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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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Dynamic light scattering gives the
number of particle sizes present

T=2945K

T=298 K
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Pre-characterisation of the
;)/ crystallisation speed with DLS
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» (Constant radius of the dimer fraction in both cases
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? Comparision with the literature -
/ Jillich Centre for Neutron Science

T=294 5 K Y. Georgalis, A. Zouni, W. Eberstein, W.
Saenger, Crystal Growth 126, 245-260
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gm Change in fractal demension -
observed at T=294.5 K

T=2945K

df= 1,3
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2 Dynamic light scattering to -
= esaases characterize the sample system

T=298 K
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) Long term observation of the -
= -enee 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)
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gw Scheme of the set-up -

Waste-syringe
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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

Juilich Centre for Neutron Science
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J SANS + SLS
4

Juilich Centre for Neutron Science

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

o SANS after 40 min
—e— SLS after 40 min
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2 On the reproducibility of the -
7 crystallisation runs
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2 Reproducibility of the results -
/ Jillich Centre for Neutron Science

'g' 400 T T T T T T T T T T T T T T T T T T T
IIIIIIIIIIIIIII = - In-situ DLS Daten des Kristallisationsansatzes
400 [ ] o 5 350F o Messung A .
= | In-situ DLS data on lysozyme crystallization b
E 350 measurement sequence: i i ¢ Messung B % ]
= 5 AoBoG . 39958 ® 300 © MessungC G % y
§ 300 DoE&F 23 ¢ % %i@%? = < Messung D 1% e
3 200 é%ﬁ%ﬁﬁggégf ii — &P 0 Rl aea T
5 200[ sgeeliosotois Tl L - 43
CRS S S 1 H i @ 200t :
g or g adtigertt e et 5
& 100 - %gﬂ :*-ﬁglf JM\H\ H L 150 | s
8" Al Hh (71714 =
2 %r %EJ [T c 100} -
2 . !
ol > I
............... §o)
0 5 10 15 20 25 30 35 O 50 Z mzzzz:gg <
time [min] E, A i | | e 1

N 1 i 1 1 1 L 1 L 1 L 1 L 1 1
0 5 10 15 20 25 30 35 40 45 50
Zeit [min]

» A scaling factor can be determined to correct for tiny differences in
crystallisation speed

298 K

T=
20.11.2014 ﬁmﬁﬁ In-situ Messungen /7;/ 17



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

— ——ry —
Quasi in-situ SANS & SLS Daten |
des Kristallisationsansatzes ]

o SANS nach 80 Sekunden

—=— SLS nach 80 Sekunden

—a— SLS nach 4 Minuten

—a— SLS nach 7 Minuten

—&— SLS nach 10 Minuten

0 SANS nach 40 Minuten

—e— SLS nach 40 Minuten -

einer Kugel
2,1 nm

observed 0,1 hsfunktion /(q)ec g mit d=1,72 e
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-1
qA]
d =172
T=298 K
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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 |
= i o groBte nachweisbare ] des Kristallisationsansatzes
® - : ! 1 | o SANS nach 80 Sekunden
T 250 | Pamkelfraktlond ] 10 ] —m— B[ & ngch 80 Sekunden
E [ —— R =R(T+c)" ! e ¢ —a— SLS nach 4 Minuten
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2 iy s o :
g 100 i chj
c
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° 0 20 30 40 2E4  1E3 o I(I)I,01 — “6,1 I0,4
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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
— O 5 min
= O 7.5min
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O
o
o
c
[ 1E-3 | -
L)
> ——S(q),; df= 1,00+ 0,07
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1E-4 1E-3 0,004
1
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} Change of fractal dimension -
/ Jillich Centre for Neutron Science
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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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;) | Summary
/ Jiich Centre for Neutron Science

> Lysozym dimers/ small Oligomers

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

LN NN S O B NN T S B R E B B E S B B N S B BN S B N R S B B B e A

DLS Daten
o Nuklide und Mikrokristalle
der Lysozymkristallisation

W
L

» Lysozyme oligomers

]
LI L

- Fractal Strukture ik ko : 5 o
 Involved in crystal growth Mikrokristalle s &na? 50
o & o]

« Are not present at T=298 K

hydrodynamischer Radius r, [um]

o - ek .
> Crystals _ “Bildung der Nuklide ]
L & Erreichen des metastabilen Bereichs |
0JA_L.I;;|JJ_.|_I..._.I;l;l;;..l;;..il.ljl.;;l..l;
« Growth at surfaces o 1 2 3 4 5 6 7 8 9 10
* Nucleation observed at T = 298 K Messzeit [h]

« At the beginning: Fractal dimension with
changing exponent

-
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‘-) | New Results -
/ Jiich Centre for Neutron Science

Differences in previous observations on the number of

particle sizes resolved
« Temperature is the key parameter for different number of
particle sizes observed
« The chosen method of observation also makes a difference

Successful observation of the nucleation phase with strutural

information
* Analysis of the speed of the nucleation process
* Not only size but also structural information gained

First successful and necessary application of the
in-situ light scattering method
» With enlarged g-range
* Reproducibility checked

Diskussion Zﬂﬁ‘ 27
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‘ Detektor KWS-2

> In-situ DLS at KWS-2 = § ¢

« Additional scattering angles % -
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I ‘IIH Quasll in-situ SANS & SLS Dlate'n:
des Kristallisationsansatzes
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