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Rationale behind looking at intact proteins
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Regulation of gene expression

Many protein forms (proteoforms) from a single gene
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What is a proteoform?
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(UniProtKB)

Endogenous proteolysis

MRNA splicing 5 v

. u‘&.‘ "X _ ":ﬁ
Mutations ; 2l
SNPs é:;‘-ﬁ“

Site specific features:
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Smith et al. Nat. Methods, 10:186-187 (2013)

A distinct molecular form of a
protein product arising from a
single gene

The Consortium for Top-Down
Proteomics

4 CTDP

Consortium for Top-Down Proteomics
Bringing Proteoforms to Life™
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Proteoforms in biomedical & clinical research

* Proteoform-level knowledge is essential to understand biological function

 |Important clinical areas of interest where proteoforms have been identified and linked to disease progression

Disease progression
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Neuro- phosphorylation
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Infectious
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Alzheimer's
disease

Cardiac
injury

Cerebrospinal
meningitis

Tumor-specific
proteoforms

Antibody-based
drugs and
diagnostics

Smith et al., Science Advances 7, eabk0734 (2021)

% CTDP

Consortium for Top-Down Proteomics
Bringing Proteoforms to Life™
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Multiple Myeloma & Light Chain Disease

* Multiple myeloma: malignancy of plasma cells characterized by a clonal expansion of abnormal B-cells

e B-cells accumulate in the bone marrow and secrete large amounts of monoclonal light chains that can
deposit in organs such as kidneys leading to:

- Light Chain Deposition Disease (LCDD) for aggregates of amorphous nature
- AL-amyloidosis, where aggregates consist of amyloid fibrils

Light Chains are Produced by Plasma Light Chains Clump & Form Amvioid Fibrils D NG
Cells in the Bone Marrow Amyloid Fibrils I AP 2 F AR 0
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Amyloid light-chain (AL) amyloidosis
https://my.clevelandclinic.org/health/diseases/15718-amyloidosis
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Light Chain (LC) analysis

* Currently no possibility to predict the in vivo solubility and deposition behavior of a particular LC

* No link between LC abundance and disease severity

* To understand the factors affecting solubility and develop diagnostic tools, LC sequence is essential
- RNA sequencing of B-cell clones
- Mass Spectrometry

*
«\S-S bond / |
.:x’bf i Fab region ] ]
N7 ' (2x50 kDa) Light chain
Light chain Y— -i- Variable domain ~ 25 kDa
e il - (3 CDRs) 5 cysteines
i Fe region Constant domain 2 S-S bond
[ ] ' (50 kDa)
v

Intact mAb = 150 kDa
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Sequencing of mAbs by MS

* MS extensively used for the characterization of recombinant mAbs (BUP with different enzymes)

 For unknown mAbs:
- Combination of BUP and intact mAb mass profiling
- Combination of BUP and middle-down proteomics on Fab (50 kDa) after sample fractionation

-  Top-down proteomics on LCs extracted from human sera for classifying plasma cell disorders (21T FT-ICR MS)

Limitation of current methods

- Gaps in sequences
- 70% seguence coverage for LC study (TDP)

- No I/L differentiation, S-S assignment Collaboration A. Bull
(Univ. Disseldorf)

Our objective :'::0...,
0%
Develop a complete de novo MS sequencing workflow o’ EPIC-XS

for patient-derived LC proteoforms

Peng et al., ). Proteome Res. 20(7):3559-3566 (2021)
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De novo sequencing: step 1 (multiple digestions)

M. Dupré M. Duchateau M. Rey

Enzymatic

Q&‘ digestion gjl LC-MS/MS ﬁ sequencing
R‘{% =— MLul] freas

Light chains

* Enzymatic digestions

- Specific cleavage

- Non-specific

cleavage

e Sequence assembly

De novo - TQSPSTLSASVG Sequence
- DLQMTQSPS assembly
- STLSA
—_—
- VTLTCRASQSL
- VKWDMDR ALPS
’ @ - LSASVGDAVTLTCRAS
an‘[ /
Trypsin (K, R)
Pepsin
Nepenthes fluid
DLOMTQS "STLSAS 8 k-mers alignment

SFPSTLSASVGDAV

|

DLOMTQS " STLSASVGDAV

>Seq. 1: DLOMTQSPST LSASVGDAVT LTCRASQSLN
VWLAWYQQKP GKPPKLLLYE ASNLESGVPS

>Seq. 2: ASGASLNVWL AWYQQKPGKP KLLLYEASN
LESGVPSRF'S GSGSGTEFTP TEKDEYAGC
NHVTLSQPKL VKWDMDR

>Seq. 3: KSADYEKGHK LYACGEVTHQ AVSSPVTAKS
FNRDAGC

Candidate sequences

Tran N.H. et al., Scientific Reports 6:31730 (2016)

Rey M et al., Mol. Cell. Proteomics 12 (2), 464—472 (2013)
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De novo sequencing: step 2 (analysis of intact proteins)

