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Top-down and bottom-up proteomics

Peptide fragments along the sequence (never 100% coverage, <10%)~

n - - 17 el
- W == om el 01 k imim
o _— — — -;:F ._.l.J.I..L_MLLJA J;___J_ﬂ_lmlli_\ﬂ.llh b |M I
>Bottom-up proteomics (peptides)
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+ Can handle complex samples
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- Protein processing
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Top-down proteomics (proteins)

MSMS + Protein quantitation
+ Allelic variation
S + PTM analysis on protein level w
— + Protein processing
I - Relatively new approach
dﬁ“ > - Small-mid MWs (<50kD) dqwn
| - Dynamicrange

Highly complementary

Fragmentation of whole protein from N- and C-termini (100% coverage) ‘ ‘

[Top-down seguencing (TDS)] D




Qg-ToF mass spectrometer
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Q-ToF instruments are well suited to
guantitatively analyse large molecules

like proteins (high sensitivity and high
resolution).



MS/MS ion fragmentation modes: CID (collision induced
dissociation)
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PRODUCT Figure of merit “Lowenergy” CID (slow activation)

Instruments used Tandem guadrupoles, guadrupole

hybrids (e.g., QqTOF)

Collision energy 1-200 eV

Collision number 10-100

Activation time scale 0.5-1 ms

Instrument time scale (kinetic  0.1-1 ms/10°-10° s 7!
window )/minimum

observable reaction rate
Distribution of internal energy Centered at few eV, no high energy tail

Variability of internal energy Readily varable with collision energy
lo obtain energy resolved info.
Efficiency 5-50%

General results Lower energy processes only, 1someri-
zation of precursor may oceur,
sequential dissociation observed

(Wells & McLuckey, 2005)
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maXis Qg-ToF mass analyser (Bruker)
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Milk comp@nents

les, a suspension of casein micelles (casein, calcium, phosphorous), suspended
lubilized lactose, whey proteins, and some minerals.

Milk: emulsion of fat glo
in an aqueous phase, with

Nutrition Facts 5, Q.0 milk plasmaphase _’/ o i Casein micelle
Milk. whole. 3.25% fat 08 http://ansci.illinois.edu/ @] mﬂ:m,;:e
A Per 100 aS1, as2, b, k-CN
mount Per grams - Q o O Iof,atl 88
ules
Calories 61 2 O 8 ;g) Q 04/9 J OOO OO ol
q‘ ; ) Ve |d
38 Q 0 O, OO ]
O 8 08 A
Total Fat 3.2 g Q &8 Voo 080 1 e
Saturated fat 1.9 g milk serum phase B S | SR = s
08 . Oo s R
Polyunsaturated fat 0.2 g [ON®) §> 08 (8 @) A T ‘
O O fat / + w
Monounsaturated fat 0.8 g globule . x
e caseln o
Chalesterol 10 mg O @ O micelles o Ca-P cluster
Sodium 43 mg Protein Concentration (g/L)
aS1-CN 10.0 J
Potassium 132 mg . b-CN 93
L= total protein content '
Total Carbohydrate 4.3 g 35% k-CN 3.3
o o I b-LG 3.2
letary fiber 0 g ( S2-CN 2.6
Sugar 5 g - A aa-LA i
casein whex proteins G =
( Protein 3.2 g g 08
Yitamin A 3% Vitamin C PP{:;ZSS 8451
Calcium 11% lron MFGM 0.4
) . ) . PP3 0.3
Yitamin D 12% Vitamin B-6 Tactotermin 01
Vitamin B-12 6% Magnesium i bovine sefum albumin Transferrin 0.1
— — — Total 33.0




LC-MS/MS analyses of intact milk proteins
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Improving top-down sequencing (TDS) of milk major proteins

Experimental design

Samples

Protein standards milk

mixed l Holstein \ | lersey |
standards

Solution A (6M Gnd-Cl, 0.1M Bis-Tris, 5.4mM (Na),-citrate-(H,0),, 20mM DTT, 1% Acetic acid)

UHPLC separation

Injection volume | Column stationary phase chemistry
3pL =0 3

°c

Mobile phase composition 75| Column temperature
0.1% FA /0.02% TFA j: 75°C
0.02%

ElectroSpray lonisation-Mass Spectrometry

Mobile phase gradient Mobile phase flow rate
20-28-40% ACN 200 pL/min
Dry gas 8 L/min, Temperature 190°C

Capillary 4500V, Nebulizer 1.5 bar
Transfer funnel /multipole RF 400 Vpp
Quadrupole ion energy 5 eV
Collision cell energy 10 eV
Collision RF 1800 Vpp,
Transfer time 120 ps
Pre pulse storage 10 us
lon polarity positive

Rolling average mode 2
Mass range 600-3000 m/z

| IS-CID only ” IS-CID + CID ” CID only |

ESI-MS1 analysis

DC potential (eV)
Number of precursors
Dynamic exclusion
Threshold (Counts)
etc...

