Changes in milk proteome and metabolome
associated with cow health
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Topics

" Proteomics & metabolomics methodology
"  Two examples:

® Negative energy balance
® DGAT1 genotype
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Proteomics &
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Why do we use -omics methods?

= Combining different —omics methods may lead to a
more integrative view on underlying physiology. Better
understanding of:

e The physiology of cows - in relation to milk
synthesis&secretion and animal health

e The interlinkage between milk components and the
newborn’s immune system (calve/baby)

WAGENINGEN UNIVERSITY
EEEEEEEEEE



Which milk components are interesting?

Cow’s milk contains:

" 3.5% protein
®2.7/% casein
00.7% serum proteins
0(0.1% MFGM protein

" 5.4% small water-
soluble components

04.6% lactose
®1% minerals
©00.3% organic acids
00.1% other solutes
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Which milk components are interesting?

Cow’s milk contains:

" 3.5% protein
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How to isolate these components?
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How to isolate these components?

Centrifuge
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How to isolate these components?

Centrifuge

Milk plasma

i

Lipid Wash
extraction Churn
Centrifuge

metabolome

Milk fat
globule
membrane
proteome
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How to isolate these components?

Centrifuge

Milk plasma

i

Lipid Wash
extraction Churn
Centrifuge

metabolome

Alveolar lumen

Milk fat
globule
membrane
proteome
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How to isolate these components?

Centrifuge

Milk plasma

Ultracentrifuge

i

Lipid Wash
extraction Churn
Centrifuge

metabolome

Milk fat
globule
membrane
proteome

WAGENINGEN UNIVERSITY
WAGENING ENINEH



How to isolate these components?

Centrifuge

Milk plasma

Ultracentrifuge

Milk serum Milk serum
proteome metabolome

i

Lipid Wash
extraction Churn
Centrifuge

metabolome

Casein pellet

Milk fat
globule
membrane
proteome
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Proteomics method - sample prep

Proteins
solubilized
in 4% SDS

Optional:

dimethyl labeling

of peptides
Peptide & protein

Peptide & protein
guantification

Step 1:

Washing away Peptide

mixture of
all proteins

SDS etc.
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Proteomics method - LC/MSMS-analysis

= Result: chromatograms with thousands of peptides
each

= Automatic peptide identification
= High specificity of orbitrap-MSMS
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Proteomics method - protein identification

» Protein identification: database with amino acid
sequences (>100.000 proteins):

= Fit jigsaw pieces (peptides) in a jigsaw puzzle
(protein)

= Check for false-positive identifications

= Known and “theoretical® proteins (information from
the bovine genome)

= Protein quantification (label-free or dimethyl labeled)

WAGENINGEN UNIVERSITY
EEEEEEEEEE



Metabolomics method - sample prep

Whole milk

(Ultra)centrifugation

Folch extraction

-;+ Buffer

Serum + Buffer
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Metabolomics method - tH-NMR

Milk lipid

Milk serum
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Metabolomics method - identification




Metabolomics method
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Metabolomics method — quantification

" Spectra integration and relative quantification

[ Bruker TOPSPIN 2.1 on BIC-HPZV5000 as BIC EE®
File Edit View Processing Analysis Oplions Window Help

Da®m @& mHEadadd A AL T d b A |6 e

2pUpt EMARAAR Qe ok % T DL

Browser | Lasts0 | Groups | Allas| » A eisa-milk-october 41 998 "C:Documents and Settings'BICDesktopial,.” october2011

& &2 elsa-milk-october Sl rMe fole@8 sk +[25=an nx2pex=4T28 4
12 10 - PROFnoesygppr -
11 - jresgpprof ® |row 2 from elsa-milk-october 41 1 CiVervoort nmrsu
20 - PROFnoesygppr Mouse Sensicivity: 1.0
- Jresgppraf L 3.2726 ppm / 1963.956 Hz

B0 31 - jresgpprol DEFINE FEGION MODE

& u 40 - PROFnoesygppr :gnnef 2:? u.:m: :g:l:lrouaedb::-\_:an
=3 41 - jresgpprat teturn: Left-click highlighted icon
®1

