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Motivation: For neutron protein crystallography
large crystals are required -

Necessary crysal size:
At least 0.5 mm3

» Deeper understanding of the undelying crystallization mechanism is required
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L= . Chosen crystallization conditions -

» Lysozyme 60 mg/mlin D,O, pH adjusted with 1M NaAc 0,02 um filtered

> NaCl 6wt% in D,O Puffer 10mM NaAc HAc 0,02 um filtered

\ }
|

»1:1 mixture:
Lysozyme 30 mg/ml + NaCl 3 wt% in D,O buffer @ pH 4.35

crystals ca. 1 mm at
Monomer size: r = 1.9 nm T =298 K
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2 Dynamic light scattering to -
= eoses characterize the sample system

T=298 K
152 LB 2250 | LR LB | LR L LEELL ) LR LR | L ELB R EL LR 2B | LS EEEL ) LR ELERLL
» No third particle fraction observed [ Dimere bzw. DLS Daten =~
1,0 + kleine Oligomere o Kristallisationsansatz -
nach 9 Stunden
0,8~ ° ooo i
3 %,
> Crystals grow larger in size = 08} 1 1
as at 294.5 K = oal ) |
™ Mikrokristalle
02k §
N - . | F}I: E 0’0 B L it i kil i 1 ERTTI BT B I I

1E-4 1E-3 0,01 01 1 10 100 1000 10000
Verzégerungszeit © [ms]

=
201120 ﬁmﬁﬁ Messergebnisse 7%’ 4



) Long term observation of the -
= =eee CryStallisation process with DLS

DLS Daten
o Nuklide und Mikrokristalle
der Lysozymkristallisation
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« In the beginning we have two particle fractions
« After three hours the sample is not ergodic any more: Large size
fluctuations in the larger size fraction is observed

 Interpretation: Small crystals diffuse through the observation volume
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Small angle scattering signal can be
\;} calculated using a model fit of the DLS
data

Volume of the crystal nucleus 500]  DLS Daten:
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) In-situ experiments at the instrument -
/Ji_ilichCentreforNeutronScience D1 1

Time resolved structural information
on the Lysozyme crystallization:
In-situ DLS and quasi-in-situ SLS together with
mit Small angle neutron scattering (SANS)

20.11.2014 nmﬁ In-situ Messungen /% 7



gw Scheme of the set-up -
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Picture of the set-up at D11

Juilich Centre for Neutron Science

Detector tube
D11

In-situ set-up with
dynamic light scattering
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;) DLS-data recorded in-situ at D11
74
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J SANS + SLS
4
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e ———eree————— | T= 298 K

@
: \ Quasi in-situ SANS & SLS data
- on lysozyme crystallization

o  SANS after 80 s
—=— SLS after 80 s
—&— SLS after 10 min
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2 On the reproducibility of the -
7 crystallisation runs
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In-situ DLS data on lysozyme crystallization 1 Differences in the Speed of the
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2 Reproducibility of the results -
/ Jillich Centre for Neutron Science
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» A scaling factor can be determined to correct for tiny differences in
crystallisation speed

298 K
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Results of the SANS a

ok
measurements at 298 K

» Extended g-range due to SLS

» temporal evolution of the 10
structure of the lysozyme
nuclei can be followed

dZX\dQ [cm™]

» Change of fractal dimensions
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Agreement of SLS/SANS data with in-
situ DLS data at 298 K

= 30F ) s Daten - Quasi in-situ SANS & SLS Daten |
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» Agreement of fractal dimension at 40 min. d;
. df = 1, 72
> Fixed parameter R, from SANS used for the model
fit of the DLS data
> Verification of the diffusion limited aggregation model T=298 K
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Just the SLS data is needed for
fitting the fractal dimension

0.01 L SLS data on |
F lysozyme crystallization
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} Change of fractal dimension -
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Agreement of the changing fractal
dimension with the DLS data
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;} - Model for the crysallization process -

(A) Maonomers % (B) Oligomers % (C) Nuclei 9
B g B ¢
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;}h =~ Model for the crysallization process -

(A) Monomers (B) Oligomers (O) Nuclei

&K, &
DITAGEI L QY W 3
3 TG by

(E) Fractals

(D) Crystals Q D

Y. Georgalis, P. Umbach, J. Raptis and Wolfram Saenger, Acta Cryst. 53 (1997) 703-712
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Crystallisation at 298 K
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J | Summary
/ Jiich Centre for Neutron Science

> Lysozym dimers/ small Oligomers

« Size constant in time
« Concentration decreases (consumption
due to crystal growth)

DLS Daten
o Nuklide und Mikrokristalle

> Lysozyme OligOmerS der Lysozymkristallisation
Fractal Strukture 2} Wachstum der 2
« Involved in crystal growth Mikrokristalle 5" = G g% 52
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¥ Bildung der Nuklide

> Crystals

hydrodynamischer Radius r, [um]

. & Erreichen des metastabilen Bereichs
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* Nucleation observed at T = 298 K o 1 2 3 4 5 6 7 8 9 10

« At the beginning: Fractal dimension with Messzeit [h]
changing exponent
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‘ Detektor KWS-2

.F

> In-situ DLS at KWS-2 =1 i 7 =

« Additional scattering angles % o
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