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Generation of in-silico spectra

Peptide Identification 

by pattern match
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15N metabolic labeling of the unicellular algae 

Ostreococcus tauri



Element Number Mass Abundance

of isotope

H 2 1.0078 0.9999

2.0141 0.0002

C 2 12.0000 0.9889

13.0034 0.0111

N 2 14.0031 0.9963

15.0001 0.0037

P 1 30.9738 1.0000

S 4 31.9721 0.9502

32.9715 0.0075

33.9679 0.0421

35.9671 0.0002

O 3 15.9949 0.9976

16.9991 0.0004

17.9992 0.0020

Common Stable isotopes and

Their natural abundance

s



In vivo labeling strategies based on 

Stable isotope incorporation

Lysine light

C6 H15 N2 O2

Lysine-6 Heavy
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SILAC Metabolic labeling

SILAC: Stable isotope labeling with amino acids in cell culture
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Different quantitation strategies

Cell/tissues/fluids

Lysis

Organelle separation

SC SC SC

Protease digest

Phosphopeptide 

Enrichment

or peptide fractionation

LC-MS analysis
0 10 20 30 40 50 60 70 80 90 100 110

Time (min)

Label free In vitro label In vivo label



FTGSPGK (C31, H48, N8, O10)

2+ charge

Natural

isotope

1:13C

1:15N

2:13C
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1:13C +1:15N

…

all 12C, 14N

Comparison of Different Labeling Strategies

at the Spectra Level
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Why studying Ostreoccocus tauri (Ot)

• Easy to grow, genome fully sequenced (but poorly annotated)

• One of the most primitive and the smallest free living eukaryote

• 12.6Mb sized genome/7892 genes

• Very limited set of core cell cycle genes

• “Good plant like model” (no cell wall)

• Population naturally synchronised 

(strong relation between circadian

and cell cycle)

Our interests are:

- Culture media optimization for 

metabolic labelling 

- Relationship between cell cycle and

circadian clock   

- Development of tools for the evaluation 

of 15N incorporation

- Comparison of the proteome under

different conditions/stresses 
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Cell cycle dependant kinase  C (CDKC)

ZT6L-ZT18H

Regulatory domain phosphorylated in the middle of the day and  

dephosphorylated at night

Light form (14N) No Heavy form (15N)

Metabolic labeling 14N/15N and Titanium dioxide enrichment
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Granule Bound Starch Synthase1 level (GBSSI)

Some observations of various proteins 

at different time points

ZT1 ZT6 ZT13 ZT18

Identifier Protein name ZT1 ZT6 ZT13 ZT18 Fraction

gi|116057477| Dynamin Down Up unsoluble

gi|116059445| his-containing phosphotransfer protein Down Up cytoplasm

gi|116056366| ABC transporter C family protein Up Up Down Down unsoluble

gi|116056680| putative vesicle-associated protein Up Up unsoluble

gi|116060889| unamed protein Up Up unsoluble

gi|116055375| Pyruvate kinase Down Up Up Down cytoplasm
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Peptide sequence: 

FLFVAEAIYK

Experimental 15N incorporation: Time course
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Example of an unexpected result:
Low 15N incorporation and isotopic pattern distortion



Targeted approach



Protein distribution in the 

Cytoplasm of HeLa cells 
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AQUA peptide:

Peptides that can be 

bought in their heavy 

form and in a known 

quantity

Evaluation of the absolute quantity of a few anchor points and 

adjust for the rest of the curve.
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FYEEVHDLER

LDGLVETPTGYIESLPR

QLTVQMMQNPQILAALQER

SEPDDSDPFSFDGPEIMGCTGCQIDWK

FSDAGQPMSFVLEFHFEPNEYFTNEVLTK

ADIDNKEQSELDQDLDDVEEVEEEETGEETK

FEIINAIYEPTEEECEWKPDEEDEISEELKEK

NAP1L1 Nucleosome assembly protein 1



Digest 1

(Hela cell cytoplasm)

(DD mode)

LC-MS analysis
Identification of a few commercially available 

AQUA peptides

Digest 2

(Hela cell cytoplasm)

(DD and targeted mode)

emPAI factor determination in DD mode

Quantitation with AQUA peptide  in targeted mode

Generation of an hydrophobic scale

In silico Human trypsinosome distribution

Generation of calc RT, m/z and b/y fragments

Interrogation of the specificity of the chosen parameters to ID a peptide

without a search engine

Experimental and in-silico design

Experimental subset of peptides 

(1295 peptides)

Extraction of:

m/z; RT; b/y fragments

Peptide identification based only on:

m/z; RT; b/y fragments
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1) Classical SRM with a triple Quadrupole MS

2) Pseudo SRM with an ion trap MS: (1 to 10 MSMS on specific mass)

Targeted Approach Using SRM/MRM 

Assay

Ion selection Selection of one MSMS transition of

this ion

Isolation Resonance excitation Resonance excitation
dynode

dynode

Q1 selection Q3 selection



Target approach using Ion Monitoring:
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Ion trap based assay
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Pseudo-mrm : Signal Processing

