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Sub optimal >N metabolic
labelling in plant:

A new way to perform

large scale protein turnovers determination
using the peptides isotopic distribution

Willy Bienvenut, IDEEV, GQE, Gif/Yvette, France
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protein turnover rate determination

Intervention

Synthesis Folding Modifications Function

Disease and
environment

Dissmeyer et al. Trends Biochem. Sci. 2019

of protein Half-life and Turnover rate
Influence directly the Protein abundance
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What about phototrophic organisms

Not possible to use

heavy-labelled amino acid . Peptide: TFSQFGDVIDSK (2+)

672.84 from protein: At4g39260.1

672.34

Natural
abundance
673.34 5 5o, 15

Partial
Incorporation

St

. 679.32
o = 672.34 Natural ~98.2%15N
i v By . abundance :
Z =
672.83 679.82

Wafer, CO-Z,'fertiIizers and trace elements...

— 673.34 680.33
Full
C H N O S InCOrpm 1678.82]
f

12C > 13C (CO,) 670 672 674 676 678 680 682 684
14N > 15N (NH,NO,) i

Huttlin et al. Mol. Cell. Proteomics 2017

Talents d'une planéte soutenable
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Li et al. approach. runt cen2017; 20207-228

- —
3 T [y ™ TS T
100% T :
TEQGPPHGIQVER TFQGPPHGIQVER TFQGPPHGIQVER
S LPF 4.1% 1 LPF 14.3% 5 LPF22.3%
E Enrichment 44.4% Enrichment 53 2% Enrichment 62 4%
| Leafd E 50%
{ | =
= " 1
- 3 5 | |
2. N 0.0% HE L .
S — b e T I i o T T o= es = e = e S2 e S S
2L 6« 100%
1 ) TFQGPPHGIOVER : N — TFOGPRPHGIOVER
=P ; Q Ot LPF 9.6% . LPF 34.2% LPF 42.4%
# 0.03 d I I Caiea - Ericimant 40.0% Enrichment §9.0% Enrichment 70.8%
a o

Signal Intensity

_lz- {SNPRC 1 1  1  | ‘ Eeeerrg

-
e m o e e e E . -
13 34 85 f 890 10 1313 A48 1BTTIE WB A0S 1 M

Fold Change in Protein
o o =
c o0 © 0 O O
5 (=]
2| |#

]

- TEQGPPHGIOVER TEFQGPPHGIQVER [E TFQGPPHGIQVER
LPF 21.3% LPF 68.3% . LPF 7T0.5%
01 3 5 013 5 01 3 5 Enrchment 53 5% 7 Enrichment 87 3% Enrichment 87 2%

Time Course (d) LaatT

Signal Intensity
wm
(=]
#

21 days old non-labelled Arabidopsis plants

0.0% e —l-"l—‘?rfllr—'-:r-f-g-ilf:"?"-”—; = u'ai_ ‘;i‘- [ '_"_ll_l:ll_HJ ‘.—.‘— ‘ ‘]’I[! =i I _:_A)_-:l. _J__'J lLl 1[ L‘ | \—.I |l ]
Determination of the - -
FCP coefficient

Determination of the LPF

(Fold Change in Protein)
(Labelled Protein Fraction)

PARIS-SACLAY : D'ORSAY
Talents d'une planéte soutenable
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Ky and Kg calculation

RBCL THI1
(TFQGPPHGIQVER) (MGPTFAMMISGQK)
TO 1 1
Fold Change in Protein
Abundance (FCP) T3 1.07 1.07
Labelled Protein Abundance TO 0] 0
(LPF)
T3 14.3% 96.3%
Ko In FCP - (1- LPF) _In1.07 - (1-14.3%) =0.04 d' _In1.07 - (1-96.3%) =1.61d"
0= t 3d 3d '
Ks_ FCP-eKot o 1.07 - 60043 . 5 04 = 0.07 d* V0T~ & B G = T 3
A 1 - eKot e 1- 0043 1-e1613
- Millar et al. method - Alternative approach... ?

