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Goal

Develop an algorithm for estimating 13C
iIncorporation by using ‘half decimal
place rule’
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‘Half-decimal place rule’ (HDPR)

Mann (1995)
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Outline

1. Peptide mass calculation for **C and 3C
2. Estimation of °C and 3C slopes (HDPR)

3. Estimation of relative *C incorporation rates
(of user data)

implemented in ‘R’
(R-project.org) g ...uwourz
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Flowchart Script 1

Page

Peptide database

1 « criterions

Peptide sequences

1 « AA molecular formula

A

Peptide sequence masses

Atomic weights
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Peptide mass calculation for 12C and 13C

Virtual digestion with MS-Digest

dataset M. tuberculosis H37Rv

amino acid sequences
| i Data_decimal_places.txt - OpenOffice.org Calc ]
Ele Edit iew Insert Format Tools Data Window Hel 3
T e evn . enswwmensy  lENQh 2 — 40

[ B [l [0 & B 7 U % %X eses O-8-

oL T ——— {315,579 peptide fragments

1 |Protein average modification ChemScore missed.cleavage prev.AA sequence nextAA E
| 2 | 0 358.21 358.42 zero 436 oR GPGK -
| 3 | 1) 390.25 380.47 zero 507 1R SkR
| ¢ | 2 40225 402 48 zero 370 oR MR
5 3 40517 405.39 zero 254 oR DOR
|56 | 4 42521 425.47 zero oR SYR ChemSCore > lO
| 7 | 5 42508 426 61 zern 74 0R HLR —
| 8 | B 46429 464 69 zern 259 0K WAFK
9 750128 A01.67 1pyroGly 506 1R ORSK
10 8 518.31 518.6 zero 506 1R GRSK

533,27 53357 zern 256 1R DDRK . .
545.35 545,67 zero 21 1R LRTR M ISSIN g C I e avag e = O
57236 57269 zern 504 1R IRGR
57332 57367 zern 392 oK TRIDK
561,32 58166 zera_ %3 1K RSYR
4 505 41 586,77 zera 343 R IAILA. . .
59230 592,76 zern 28 1R IVAFK —_
5 B15.38 61571 zern 438 1R GPGKTR M 0 d Ifl Catl O n S - N U | |
619,34 519.7 zern 50 K ELTTR.
£20.39 52076 zera k0 1K YAFIR
5343 £34.74 zera 0 oK AGMER
646,37 B45.74 zern a4 R ALAGIER . <
85029 B50.74 Thet-ox. ¥ 0K AGMER M | ht 5000 D
T35 713.95 zera 34 1R IAILRK Ol. wel g -— a
72039 72092 zera Pt R LFPGMR
736,38 736,621 Met.ox pre) iR LFPGMR
7441 7467 zern 458 ik IGOAFGR
78230 763,91 zero ECill 1K IKAGMER
776,30 776,51 1Met-ox =0 1K KAGMER
&73.45 £73.99 zern 455 R EVFDHYVI
£84.56 EE5.1 zar A IS ALAENLR
= 586,53 589,05 zern 52 1K ELTTRIR =

e oo | 90,637 peptide sequences
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Peptide mass calculation for 12C and 13C

| Data_decimal_ places.ixt - OpenOffice.org Calc b”‘gﬂgj
File Edit ‘iew Insert Format Tools Daka  Window  Help
Brl2He ([ BER Y KkeE-¢d B-c- @88 By HEEE ]
: @l [anal “jwo =~ BJ U ===-= A% 3% % oM ez e (-~ [
(Ef vl x E = |23
a_ [ 8 [ ¢ [ o F [ & | 7
1 [Protein average modification ChemScore missed.cleavage prev.AA sequence next.AA =
2 0 35821 356.42 zero . 436 0R GPGK i
| 3 1 _39[! _25' 3_5"] _tl?_zeru _ 507 1R SkR
| 4 2 40225 402.48 zero _ 370 oR MR
i 3 405.17 405.3% zero 254 0R DDR
3 4 42521 425 47 zero | 263 0R SYR
K 42506 425,51 zero | 1 0k HLR
B B 4h4.229 454 59 zern | 255 ik WAF K
I FAE =N} e = 5D1.5?_1pyr_ul3lu | 506 1R CIRSK
10 g 51831 518.6/zero _ 506 1R LIRSk
| 11 9l 53327 533.57 zero _ 285 1R DDRK
12 100 54535 545.67 zero | 321 1H LETH
[ 13 11 57236 57269 zero _ 504 1R IRQR
| 14 12) 67332 57367 zero | o2 0k TPIDk
| 15 13 4&81.32 551.66 zero _ 263 1 REYR
16 14, 58541 585.77 zero 343 OR IAILH
17 1A A97 3R F97 7Rz ! 750 1R KAAF K
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Peptide mass calculation for 12C and 13C
Script 1.

