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Motivation: For neutron protein crystallography —
large crystals are required MLZ

Heinz Maier-Leibnitz Zentrum

Juilich Centre for Neutron Science

Necessary crysal size:
At least 0.5 mm?3

» Deeper understanding of the undelying crystallization mechanism is required
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Lysozym als Modell fur die TR
Proteinkristallisation MLZ

?t?::ﬁi?rlngsfornr > Gewonnen aus
T— Huhnereiweil3
Lysozym, Cetylpyridinium chlorid

. Hilfsstoffe: | ] .

\ w frubienzym | Vil > Antibakteriel

Ha/_;.;c/;mer:mb@‘*'

» In Tranenflissigkeit und
Speichel enthalten

+ hohe biologische Bestandigkeit
+ hohe chemische Reinheit
+ monodisperse Verteilung frei von Aggregaten

+ hohe Prasenz in der Literatur

20.11.2014
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Uberprufung der Sauberkeit der ""MLZ“‘
Jiilich Centre for Neutron Science P r O b e m | tt el S F P L C Heinz Maier-Leibnitz Zentrum
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hohe chemische Reinheit
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Chosen crystallization conditions MLZ

z Maier-Leibnitz Zentrum

Julich Centre for Neutron Science

» Lysozyme 60 mg/mlin D,0O, 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

o g crystals ca. 0. 2 mm
Monomer size: r=1.9 nm T =298 K at T =2945K

20.11.2014 nm‘g Kristallisationsansatz %m@m 6
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Scattering Methods
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Heinz Maier-Leibnitz Zentrum

;} Methoden & Instrumente MLZ

Kristallisationsprozess lauft auf verschiedenen Zeit- und GréRRenskalen ab

Einkristall Diffraktometer
(z.B. BioDiff)

SANS:
Small Angle Neutron

4dnin 0O

gestreutes q =—— *Sin—

Licht A 2
LS: Static Light Scattering

Photonen

DLS: Dynamic Light Scattering

20.11.2014 ﬁmﬁ - Methoden & Instrumente Zﬁsﬁx 8
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Methoden & Instrumente NMLZ

Heinz Maier-Leibnitz Zentrum

Juilich Centre for Neutron Science

Kristallisationsprozess lauft auf verschiedenen Zeit- und GrofRenskalen ab

Einkristall Diffraktometer
(z.B. BioDiff)

Neutronen
SANS:

Small Angle Neutron
Scattering

gestreute

Neutronen (z.B. KWS-2, D11)
&Iii::ﬂ]..:r— ey ;
8/

20.11.2014 nm.5 Methoden & Instrumente



Heinz Maier-Leibnitz Zentrum

ﬁ)m The SANS experiment AMLZ
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Heinz Maier-Leibnitz Zentrum

@_E_E The SANS experiment NMLZ

Sensitivity
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%}m The SANS experiment M""—“‘*LZ

Heinz Maier-Leibnitz Zentrum
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b} Methoden & Instrumente NMLZ

Juilich Centre for Neutron Science

Heinz Maier-Leibnitz Zentrum

1B . LIEJEICEES | ¥
SANS Daten BioDiff ]
- —— Lysozym (Puffer abgezogen)

[ kugelférmiger Formfaktor
r=20nm o¢<0.04nm
10 RO\

L SLS g- N
. 0 g-Bereich

- Bereich |~ 9 :
e kssl (bei 20m) A

dx / dQ (normiert) [cm™']

S/
1 I

4tn 0 NN
q =—— *sing 1E-3
A 2

IIIIIV"/"///‘I i Yo o i 4 , R ALY
0,01 0,1 1

q[AT]

Radius ermittelt durch Formfaktor einer Kugel weist auf Monomere hin
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Methoden & Instrumente NMLZ