- High data-processing
- Scripts not available

Adapted to our local tools
Adaptable to field investigations
Low cost

 AgroParisTech /_ Proteo - Vilamoura. 11-13/05/2022
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Large scale protein
turnover measurement...

* Proposed alternative

* Low labelling rate (5-6% vs. >70-90% '°N )
- Advantage :

» Peptide isotopic distribution is moderately modified!!!
» Heavy & light isotopomers overlay
* Minor sample complexity increase
» Bottlenecks...

* Intensive post-acquisition data processing:
« BN labelling yield # peptide isotopic distribution
* Protein amount variation (label free quantitation)

0

* Processing based on our open sources softwares
« X!Tandem Pipeline, MassChroQ, MCQR (R package),...
« Additional R and Python processing scripts under development...

.. ULTE
universite  DEs SCIENCES
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ST T T 2SI 100%
pe _ c Corr. Coef. : 0.99992 e
G I Peptide: S 75% 5
LAFYDYIGNNPAK 2 ]
- Z = 2+ g 50% %0.25-5
E . miz=7433733 Th x IFS=4.1
: % 25% 0.15
B X (].10—%
Teseges g 0% *( T T T 1 0.05
o Py T 0% _ 25%  50%  75%  100% .
Peptide experimental isotopic Experimental distribution =
distribution o Peptide simulated isotopic
Isotope Fitting Score (IFS) = -log(1-Corr.) distribution
20 @ _Isotopic profile = f(% °N)
15 - ‘l
1.0 4+ 1
5 - f f 7 - _
05 1 _ " 7 o = N T Isot. Ratio (6%)
00 ——__ | & A - Isot. Ratio (4%)
634.4 g34. 9 = & Y 4 s L % Isot. Ratio (2%)
635.4 4359 636.4 N[Isot. Ratio (Nat)
m/z 636.9

637.4 637.9

uneeTeis | 2?&35"‘“ INRAZ @ AgroParisTech /_ Proteo - Vilamoura, 11-13/05/2022
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Standard samples preparation
and proteins ID

SN labelling

Standard proteomics

| Collecting

. puise samples at
. % MS media 10% multiple time
> of 15N points

(90% of "N)

Z. maize B73 in potting soil;
Normal growth until leaf 6

Q-Exactive Raw files

—= X!Tandem
<€ ‘ <€

- Raw file mzML

sample preparation

| . d - 7
Zm-B73-REFERENCE- conversion RP-LC Q-Exactive analysis
List of identified DE.protein.fasta
peptides and proteins
Uteally | pmapes INRAZ @ __AgroParisTech Proteo - Vilamoura. 11-13/05/2022
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Isotopic distribution metabolic
labelling kinetics

Peptide sequence: AGVKEYKLTYYTPEYETK

20200817_WB 4O RS0 01 #95639400 RT: 40794115 AV: 26 NL: 34265
T: FTIVS -+ pNS! Fll lockms[360.0000-1400.0000]

o t, Ctrl e t, Ctrl (10 days)

20200817_WB 10CH-RbSn01 #89919077 RT: 408041.03 AV: 18 N 62965
T: TV +p NS Fulllogkms{350.0000-1400.0000]

