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HIGH-RESOLUTION PROTEIN STABILITY ANALYTICS USING NANODSF

Jakub Nowak

NanoTemper Tech nol o gies GmbH

The flu o res cence of tryptophans in a pro tein is strongly de -
pend ent on its close sur round ings. By fol low ing changes in 
flu o res cence, chem i cal and ther mal sta bil ity can be as -
sessed in a truly la bel-free fash ion. The dual-UV tech nol -
ogy by NanoTemper al lows for rapid flu o res cence
de tec tion, pro vid ing an un matched scan ning speed and
data point den sity. This yields ul tra-high res o lu tion un fold -
ing curves which al low for de tec tion of even min ute un -
fold ing sig nals. Fur ther more, since no sec ond ary re porter
fluorophores are re quired, pro tein so lu tions can be an a -
lyzed in de pend ent of buffer com po si tions, and over a con -
cen tra tion range of 150 mg/ml down to 5 ìg/ml. In

ad di tion, in for ma tion on pro tein ag gre ga tion can be re -
corded in par al lel, pro vid ing in sight into col loi dal sta bil ity
of the sam ple. There fore, nanoDSF is the method of choice
for easy, rapid and ac cu rate anal y sis of pro tein fold ing and
sta bil ity, with ap pli ca tions in mem brane pro tein re search,
pro tein en gi neer ing, for mu la tion de vel op ment and qual ity
con trol. The pre sen ta tion will cover bio phys i cal con cepts
of the tech nique show ing ben e fits of the nanoDSF tech nol -
ogy plat form, and will be followed by specific examples of
nanoDSF applications towards various experimental
systems.
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INTEGRATED STRUCTURAL BIOLOGY: GENERAL CONCEPTS AND CASE STUDIES
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AN INTEGRATIVE STRUCTURAL APPROACH TO RNA:PROTEIN INTERACTIONS
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The de tailed char ac ter iza tion of biomolecular in ter ac tions
re quires the com bi na tion of dif fer ent bio phys i cal meth ods.
The con cept of in te gra tive struc tural bi ol ogy will be il lus -
trated by the struc tural and func tional study of ubiq ui tous
RNase P en zymes, which cat a lyze the 5’ mat u ra tion of
pre-tRNAs. For a long time it has been thought that all
RNase P were ribozymes. How ever, a novel kind of RNase
P com posed of pro teins only, called PRORP for “Pro -
tein-only RNase P” was first dis cov ered in hu man mi to -
chon dria, then de scribed in Arabidopsis thaliana (1,2). The
lat ter pos sesses three PRORP homologs: PRORP1 lo cated
in mi to chon dria and chloroplasts, PRORP2 and PRORP3
in the nu cleus. 

We de vel oped an in te gra tive ap proach in or der to gain
an in sight into Arabidopsis PRORP en zymes and their
mode of ac tion (3). The af fin ity con stant be tween a min i -

mal tRNA sub strate and a cat a lyt i cally in ac tive PRORP2
en zyme was first de ter mined by microscale thermo -
phoresis (MST), ul tra cen tri fu ga tion and cal o rim e try (ITC), 
and shown to be in the micromolar range. A com bi na tion of 
mu ta gen e sis and af fin ity mea sure ments helped de fine the
re spec tive im por tance of in di vid ual pentatricopeptide re -
peats (PPR) of PRORP2 for RNA bind ing. A com par i son
of the crys tal struc ture of PRORP2 and of so lu tion struc -
tures of the en zyme and its com plex with a pre-tRNA ob -
tained by small an gle X-ray scat ter ing (SAXS) in di cated
that PRORP2 un der goes struc tural changes to ac com mo -
date its sub strate. A ded i cated SAXS setup was im ple -
mented to sta bi lize the com plex dur ing anal y sis.
Al to gether this study reveals the structural diversity and
plasticity of protein-only RNase P enzymes.
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CHARACTERIZATION OF DNA-BINDING PROTEINS
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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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FROM PROTEIN CHEMICAL MODIFICATION TO CROSS-LINKING AND BEYOND
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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.
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