Heinz Maier-Leibnitz Zentrum

Juilich Centre for Neutron Science

Kristallisationsprozess lauft auf verschiedenen Zeit- und GréRRenskalen ab

gestreutes
Licht

Photonen

20.11.2014 nmla Methoden & Instrumente Z@,—Rk 14



W, MLZ

Juilich Centre for Neutron Science Heinz Maier-Leibnitz Zentrum

Exkurs: Kleinwinkelstreuung

Partly taken from:

Introduction to Small-Angle Neutron Scattering and Neutron
Reflectometry

Andrew J Jackson

NIST Center for Neutron Research

May 2008

Motivation Zﬁx 15
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) Scattering of neutrons: Nuclei as MLZ
/Ju‘lich Centre for Neutron Science p O I n t S C att e r er Heinz Maier-Leibnitz Zentrum

P

- Scattered circular wave: _F gl

[ (/7N

MNucleus at r=0

Incident plane wave: e** -7
-

- sind —ML
k' 2 |k

q 41
= i =2 sing

20 q=2ksing %
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k
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Heinz Maier-Leibnitz Zentrum

%}m Differential cross section M"“"'L_““‘Z

Scattering direction

/e‘ﬁ"

Incident Meutrons
‘_‘___-"h‘-

Z-axis

Figure 2: The geometry of a scattering experiment (after Squires)
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Some formulas N Al —
Wy MLZ

Juilich Centre for Neutron Science Heinz Maier-Leibnitz Zentrum

For small angle scattering we can use the integral instead of the sum:

2
d3’ N do 1

_ e _ Sl b;
0=y W=y -

with p = T

/ p(r)ei T dr

JV

Coherent and incoherent scattering including absorption give the
complete differential cross section:

dd’ . dzcg h dzinc dzabs
V=" W+ + 0

31.03.2014 nmiﬁ Motivation %/ 18



gm The small angle scattering secret NML Z

Heinz Maier-Leibnitz Zentrum

r*

Figure 3: Scattering length density of water as a function of distance from a given oxygen atom
(after Kline)

31.03.2014 nm‘a Motivation %/ 19
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The final formula to calculate a NML Z

Jiilich Centre for Neutron Science S C att e r I n g I aW Heinz Maier-Leibnitz Zentrum

=3

dd. 1 y
“—1:' = —{p1 — Pi}'} / 1 Ydrq
|’ Jv;

For example for a sphere one obtains for the modulus of the integral:

3] : i . 2
P(Q)=|: Jl(QR):| { 3 (smEQIZ-)_mG(QR)H
QR Rl QR QR |

31.03.2014 nmla Motivation %/
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Formfactor of a sphere

ML Z

Heinz Maier-Leibnitz Zentrum

P(a)

10

__— Guinier reqgio

10

100

10

10

10

i /’
v

10

10

10
0.001

0.01 0.1 1
q (A7

Figure 7: Form Factor spheres of radius 3A. R, = 23A
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Juilich Centre for Neutron Science Heinz Maier-Leibnitz Zentrum

Different sizes of particles N Al =
o MLZ

100000 -

Particles with diameter of
10000 ] 300 nm
E —— 50 nm

] 1.9 nm (lysozyme)
1000 - N
\ (concentration=constant)
100
10

; [\
Al ”

0,13

Scattered Intensity / a. u.

0,01 -

1E-3

(1= E— | |||
1E-4 1E-3 0,01 0,

q/A*

31.03.2014 nmﬁﬁ Motivation %/
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gm Formfactor of a cylinder "“"ML_““‘Z

Heinz Maier-Leibnitz Zentrum

10

10 =g~ i N
Guinier region
101 ]

10 i

10 — T — T — Ty

0.001 0.01 0.1 1

Figure 8: Form Factor for cylinders of radius 30A and length 400A. Ry = 117A
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%}m Influence of a size distribution= M"‘LZ“‘
Jlich Centre for Neutron Science P O I yd | S p e r S | ty Heinz Maier-Leibnitz Zentrum
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Dynamische Lichtstreuung

ML Z

Heinz Maier-Leibnitz Zentrum

-“ Kiihlkreislauf |

8
o> \

Klivette

. %
\

Interlock .

