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The Caseln micelle LUND
Average size of 100nm, about 800 CPN

—~ Casein proteins

Us,-casein .
U, ,-casein Xs;-casein
b-casein X,-Casein
a-casein b-Casein
_ K-casein
NN
: .y.ﬁ':_-?,f
= Calcium phosphate nanocluster AR
. = CPN
2.3nm core radius o N

é-casein is believed to control the micelle size and
expected to forms an outer, diffuse layer.

C. Holt 1992 de Kruif & C. Holt 2003
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Neutron scattering
SANS (small angle neutron scattering); micelle structure & substructure
- Length scales 1nmi1 200nm
Light scattering

Dynamic Light scattering; dimensions of particles
- Length scales2nm - 500nm

Cryo-TEM

Cryo transmission electron microscopy; observation of specimens
- 2D image that is a projection of the entire object
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Investigation of a-casein

=~ Pure a-casein studied with SANS, Light scattering and CrycTEM

- Highly purified a-casein (from bovine skim milk)
- Concentration range 0.1mg/ml i 10mg/ml.
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~Previously +wasegnorted for é

- CMC (critical micelle concentration) below 1 mg/ml 1
- Form spherical 30-mers, about 12 nm in radius (above CMC) 1
- Micellation indepented of temperature

1 H. Vreeman et.al, Biophysical Chem., 14 (1981) 185-193.
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ResultsT dynamic light scattering

> Slope of decay rate i against g2 —> Diffusion coefficient > Hydrodynamic radius, Rh

Stokes Einstein eq.

a-casein (5mg/ml)inH,O & 16 n m (6°C)
a-casein (5mg/ml)inD,O a 15 nm (6°C)

= Evolution with time for R, (at 90°)

k-cn 1mg/ml - evolution with time

EL
6° C1 stable aggregates of 16-
30 17nm
‘E‘ 25 25° C - enhanced particle growth
= —t 16nm -> 25nm
Z 0 25°C
15 _ B°C first 24h crucial!
10
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Resultsi cryo-TEM

é-casein, smg/ml i 6° C é-casein, 5mg/ml i 18° C
Spherical aggregates Spherical aggregates
5-15 nm radius 5-15 nm radius

100 r)
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Resultsi cryo-TEM

é-casein, 5mg/ml 1 25° C é-casein, 5mg/ml i1 37° C
Fibrils Fibrils
100-200nm long, 10-20nm thick 100-200nm long, 10-20nm thick

Repeat distance of 20-40nm
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Resultsi cryo-TEM

b-casein, 5Smg/ml 7 25° C Qcasein & -caseif, 5nigiml id37°aC

Spherical aggregates Spherical aggregates / Micelles

100" Am

| S
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Summary i cryo-TEM ol

é-casein, sSmg/ml

Buffer - 0.001M DTT, 0.01M EDTA,0.1M NaCl,0.02% NaN3) in H,0.
Treated with molar excess of DTT (breaks the S-S-linkages).

Treated with 8M urea (to weaken any hydrophobic interactions). Incubated for 16h.

~6°C -> spherical aggregates

>18°C -> spherical aggregates

=25°C -> fibrils

=37°C -> fibrils

=25°C, only b-casein -> spherical aggregates

=37°C, + 2.2 fold molar -> spherical aggregates (no fibrils!)

excess of b-casein
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é-caselin fibrillation

D. Thorn et.al, Biochemistry, 44 (2005) 17027 -17036.

Form amyloid fibrilsat37°C ( af ter 1 ncubation-shieetssr 12h) i n the
Threadlike structures, approximately 12-16 nm in diameter and 50-300 nm in length
Fibril formation i nh-iamidt/ easeinfh2 fddmelarpxces ence of U

Mt room t e rogs@rraggregates weee essentially spherical with an average

diameter of 20 nmo
%’ Amyloid fibrils

Note - Proteins purchased from Sigma.
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Raw data was reduced in GRASP software, and analysed in IGOR
with the NCNR analysis package provided by NIST.

