CHAMPS: Complete Homology
Assisted MS Protein Sequencing



Proteins
B
& Y
Peptides

Bottom-Up Proteomics

o
It

Z ik

Jii

Yy

Ve

EXUIENS

ﬁ VAN

>protein A

Protein ID

®Proteins

PAKGTIRHIHGCDKRGAPWPAS..
>protein B
MSERNHLREIIGNEVR
>protein C
LSIMQODKDYSASFIS..

PAK

MSER

LSIMQDK
HIHGCDK
EIIGNEVR
SIMQMDYSASFIS

a7,

=
=

Jﬁ%ﬂMﬂm\th|kJ

«««««

2603
|| '

.
.

o0

R JM‘I‘.INMLMII “J,...nl.lﬂhmt L;Llh\l. | h‘..l.n -

0 P s

LT T T W P
- - - e

120

o 10

Peptides

HHFA

fikFe 4



ML

—es23

J\I\lﬁ le.J“nHILLun IH“JI I’L “ Thi

rm El
00,

1774
10814

12803
ul.ul‘luhu ||| '
0 1200

11111

.ﬁfﬂ.ﬁl?ﬂfﬁ. .u“x L f

11111

11111

protein DB

8

1 i ML RS 2 YA 5 5

jl> EISGNEVR

ESIGNEVR



)

4

)

4

Fr- 41 AN HERF NS B (1] el

MS/MS Homologous Database

>protein A

7 GTIR RGDPWRAS...
1l -~ i >protein B
_ J et m ; l ’ . MSERNHLREIIGNEVR......
oL ,HI J u“.lidu ui. u“.u Tinein ||| . .
il ll..\l...l.\‘]:%.ln‘“.\i l'llql..mﬂh‘bu . bhodwabite LSIMQDKDYSASFIS.....
sucalbodaldl Ul o dl ol L

N/

>protein A

>protein A
GTIR RGDPWRAS...



Example 1: Mutations Between Individuals

214

ALBU_BOVIN from swissprot . .MRE KVI*éSARQR LRCAS. ..
Our ALBU_BOVIN . .MRE KVLTSSARQR LRCAS...
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Example 2: Homologous Species

<
schnauzer

“

bulldog

collie German shepherd

DTHKSETAHRFNDLGEE GLVLIAFSQYLQQCPFDEHVKLVEELTEFAK
DTHKSETAHRFEDLGEE F GLVLIAFSQYLQQCPFDEHVKLVNELTEFAK

KTCVADESHAGCBKSLHTLFGDELCKVARRLRETYGDMADCCEKQEPERNEC
KTCVADESHAGCEKSLHTLFGDELCKVASLRETYGDMADCCEKQEPERNEC

CFLIHKDDSPDLPKLKPIPITLC EFKADEKKFWGKYLYEMARRHPYFYAP
CFLEHKDDSPDLPKLKPEPRTLCBEFKADEKKFWGKYLYERARRHPYFYAP
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Common de novo sequencing errors
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Mass Segment Error (Jii i)

* Most errors are due to incomplete ion ladders
in the spectrum.

- FFHIAHE, BEE
— E.g. HLVLR v.s. LHVLR

 Most de novo sequencing software uses the
precursor mass as a constraint.

— Thus the peptide mass is rarely wrong.
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e Suppose the real peptide is SLCAFK, and de novo
sequencing gives LSCFAK with 2 mass segment
errors, and homolog is SLAAFK.

(denovo) X: LSCFAK (denovo) X: [LS]C[FA]K
| (real) Y: [SL]C[AF]K
(homolog) Z: SLAAFK |
/ (homolog) Z: [SL]A[AF]K
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SPIDER Model

(de novo) X: [LS]C[FA]K
(real) Y: [SL]C[AF]K

| | 11|
(homolog) Z: [SL]A[AF]K

* Given a de novo sequence X, and a database
sequence Z (two lies). Try to reconstruct the
real sequence Y (the truth).

* The real Y should minimize the de novo errors
and the homology mutations needed in the
above explanation.



Two exercises

(denovo) X: LSCFAV
(real) Y: SLCFAV
(homolog) Z.: SLCF-V
(denovo) X: LSCFV
(real) Y: EACFV
(homolog) Z: DACFV
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(Figure from Martin-Visscher et al. 2008)
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Peptide fragment
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(1) -AIQLLVAYGIAQGT

(2) FAIQLLVAYGIAQGTAEK

{3} —————m VAYGIAQGTAEKVVSL

) T — GIAQGTAEKVVSLINAGL

T T —— INAGLTVGSILSIL
P —— VVSLINAGLTVGSILSILGGVTVGLSGVFTAVK

[T) =mmmm———————————————— SILSILGGVTVGLSGVFTAVK
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EAIQLLVAYGIAQGTAEKVVSLINAGLTVGSILSILGGVTVGLEGVFTAVEAATAKQGTK
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Existing Works

Hopper et al., JBC 1989, 106AA
— trypsin and thermolysin
— manual de novo sequencing
Martin-Visscher et al., Appl. Env. Microbiology, 2008, 60AA circular
— 9 enzymes were used
— assisted with PEAKS auto de novo sequencing
Banderia et al. Mol. Cell Proteomics, 2007
— automated software tool
— 96% coverage, 90% accuracy
Banderia et al. Nat. Biotech, 2008
— improved coverage to 97-99% with reference sequences
— accuracy not discussed
Liu et al. Bioinformatics Bioinformatics 2009. (Software name: Champs)
— achieve >99% accuracy and coverage simultaneously
— by using reference sequence in a different way
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Champs’ Approach (Step 2)
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DTHKSEIAHRFNDLGEENFQGLVLIAFSQYLQ reference
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Champs’ Approach (Step 3)
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Reported Performance

An experiment was reported in Bioinformatics 2009 25(17):
2174-2180.

ALBU_BOVIN and LYS_CHICK were used as testing proteins.

— signal sequences of both proteins removed
— 583 AA and 129 AA, respectively

ALBU_BOVIN and LYS_CHICK were removed from swissprot
database to form homologous database.

— Conventional methods can not find the exact protein.
CHAMPS’ performance is the following

Reference Reference

Target Protein _ Lo
Protein similarity

Coverage Accuracy

ALBU_BOVIN ALBU_SHEEP 92.5% 99.6% 100%

LYS_CHICK LYS_COTJA 05.3% 100% 100%