N,

" Probenhalter™
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/ Juilich Centre for Neutron Science

Methoden & Instrumente

ML Z

Heinz Maier-Leibnitz Zentrum

Autokorrelationsfunktion weist drei verschiedene Zeitkonstanten auf

— _2 qut LR B GLLL RERE o EASLLL R SR SALLL R AR EALLL AR AL JIELZ LLLL R
gz(z')—l—e ol l |
- Zeitkonstante: t,, t,, t, 08 |- Y g
: : ‘ .. 5 06| K -
 Diffusionskoeffizient: s
‘ ,—L 04 ‘.’\ 2
« Hydrodynamischer Radius: = N
02 |- \\ =
r, = KT | 2t g° ' — ‘
H n q 00 N
6m7 PEEEETTT BRI AR RTTTT B AR T B ST ATTTT AR AT AW T AR ATTTT BN RTTTT
1E-5 1E-4 1E-3 0,01 0,1 1 10 100 1000 10000
4dtn ] 6 time [ms]
q=—— *sihg . . . .l
A 2 Keine Forminformation maoglich
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b}mch Centre for Neutron Science

ML Z

Heinz Maier-Leibnitz Zentrum

Pre-characterization of the
lysozyme sample in the lab using
light scattering

31.03.2014

nmla Motivation



;‘ Z Juilich Centre for Neutron Science

Dynamic light scattering gives the
number of particle sizes present

MLZ

Heinz Maier-Leibnitz Zentrum

T=298 K

'II l| l"l' I I IIIII "II I 1 ’2 ' l ."' l ' ' |||'
1,0 | i
s".‘."~«-\ 1’0 | _
08 |- ""., -
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5 06} 1 - =
© . ®,
,L 0,4 - "\ | ;\
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£ e R
02+ ‘\ =
LY
010 - \\’: 0.:‘3”“\_
PRI B AN AT BT TTTT AR AT BRI AR AT ETTIT BT AR 1T BTSRRI
1E-5 1E-4 1E-3 001 0,1 1 10 100 1000 10000 1E-4 1E-3 0,01 0,1 1 10 100 1000 10000
time [ms] Verzégerungszeit  [ms]
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Pre-characterisation of the ~ Al —
;}Juch Centre for Neutron Science 1 1 1 M LZ

crystallisation speed with DLS Feinz ier etz Zenru
T=2945K T=298K
E J ' ' L ' i ' ' ' ' ' J T 8 C T T T T T T T T T T
— 10 F DLS Daten 3 [
E, 9 = kleinste beobachtbare Struktur _ T 7 — DLS Daten ;
“r gt 3 ,_-E-I s B kleinste nachweisbare Partikelfraktion ]
Ei 7 E @t
o : 5 OF [ ]
¢ -i\q,..‘ o % §5 8 T  fgan W w o om . L.
C ] r | -
E’ 5k fi}i# k iiEI —! E 5 4 f n n "
3 | 8 3f :
= . 3 E I
§ | e 2f
> 2: % C
S 1f O 1L
= s © C
z>" O: 1 1 1 N n 1 1 L 1 ) 1 I 1 N 1 L EO- P PRI R | | PRI RN ESAEN SR PR SR S
0 30 60 90 120 150 o 1.2 3 4 5 6 7 8 9 10
Zeit [min] Zeit [min]

