESCENCE
SPECTROSCOPY AND SAXS

Salome Kylarova1,2, Dalibor Kosek1,2, Veronika Obsilova2, Tomas Obsil1,2

1Fac ulty of Sci ence, Charles Uni ver sity in Prague, 12843 Prague, Czech Re pub lic
2In sti tute of Phys i ol ogy, Acad emy of Sci ences of Czech Re pub lic, 14220 Prague, Czech Re pub lic

Apoptosis sig nal-reg u lat ing kinase 1 (ASK1) is a mem ber
of the mitogen-ac ti vated pro tein kinase kinase kinase
(MAP3K) fam ily that ac ti vates c-Jun N-ter mi nal kinase
and p38 MAP kinase path ways in re sponse to var i ous stress 
stim uli, in clud ing ox i da tive stress, endoplasmic re tic u lum
stress, and cal cium ion in flux. The func tion of ASK1 is as -
so ci ated with the ac ti va tion of apoptosis in var i ous cells
and plays a key role in the pathogenesis of mul ti ple dis -
eases in clud ing can cer, neurodegeneration and car dio vas -
cu lar dis eases. The kinase ac tiv ity of ASK1 is reg u lated by
many fac tors, in clud ing bind ing of thioredoxin (Trx) and
the 14-3-3 pro tein that both func tion as in hib i tors of ASK1
[1]. How ever, the mech a nisms by which these bind ing in -
ter ac tions in hibit ASK1 are still un clear. 

To better un der stand the role of Trx bind ing in the in hi -
bi tion of ASK1, we per formed struc tural char ac ter iza tion
of the iso lated Trx-bind ing re gion of ASK1 (ASK1-TBD)
and its com plex with re duced TRX1 us ing flu o res cence
spec tros copy, cir cu lar dichroism and small-an gle X-ray
scat ter ing. It has been shown that ASK1-TBD is a com pact
monomeric and rigid do main that un der re duc ing con di -
tions forms with TRX1 a sta ble and well de fined com plex

with 1:1 mo lar stoichiometry. We showed that Trp31 of
TRX1 is di rectly in volved in the in ter ac tion. More over,
TRX1 in ter acts with the re gion of ASK1-TBD lo cated in
the vicinity of Cys250 [2].             

To elu ci date the role of cysteine res i dues of both pro -
teins in the in ter ac tion un der re duc ing and ox i da tive con di -
tions, we will use spec tro pho to met ric as say with Ellman´s
reagent.

1. Saitoh, M.; Nishitoh, H.; Fujii, M.; Takeda, K.; Tobiume,
K.; Sawada, Y.; Kawabata, M.; Miyazono, K.; Ichijo,
H.: EMBO J. 17, 2596 (1998).

2. Kosek D.; Kylarova S.; Psenakova K.; Rezabkova L.;
Herman P.; Vecer J.; Obsilova V.; Obsil T.: Jour nal of Bi o -
log i cal Chem is try 279, 24463 (2014).

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject 14-10061S) and The Czech Acad emy of Sci ences
(Re search Pro jects RVO: 67985823 of the In sti tute of
Phys i ol ogy).

B

Fig ure 1. A: Ultrafast vi bra tional dy nam ics of the peridinin-
 chlo ro phyll pro tein (PCP), aphotosynthetic light-har vest ing
com plex of red al gae. Each time-re solved FSRS spec trum is the
re sult of only 4 sec onds of data ac cu mu la tion, re sult ing in base -
line noise of ~100µOD. The en tire ex per i ment re sults from only 5 
min utes of ac qui si tion time on 1 kHz la ser sys tem.  B: Wave let
gen er a tion through a spe cially de signed chop per blade al lows to
im ple ment WR-FSRS with min i mal ex tra costs in com par i son to
tra di tional FSRS, as no pro gram ma ble pulse shaper is needed.

A
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BIOLOGICAL SMALL ANGLE X-RAY SCATTERING AT CEITEC-MU

Tomáš Klumpler

CEITEC, Masaryk Uni ver sity, Brno, Czech Re pub lic

Bi o log i cal Small An gle X-ray Scat ter ing (Bio-SAXS) be -
come ma ture and pop u lar tech nique for struc tural stud ies
of the macromolecules and macromolecular com plexes in
so lu tion. De vel op ment of the soft ware tools avail able and
ad vances of syn chro tron and „home“ X-ray sources
brought Bio-SAXS to rou tine work-flow of num ber of
struc tural bi ol o gists. Bio-SAXS is used for de ter mi na tion
of the in te gral struc tural pa ram e ters, shape re con struc tion,
de ter mi na tion of the oligomeric and fold ing state, un rav el -
ing the qua ter nary ar chi tec ture of the com plexes, mod el ing
of mo lec u lar flex i bil ity and more. Bio-SAXS char ac ter izes 
macromolecules in so lu tion, i.e. close to their na tive and bi -
o log i cally rel e vant con di tions. It is a low-res o lu tion tech -
nique, but in com bi na tion with other tech niques as X-ray
crys tal log ra phy, nu clear mag netic res o nance, etc., the Bio- 

SAXS be comes pow er ful tool of the struc tural anal y sis of
bi o log i cal macromolecules. 

The Core fa cil ity X-ray dif frac tion and Bio-SAXS of
the CEITEC-MU lo cated in Brno fa cil i tates ac cess to the
state of art “in house” in stru men ta tion for X-ray struc tural
anal y sis. Be sides the el e men tary col lec tion of dif frac tion
or scat ter ing data, the fa cil ity of fers as sis tance with data
pro cess ing and in ter pre ta tion. Year and half af ter the of fi -
cial open ing of the lab o ra tory the most typ i cal Bio-SAXS
case stud ies from us ers com mu nity are pre sented: ab in itio
shape re con struc tion ex per i ments, oligomeric state de ter -
mi na tion and oligomeric equi lib rium stud ies, hy brid
method ap proaches for qua ter nary struc ture model build -
ing of macromolecular com plexes and stud ies of semi-flex -
i ble com plexes and in trin si cally dis or dered pro teins.
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THEORETICAL AND EXPERIMENTAL STUDY OF CHARGE TRANSFER THROUGH
DNA: IMPACT OF MERCURY MEDIATED T-Hg-T BASE PAIR
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DNA-Hg com plexes may play an im por tant role in sens ing
of DNA de fects or in de tect ing of  Hg pres ence in the en vi -
ron ment. A fun da men tal way of char ac ter iz ing DNA-Hg
com plexes is to study the way how the elec tric charge is
trans ferred through the mo lec u lar chain. The main goal of
this con tri bu tion was to in ves ti gate the im pact of a mer cury 
metal cat ion that links two thy mine bases in a DNA T-T
mis matched 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. Gen -
er ally, the ef fi ciency of charge trans fer was driven by mer -
cury chang ing the spa tial over lap of bases.