L B9S85

&3 50 - PROFRoesygppr
&3 51 - jresgpprgf

-3 60 - PROFn0esygppr
B3 61 - jresgpprgt

%3 70 - PROFNOESYQPPr
B3 71 - jresgpprgf

%3 80 - PROFNOESYQPPr
-3 81 - jresgpprgf
#1290 - PROFnoesygppr
B 91 - jresgpprgf

&3 100 - PROFnoesygpr
B3 101 - jresgppror
&3 110 - PROFnoesygpr
B3 111 - jresgppror
&3 120 - PROFnoesygpr
B 121 - jresgpprof
&3 130 - PROFnoesygpr

N TR T r— il

WAGENINGEN UNIVERSITY

WAGENING ENINEH




[rel)

1.5

1.0

05

-0.0

a Acetone

Acetate
Citrate
EtOH-amine
Carnitine free

TSP

ACetvlcamitine

Choline
hOSphocho”ne

4 2 [ppn

Conjugated
and aromatic

acetyl



Omics methods - time required

= Sample prep: 5-20 samples/day

= LC/MSMS or NMR analysis: 5-20 samples/day
= Primary raw data analysis: 20 samples/week
= Data interpretation: 20 samples/month
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Example 1:
Negative energy balance

J Lu, E Antunes Fernandes, et al
Journal of proteome research 12(7): 3288-96
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Work approach

" Milk synthesis pathway

v Milk fat globule membrane (MFGM) to
study proteins in mammary secretory cells

. < (proteomics - LC-MS/MS)

v'Milk metabolites related to energy balance
of the cow (metabolomics — tH-NMR)
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Experimental design
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Week relative to calving

»- 0 dd, glucogenic
——0 dd, lipogenic
-+ 30 dd, glucogenic
—=—30 dd, lipogenic
-« 60 dd, glucogenic
——60 dd, lipogenic




Experimental design

S~
2
1))
&)
e
o
5]
Ko
>
o
@
c
w

Week relative to calving

ucogenic
d, lipogenic
30 dd, glucogenic
—=—30 dd, lipogenic
-« 60 dd, glucogenic
——60 dd, lipogenic




Changes in proteome I

" Changes due to better energy balance

Changes in EB & LS
60DP Week14/week?2

Changes in EB
ODP/60DP week?2

fLipid metabolism
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Changes in proteome II

" Changes due to progress of lactation

Changes in EB&LS 60DP

Changes in LS ODP week 14/week2

week 14/week?2
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Changes in milk serum metabolome I

Postpartum

" Changes due to better energy balance

week?2
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ODP weekl #3
ODP weekl #4
ODP weekZ #5
EODP weekl #1
EODP weekl #2
EODP week2 #3

Acetate

Acetoacetate

Alanine

Betahydroxy butyrate
Carnitine free

Choline
Galactose-l-phosphate
N-acetylsugar A
N-acetylsugar B

Sugar C (deriv.? phosphate?)
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Changes in milk serum metabolome II

" Changes due to better energy balance and progress of
lactation
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Carnitine-acetyl
Phosphorylcholine
Phosphocreatine
Galactose-l-phosphate
Flutamate

Hippurate
M-acetylsugar B
TDP-hexose (deriv.)

- Phosphocreatine
Sugar C (deriv.? phosphate?)

A
TDP-hexose (deriv.) C
TDP-hexose (deriv.) D

Postpartum

-6 -4
Week Relative to Calving

-6 -4
Week Relative to Calving

WAGENINGEN UNIVERSITY
WAGENING ENINEH




Changes in milk lipid metabolome
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« Severe NEB:
« Increase in unsaturated fatty acids (UFA)
« Decrease in cholesterol
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Effect of NEB on mammary gland cell
integrity

Galactose-1-phosphate in milk serum during NEB

® Sugar phosphates: intermediates of lactose
synthesis: cell cytosol & Golgi apparatus >
presence in milk > leaking cells?