1

546.5287
3 470302 =
g = &
5 3 547000
5 g =4
< £ &
g 547.2808 2 5472798
5 z=4 @
& !
5475314 s
= 5477816 & 5473073
5460279 5462791 supden 516,678 iy 548038 5482168 54860 2] =2 5475314 S47.7799
= " 7
EINE S o W2 | S | Y | N I S~ A 1 sm o] | swsas || sosss JR T wmm eI ety
iz 560 5462 464 5466 568 5470 72 574 5476 578 5480 5482 5484 s8¢
iz
2200817 WB t1-15\tet RUISO03 481026203 RT: 41104144 AV 30 N 271E5 20000817 WB, BASNE Rbiso (2 A90069117 RT. 40884125 AV 2 N_ 68865
T: FTVS +p NS Full ladkrms[350.0000-1400.0000] T: FTIMS + pNSI Ful lockms{360.0000-14000000]
1 1007 ou.croy
t, (1d T t
546283
. ay e ays
. i 1 o 2 = 475289 3
g c 547.0667
Bl s = =
5 E o ]
2 5472797 H
2 = < 477788
5 2 % =
2 s
& 5475298 2 547;355 -
24 5477800 \ = sigz87
5465088 5469637 || 547.1469 Py 548.0002 5482787 54860 546061 5462575 5473141 \ || 576100 470611 o) 5185202
= = = A = = = = - = | = = A =
LN et e e LB AL By e B e I I e B e e L T P
5466 5468 470 572 ) 476 5478 580 5482 5484 i8¢ 450 452 4 5476 58 5480 b2 584 s
iz iz
2200817 WB 215\e RS2 400149079 RT: 40914113 AV: 24 N 351E5
. FING - pIS Rl ecks[350.0000-14000000] 2200817 W 1-15NHext R o2 496298727 RT: 41.0341.34 AV: 33 NL: 22565
T: FTVS+p S| FulllockTs {350.0000-1400.0000]
1 oarueks p —
=
72794
g =4 67784 01
g 546.5288 2 8 =4 = 4
g = H
2 5475204 2 s
2 4 by =
2 g
3 5472068 S7TTH s 65284
« = = & = st58002 47318 o0
\ 5480001 = =3 si2m2
\ 548279 Z 7 it
s\ =4 = 5860 pa sz 56656 (| /e || smisu ||/ saraes || sareder sa7o8s | smoey 5485284
\ A A =3 F z4 = / = [ = = = |\ = /\ z4
L L e et LIS AL et R o e A
566 5472 5474 476 578 580 5482 5484 5486 5460 st62 5464 566 5468 470 72 474 476 578 5480 582 5484 5486
iz iz
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Post Acquisition Data Processing

Raw fileé

X!Tandem search
results

Iy} .|

1?

Protein
turnover
calculation

.o FACULTE . .
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IDEEV

Post Acquisition Data Processing

Raw fileé

XlTandem searci
results

= -

Protein
turnover
calculation

!

15N Labelled
Protein Fraction
(LPF)

Protein Fold
Change
(PFC)

.o FACULTE
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Post Acquisition Data Processing

X!/Tandem
Raw files B -
= Pipeline
XlTandem search . , .
raculis Multlple files protein
e inference,
Grouping and filtering
Protein Protein Fold
turnover |€— Change
calculation (PFC)

!

15N Labelled
Protein Fraction
(LPF)

Peptides isotopic

XIC profiles and Ratios

Intensity

Isotop Ratio (i/10)

v

experimental Isotopes intensity

—————

Filtering raw data

.o FACULTE

universite | DEs SCIENCES
PARIS-SACLAY @ D'ORSAY INRM @

AgroParisTech A
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R Expys R theo

<R Exp> vs <R theo>

A view Exp vs Theo RI...

R Exp vs R theo (zoom)

8755972 MS?
R2 = 0.069

R_exs_may

R_exp

Pre-processing
Removing outliers: R; g,,(pepID) < R, tne0(PepID) * 1.2 at 6% N

7830301 MSE

H_exp

R thes

universite
PARIS-SACLAY

FACULTE
. DES SCIENCES INRA@
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Filtering data

2 levels filters

experimental Isotopes intensity Experimental Isotopic Ratios
D ——R0 —8—R1 —4—R2 R3  ——R4
—— |0 —— |1 —— |2 13 —8— 14 1.4 r
3E+07 =}
=
E‘.. —
B 2E+07 2
= b
2 &
€ 2E+07 o
(o]
—
(=]
1.E+07 2
5.E+06
0.E+00 @8 " T T T T Y
935 945 955 965 975 985 935 945 955 965 975 985
Rt (s) Rt (s)

Inter-Spectrum Correlation Peptide Ri distribution

Talents d'une planéte soutenable
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Isotoplc ratios and profile filtering

2 levels filters

Raw ratios  Peptide(Ri) dist. Spectrum? Corr.
7839391 MS2 6756789 MS? 2842304 MS?

wn

O

©

4

g ! . _ | ! _

Q R = | T8 _ i
Q AA—%:%& = ] s
5 — =" | N
& - MS Corr. > 0.9

.o FACULTE . .
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Additional filters ...

