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class, such as re lated DNA se quences). In in ter ac tion pro -
cesses that are com pli cated, there can be mul ti ple bind ing
sites, co op er a tive in ter ac tions, and so forth [1-3]. In or der
to de ter mine the equi lib rium and/or ki netic con stants for
bind ing, all tech niques must fac tor the con cen tra tions of P
and T into the con cen tra tions of free P and T, on the left
side of the equa tion, as well as the con cen tra tions in C, on
the right side of the equa tion. This eval u a tion can be
achieved by var i ous meth ods, in clud ing equi lib rium di al y -
sis, spec tral mea sure ments, gel shift, cal o rim e try, DNase I
footprinting, and re lated tech niques [1-4]. Many of these
meth ods re quire la bel ing of P or T with a flu o res cent or ra -
dio ac tive tag. 

A re cent de vel op ment in in stru ments that in ves ti gate
biomolecular in ter ac tions in la bel-free mode, is sur face
plasmon res o nance (SPR) de tec tion with a biospecific sen -
sor chip [1-4]. In BIACORE tech nol ogy, the sen sor chip is
cre ated by ap ply ing a thin layer of gold (~50 nm) to a glass
sur face (Fig ure 1, left). In the most com mon type of sen sor
chip, carboxymethyl-dex tran is linked to the gold to give
the in ter ac tion layer (~100 nm thick). One of the in ter act -

ing mol e cules, ei ther T or P, must be linked to this layer to
cre ate the biospecific rec og ni tion sur face. Be cause SPR re -
sponds to changes in re frac tive in dex (Fig ure 1, right) and,
thus, to changes in mass, it is ad van ta geous to at tach the
mol e cule with the low est mo lec u lar weight to the sur face. 

1. W. Da vid Wil son, Sci ence. 295, 2103-5 (2002), and ref er -
ences therein. 

2. C. R. Can tor, P. R. Schimmel, Bio phys i cal Chem is try
(Free man, New York, 1980), vol. III. 

3. L. G. Fagerstam et al., J. Chromatogr. 597, 397 (1992), and 
ref er ences therein.

4. BIAtechnology Hand book, (BIACORE AB, Uppsala, Swe -
den, 1998)
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THERMOFLUOR ASSAY: HOW TO MAKE YOUR PROTEIN HAPPY
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Thermofluor as say, also known as dif fer en tial scan ning
fluorimetry or ther mal shift as say, is a flu o res cence-based
bio phys i cal method used to as sess pro tein thermostability.
Tem per a ture gra di ent is ap plied on pro tein sam ple in the
pres ence of a hy dro pho bic flu o res cent dye, which binds to
the hy dro pho bic core of the pro tein ex posed dur ing the un -
fold ing pro cess, and flu o res cence sig nal is re corded. Melt -
ing tem per a ture, de ter mined from the pro tein melt ing
curve, is a mea sure of pro tein sta bil ity in the given en vi ron -
ment. 

Thermofluor was orig i nally de vel oped for high-
 through put screen ing for lig ands [1], but the ap pli ca tion of
this ver sa tile tech nique is not lim ited to drug dis cov ery. It
can be used for mon i tor ing of pro tein-pro tein in ter ac tions
[2], as sess ment of pro tein-ligand af fin ity [3], iden ti fi ca tion
of pro tein func tion [4], eval u a tion of prop er ties of pro tein
con structs in en gi neer ing [5], or op ti mi za tion of pu ri fi ca -
tion procedure [6]. 

Thermofluor as say is a key tech nique of struc tural bi ol -
ogy [7]. Iden ti fi ca tion of buffer con di tions or ad di tives sta -
bi liz ing the pro tein prior to crys tal li za tion greatly im proves 
the hit rate in ini tial crys tal li za tion screen ing tri als. Ther -
mo fluor-based buffer op ti mi za tion can also give rise to al -
ter na tive crys tal forms with im proved dif frac tion qual ity.
Ap pli ca tion of thermofluor will be demonstrated on
example cases. 

1.  Pantoliano et al. (2001) High-den sity min ia tur ized ther mal
shift as says as a gen eral strat egy for drug dis cov ery, J.
Biomol. Screen. 6, 429-40.

2. Kopec & Schnei der (2011) Com par i son of flu o res cence
and light scat ter ing based meth ods to as sess for ma tion and
sta bil ity of pro tein-pro tein com plexes, J. Struct. Biol. 175,
216-23.

3. Matulis et al. (2005) Ther mo dy namic sta bil ity of car bonic
anhydrase: mea sure ments of bind ing af fin ity and
stoichiometry us ing ThermoFluor, Bio chem is try. 44,
5258-66.