» Constant radius of the dimer fraction in both cases

20.11.2014 ﬂmﬁﬁ Messergebnisse %m‘@ﬁc 29



Comparision with the literature NML Z
b}mm Centre for Neutron Science

Heinz Maier-Leibnitz Zentrum

T=2945 K Y. Georgalis, A. Zouni, W. Eberstein, W.
Saenger, Crystal Growth 126, 245-260
. & *r I f =+« 1 £ = T« T & 1% 7 400 [ T - —
. 900 DLS Daten: . '
= o Zwischenzustand °
~ 2 400 R(t) = R (1+ct)"™ d 300 k
= - ..
=2 : —
T 300 . £
© [
T - £ 200
g 200 L RO =20nm ]
Q L — -1 =
2 =128 o
T 100 | T 100
= ! N, =314+10" cm
© -
o I
© Of ¢ =
> |
S (S S S S NS SR S SR T A (A S S 0 1 !
0 15 30 45 60 75 90 0 15 30 45
Zeit [min] t [min]
DLS with 60mg/ml Lysozyme mixed with DLS with 61.3 mg/ml Lysozyme
6wt% in D,O Puffer mixed with 7.2wt% NaCl in H,O Puffer
pH 4.35; T = 294.5 K; scattering anglel 174° pH 4.2; T = 293 K; scattering angle 20°
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Change in fractal demension

observed at T=294.5 K

ML Z

Heinz Maier-Leibnitz Zentrum

T=294.5K

Fractals form!

d.=1,3

0,006
. i SLS Daten nach
0,004 | o O 20s
" A 40s
— S O 80s
< A O 10 min
g 0,002 9 X d © 20 min
s o 60 min
.‘: % o [N
© A A a
= 1E-3F q P o 8 » i
_: o
D 8E-4; Ng N\
() O~NQA 0\
_>. 6E"4 B V A .\
] BN
(14 v ;‘t‘.\\ O
4E-4 } & ;:_‘1 8
! 1
2E-4 5E-4 1E-3 0,0025
-
ql[A’]
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2 Dynamic light scattering to M"“"_““‘*LZ
=7 eeses - caracterize the sample system

T=298 K
1;2 LIRS 22 IR LR S L N D AL L 220 ISR B O AL IR B RS
» No third particle fraction observed | Dimere bzw. DLS Daten
1,0 + kleine Oligomere o Kiristallisationsansatz -
nach 9 Stunden
o8k ° % .
’ (o]
£ %
> Crystals grow larger in size < 06 ‘33% .
as at 294.5 K B gal 3;% |
O Q Mikrokristalle
0,2 l
N\ - ; " i 00
. - __;rei 1E-4 1E-3 0,01 01 1 10 100 1000 10000
, ’ ' \ Verzdgerungszeit © [ms]
~ | ; t
e ———
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2 Long term observation of the MALZ
= eeeensee cryStallisation process with DLS s

4 77— —I—_ 298 K
O

DLS Daten
o Nuklide und Mikrokristalle
der Lysozymkristallisation

\ - q i
‘ ’ P,; 2F Wachstum der o)
- | [ Mikrokristalle (o)
: - < BEE
Al ‘ L o o‘:u‘%c’c a |
’ : 1+ ) Cd i

" Bildung der Nuklide

hydrodynamischer Radius r,, [um]

& Erreichen des metastabilen Bereichs

O....|...I...I...I...I...I...I:..l...l...
o 1 2 3 4 5 6 7 8 9 10

Messzeit [h]

* Inthe beginning we have two patrticle 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

20.11.2014 ﬁmﬁﬁ Messergebnisse %K 33
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Small angle scattering signal can be N a8 —
b} calculated using a model fit of the DLS ML Z

Heinz Maier-Leibnitz Zentrum

data
Volume of the crystal nucleus _ 500 DLS Daten: ;
£ o Zwischenzustand S
N; a00 | R(t) = R(1+ct)"" ¢ |
dZ . 'S ; ) |
T 300} .
q — O — * Vz % : R =20nm
d Q p £ 200} o= 57 .
D [ c=136s
g - L ~,' d =16 ]
Scattering contrast of lysozyme S e LN=314410" omf
§ of G
E [ | IS S (T SR S N SN SN ST SR S R T_— 1 " "
0 15 30 45 60 75 90
Zeit [min]




In-situ experiments at the instrument NMLZ
Jiilich Centre for Neutron Science D 1 1 Heinz Maier-Leibnitz Zentrum