LC-MS/MS

-

Search against
candidate sequences

DLQMTQISPSTLSASVGDAVTLTCRA
SQSLNVWLAWYQQKPGIKPPIKILLLYE
ASNILIEISGIVIPSRIFISGSGSGTEFTLTL
IsstlaPDDFAITlYYCQQYNSYPYTFG|la

DILQMTQSPSTLSASVGDRVTLTCRA
salsLsssLAwWYQQKPGIKIAPIKLLLYD
Als S LEITIGVIPSRIFSGSGSGITEFTLSL
1slslLlaPDDIFATYYICQHYNSYSLTFGQ

> GAKILEILKRITVAAPSVI[FLIFPPSDIEQL GTIKIVIEILKRTVIAAPSVFELFPPSIDIEIQL
|kls ¢ T A]s vv c L L NINLF ¥ PIR E|a|k|V]Qwlk v Ik sGlTAsvvcLLNINLFY PIRLE A K|lVIQW]K V
pInlalLla s 6 NIs @ ELs vITLE alpls KIplsIT v s L TonNlalLlasGNlsQElsvTIEQDSKDISTYS L
I.:? s sITlL T L s|k|alDlYleElk HK[L Y[AClEVTHQG IslslTle T L S}K ATLD'LV'LE'LK HIKlv v|a cle v THlQ 6
: I‘ MS&MS/MS LSISPVTIKSFNRGEC LIsls PV TKIS FINRGE C
Light chains Light chain proteoforms
 Sample preparation: no digestion!
+/- [reduction, alkylation] of S-S bonds
d
« b
Frag. modes lon types L« <C-.
, _ CID/HCD b,y C. .
* LC-MS/MS on Orbitrap Fusion Lumos ETD . . «
. . . ! H/N a N " a N7l " a OH
Multiple fragmentation techniques EThcD b,y, ¢,z " LN
UVvPD b,y,c,z,a,x " T
>
X 9 L,
Y z

* Data analysis
Xtract (FreeStyle), ProsightLite, 5 ppm
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Example for the P15 sample

Candidate seq. 1
Miheo: 23,461.50 Da

Candidate seq. 2
Mipeo: 23,462.47 Da

4 LC-MS/MS runs

(Trypsin,

DLOMTQSPST
FTLTLSSLQP
PREAKVQWKV
RGEC

DLOMTQSPST
FTLTLSSLQP
PREAKVQWKV
RGEC

Pepsin, Nepenthes fluid)

J PEAKS

26,859 unique sequences

l ALPS,

k-mer 8

Top 2 sequences

LSASVGDAVT
DDFATYYCQQ
DNALQSGNSQ

LSASVGDAVT
DDFATYYCQQ
DNALQSGNSQ

LTCRASQSLN
YNSYPYTEGO
ESVTEQDSKD

LTCRASQSLN
YNSYPYTEGOQ
ESVTEQDSKD

VWLAWYQOKP
GAKLELKRTV
STYSLSSTLT

VWLAWYQOQKP
GAKLELKRTV
STYSLSSTLT

GKPPKLLLYE
AAPSVFLEPP
LSKADYEKHK

GKPPKLLLYE
AAPSVFLEPP
LSKADYEKHK

ASNLESGVPS
SDEQLKSGTA
LYACEVTHQG

ASDLESGVPS
SDEQLKSGTA
LYACEVTHQG

RESGSGSGTE
SVVCLLNNEY
LSSPVTKSEN

RESGSGSGTE
SVVCLLNNEY
LSSPVTKSEN
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P15: Intact mass analysis

800 1000 1200 1400 1600 1800 2000 2200 2400

m/z

Non-reduced

M=23,576.48 Da

Reduction Am=-114.93 Da

Reduced

A 4

M=23,461.55 Da

800 1000 1200 1400 1600 1800 2000 2200 2400

m/z

Am = +4.03 Da = 2 disulfide bonds

Am = -118.96 Da =» cysteinylation (119.00 Da)

Match with sequence 1

Sequence 1
+ 2 disulfide bonds
+ 1 cysteinylation
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P15: Top-down fragmentation maps

NCE
20%
25%
30%

NCE
10%
12%
15%

12

CID

DL QMITIQISIP S T LISIAIS VIGIDAVTLTCRA
SQSLNVIWLAWYQQKPGKPPKLLLYE
A SINILIEISIGIVIP S R FIS1G S1GIS GIT ELF TILLTIL
1s1s1LlQlp b D FlALTLYIYIClQlQIYINSLY P Y T F G Q
GAKLELKRTVAAPSVIFILIFIPIPSDEQL
KIS GITAS VIVICILILNNFYPREAKVQWKYV
DNA LlQlSIGINLSLQLELSIVLTLE Qlpls K D SLTLYLSLL
ISISLTLLLTILLSIKIA DLY E(KIHLKLLLY A Cc ELVITHlQlG
LLLSISLP VLT KISLFNRGE C