4. Carver et al. (2005) De crypt ing the bio chem i cal func tion
of an es sen tial gene from Strep to coc cus pneumoniae us ing
ThermoFluor tech nol ogy, J. Biol. Chem. 280, 11704-12.

5. Lavinder et al. (2009) High-through put ther mal scan ning: a 
gen eral, rapid dye-bind ing ther mal shift screen for pro tein
en gi neer ing, J. Am. Chem. Soc. 131, 3794-5.

6. Mezzasalma et al. (2007) En hanc ing re com bi nant pro tein
qual ity and yield by pro tein sta bil ity pro fil ing, J. Biomol.
Screen. 12, 418-28.

7. Ericsson et al. (2006) Thermofluor-based high-through put
sta bil ity op ti mi za tion of pro teins for struc tural stud ies,
Anal. Biochem. 357, 289-98.
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BIOMOLECULAR INTERACTIONS ANALYTICS USING MICROSCALE
THERMOPHORESIS
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NanoTemper Tech nol o gies pro pri etary tech nol ogy;
Micro scale Thermophoresis (MST) al lows for quan ti ta tive
anal y sis of biomolecular in ter ac tions in free so lu tions. The
tech nique is based on phe nom e non of thermophoresis, the
di rected mo tion of mol e cules in tem per a ture gra di ent.
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,
sur face charge and hydration shell or con for ma tion. Upon
any type of in ter ac tion at least one of the above men tioned
pa ram e ters will change. In an all op ti cal ap proach, MST is
in duced us ing an in fra red la ser for lo cal ther mal gra di ent
in duc tion, and mol e cules mo bil ity across it is ana lysed
through flu o res cence de tec tion. In ad di tion to flu o res cence
by var i ous avail able fluorophores 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.

Our tech nique’s flex i bil ity in as say de sign and ex per i -
men tal ex e cu tion qual i fies MST for biomolecular in ter ac -
tion anal y sis 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.
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 sta bi lized in so lu tion, multi-com po nent pro -
tein struc tures or nanoparticles. The type of buffer and
ad di tives can be cho sen freely and does not dis crim i nate its
com po si tion. Mea sur ing is also pos si ble in com plex
bioliquids like cell lysate, blood se rum or even di rect anal -
y sis with out pro tein pu ri fi ca tion and thus un der close to in
vivo con di tions. Bind ing modes that are quan ti fi able via
MST in clude dimerization, cooperativity and com pe ti tion
as well. Thermophoresis makes both high- (pM) and low
af fin ity (mM), in ter ac tions avail able in shape of sin gle in -
stru ment so lu tion. For more in sight and de tails you are wel -
come to visit our booth.
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Sed i men ta tion anal y sis of macromolecules car ried out in
an a lyt i cal ul tra cen tri fuge is a pow er ful method for the
study of pro teins, nu cleic ac ids and other poly mers and
their var i ous com plexes. Mon i tor ing sed i men ta tion of
macromolecules in the cen trif u gal field al lows their hy dro -
dy namic and ther mo dy namic char ac ter iza tion in so lu tion,
i.e. in na tive con di tions, with out in ter ac tions with any ma -
trix or sur face. This al lows di rect mea sure ment of mo lec u -
lar weight and sed i men ta tion co ef fi cient of macro -mo
lecules, mon i tor ing of sam ple pu rity and ho mo ge ne ity, pre -
dic tion of size and shape of sedimenting spe cies and, last
but not least, study of equi lib rium re ac tions, in clud ing de -
ter mi na tion of their stoichiometry and equi lib rium con -
stants.

In the pres ent lec ture, we will first fo cus on the his tory
phys i cal prin ci ples of the tech nique and also on the prop er -
ties and po ten tial of a mod ern in stru men ta tion. Two types
of ex per i ments per formed us ing an a lyt i cal ul tra cen tri fuge
(i.e. sed i men ta tion ve loc ity and sed i men ta tion equi lib rium) 
will be dis cussed, to gether with a brief in tro duc tion into
sed i men ta tion the ory. In the end, sed i men ta tion data anal y -
sis will be de scribed and ex am ples of uti li za tion of an a lyt i -
cal ultracentrifugation in biomolecule research will be
provided. 

Com bi na tion of new in stru men ta tion and com pu ta -
tional soft ware for data anal y sis has led to ma jor ad vances
in char ac ter iza tion of pro teins and their com plexes. Af ter
tem po rary si lence in the past de cades, an a lyt i cal ul tra cen -
tri fu ga tion at pres ence ex pe ri ences re nais sance in proteo -
mic and struc tural bi ol ogy re search while still be ing
heavily used e.g. for char ac ter iza tion of ag gre ga tion of
mono clonal antibodies in biopharmaceutical industry.

