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ULTRAFAST LASER SPECTROSCOPY AS A TOOL FOR STUDIES OF PROTEIN
FUNCTION

Tomáš Polívka

De part ment of Phys ics and Bio phys ics, Fac ulty of Sci ence, Uni ver sity of South Bo he mia

Time-re solved la ser spec tros copy with high (< 100 fs) res -
o lu tion is now a stan dard tool for stud ies of ultrafast pro -
cesses in mol e cules, pro teins, solid state ma te ri als and
other sys tems. It is able to fol low the key dy nam i cal pro -
cesses, such as en ergy and elec tron trans fer, isomerization,
bond break ing and for ma tion and many oth ers. Cur rent
state-of-art la ser sys tems are able to de liver ultrashort
pulses with time du ra tion less than 20 fs in a broad spec tral
range ex tend ing from X-rays to mid-IR. Typ i cally, in the
tran sient ab sorp tion mode, which is prob a bly the most
com mon type of time-re solved ex per i ment, the pro cess of

in ter est is ini ti ated by ex cit ing the sam ple by an ex ci ta tion
(pump) pulse that is, af ter a pre cise de lay time, fol lowed by
a probe (typ i cally broad band) pulse that mon i tors the
changes in the sam ple caused by the ex ci ta tion pulse. Here
we will show a few ex am ples how the time-re solved la ser
spec tros copy can be used to de ter mine not only the func -
tion of pro teins, but also how the re cent ad vances of this
tech nique, which in cludes time-re solved Raman spec tros -
copy or time-re solved X-ray dif frac tion, can re late struc -
ture and func tion of pro teins.
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SINGLE MOLECULE FLUORESCENCE AND APPLICATIONS

Tomáš Fessl

De part ment of Chem is try, Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Branisovska 1760, 
370 05 Èeské Budìjovice

Flu o res cence meth ods with sin gle mol e cule sen si tiv ity
have been in cred i bly im proved in the past two de cades.
These novel ap proaches have re cently pro vided dy namic
in sights into the biomolecular  mech a nisms of mo lec u lar
mo tors, ligand bind ing and pro tein–nu cleic acid in ter ac -
tions. The sen si tiv ity and pre ci sion of such *in vi tro* flu o -
res cence-based im ag ing tech niques can be fur ther

en hanced through the use of nanostructures, such as zero
mode waveguides. The in creas ing time-range and ro bust -
ness of sin gle mol e cule tech niques, which emerge as a set
of cru cial tools for elu ci dat ing bi o log i cal pro cesses at ut -
most de tail and ac cu racy will be dem on strated on our cur -
rent re search on SecYEG driven pro tein translocation.
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POSSIBILITIES ON FREE ELECTRON LASERS
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Bi o log i cal Small An gle X-ray Scat ter ing (SAXS) be came
one of the stan dard tech niques in struc tural bi ol ogy. As a
so lu tion scat ter ing method SAXS does not rely on high
qual ity pro tein crys tals and is not lim ited in pro tein size and 
fold ing state. On the other side, SAXS can not pro vide high
res o lu tion pro tein struc tures, how ever mod ern scat ter ing
data eval u a tion per mits model build ing of macromolecular
as sem blies in the range down to 15 Angström. High qual ity 
SAXS data can be re corded at stan dard lab based SAXS de -
vices, but the full ad van tage of so lu tion scat ter ing can be

ob tained at ded i cated SAXS syn chro tron beamlines. Us ing
SAXS, en vi ron men tal pa ram e ters can be al tered and pa -
ram e ters such as tem per a ture, pH-value and sa lin ity ad -
justed to the pro tein ac tiv ity. The most fas ci nat ing and
chal leng ing ap proach is the in ves ti ga tion of ki net ics and
dy nam ics of pro tein re ac tion. Start ing from sim ply fast
mix ing ex per i ments us ing pro tein and ligand so lu tions for
in ves ti ga tion of pro tein ki net ics, mod ern syn chro tron
beamlines al low as well pumped-probed ex per i ments for
ex plor ing the dy namic of pro tein-pro tein in ter ac tions and
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pro tein do main mo tions. Fol low ing this idea of in ves ti ga -
tion on bi o log i cal sys tems “at work” new pos si bil i ties are
pro vided by Free Elec tron La sers. These up com ing high
bril liance X-ray sources are able to re cord X-ray dif frac -
tion data in the fs time range, which is suit able to re cord
pro tein dy nam ics in detail.

In this lec ture the ba sics of bi o log i cal SAXS will be ex -
plained and high end ap pli ca tion of the SAXS method in -
tro duced. Some tech ni cal de tails of Free Elec tron La sers
will be given and fu ture pro spec tive ap pli ca tions of this
method discussed.