Bruker
UHR-Qq-ToF

Eleven MS2 methods overall
(see Table 1 for details)
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Aim:

Improving sequencing coverage by top-
down proteomics using a LC-ESI-Q-ToF
platform.

Problem:

Need to develop high throughput
datamining tools to assess methods.
Annotation activities do not exist yet in
Genedata Refiner.

Solution:

Collaboration with Dr Dominik Mertens
(Genedata Expressionist) to create
relevant processing workflows.



MS/MS Methods tested

Parameter Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 Method 7 Method 8 Method 9 Method 10 Method 11 Method 12
End plate offset 500V 500V 500V 500V 500V 500V 500V 500V 500V 500V 500V 500V
Capillary 4500V 4500V 4500V 4500V 4500V 4500V 4500V 4500V 4500V 4500V 4500V 4500V
Nebulizer 1.5 bar 1.5 bar 1.5 bar 1.5 bar 1.5 bar 1.5 bar 1.5 bar 1.5 bar 1.5 bar 1.5 bar 1.5 bar 1.5 bar
Dry gas 8 L/min 8 L/min 8 L/min 8 L/min 8 L/min 8 L/min 8 L/min 8 L/min 8 L/min 8 L/min 8 L/min 8 L/min
Temperature 190°C 190°C 190°C 190°C 190°C 190°C 190°C 190°C 190°C 190°C 190°C 190°C
Waste (Na-formate infusion) 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min 0-2.5 min
Source 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min 2.5-40 min
Funnel RF 400 Vpp 400 Vpp 400 Vpp 400 Vpp 400 Vpp 400 Vpp 400 Vpp 400 Vpp 400 Vpp 400 Vpp 400 Vpp 400 Vpp
N OeV
IT" Parameter Method2 | Method3 | Method4 | Method5 | Method6 | Method7 | Method8 | Method9 | Method 10 | Method 11 | Method 12 ;’ps
ol - e
o |Transfertime (us) 120 120 120 120 120 120 120 120 150 120 120 ‘m/z
cc |Pre pulse storage (us) 10 10 10 10 10 10 10 10 15 10 10| oev
Ce [isCID Vpp
™ 1isCID MS (eV) ops
Pr |- O us
1o |isCID MS/MS (eV) bive
M |Auto MS/MS mode Im/z
Su |No. of precursors 1321
Rc 2
= Absolute (cts) vES
is¢ |summary IS-CID+CID | IS-CID+CID | IS-CID+CID | IS-CID+CID | IS-CID+CID | IS-CID+CID | IS-CID+CID OeV
is( 5eV
Acquisition time factor 1 1 1 1 1 1 1 1 1
Auto MS/MS mode OFF ON ON OFF ON ON ON ON ON ON ON OFF
preference activated NO NO NO NO NO NO NO NO YES NO NO NO
charge state preferred range 7-15

exclude singly YES

Acquisition NO YES YES NO YES YES YES YES YES YES YES NO
MS/MS low (per 1000 sum.) 10000 cts 10000 cts 10000 cts 10000 cts 10000 cts 10000 cts 10000 cts 10000 cts 10000 cts

MS/MS high (per 1000 sum.) 1000000 cts 1000000 cts 1000000 cts 1000000 cts 1000000 cts 1000000 cts 1000000 cts 1000000 cts 1000000 cts

Exclude 100-600 m/z  100-600 m/z 100-600 m/z  100-600 m/z  100-600 m/z  100-600m/z  100-600m/z  100-600m/z  100-600 m/z

No. of precursors 2 2 2 2 2 3 4 4 4

Absolute (per 1000 sum.) 1153 cts 170 cts 10 cts 10 cts 10 cts 10 cts 10 cts 10 cts 10 cts

Absolute 17302 cts 2550 cts 183 cts 183 cts 183 cts 183 cts 183 cts 183 cts 183 cts

ON/OFF ON ON ON ON ON ON ON ON ON

Exclude after 3 spectra 3 spectra 1spectrum 1spectrum 1spectrum 1spectrum 1spectrum 1spectrum 1spectrum

Release after 5 min 5 min 5 min 5 min 5min 5min 5 min 5 min 5min
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Protein deconvolution




