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Presenter
Presentation Notes
Typical starting sentences (you will see from the other presentations before you) are:

Hello, my name is Lisa and I will be presenting my SURF project on the small angle scattering profile of dry milk powder, a NIST Standard Reference Material.

Could I shorten it to just “Small Angle Scattering Study of a NIST Standard Reference: Whole Milk Powder”
https://www.ncnr.nist.gov/


Typical Small Angle Scattering of Milk
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Adapted from Ingham et. al (2016). Soft Matter. 12: 6937-6953
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Milk has been part of the human diet for ~8000 years.
What’s new?

We don’t fully understand it yet

* None of the current models explains all experimental results for the particles
that stabilize milk : CASEIN MICELLES

* NIST SRM 1549a was the chosen sample for this project:
e certified mass fraction values
e contributions from this project’s findings

Image from: https://alfafoods.co.nz/wp-content/uploads/2016/01/milk1.jpg
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Include examples?
Potential carrier for drugs (has been suggested by literature)
Lactose processed in the small intestine by an enzyme called lactase. Lactose intolerance caused when our bodies stop producing lactase

Call it lactose (milk sugar) intolerance or a dairy allergy, but often these symptoms are more likely caused by difficulty digesting the protein casein.-https://bodyecology.com/articles/sensitive_to_casein_in_dairy.php

Large numbers of the population avoid dairy due to food allergies and intolerances

https://phys.org/news/2009-08-years-central-europe.html


@ Image from Dalgleish. (2011). Soft Matter (7): 2265-2272.

What are casein micelles? W 210 D

Sub-micron particle with various sizes (10000 pepride chaine)
depending on many factors

Electron microscope Image

Calcium Phosphate Nanoclusters
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Adapted from: C. Holt (2016). International Dairy Journal. 60: 2-13 AR e L
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Peter Hristov, et. al. (2016). Milk Proteins - From Structure to Biological Properties and Health Aspects Nanocluster model
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Rheomorphic: have open and flexible conformations, which make it hard to determine structure               Each CPN has ~50 chains of phosphopeptides around the calcium phosphate core
Electron micrograph of casein micelle

http://pubs.rsc.org/en/content/articlehtml/2011/sm/c0sm00806k Field-emission scanning electron micrograph of a casein micelle. The particle is chemically bound to the substrate and is not metal coated before microscopy (see ref. 25 for details). The scale bar is 200 nm.

αS2 and κ caseins can interact to produce toxic amyloid fibrils
1 Dalton is 1.66e-24 grams
Do I need to say how much it weighs?
Should I say how I use one model due to the ease of using It or just say one model

Where are these images from?

In bulk milk, CM sizes of 125–487 nm reported. Results vary depending on technique used.
 CM size and polydispersity is varies among individuals and species

(most abundant proteins in milk are caseins) 


Function/Applications of Casein Micelles

Biomineralization

» Milk is supersaturated in calcium
phosphate. Caseins stabilize it.

— Drug & Nutrient Carriers

1.

2.

* Biocompatible, biodegradable

Inhibit amyloid fibrils
I:'-é::;:in. — % Amyloid fibrils

a,;-casein,
K-casein

*
a,-casein,
B-casein

Casein micelle

Dairy quality & performance

» Micelle size influences processing and

texture of dairy products

Adapted from Holt et. al. (2012). Journal of Evolutionary Biology. 25: 1253-1263

Bouchoux et. al. (2015). Soft Matter. 389-399
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Biomineralism: the formation or accumulation of minerals by organisms especially into biological tissues or structures (such as bones, teeth, and shells) –Merriam Webster
https://www.researchgate.net/publication/224823152_Darwinian_Transformation_of_a_%27Scarcely_Nutritious_Fluid%27_into_Milk
(similar to molecular chaperones) \

Calcium phosphate can undergo irreversible precipitation, but with the formation of casein micelles, precipitation is halted and no calcification occurs
Calcium phosphate needed for bones and teeth. Calcium essential to many biological processes. 
drug carriers-(both the micelles and the CPN)
Structural properties are linked to performance of dairy processes and quality of dairy products�Processing techniques such as microfiltration to make milk and cheese are based on micelle properties�how does it avoid fibrils?
I forgot why its called amorphous
Give example of how it affects dairy
Processing techniques such as microfiltration to make milk and cheese are based on micelle properties


Ultracentrifugation

)
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Adapted from: http://www.creative-biostructure.com/custom-size-
exclusion-chromatography-service-259.htm
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Simulation Why nheutrons? Simulation
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Polydispersity defined as the ratio between the standard deviation and the height of the average peak (Gaussian)


Why neutrons?