Raw ratios Rifilters

8755972 MS2 — 2842304 MS2
. R2=0.069  R2=096
IFS = 0.03 DR

IFS = 1.37
ili |

Favouring data redundancy

Redundant measurements
R2=0.96 in multiples replicates (= 2 out of 4 MS run)
' Minimum isotopes ratios (= 4 |)
Minimum number of spectra (= 5 MS?)

.o FACULTE . .
uiveraie [mer INRAZ @ AgroParisTech /_ Proteo - Vilamoura, 11-13/05/2022
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Post Acquisition Data Processing

AN XlTandem
Raw files . ;

) Pipeline
X!Tandem

Multiple files protein
inference,

search results

| -
Grouping and filtering
Protein Protein Fold
turnover <€—— Change
calculation (PFC)

!

15N Labelled
Protein Fraction
(LPF)

Peptides isotopic
XIC profiles and Ratios

Ratio modelling by
multiple regression

t_- FACULTE
universite : DEsSCIENCES
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Post Acquisition Data Processing

Highly redundant peptide
isotopic profiles

Multiple acquisitions (Triplicate at least)

log(R) = isotope; + MSrun; + RT, + g

isotope;: isotope i fixed effect

Multiple Rt (10-30 s peptide elution) MSruny: MS run j fixed effect ,
Multiple z (2+,3+...) RTk.re—Sirdeltjermtlon time random effect
2709529 MS? " 12052 peptides
R2 = 0.96 :

multiple regression

R?=0.97
IFS =1.47

Single isotopic distribution per non-redundant peptide

.o FACULTE . .
SLSTREg | B INRAZ @  AgroParisTech /. Proteo - Vilamoura, 11-13/05/2022
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Post Acquisition Data Processing

— XlTandem

Raw files . -

= Pipeline
se);!;inrizmts Multiple files protein
S inference,

o Grouping and filtering
Protein Protein Fold
turnover |€&——— Change
calculation (PFC)

!

15N Labelled
Protein Fraction
(LPF)

Peptides isotopic
XIC profiles and Ratios

Exports of the
PeptIDs list

!

IsoSpec.py
Theoretical isotopic
distribution calculation
for different 1°N rates

N

Estimation of the SN
incorporation

Ratios filtering

v

Peptide “modelled”
ratios

v

<——

.o FACULTE
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5N rate:

an iterative approach

IFS Distribution

£100% Ex.: Ctrl sample ss00
2 75% R 4000
foon IFS e
]
s 25% Slope 2500
]
£ 0% X Intercept 1500
0.00 0.25 0.50 0.75 1.00 1288 I
Experimental distribution 0
NS '\\ o> X (B O '\\ A
N T ¥ E R
4000
=o—Intercept —i—Slope 300
3000
200
——2000—
100
0
0.0% 0.2% 0.4% 0.6% 0.8% 1.0% 1.2%
-0.5 0 0.5 1 1.5 15N rate
<'5N rate> = 0.37% =+ 0.27% (n=7945)
c.FACULTE . .
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5N rate evolution

5N Metabolic labelling

S
N
A

P

15 15
<15N > =0.37% * 0.27% <'"N >=0.53% =+ 0.55% <'5N > =1.35% =+ 0.84% <"™N>=1.95% +0.95% <'5N >=2.06% =+ 0.80%
n=7945 n=8690 n=7265 n=7712 n=7552
300 180 80
250 160 70
140 60
200 158 50
150 80 40
100 60 28
- 40
20 10
0 0 0
0 0.02 0.04 0.06 0 0.02 0.04 0.06 0 0.02 0.04 0.06 0 0.02 0.04 0.06 0 0.02 0.04 0.06
4000 4000 4000 5000 4000
3000 3000 3000 4000 3000
2000 2000 2000 3000 2000
2000
1000 1000 I 1000 | 1000 1000 l
0 - 0 - 0 - 0 . 0 .
ST NOITBHORK O ST N THON D STNOTOON® STNOTHON D SHNRJOON D
§ O M T 0 ON § O UM S WO N § O O 0ON § O NM IO N § O OO ON
.o FACULTE i .
e INRAZ  AgroParisTech Proteo - Vilamoura, 11-13/05/2022