Fig ure 1. Sed i men ta tion ve loc ity (SV) anal y sis of re com bi nant
hu man pro lif er at ing cell nu clear an ti gen (PCNA); fit ted data
(top) and re sid u als plot (bottom).

Fig ure 2. Dis tri bu tion of sedimenting spe cies for the PCNA SV
anal y sis per formed with both absorbance and in ter fer ence op tics 
showed it is a trimer
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CIRCULAR DICHROISM SPECTROSCOPY OF PROTEINS
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Struc ture plays a key role in pro tein’s func tion. Char ac ter -
iza tion of newly iso lated or ge net i cally mod i fied pro teins
there fore of ten be gins by ver i fi ca tion of their proper fold -
ing. Spec tro scopic tech niques rep re sent the first-choice
meth ods used to ana lyse the conformational be hav iour of
biomolecules un der dif fer ent con di tions. They are also
used for com par i son of the struc tural prop er ties of re lated
mol e cules such as ho mol o gous or mu tant forms of pro -
teins. Fur ther more, spec tro scopic meth ods are used to de -
ter mine the struc tural sta bil ity of pro teins and to mon i tor
the ki net ics of their struc tural tran si tions un der dif fer ent
physicochemical con di tions (tem per a ture, pH, chem i cal
denaturants or or ganic co-sol vents). An over view of spec -
tro scopic tech niques used for anal y sis of sec ond ary and
ter tiary struc ture of pro teins will be pre sented in the lec -
ture. Main at ten tion will be paid to the cir cu lar dichroism
(CD) spec tros copy [1-3].

CD spec tros copy is a fast, quan ti ta tive and non-de -
struc tive spec tro scopic tech nique where the CD of mol e -
cules is mea sured over a range of wave lengths. CD
spec tros copy is used to study chiral mol e cules of all types

and sizes. A pri mary use is in ana lys ing the sec ond ary
struc ture or con for ma tion of macromolecules, par tic u larly
pro teins. As pro tein sec ond ary struc ture is sen si tive to its
en vi ron ment, CD can be used to ob serve how sec ond ary
struc ture changes with en vi ron men tal con di tions or in ter -
ac tion with other mol e cules. Struc tural, ki netic and ther -
mo dy namic in for ma tion about macromolecules can be
de rived from CD spec tros copy. The prin ci ple of CD spec -
tros copy, at tain able types of struc tural in for ma tion, ex per i -
men tal as pects, ad van tages/dis ad van tages and specific
examples of applications will be introduced and discussed
in this lecture.

1. S. M Kelly, T. J. Jess, N. C. Price, Biochim. Biophys. Acta
1751, (2005), 119.

2. S. M. Kelly, N. C. Price, Curr. Pro tein Pept. Sci. 1, (2000), 
349.

3. R. W. Woody, In Cir cu lar Dichroism and the
Conformational Anal y sis of Biomolecules, ed ited by G. D.
Fasman, (Springer US: Boston, MA), 1996; pp 25-67.
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ROLE OF THE N-TERMINAL REGION IN RYANODINE RECEPTOR CHANNEL
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Mu ta tions in the car diac ryanodine re cep tor (RyR2), the
ion chan nel re spon si ble for re lease of cal cium ions from
intracellular stores into cy to plasm, are the cause of sev eral
in her ited car diac arrhythmias. At themolecular level, dis -
ease symp toms can be mim icked by do main pep tides from
mu ta tion-prone re gions of RyR2 that bind to RyR2 and ac -
ti vate it. Here we show that the do main pep tide DPcpvtN2,  
cor re spond ing to the cen tral he lix of the N-ter mi nal re gion
of RyR2, ac ti vates the RyR2 chan nel. Struc tural mod el ling
of in ter ac tion be tween DPcpvtN2 and the N-ter mi nal re -
gion of RyR2 in the closed and open con for ma tion pro -
vided three plau si ble struc tures of the com plex. Only one

of them could ex plain the de pend ence of RyR2 ac tiv ity on
con cen tra tion of DPcpvtN2. The struc ture of the com plex
was at odds with the pre vi ously pro posed “do main switch”
mechanismof com pe ti tion be tween do main pep tides  and
ryanodine re cep tor do mains. Like wise, in struc tural mod -
els of the N-ter mi nal re gion, the conformational changes
in duced by DPcpvtN2 bind ing were dif fer ent from those
in duced by mu ta tion of cen tral he lix amino ac ids.  The ac ti -
vat ing ef fect of DPcpvtN2 bind ing and of mu ta tions in the
cen tral he lix could be ex plained by their sim i lar ef fect on
the tran si tion en ergy be tween the closed and open con for -
ma tion of RyR2.