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

20.11.2014 nmlﬂ In-situ Messungen %/ 35



E}w Scheme of the set-up NML Z

Waste-syringe

Heinz Maier-Leibnitz Zentrum
neutron path J-

D11
Syringe pump beam collimation
& final apperture

laser
path

___lysozyme solution

| < T
- | — T .
— = ||| < j
: =) - N

NaCl solution

] forward
monitor

18 detector tubes
scattering angles
22.5t0 147

36
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Heinz Maier-Leibnitz Zentrum

; Picture of the set-up at D11 MULZ

Detector tube
D11

In-situ set-up with
dynamic light scattering

Collimation with last
apperture of D11
gk \

Syringe pump '_l ‘

Wyatt Static light
Scattering instrument

20.11.2014 nmia In-situ Messungen %/ 37
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b}mch Centre for Neutron Science

DLS-data recorded in-situ at D11

g'(x) - 1 [a.u.]

bl bR | HERELARLL | UL || LR | LAY | vor T
1,00 |- stable dimers -E-ISOO I ﬁ% ﬁ _
; T i ]
3 200} ﬁ%
s ﬁﬁ
0,75 F : % .
S, 100} H
3 DLS data
-':; { o lysozyme oligomers :
X ol . . .
050F  DLS dataon Y e
 lysozyme crystallization
5 5 min /oligomers
0,25 [ ——12min
—— 35 min
double exp.
- decay fit
0,00 .
A ETI | Ll Ll Ll Ll Ll L1
1E-5 1E4 1E-3 0,01 0,1 1 10

delay time t [ms]

31.03.2014
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Juilich Centre for Neutron Science

SANS + SLS NAl 7
. MLZ

e ———— | T= 298 K

[ o
i \ Quasi in-situ SANS & SLS data
[ on lysozyme crystallization

o  SANS after 80 s
—m=— SLS after 80 s
—&— SLS after 10 min

o SANS after 40 min
—e— SLS after 40 min

7
g

—
LI |
1]

e

dz / dQ [cm™]

01

0,01 0,1 0,4

2E4  1E3
q[A"]

31.03.2014 nmia Motivation %/ 39
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On the reproducibility of the MTZ

Jiilich Centre for Neutron Science Crysta”isation runS Heinz Maier-Leibnitz Zentrum
= 400 lln-;itu] DLIS dlatalonllys;)zylme 'cryls.talllizaltim; | 1 Differences in the Sp@@d of the
e A R S S S 1,; | Crystallisation process:

o 200 DeE&F 959 ¢ % %i”ﬁ ) « Possible reasons are
5 250 §§ %% ﬁggigufi- . fluctuations of the
= 200} i %gﬁowa,; temperature in the
= T g%n%;sﬁ,—?ﬁ’ ek o vicinity of the sample
£ 150] tho89999, 11104 \ J .
DI aastoiil cel
guop b T -
3 %‘MHM '
I ol )
0 5 10 15 20 25 30 3
time [min]
» Scaling factor necessary to account for the differences

20.11.2014
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%}m Reproducibility of the results M""‘_““‘LZ

Heinz Maier-Leibnitz Zentrum

"é' 400 T T T T T T T T T T T T T T T T T
,,,,,,,,,,,,,,, = - In-situ DLS Daten des Kristallisationsansatzes
= 400 _ In-situ DLS data on lysozyme crystallization | © 350 | o Messung A N

£ T
€ 350 meas:remegtseq(u;ence: % §§ 4 ; 55 g Messungg . ii%%%

- a Ao Bo ] - essung 5 % .
§ 30r <«DoESAF 959 ¢ % é i .g <4 Messung D I,,E':
I G L8 o
o 200 i 9999527903844 Ta 4 - =
g 150 921789 1 T L TATA JJ J . @) 0%
> 100[ gazd E l ﬁ H \IHH | D 150 | i [ i
gr  q88se] e U]TI0]] E | [