15N rate

0.06
L

0.04
L

0.00
L
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Loy
»
*

“Gold standard” measurement

15N rate distribution
5.0
v m <%15N> from the isotopic signal*
. ; . ® % 15N on whole material (Lyoph.)
. . E ! 4.0 » % 15N on TCA/Acetone precipitated material
§ g . i | ® % 15N on purified proteines
0 S
Z : i | , 3.0
Lo o z
9 3 ! : 2
§ | T R 20
| 1.0
: :| ;
S : | T
—_— — — —_— 0-0 -
T T T T T t0 t1 t2 t3 t4 t5
o0 o e 1803 1804 5
Temps de marquage
Samples
.o FACULTE . .
PIRRaie | oo INRAZ @ AgroParisTech Proteo - Vilamoura. 11-13/05/2022
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Apparent °N rate to LPF

1 0/ 1 oy 0/0/ 1
0.30-] 0368 /O 5N 024 4 5 /0 /0 5N
1 0.22
025 0.20]
] 0.18
] z ]
£ 0.20 Zo16
+ 014 —
] o ] —
0.15 & 0.12]
0.10]
0.10-] 0.08 |
] 0.06 ]
0.05] 0.04
] I 0.02 ]
0.00-1 T oot Bt BT RN AL | T J| T T 0.00-1 b b b kbl L T Ty |r ‘, T
9560 9570 9580 9590 960.0 961.0 9550 956.0 957.0 9580 959.0 960.0 961.0 962.0
m/z miz

LPF = [labelled] / ([initial] + [labelled])
([initial] + [labelled] = 1

15N, = (15N, X [initial] + 15N, x [labelled])

/ ([initial] + [labelled])

App

LPF = (15N '15NNat)l(15NMax - 15NNat)

App

2.00

1.50

1.00

0.50

0.00

2

@
o

[=]
=
o

Signal sum (1/1)

955 957 959 961

Theoretical (2.68 %)

0.28 ]
0.26
0.24 ]
0.22 ]
0.20-]
0.18 ]
0.16 4
0.14
0.12]
0.10-]
0.08 ]
0.06 1
0.04]
0.02] ‘
0.00 |GAAR) R Lt LAREREARE) RESLN LA S REART RERE) I ‘
9550 9560 957.0 9580 959.0 960.0 961.0
miz
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Post Acquisition Data Processing

Peptides isotopic
XIC profiles and Ratios

—— X!Tandem
Raw files . .
— Pipeline
Se);!;inrizmts Multiple files protein
inference,
— = . . .
Grouping and filtering Exports of the
PeptIDs list .
IsoSpec.py ‘7 e
Protein Protein Fold Theoretical isotopic
turnover |l¢—— Change distribution calculation \1,
calculation (PFC) for different >N rates

peptide
1\ \ “modelled” ratios
15N Labelled

Conversion of Estimation of the 5N
Protein Fraction €———— 5N apparent <€———— incorporation —
(LPF) rate in LPF P

.o FACULTE
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MCQR

* A set of objects and functions for R
to handle MassChroQ results:

» Label free quantitation
* Developed for natural isotopic abundance!

* Requires some adaptations
* |sotope selection
* Fine tuning...

.o FACULTE . .
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To conclude...

« Low "N metabolic labelling is compatible with:

» Peptide characterisation and protein identification
» Determination of the Protein Fold Change (MCQR)

« Data post acquisition processing provides:

* Reliable experimental isotopic distributions
« Evaluate the °N labelling rates
« Estimation of the Labelled Protein Fraction (LPF)

* In progress:
» Improvement of the LPF accuracy
« Protein label free quantitation even with >N metabolic labeling
* R script package under development

IDEEV

e FACULTE
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