Empirical rules: choosing the most intense fragments but:

y3/b3 and up

at least 1 fragment having a m/z higher than the parent ion 
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Example of quantitative measurement 

performed using an ion-trap
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Sequence Z m/z RTexp(min) RTcalc(min)

VFGQSGAGNNWAK 2 668.3 30.42 33.5

FYEEVHDLER (natural) 2 668.8 30.28 33.7

FYEEVHDLER (AQUA) 2 673.8 30.26 33.7

Example of a peptide not identified

using a search engine
(distinction between peptide detection and identification)



m/z axis

Cross correlation analysis:

Brief description of the approach

1
2

3

m

peak1 peak2 peak3 peak4

Correlation

peak1 vs peak 2: poor corr.

peak1 vs peak 3: good corr.

peak1 vs peak 4: anti corr.



p1 p2 p3 p4 p5 p6 c1 c2 c3 c4 c5 c6

p1

p2

p3

p4

p5

p6

c1

c2

c3

c4

c5

c6
0.80-1.00

0.60-0.80

0.40-0.60

0.20-0.40

0.00-0.20

0.80-1.00

0.60-0.80

0.40-0.60

0.20-0.40

0.00-0.20

0.80-1.00

0.60-0.80

0.40-0.60

0.20-0.40

0.00-0.20

Cross-Correlation analysis between

Contaminant, C, and targeted peptide, P



 

0

10

20

30

40

50

60

0 10 20 30 40 50 60

Experimental RT (min)

C
a

lc
u

la
te

d
 R

T
 (

m
in

)

Y=1.031x - 1.372

R2= 0.819264

0

40

80

120

160

-20 -10 0 10 20 30

RTexpr - RTtheor (min)

P
o

p
u

la
ti

o
n

 p
e

r

1
m

in
 b

in

(Min)

A 0.54

R -3.11

N -0.91

D -0.07

Q -0.50

E 0.05

G -0.35

H -3.39

I 4.06

L 4.36

K -3.16

M 2.81

F 5.28

P -0.34

S -0.20

T 0.35

W 5.59

Y 2.21

V 2.19

C -0.60

DT 26.10

Deduced 

Hydrophobic scale

.

.

.
.
.
.

.

.

.

Hydrophobic scale for 1h LC-MS run

Peptide System to solve
Time
(min)

AVEHINK A+V+E+H+I+N+K+DT 8.5

IEEELGSK I+E+E+E+L+G+S+K+DT 21.6

KLNVTEQEK K+L+N+V+T+E+Q+E+K+DT 17.0



Human “Trypsinosome” 

spread in the RT-m/z space
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1) Can we identify the right peptide by only using:

m/z, H and 3 MSMS fragments?

2) Does it give a unique answer? 



Summary:

- We have developed methods for 15N labeling for Ostreococcus 

tauri which allow us to quantitatively compare Ot under different 

conditions.

- We are able to detect some changes associated to the circadian 

cycle and potentially key elements involved in the control of this 

process in Ot.

- We have shown an example of 15N incorporation at different time 

points; We are in the process of establishing a platform that will 

allow for the determination of the amount of 15N incorporation on 

a proteome scale.

- Finally: it is possible to detect a peptide without actually 

identifying it using a search engine.
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The HPLC-MS component

Platinum wire: +2kVolts droplets Ions

MS

Mass/Charge measurement

HPLC

HPLC (separation)

Peptides separated based on 

their physico-chemical properties

MS (detector)

Peptides are measured 

by their mass properties
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Heterotrophe: need some essential amino acid 

I,L,K,M,F,T,W,V

Autotrophe (plant, algae, bacteria): Organism that produce complex molecules 

from simple inorganic molecules.

Labeling strategy using 13C glucose,  13Cacetate, 15NH4Cl, 15NO3 

Amino acid incorporation vs metabolic labeling mostly dictate by the nature of the

studied organism (there are few examples of study done using AA incorporation

in autotrophic organism).
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MS Signal Deconvolution

Each peptide has an

MSMS specific signature

Individual Peptides are clustered into

Protein information

Basepeak chromatogram
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MS spectra
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NH2-CH-CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-OH
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Peptide fragmentation in MSMS mode



Compound Molar Concentration

NaNO3 8.83 x 10
-4

 M

NH4Cl 3.63 x 10
-5

 M

β-glycerophosphate 1 x 10
-5

 M

Na2SiO3 · 9H2O
* 

1.07 x 10
-4

 M
*

H2SeO3 1 x 10
-8

 M

Tris-base (pH 7.2) 1 x 10
-3

 M

Na2EDTA · 2H2O 1 x 10
-4

 M

FeCl3 · 6H2O 1 x 10
-5

 M

Na2MoO4 · 2H2O 1 x 10
-8

 M

ZnSO4 · 7H2O 1 x 10
-9

 M

CoCl2 · 6H2O 1 x 10
-9

 M

MnCl2 · 4H2O 1 x 10
-8

 M

CuSO4 · 5H2O 1 x 10
-8

 M

Artificial sea water

(Keller media)