1. Reduction of dataset (ChemScore, Modification etc.)
315,579 g 90,637

2 a. Peptide mass calculation

Sequence + Molecular » Sum of

in DB formula of C, H, N, O for
AA each seqguence

GAG G=C,HsNO, A=C;HgNO, C;Hyo N3 Og

Why?  Calculation of percentage *3C
incorporation % neLmnovrz
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Peptide mass calculation for 12C and 13C

2b. Peptide mass calculation

Sum of +  Atomic weights Mo_lecular
: hts of
C, H, N, O of each Weignts o
12C = 12.000000 Da segquences
Sequence 13C = 13.003355 Da (:h d - |
N =14.003074 Da (WI ecima
C7Hyo N3 O O = 15.994915 Da residuals)
H= 1.007825 Da
12C=242.135212 Da

13C=249.158697 Da
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Peptide mass calculation for 12C and 13C

2a. Peptide mass calculation

S Of 12C

Molecular Masse
and 13C peptides

0

~ — R CC/
+ OH ‘ OH N
NH3 N|—|3+ NH3+ N
H

Y —0 —T

+ |H,0*




Flowchart Script 2

Peptide sequence masses

1 < Transformation

Transf. Peptide
sequence masses

1 +<—— k-means clustering

Groupings Slope 0%/100% 13C

1 I «— Linear fitting

Transf. Decimal -
m/z — DR plot
Residuals




Estimation of 12C and 13C slopes
Script 2:
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Estimation of 12C and 13C slopes

" Hartigan &
Wong (1979)
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Estimation of 12C and 13C slopes

" Hartigan &
Add 3 Wong (1979)
N @ |
c—s o
-
i)
0 o
Q <7
' O
£ <]
O o
D
)]
(; 10l00 20lOO 30|00 40lOO 5OIOO 6(100/
: m/z /7 HELMHOLTZ
k-means clustering feme CENTRE FOR

ENVIRONMENTAL
using kmeans() RESEARCH - UFZ

e —



Estimation of 12C and 13C slopes

3.5

= 100% slope = 0.000633
— 0% slope = 0.000514

3.0

2.0
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Decimal residuals

1.0

Im() function
Stats package
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Flowchart Script 3

User data
k-means
1 « clustering
Slope 0% + 100% 13C ‘ Robust
linear fitting
Slope user data
reference
< calculation
Estimation of relative
13C incorporation rates
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Estimation of relative 13C incorporation rates

Script 3:

3.5

—— 100% slope = 0.000633
S 0% slope = 0.000514

3.0

DR=bLIm/z (with a=0)

2.5
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Estimation of relative 13C incorporation rates

1 Linear fitting:
minimizing the error sum of the squares

SSE =min)_(DR-b0mz)?
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Estimation of relative 13C incorporation rates

v | Robust linear model (Huber 1973)
M-estimator type
S - Iterative re-weighted least squares (IWLS; :
v ° ’ robust linear
o Huber 1981, Hampel et al 1986) o
S5 e | fitting
.-9 N
7))
L o
'
£ o
8]
)
O =._
; Breakdown point value set = 0.5
° >50% of datapoints must
o change
° l | | l | |
0 1000 2000 3000 4000 5000
rim() function m/z ﬁ HELMHOLTZ
CENTRE FOR
MASS package (Venable & Ripley 2002) ENVIRONMENTAL

RESEARCH - UFZ



Estimation of relative 13C incorporation rates

S 100% slope = 0.000633
—— 0% slope = 0.000514
o
n ° | .
c_:cs DR=bUm/z (with a=0) Your incorporation rate
S is 98.3%
N
O o
I
£ .
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User data input

P 200_massen.txt - Editor

Datel Bearbeiten Format Ansicht ?

358209
402 2465
4051734
4252149
4252625
464 2873 L
573.3248

585 4088

619.3415
634.2983 +
6453684

720 3867
748 4106
873 447
884.5569
900.5155
9435213
945 5005
948 4824
950 5311
0974963
1015.5676
11206591
12215686
12397061
1451.7508
1479.8072
1490.726
16518484
18179537
18400068
1934.9138 v

=
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R
Script 3

—

Datel Bearbeiten Verschiedenes Pakete Hilfe

Measurement #1
Your slope = 0 34277e-08

corresponds to 3.4% C13 incorporation

Measurement #2
Your slope = 0
corresponds to

Datel Hstory Resize
Measurement #1
Measurement #3
Your slope = 0
corresponds to w |
o
Your experimental incoporatio,
rate = 2.8%+/-0.6
= ]
o o .
Measurement #¢ @ 100% Y .
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User data output

'I'-'_ R Graphics: Device 2 (ACTIVE)

Datei History Resize Fe A
Datel Bearbeiten Verschiedenes Pakete Hilfe
)
Measurement #1
Measurement #1 Your slope = 0.0005161632+/-3.E834277e-08
corresponds to 3.4% C13 incorporation
-
Measurement #2
g — Your slope = 0.00051870 o8
corresponds to 5.
Your experimental incoporatio
rate = 2.8%+/-0.6 ¢
= | Messurement #3
4 o - Your slope = 0.000 /-2.626852e-08
oD 100}{} - - corresponds to 2.8 rporation
—
=L
. * e
]
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Sensitivity of Method
Dataset Pseudomonas putida

1. Calculated 50% and 100% *3C incorporation

2. Randomly sampled 100 times each

10-100 (steps by 10), 150, 200, 300, 500, 1000
sequences (0%,50% and 100%)

3. Statistics on estimated incorporation rate for 0%,

50% and 100%
ﬁHELMHOLTZ
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Sensitivity of Method
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Conclusion

1. ,Half-decimal place rule‘ useful for

the estimation of 3C incorporation
rates

2. Robust linear models better suited

for fitting of highly variable user
data than MInSSE fitting

3. >100 measurements needed for

prescision <5% incorporation

estimation @ weLmmoLrs
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Outlook

1. Application of HPDR on DNA

2. Backcalculation to t°C-peaks —
function identification

3. Include N-isotope
Incoorporation
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