1. Small An gle X-ray Scat ter ing; Manfred Roessle, Dmitri I
Svergun; 2013; En cy clo pe dia of Bio phys ics.

2. Ver sa ti le sam ple en vi ron ments and au to mati on for bi o lo gi -
cal so lu ti on X-ray scat te ring ex pe ri ments at the P12 be a -
mli ne (PETRA III, DESY). Cle ment E Blan chet,
Alessan dro Spi lot ros, Frank Schwem mer, Me lissa A Gra -
ewert, Alexey Ki kh ney, Cy M Jeff ries, Da niel Fran ke, Da -
niel Mark, Ro land Zen ger le, Flo rent Ci pri a ni, Ste fan
Fiedler, Man fred Roess le, Dmi t ri I Svergun; 2015; Journal
of applied crys tal log ra phy.

3. Potential for biomolecular imaging with femtosecond
X-ray pulses; Nature 406, 752-757 (17 August 2000)
Richard Neutze et.al.
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DYNAMIC LIGHT SCATTERING, DLS, TO ANALYSE AND SCORE PROTEIN
SOLUTIONS
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Dy namic La ser Light Scat ter ing (DLS) is to day a well es -
tab lished method to char ac ter ize bio-mo lec u lar so lu tions
by ana lys ing the dispersity of the sus pen sion and as also re -
cently re viewed by Minton [2016] DLS is the most pow er -
ful, highly adapt able and a widely used method to ana lyse
the size dis tri bu tion of var i ous kinds of par ti cles in so lu -
tion, till now mostly mea sur ing in cuvettes. Fields of ap pli -
ca tion in clude size de ter mi na tion and quan ti fi ca tion of
macromolecules, vis cos ity de ter mi na tion of blood [Popov
and Vitkin, 2016], op ti miz ing sol u bil ity and ho mo ge ne ity
of bi o log i cal sam ples, ana lys ing di men sions and sym me try 
of par ti cles [Schu bert et al., 2015; Maes et al., 2015;
Passow et al., 2015], de ter min ing the den sity of bac te rial
cul tures [Loske et al., 2014], ver i fi ca tion of phar ma ceu ti cal 
for mu la tions [Fávero-Retto et al., 2013] sup port of
three-di men sional in vivo im ag ing, time-re solved anal y sis
of pro tein as sem bly or en zyme-catalysed re ac tions via
mon i tor ing changes of the par ti cle size dis tri bu tion
[Georgieva et al., 2004; Yang et al., 2015; Liu and Falke et
al., 2016] and mon i tor ing dif fer ent stages of crys tal li za tion
re ac tions [Meyer et al., 2015; Schu bert et al., 2017]. DLS is 
non-in va sive and non-de struc tive and can be adapted to
per form mea sure ments in situ in a va ri ety of sam ple con -
tain ers, in clud ing very thin cap il lar ies to mon i tor for ex am -
ple coun ter dif fu sion crys tal li za tion ex per i ments [Oberthür 
et al., 2012]. In prin ci ple, the in ten sity fluc tu a tions of co -
her ent la ser light scat tered by par ti cles in so lu tion are re -
corded over time at a spec i fied an gle, cor re lated with it self
af ter short time in ter vals and vi su al ized as an in ten sity
auto-cor re la tion func tion (ACF) [Chu, 1970]. These in ten -
sity fluc tu a tions, caused by Brownian mo tion of par ti cles,
are eval u ated by al go rithms such as CONTIN [Provencher, 
1982] and al low to de ter mine the dif fu sion co ef fi cient of
the par ti cles in so lu tion. Con sid er ing the vis cos ity and tem -

per a ture, the Stokes-Ein stein equa tion is used to cal cu late
the hy dro dy namic ra dius (RH). DLS mea sure ments were
suc cess fully used to ana lyse sam ple so lu tions in flow to
ana lyse dif fer ent stages of pro tein fold ing by Gast et al., in
1997 and a par tic u lar fi ber op tic DLS probe was ap plied by
Leung et al. [2006] to char ac ter ize la tex par ti cles in flow,
point ing at a va ri ety of po ten tial in dus trial ap pli ca tions to
count and de ter mine the size of par ti cles for qual ity con trol. 
The ap pli ca tion of DLS in a shear flow and in a
microfluidic chan nel was math e mat i cally de scribed by
Destremaut et al. [2009], tak ing the chan nel di men sions,
shear rates, ve loc ity pro file of a Poiseuille flow and in ter -
fer ences of dif fer ent Dopp ler shifts into ac count. The re -
sult ing the o ret i cal ap prox i ma tion of an ACF with some
geo met ri cal re strains un der lined that be low a crit i cal flow
rate the ACF is dom i nated by Brownian mo tion of the scat -
ter ing mol e cules. In sum mary, DLS tech niques al low to
ver ify the sta bil ity and ho mo ge ne ity of sam ples in a very
time-ef fi cient way and are highly sen si tive to wards large
(un spe cific) ag gre gates of bi o log i cal macromolecules.
This qual i fies DLS to be an ex cel lent method for sam ple
qual ity ver i fi ca tion prior or dur ing SAXS ex per i ments. De -
tails and examples will be presented.
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