Deconvolution of intact protein mass spectra
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Samples of increasing complexity

aCN standard . bCN standard 4 kCN standard alA standard

Proteln standards

|70%\ |98%\ |70%| |85‘Vi |90°ﬁ

Number of MS1 peaks

milk
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standards

bLG standard Jersey milk Holstein

Mixed standards
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LC-MS raw data

i (A1)
\\L Ho\stem Jersey

Complexity:
aLA < aCN < bLG < kCN < bCN < mix < milk

Successful sample processing by Genedata
regardless of its level of complexity.
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Effect of the methods on the LC/MS patterns
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.
Annotation of MS/MS spectra (e.g. bLG B)

A Raw data Smoothed and noise m/z peaks Isotopic peaks
removed detected

Charged states
clustered . grouped

Upon (IS-)CID fragmentation, the intact protein is
cut into peptides of various sizes anywhere along
the AA sequence.

TDS is successful if annotation produces a “ladder”
pattern (1 AA shift at a time).

BT

BT

E Top-down sequencing of bLG B sequence (162 AAs) in method 3 (100% coverage)
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o152
Ja1s.

C Clusters grouped
i1
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1

g

D MS2 spectra in method 3 at 21.4 min annotated with bLG B sequence in Biotools
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Comparison of MS/MS methods

A Individual standards B Mixed standards C Jersey milk

@ @ @
g mblGA B0 mhlGA g . . mblGA
g 800 - ¢ 800 - g 800 - .
3 bLG A H bLG A 3 . . . . bLG A
o 7007...... l .. malAB 2 700_...... | .. malAB g 700—. . malAB
E 800 7 . m kN B 1P E 800 7 mkCN B 1P E 600 B mkCN B 1P
T 500 - T 500 - T 500
2 mkCN A 1P o mkCN A 1P 2 mkCN A 1P
3 I . I m bCN A2 5P g I I - I = bCN A2 5P 3 I - = bCN A2 5P
@ 300 - @ 300 - @ 300 -
£ bCN A1 5P 2 bCN A1 5P £ bCN A1 5P
& 200 - = 200 - 5 200
S aS2CN A 11P S I — aS2CN A 11P S I aS2CN A 11P
E 100 I E 100 E 100

0 - 0 0 -

2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 12
MS2 method MS2 method MS2 method
D Holstein milk E Sequence coverage of bLG A F Averaged sequence coverage (%)

o _ 100
p . . mbLGA
@ 200 - Pure
§ 700 ,l . l l l l . bLGA standard
g malAB BERCA T [ = Mixed
£ 600 - ES
g mkCN B 1P E— standards -
Z; 500 - . KON A 1P 53“ 0 mJersey milk §
g 400 - . H E
- mbCN A2 5P 8 IH?Istein a
2 bCN A1 5P | milk by
® 200 = a
2 o0 | aS2CN A 11P )

[ 0 -

2 3 4 5 6 7 8 9 10 11 12 2 3 4 6 7 & 9 10 11 12
MS2 method MS2 Method Method

Parameter Method 4 | Method 12 | Method3 | Method 11 | Method9 | Method5 | Method2 | Method6 | Method7 | Method8 | Method 10

Transfer time (us) 120 120 120 120 120 120 120 120 120 120 150

Pre pulse storage (us) 10 10 10 10 10 10 10 10 10 10 15

isCID

isCID MS (eV) 3 3 3 3

isCID MS/MS (eV) 10 10 10 10 10

Auto MS/MS mode

No. of precursors 2 2 2 2 2

Absolute (cts) 183 183 183 183 183 183 183

summary IS-CID IS-CID CID CID

sequence coverage(% 88.63 87.37 86.80 86.74 86.72 86.57 83.61




AA posmon does not |mpact TDS efflcacy

L R ﬁ:ﬁ;—limuii i

il ﬁiﬁ iuumi-lﬁuii lhd & uEn i i




AA hydrophobocity impacts TDS efficacy

Leucine, Glycine, Cysteine, Tryptophan,
and Histidine, Isoleucine displayed the

best response to TDS.
These AAs present moderate to high

hydrophobicity.

Conversely, Threonine, Asparagine and

Arginine showed the least success rate.

These AAs are hydrophilic.

AA hydrophobicity level would have an

impact on fragmentation efficiency.
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Conclusmns

O We now havea fully automated analytical method to process and datamine LC-MS

and LC-MS/MS data from top-down proteomics experiment. This would not have
been possible without Genedata software.

Q Best MS/MS methods applied IS-CID low DC potentials both at funnel 1 exit and
funnel 2 entrance.

Q TDS efficacy is not associated with AA position along the protein but might be linked
to AA hydrophobicity.

O Future work will involve transferring the methods to a faster more resolving

instrument that offer alternatlve modes of fragmentatlon (LTQ-Orbitrap mass
spectrometer).
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