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Grapevine systems biology to better understand NI /5™
responses to abiotic stresses "
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Poplar response to water defic

1- Magnaporthegrisea
rice pathogen

canola pathogen
3- Laccariabicolor
tree root symbionte

Secretome®f fungi interacting with plantg

Proteogenomicsusing proteomics
data to validate the annotation of
Leptosphaerianaculans
sequenced genome.
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Present
MALDI Biotyper (MBT)



Microbial identification
by MALDI-TOF MS
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MALDI Biotyper (MBT)

Traditional methods of identifying microorganisms
Gram stain
Culture on selective media
Biochemical tests
16S sequencing

Some limitations of traditional methods
Timeconsuming
Laborintensive
Expensive

MALDIBiotyper
+ Robust and Easy
+ Quick and cheap
+ Accurate
-Dependent upon database (mostly animal bacteria)
6000 entries of bacteria and yeasts




MBT principles

" » 2210 Streptococcupneumoniae
The most abundansus. A L29

30

1
PYRAE v ML LT8 AVI W ¥
ABRPE MAMV ML MAA ALLMP
ARCFU -H@V AME AL cb A L31
METIA . L VYT KP A
METMA SO MVLL : ) g v :2 9359 S15* S19*
- - vl SYiRr A s1g+ [ 10405 10620
THEAC 1 7 LAET A
HALMA LRAL A a074 L7

Sinorhizobium melilot 10090 1%%33?
Bacillus subtil s /S

TREPA

Borrelia burgdorfe s
FUSNN

Treponema pa/lidurgijg’n Escherichia coli

ML
L
F
L
L
L
L
L
1
L
1
L

Helicobacter py/o.onix"m
CGLTR

Escherichia co

Haemophilus influenza w0 1% 1 130
| 1 |
Rickettsia prowazek e Ek 1%;3“ 1'#‘;5
M / METIA :2 .............................. l N |
ycopiasma s gyl PARM
METTH PA
METKA P . . - ctcccccecttrscctrstnsnevan .
Aquifex aeolicuf®a® R <~ - o A R e S c Pseudomonas aeruginosa
HALMA N A e e X o

Thermatoga maritim

L36 L30 =
Deinococcus radioduranTge Z.:”{' 4435 'Em |_35 L27*/
. oy . L34 ?234 Sie s
Mycobacterium tuberculosizesu L 5210 '“"5 9088 9755 gggg 519
e w0 ““ 1521- 10227
Chlamydia sg e < 3355 /
BooL AVY
Synechocystifary - B T T 1
o - - - 6000 10000 12000
Archaea m*"rz (Welker and Moore, 2011)
Tt 1 " : L .
(BarloyHubleret al. 2001) sunx1 st 132119 Conjointly, these slight AA variations across dozens of maj

proteins will produce anique pattern(mass fingerprint) for
each species.



Escherichia coli ME1148d_1 CHE
1.5 T T T T T T T

Sample mass fingerprint

MBT in practice 0 -
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S
Biotyping (proteotyping) of milk microbes

Such technology helps validating metagenomics results but

List of some of the species only applicable to laffriendly microbes as the®lstep is to
ARSYGATASR Ay . . gowthem

Organism MBT score ? “

Bacilludicheniformis 2.257 T M?SLHTER
Candidakefyr 2.045 LYMPH NODE * Mother gut microbiota
Enterococcusaecium 2.353 Dendritic cell A AA R AR AR AL
Pseudomonagoreensis 2.165 Monocytes JITTIT
Pseudomonatindensis 2.086 » i
Pseudomonashodesiae 2.053

Pseudomonasolaasii 2.180 MAMMARY

Raoultellaerrigena 2.589 GLAND

Staphylococcus aureus 2.357

Staphylococcus auricularis 2.023

Staphylococcushromogenes 2.193 Vy®

Staphylococcus epidermidis 2.246 i,

Staphylococcusaemolyticus 2.111

Staphylococculyicus 2.102

Staphylococcustermedius 2.134

Staphylococcusitulinus 2.213 OFFSPRING

Staphylococcugarneri 2.023 GUT o

Streptococcusgalactiae 2.456 RN

Streptococcuslysgalactiae 2.124 L
Streptococcusiberis 2.184 Bovinemilk microbiota

(Addis et al, 2016)
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Milk proteomics (Top-Down)
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Cowds mil k producti on

Milk production is concentrated in themperate zone of Australidt is stronglyseasonal in the key sousastern dairying
regions, reflecting the predominantlyasturebasednature of the industry.