-c 50" J J CU lt{\,j“;’ ARl A
200 T SCIRF <\Klil )
ot TOQPHT o
............... © \ | A -
o 5 10 15 20 25 30 35 O 50+ @& \ ‘ Z Messung E |
. . o | i, Messung F |
tlme [mln] E 0 1 1 1 1 1 1 1 1 't |

7o I i i i " i i
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

11. 3 situ M % 41
20.11.2014 nm' In-situ Messungen Ml



;}Juch Centre for Neutron Science

Results of the SANS and SLS
measurements at 298 K

ML Z

Heinz Maier-Leibnitz Zentrum

» Extended g-range due to SLS

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

d=ZX\dQ [cm™]

10

2D

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

o SANS nach 80 Sekunden
—=— SLS nach 80 Sekunden
—e&— SLS nach 4 Minuten
—a— SLS nach 7 Minuten
—&— SLS nach 10 Minuten

o0 SANS nach 40 Minuten
—e— SLS nach 40 Minuten -

. . Formfaktor einer Kugel
» Change of fractal dimensions N .
observed 0,1k —— Anpassungsfunktion /(q)ec g mit d=1,72 e
2E-4 1E-3 0,01 0,1 0,4
A
AT g =172
T=298 K
20.11.2014 nmﬁﬁ In-situ Messungen 42



b}mch Centre for Neutron Science

Agreement of SLS/SANS data with in- a1 —
situ DLS data at 298 K MLZ

Heinz Maier-Leibnitz Zentrum

= 30T bLs Daten . Quasi in-situ SANS & SLS Daten |
= [ o groRte nachweisbare i " des Kristallisationsansatzes
™ : - y 1 B o SANS nach 80 Sekunden
LT 250 | Par‘ukelfraktlond i 1o - - —=— SLS nach 80 Sekunden
E [ R =Ry(1+c)” ] - | ) —e— SLS nach 4 Minuten
'g 200 F u = \\5 - S —e— SLS nach 7 Minuten
04 [ i O, e\ R —a&— SLS nach 10 Minuten
5 1 \% o SANS nach 40 Minuten
5 150t . T 1L N —e— SLS nach 40 Minuten 4
L i i o s i o
g 100l . S [
= E ] L
'§' - ] I | Formfaktor einer Kugel
5 S0 . mit Radius 2,1 nm
= i 0,1 Anpassungsfunktion /(q)ec g mit d=1,72 S
° (I) 1IO | 2IO 3I0 40 2E-4I - .‘iiE—3 T .(l)I,O1 | “(I),1 ‘0,4
Zeit [min] q [A'1]
» Agreement of fractal dimension at 40 min. d;
| d,=1,72
» Fixed parameter R, from SANS used for the model
fit of the DLS data
> Verification of the diffusion limited aggregation model T=298K
20.11.2014 nmla In-situ Messungen gy~ 43



Just the SLS data is needed for N Al —
Wy MLZ

Jiilich Centre for Neutron Science fitting the fraCtaI dimenSion Heinz Maier-Leibnitz Zentrum
™1 ' ' ]
0.01 L SLS data on |
O lysozyme crystallization
— O 5 min
= O 7.5min
L,
O
hd
o
.-57 1E'3 N 7
[
> ——8(q),; df= 1,00 £ 0,07
14 ——5(q),. df= 1,24+ 0,05
——5(0Q), oy df=1,40£ 0,02
——8(q),; df= 1,66 £ 0,03
1E-4 —— : | - -
1E-4 1E-3 0,004

q[A"]
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J/Juch Centre for Neutron Science

Change of fractal dimension
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Agreement of the changing fractal
dimension with the DLS data
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b} Model for the crysallization process NAL.Z

Juilich Centre for Neutron Science Heinz Maier-Leibnitz Zentrum

(A) Monomers % (B) Oligomers % (C) Nuclei ,?
© 500 &, & {@ @ % ‘

(E) Fractals 2

(D) Crystals Q D

Y. Georgalis, P. Umbach, J. Raptis and Wolfram Saenger, Acta Cryst. 53 (1997) 703-712
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,_v} Model for the crysallization process NAL.Z