70% D,O 98% D,O
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Non destructive
Distinguish between isotopes (we can use D2O and assume same structure)
Can do contrast variation


Small Angle Neutron Scattering (SANS)

SANS is the least intrusive, most informative technique
e Covers broad range of angles

e Does not require cooling, additives, etc. (less artifacts from sample preparation)

. R, from DLS (nm): [= seo
T Skim — 361 72 1,3 .5,
4 Pool 1-242+57 | i \/ici - -
’ ool o877 | > 4 __~UV-Visible Signal easily saturated
//

Pool 4 -83 + 21

Pool 5-79+11 |.. )
Used instead:
== P00l 1

== Pool 1 - UV-vis of diluted fractions
b - - Dynamic Light Scattering
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102 = -4« Skim milk pre-fractionation

“% BT5 (desmeared) &
‘ NGB30 data

T T T T T T T T T T T T T T T
0.001 0.01 0.1

"Reduction and Analysis of SANS and
USANS Data using Igor Pro", Kline, S. R. J
USANS SANS Appl. Cryst. 39(6), 895 (2006).
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https://www.ncnr.nist.gov/equipment/msnew/ncnr/bt5-usans-ultra-small-angle-neutron-scattering.html

http://iramis.cea.fr/scm.ORIG/lions/techniques/saxs/
 bigger molecules, smaller q?
Saxs-based on charge (electrons)



Fractionation helps — Optimization of SEC runs

Faster flow, 2ml fractions, more fractions pooled Less column saturation, 0.5 ml fractions, less
together. Run at 4°C volume pooled together. Run at 10°C

1st COLUMN 5 2"d COLUMN

10—5
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10" 4 : 107 =
1 S T e I 3 i 647363 S W o
0.001 2 3 4 5 B 78 9001 2 3 4 5 6 7 8 901 2 3 4 5 001

SANS profiles in D,O buffers have better signal-to-noise but also match out the CPN contributions.
The change in size distributions is however still clear.
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Note that the solvent was not subtracted so these are not absolute scales. The samples also have slightly different concentrations, which may affect the low q region (structure factor effects), but the DLS data does not appear to show a big sensitivity to size distributions in the concenration ranges that we used for the SANS data collection.


Fractionation helps — Contrast Variation

H,0O Buffers . 70% D,O
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Conclusions

of milk for improved resolution

Mid-q feature of the spectrum is matched
out in D,0O buffers (CPN matched out).

USANS-SANS provides information on the
different components but sample
monodispersity can only be kept for 1-2
days.

*VSANS please!*

@ 80322nm
. Micelle R,in SRM
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Conclusion:
um

Errors:
Drying of milk into powder then dissolving it could have affects on the casein micelle
Time difference between getting data

Future:
Use VSANS instead of using SANS and USANS and then scaling the data. 
Test on methods to get rid of fat more effectively (centrifuging at different times/speeds, temperature)
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IF you run out of time you can just leave this slide up there while you wait for questions.


2D neutron
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Holt et. al (2012). Darwinian transformation of a ‘scarcely

Ve®

) nutritious fluid’ into milk. Journal of Evolutionary Biology
Caleium - Supersaturated
O w-rich sub-micele @ ;,dc;;_ﬂ a (j K- DOOH solution (blood, urine, saliva, milk etc.)

ACP nuclei
Peter Hristov et. al (2016). Measurement of Casein Micelle Size in casein,
Raw Dairy Cattle Milk by Dynamic Light Scattering, Milk Proteins - OPN etc.
From Structure to Biological Properties and Health Aspects
Sequestered ACP
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SANS

2D Detector
128 x 128, 5 mm? pixels

Alternate
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Peter Hristov, et. al. (2016). Measurement of Casein Micelle Size in Raw Dairy Cattle Milk by Dynamic
Light Scattering, Milk Proteins - From Structure to Biological Properties and Health Aspects
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*Size Exclusion Chromatography: Separation q = 4sing/A
K =2m/A -

by Size Detector
eAkta Purifier System

*Hiprep 26/60 Sephacryl S-500 Column
(Matrix: cross-linked copolymer of allyl
dextran and N,N’-methylene bisacrylamide)
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