Cow's milk production for 2014 for the top 20 countries
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Liquid milk production in Australia since 1980
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Milk components

Milk: emulsionof fat globulesa suspension otasein micelle¢casein, calcium, phosphorgususpended
in an aqueouphase, with solubilizethctose,whey proteing and some minerals.

Nutrition Facts 30 o milk plasma phase _’/ C fat Casein micelle
Milk. whole. 3.25% fat 38 http://anscn.|II|n0|s.edu/ o] m%:%m,;%e
Amount Per 100 Q asl, as2, beN
mount Per grams - (8 o) O Iof,atl 88
ules
Calories 51 o O 8 ;g) O 49 J OOO OO o)
38 (8 9' Q 0 0, OO
°g 8)8 8
Total Fat 3.2 g | 83 O oo Cbo(g O OOO
Saturated fat 1.9 g % Cﬁ milk serum phase
Cﬁ O O O O
Polyunsaturated fat 0.2 g [ON®) g) A
Monounsaturated fat 0.8 g 88(; (SC 9|Jg:,|e e T
casem .
Cholesterol 10 mg O O O @ m micelles kCN CaP cluster
Sodium 43 mg . « Protein Concentration (g/L)
/ 2 a Q a Y A f 1 Y I 13 aS1CN 10.0
Potassium 132 mg : b-CN 93
total profein content - :
Total Carbohydrate 4.8 g 3 504 k-CN 3.3
b-LG 3.2
Dietary fiber 0 g ] ] ] aS2CN 26
Sugar 5 g i i alA 1.2
g@a%a | whey Q@lﬁﬂﬁo gCN 0.8
Protein 3.2 g 80% 20% Ig 08
. : o : : PP/8F/8S 0.5
Yitamin A 3% Vitamin C L a-S1CN |ﬁ’-l 7 | BSA 0.4
Calcium 11% lron S'SZCN MFGM 0.4
e _.| i PP3 03
Vitamin D 12%  Vitamin B-6 K-CN a-lactalbumin | ctoterrn 01
Vitamin B-12 6% Magnesium _.I vine serum albumin Transferrin 0.1
| Total 33.0




Milk allelic protein variants

1 1 1 1 1 Number of AA H
Major milkproteinsin cattle are encodedby highly vl (NgKwaiHang, 2011)
polymorphicgeneswith up to47 protein allelic Molecular mass* Number of  Presence of  Concentration  Genetic variants
H H H Protein (Da) Total Pro Cys PO CH.O @i") detected
variantsidentified. : :
ae-Casein 23164 199 17 0 8 0 10 AB,CD,EF,GH
Protein’  Variant Position and amino acid in the protein nez-Casein 25388 207 10 2 10-13 0 26 ABCD
14-26 53 5158 59 66 192 [3-Casein 23983 209 35 0 5 0 9.3 A'.A%A®B,C,D,EF,G
arCN A Deleted " . T x-Casein 19038 169 20 2 1 + 33 AB,CEFFGSGEHIJ
am 2 s 2 T f-Lactoglobulin 18277 62 8 5 0 0 32 AB.CD.EFH,IJ
'[_? Threp o f'l‘\' a-Lactalbumin 14175 123 2 8 0 0 1.2 AB.C
F 2 lea  Glu Serum albumin 66267 582 28 35 0 0 0.4
G Gl ; _
" Deteted GI:: Immunoglobulin 143 000-1 030 000 8.4% 2.3% + 0.8
33 47 51-50 130 CHROMOSOME 6
a,u-CN A Glu Ala . Thr 250 KB
(207) lB‘ Com([;:;te sequence g(l)lt'_ym determined i CASEINS A —D 4
D Deleted m (':z ﬂ=
18 26 35 36 97 67 72 88 93 106 122 137138 162 ? 1750 anwm 18,5k 5am
ACN A His B
(209) A SerP Arg  SerP  Glu Glu  Pro Gln  Lew Mer  His  Ser Leu/Pro  Pro Gin
'4\‘ = Gin 1 2 3 4 567 8 9 1011 12 13 14 1§ 16 17 18 19
B His Arg
C Ser Lys His
D Lys
E\ L)‘S His Leu 48/557 63 33 3924242424 33 2454 42 24 42 27 24 154 a5 3 kb
G His Leu
H' Cya Tle 1 2 34 5 6 7 8 9
H* Glu Leu Glu
| e [HIHHH—EER-0 -
10 97 104 135 136 148 155
»CN A Arg Arg Ser Thr  Thr Asp Ser 48 63 2727 2142 498 42 322
e E His Yo Al 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 3
o ;
:“,' HHe C‘\'u ::ﬁ 2:: 44 63 27 2142 27 27 27 2445 123 27 27 2445 120 45 266
:1 Tle e 3 . o £ #
Al .
45 50 56 59 64 70 78 108 118 126 129 158 & 62 33 517 173
ALG A A Val "
1162) B Glu  Pro e  @Gin (;;{: Lys lie  Giu /UJn Pro  Asp Glu ~ CHROMOSOME >
¢ His WHEY PROTEINS © @ S ¥
D Gin
B Gly
G M y
H Asp  Asn o Val ' 60 89 s 230
L Gy CHROMOSOME 11
J Leu i 3 7 % 5 & 7
w Leu
aLA A al Caroliet al., 2011
(123) B Aq: Asp (Farre” et al., 2004) 136 1490 74 m 105 42 180 ( ! )
C Asn