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

teste e Snl i s

(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 ML Z
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» Lysozym dimers/ small Oligomers

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

| IR T N e I G o ML R N R T Ry N PN M ENN S SN DNTELUAET N TN S SO B

DLS Daten
o Nuklide und Mikrokristalle
der Lysozymkristallisation

w N
— T

» Lysozyme oligomers

N
— T

* Fractal Strukture Wachstum der o}
« Involved in crystal growth Mikrokristalle 5 = &pg ng
o @& o]

-
T T

* Are not present at T=298 K

» Crystals

hydrodynamischer Radius r,, [um]

& Erreichen des metastabilen Bereichs |
PO L] VAN Gt TR RN Vi WO N 0Y Tt M KON SO L S OO AT VAL S| LY G N N (AT Voot ST O

« Growth at surfaces 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

o
o —r—T
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Results form the instrument BioDiff

31.03.2014

nmia Motivation

51



Juilich Centre for Neutron Science

Ergebnisse vom BioDiff
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The crystallization solution
mounted in the instrument
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} Ermittlung der Raumgruppe und der ML Z
e Einheitszelle der Lysozymkristalle  sesesme o

Integration der Daten durch “hkl-DENZO" Software

Einheitszelle; 79.5 795 37.8 90.0 90.0 90.0

Raumgruppe: p 43212

-
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1B . LIEJEICEES | ¥
SANS Daten BioDiff ]
- —— Lysozym (Puffer abgezogen)

[ kugelférmiger Formfaktor
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10 RO\

L SLS g- N
. 0 g-Bereich

- Bereich |~ 9 :
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4tn 0 NN
q =—— *sing 1E-3
A 2
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0,01 0,1 1
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Radius ermittelt durch Formfaktor einer Kugel weist auf Monomere hin
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2 Analyse des Kristallwachstums — NAL _Z
/Julich Centre for Neutron Science am B I 0] DI ff Heinz Maier-Leibnitz Zentrum

T=298 K

600 | Neutronenstreudaten BioDiff A
o Bragg-Reflex 1 a
4  Bragg-Reflex 2
500 - o Bragg-Reflex 3
¢ Bragg-Reflex 4

D

o

o
I

Norm. Intensitatsdichte [cm'1]

300 | -
200 -
100 -
| | | P | | 1
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Zeit [h]

« Zeitliche Entwicklung der Intensitat der Bragg-Reflexe
veranschaulicht das Kritsallwachstum
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T=298 K
| BN LR AL LN RO R e 25 RR AR SRS
SANS Daten BioDiff
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. M 10 Kristallisationsansatz 7
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© i ]
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From small angle scattering
single crystal diffraction
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Outlook
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Outlook NMLZ
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| Detektor KWS-2

> In-situ DLS at KWS-2 [ ey \ PR ——

« Additional scattering angles
——— Laserlicht
* Moving final apperture =mee PESHEUES
Laserlicht
mmm Kollimator
N\ Spiegel
verfahrbare
: Strahlrohmase
VIS IS ISV
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Combination of FTIR and SANS |
. MLZ
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from IR (1) (6
light source \'\ / to detector
ﬂ(z) (5)!]
/ sample \
4
R ofife 27

neutron beam _ﬂlj_Llj_> /
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b) Combination of FTIR and SANS
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CO stretch

CH stretch CH, scissor

CD stretch C=C
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Figure 3. Temperature dependence of
FTIR spectra measured in parallel with
the SANS measurement on a
sPS/TEGDME cocrystal film. The
temperatures are 25, 61, 80, 100, and
135 ° C from the top to the bottom.
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Figure 4. Temperature dependence of

Q /A-1

SANS one-dimensional intensity
functions, | (Q) along the meridian.
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