Assumptions

Spherical aggregates
-Polydisperse core shell particle

-Shell consisting of the macro-peptide
par t-casdin (5810nm)

-Core consisting of the rest of the
é-casein

-Selfaggregates to micelles of about
12nm in radius according to the literature

£
Y1666 71
\(O(%SH“\'
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Fibrils

-Cylinders, polydisperse in length
-10-20nm thick

-100-300nm long

-Threadlike structure
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»  Results- SANS

k-casein
25°C & 18°C
14" ::
i,
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® kcn_10mg_D_25C_norm
® ken_S5mg_D_25C_norm
ken_1mg_D_25C_norm
® ken_10mg_D_18C_norm
® ken_Smg_D_18C_norm
ken_1mg_D_18C_norm
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Thanks to A. Jackson

q (A

I(q)

0.01

se 00

ken_10mg_H_25C_norm
ken_5mg_H_25C_norm
ken_10mg_H_18C_norm
ken_5mg_H_18C_norm

0.001
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25° C and 18° C datz:
same trend

6° C data still to
be treated !
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Next steps 1 Intermediate g-region

ken_10mg_D_25C_norm
ken_5mg_D_25C_norm
ken_1mg_D_25C_norm
ken_10mg_D_18C_norm
ken_5mg_D_18C_norm

= Fit of intermediate g-range gives: | ken_1mg_D_18C_norm

LN

LN

- Solvent content and size of the core

LR 1
-

- Solvent content and thickness of the shell [~ sphere

- Polydispersity

- Solvent content and dimension of the N 0.1 -
cylinder (fibril) '

- Polydispersity — rod

I(q)

0.01 1
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= 25°Ci fitted as polydisperse core-shell particle

'||::|nIEI ] o ® kcn_Smg_D_25C_(norm)
i . — smeared_pcf
— FitYw
1
10
2 _]
g 107>

- 3% solventicontent core
- 2.6nm radiys of the core
3

- 94% sol\?er_it contfefnt shell

- 5nm shell thickness

- 72% polydigpersity core

10

SANSI Intermediate g-region, 25°C

10 7

I{q)

59% solvent
7nm radius of
100% solvent

(5nm shell thi

— smeared_pcf
= FitYw

® ken_Smg_D_25C_(norm)

ontent core
the core
content shell-=>0nm thick -

ckness)

4
10

26% polydisp%ersity core
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e SANS- Intermediate g-region, 25°C

0 _] ® kcn_Smg_D_25C_(norm)
107 . — smeared_cypl
. = FitYw
= 25°CT fitted as cylinder with polydisperse length (fibril)
'IlEI'1 =
- 84% solvent content in cylinder
- 10nm radius (monodisperse)
- 200nm long
- 68% polydispersity (length) T 10
'IlEI'3 B
Next step Is to evaluate the 6 °C measurements.
10

T T T T 1
4 5 B 7819
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Conclusions

= Light scattering results clearly showed a temperature dependence for a-casein

- stable aggregates for 6°C (16nm)

- larger aggregates with increased temperature (6 °C/16nm -> 25 °C/25nm)

ﬁ Amyloid fibrils
= Cryo-TEM results showed that 25°C (16h) is sufficient for a-casein to form fibrils.

- Presence ofb-casein inhibits fibrillation -> crucial for casein micelles

Casein micelle

= Fitted SANS data fora-casein indicates that;
- similar trend for 25 °C and 18°C measurements (6°C under evaluation!)
- unrealistic values when fitting a polydisperse core-shell particle to the 25 °C-data (5mg/ml)
- more valid values when fitting a cy/linder with polydisperse length to the 25 °C-data (5mg/ml)

-> strengthens cryo -TEM results

Data is till to be evaluated further.
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Thank you !




Next stepsi SANS, low gregion

A Radius of Gyration, R, to be determined with Guinier plot (In(l) against q 2)
- Only feasible for low concentrations (no aggregation) since the Guiner region is defined by q, ., Rs <1

A Calculate Rwith R;values;
R:2 = 3R2/5

RZ=R2/2+L2/12

A Clear upturn in the lowest g-region with increased
concentration -> aggregation effect ?

- Include a power law function to the fit
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cylindrical rod
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Dynamic Light scattering

A Samples was measured with a Multrangle cross-correlation light scattering -3

A DLS measurements - hydrodynamic radius of our particles/aggregates

Multiangle cross-correlation light scattering allows time-resolved static and dynamic light scattering experiments,
measuring at four angles simultaneously

1 Urban, C., Schurtenberger, P., J Colloid Interf Sci 207 (1998) 150

2 Moitzi et al., Langmuir 27 (2011) 219571 2203

3 Located at Div. of Physical Chemistry, Lund University
http://www.physchem.lu.se/instruments/scattering_techniques/multi_angle 3d_goniometer_system/




