
Ó Krystalografická spoleènost

92 Pro teins in Ac tion - Lectures Ma te ri als Struc ture, vol. 24, no. 2 (2017)

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.

Tuesday, June 27, Session IV

L12

DYNAMIC LIGHT SCATTERING, DLS, TO ANALYSE AND SCORE PROTEIN
SOLUTIONS

Sven Falke
1
, Robin Schu bert

1
, Karsten Dierks

2
, Markus Perbandt

1
 and Chris tian Betzel

1

1In sti tute of Bio chem is try and Mo lec u lar Bi ol ogy c/o DESY & The Ham burg Cen ter for Ultrafast Im ag ing,
22603 Ham burg, Ger many

2XtalConcepts, Marlowring 19, 22525 Ham burg, Ger many

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.

Destremaut, F., Salmon, J.-B., Qi, L., & Cha pel, J.-P. (2009).
Lab on a Chip, 9, 3289. 
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1112–1121.
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211–219. 
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In ves ti ga tion of pro tein three di men sional struc tures based
on re cent meth ods, such as nu clear mag netic res o nance
spec trom e try, (NMR), small-an gle X-ray scat ter ing
(SAXS), cryo- elec tron mi cros copy (cryo-EM) and X-ray
crys tal log ra phy, re lies on the ab sence of pro tein ag gre -
gates. There fore sam ple prep a ra tion plays a cru cial role for
the suc cess ful ap pli ca tion of all these meth ods. Since each
step of sam ple prep a ra tion im plies the risk to cre ate ag gre -
gates, ver i fi ca tion of the ag gre ga tion state af ter each step
en ables fast iden ti fi ca tion of weak points and con trib utes
sig nif i cantly  to op ti mize sam ple prep a ra tion pro to cols.
Such an anal y sis tool is dy namic light scat ter ing (DLS)
which has al ready many ap pli ca tions (Berne & Pecora,
1976). Key fea tures of DLS anal y sis tools is a min i mal
sam ple vol ume, ease of use and use ful ness of out put. DLS
ap plied in situ ful fills these re quire ments. 

In this lec ture in situ DLS mea sure ments on sam ple
aliquots of ~1 µl in multiwell plates (hang ing drop, sit ting
drop or un der oil) will be dem on strated, us ing a fully au to -
mated in stru ment. In or der to dem on strate the ca pa bil i ties
of this de vice, model pro tein ra dius dis tri bu tions will be
mea sured. Mea sure ments will be ap plied on aliquots of

pro tein so lu tions as ex am ples of in ter me di ates from the
daily lab work taken from pu ri fi ca tion steps e.g. con cen tra -
tion in creas ing. An other ap pli ca tion is the anal y sis of crys -
tal liz ing sam ples, be fore and af ter pre cip i tant ad di tion.
Sig nal in ter pre ta tion al lows de ter mi na tion of ag gre ga tion
or nu cle ation in di cat ing the po si tion in the phase di a gram
(Vekilov, 2010). De ter mi na tion of mi celle sizes is also eas -
ily fea si ble. This may be used to iden tify pro tein de ter gent
com plexes af ter ad di tion of mem brane pro teins. In ad di -
tion, a built-in cam era al lows to ob serve all wells, this
means the in stru ment can be used as an im ag ing sys tem as
well (Meyer 2014). In com bi na tion with a UV light source
it is even pos si ble to dis tin guish pro tein from salt crystals
by using the intrinsic fluorescence of proteins containing
tryptophan.

1. Berne, B. J. & Pecora, R. (1976). Dy namic Light Scat ter ing
New York: John Wiley & Sons Inc. 

2. Meyer, A., Dierks, K., Hussein, R., Brillet, K., Brognaro,
H., Betzel, Ch. (2014). Acta Cryst. F71, 75-81.

3. Vekilov, P. G. (2010). Nanoscale 2, 2346-2357.
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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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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.