® Stress of onset of lactaction - apoptosis of
epithelial cells in mammary gland?
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Effect of NEB on mammary gland immune
response

Acute phase response during NEB

® Extended lipolysis = partitioning of NEFAs (blood)
—>changes in FA profile in milk (increase UFA)

® Stress associated with parturition: rapid increase in
milk production = high efficiencies of transport,
synthesis and secretion in mammary gland
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Effect of NEB on mammary gland lipid raft
structures

Lack of components in lipid rafts in cellular
membrane system during NEB

® Decrease in enzymes and transport proteins related to
cholesterol synthesis

® L ower cholesterol in milk lipids
->Impaired synthesis and transport of cholesterol into milk

® Decrease of organizational protein in lipid rafts
(stomatin)

- Organizational differences in plasma membrane of
mammary epithelial cells
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Example 2:
DGAT1 genotype
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Effect of DGAT1 on milk synthesis

" DGAT1 gene: Catalysis of the final step of triglyceride
synthesis

DGAT1 K genotype:
%fat,
%protein,

fat yield

milk yield,
protein yield

ce >

3 genotypes

JAVAN KA KK
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Experimental setup

Factors polymorphisms & Poly- fat content fat content
fat content morphisms in KK in AA

Grp1l 5-6% KK 4-5% KK  5-6% KK  5-6% AA

VS VS VS VS VS

Grp 2 3-4% AA 4-5% AA 3-4 % KK  3-4% AA
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Changes in milk fat globule proteome

Proteomics results: KK: StomatinT

heavy label: KK 5-6% heavy label: KK 4-5%
light label: AA 3-4% pgp light label: AA 4-5% o g

logl0 protein intensity
log)y protein intensity

logy ratio .
log ; ratio

heavy label: KK 5-6% heaby label: AA 5-6%
light label: ) fight label: AA 3-4%

LALBA d);
[ ]
[ ]

LSS
GNAI3
HSD17B7
- S vaT1
1 BT.45760
® ANXA7

log)y protein intensity
log)y protein intensity
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Changes in milk serum metabolome

Milk serum proteome, in KK:
® Sugars indicative of leakage, citrate, (P-)creatinel
. CarnitineT

arabinose? 4.0lppm

carnitine? 3.47ppm

choline 3.21lppm

citrate Z.31lppm

citrate 2.57ppm

citrate 2.59%pm

citrate 2.63ppm

citrate Z.67ppm

creatine/phosphocreatine 3.05ppm

mannose like 5.0%pm

N-acetyl sugar (phosphate?) 3.3%ppm
acetyl sugar 5.41ppm

Orotic acid &.21ppm

sn-3-glycero-phosphocholine 3.25ppm

sn-3-glycerc-phosphocholine 4.31ppm

UDP related sugar 5.5%ppm

unknown 4.1%pm

unknown 4.Z21ppm

unknown 4.Z23ppm
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Changes in milk lipid metabolome

Lipid metabolome: KK: sphingomyelinT, de novo synthesisl

&3&53535&335335333333 R e e

C10:0 C12:0 C14:0 (C4:0- C15:0 C16:1 C17:0 C18:0 cC18:1

C14:0 transll

KK 2.78 3.68 10.86 24.87 1.19 1.54 0.48 9.56 0.87

AA 3.03 4.18 11.92 26.47 1.08 1.32 0.44 8.73 0.70
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Influence DGAT1 genotype on mammary
gland & milk synthesis

In KK:

" | ess indications of cell leakage

" More carnitine (involved in lipid metabolism)
" | ess de-novo fat synthesis

" ITncrease of organizational protein in lipid rafts (stomatin
& sphingomyelin) -> opposite effect to NEB

" This indicates a different cell architecture which may
underlie the differences in milk composition
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Conclusions & recommendations

These findings support the idea that combining information
of different —omics technologies result in a better

understanding of the physiology of lactating cows

For further research:

e Clarify the role of stomatin and galactose-1-phophate in
milk of dairy cows -> relate to what happens in the
mammary gland epithelial cells and their membranes

® Assess the applicability of proteins/metabolites as
biomarkers for cow physiology/cow health
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Thank you for
your attention!
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