Milk protein post-translational modifications (PTMs)

Milk also contains manyroteoforms PTMis the second pathway after genepolymorphism bywhich the milk proteome
isexpanded PTMsare critical to thetunctionsof milk proteins (e.g calciumbinding and micelle stability, charge, solubility
susceptibility toproteases, hydrophobicity/hydrophilicity). PTMs are identified by MS. Caseinsiasghorylatecand/or

fi-Lg N5 (N if including coding region)

glycosylated
Protein  Modification site” ModTotal Am Method (Le et al. 2017)
Phosphorylation
agCN - 576, 881 553 679 g8l g2 g g% MIA 180 2-DE and nLC-ESI-MSMS
5lo <Chinese Holstein cows' milk was
a4 N 50, 5%4 5% §¥1 % 71§72 73§76 separated on 2-DE, in-gel tryptic
TH, S 145 g1 518 digested and enriched by TiD,
fi-CN 530 532 5:“_5ﬂ_li_‘:"!'_T_gl"-3 microcolumns.
kLN 51.4BI Tﬁ. 51.60I 51.]"0
Glycosylation
k-CN T2, 792 T 1857 fyars only), MIA L1162 (Gal) 2-DE and MALDI-TOF-MS, nESI-MS5/MS
I e +204 (GalMAC)  -Cows' milk was loaded onto 2-DE gels,
+292 (NeuNAC) spots excised, tryptic digests and
analysed for glycosylation.
Lactosylation
aeCN KO KT K K KL KR KM KM, 1114 +324 MALDI-TOF-MS
K124 K132 K193 nLC-ESI-LIT-MS/MS using both CID and
wepCN KM YRS KPR KM KM, 1824 ETD modes
K12 KR K KM T K, -Phenyl boronic acid trapping of
R G Gl G digested proteins extracted from
f-CM K*2, K% KT, K R0 T a1 commercial milk samples (pasteurised,
K6 g17E UHT and powdered)
k-CN K2 K K K g ! 69
u-la K K9 K K RS K KL KM, 1212
K“. Ktﬂll Kﬂdl Kll!
|3-|..E HII Kid-l I{-d-.'u"I Km. Kﬁgl K?n. K?SI KH. 15';15
K”. K91.I Kmnl Klml Ki]il Kilﬂl K1.41.
Deamidation
ag LN N2 N/A +1 2-DE and MALDI-TOF-MS

-In-gel tryptic digests of deamidated
proteins from UHT milk or WPI solution

ZE

palmitoylation

acylation
rih

( J‘i HNM
] BN

14
ﬂj h : “Hy 12
O S g

5 .
4 = ?DB

\w;k}\ o bZ o®

glycosylation

prenylation

phosphorylation
4 N
2N
, HY 4 "
H
deamination

“‘Xo“ lactosylation (adapted from

Heal and Tate, 2010)



Complex milk proteome

An image is worth a thousand words!

Many proteoforms

1 protein CG1G1A

Lol
> % C[164]

many proteins!