# nr fragments: 114
Residue cleavage: 46%

HCD

D L QM|TIQISIP S TILISIAISIVIGDAVTLTCRA
SQSLNVIWLAWYIQQKPGKPPKLLLYE
A SINILIEISIGIVIP S R FIS G S1GIS GIT E F T LLTlL
1sls L1Qlp D D FLALTIYLY CQQIYINSLYIP YT FGQ
GAKLELKRTVAAPSLVIFILIFIPIPSDEQL
KSGTASVIVICILILINNFY[PRELAKVQWK YV
DNA LlQlSIGINLSLQLELSLVLTLE Qlpls KID SLTLYLSLL
[SLSLTLLLTLL S K|A DLY ELKIH KLLLY A Cc ELVITIHLlalG
LLS SLP VITIKISLFNRGE C

# nr fragments: 99
Residue cleavage: 44%

EThcD

D L QM|T]Q]SIP S|IT LIS AISVIGDAV TILTCRA
s Q|s LIN vw L Alwlylalalk PIGIKLP PIKIL]IL L]Y]E
A SINILIELS|GIVIP s RIFIS]IG SGISIGITEFTLTL
1slslilalp pIplFlAlTIYLY clalalYINISlY P Y T F Gla
16 ALKIL1EILTK R1T V]AlA P s|VLF LLF1PLP s|DlElQ L
1kls1GlT Als v v c|[L L NINLFLY PIRLE|AlK]V]IQIWIK]V
IoINlALL lalslGINLs lalelsLviTLElalpls [KIpLsLTLYLs L
LsIsirlelrl siklAlLYlelkHIkIL Y1A cle viTIHIQlG
[LIslsLlPlvITIKLSLFINIR G E]lC

# nr fragments: 253
Residue cleavage: 69%

UVPD

DLQMTQ|SPISTLISASVIGIDAV TL TICRIA
Is Qls L N Viw L Alw Y Q QIK]PIGIKIPIPIKILIL L YIE
JAISINILTE]S GIVIPIS RIFISGSGSGTE|FITLTL

s s L]lQlPIDIDLFIALT YlYIc @ Q YINIS]YIPLY TLFlG Q

GAKLIELKRTV]AIALPISIVIFLLLFIPIPIS DEQ L

KSGTASLIVIVICIL L NN F Y]P RLEILA KLVIQ WIK V
[DIN AlLlQlSIG NIslQ E sLlvIT EQ D s KIpls|TLyls L
sls T L TlLLs kALY LElKIHIK[LLY[ALCLELVITIHLIQLG
lLLs sIPLVITIK SIFNR G E C

# nr fragments: 164
Residue cleavage: 54%

Reaction time + NCE
1.5ms +5%
5ms+5%

10 ms + 10%

1 c¢/z fragment ions
1 b/y fragment ions

1 a/x fragment ions

Reaction time
20 ms
25 ms
30 ms
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P15: Combined fragmentatinn man

Cy5134 - Cy5194 Sl TR i 1

:rrrrrrrrrrrrr
y5*! YACEVTHQGLSSPVTK
d

i ya* o Sequence 1
plLlQlmMI TIQls]1PIs]" | & E a
+ i e 2 S-S + 1 cysteinylation
pLevLy 1 | vZZ b: Amass (Exp. / Theo): 0.95 ppm
v 151 et # nr fragments: 375
I M b L Residue cleavage: 85%
N T 100 300 500 700 miz 900 1100 1300 _
IslGlT A-I S V|V LC LLLL LN INLF LY P-l_R-LE |AlK]V]Q|w|K 1 c/z fragment ions
2 - : 1 b/y fragment ions
N "“flv 5 v ““-";;F-““y:: ---------- r-m “T-nl 1 a/x fragment ions
YI 1 J | ’br ys*! " L L“SH . LY LA LC LE LV LTIH LQ LG 5 ppm fragment mass tolerance
I | he'l| | y16
11 LL LS S LP LVlT LK)(; I‘Ln ' I:Lll()Ol I‘I Il:;3I50I o IllﬁvIOOll Lll I 'l:!.8|50

* Analysis of trypsin digest (+/- reduction/alkylation)
- 100% sequence coverage
— Disulfides: Cys23 — Cys88, Cys134 — Cys194
— Cysteinylation on Cys214

Sarpe V, et al., Mol. Cell. Proteomics 15,3071-80 (2016)
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P15: lle/Leu Differentiation

ztowion
EThcD

Immonium ion
HCD

14

Leu

Ile

Relative Abundance

100

50

z-ion

W) :
s
z-ion
86
Leu
69
64 68 72 76 B4I 88

miz

Relative Abundance

100

50

69

+ 0

Ile

60

64

68

72

76

miz

80

EThcD to generate zand w ions
Aw-z, =-43 Da
Aw-z,=-29 Da

Small b or y ion containing | or L
l HCD (MS3)
m/z 86
l HCD (MS4)

m/z 69
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P15: lle/Leu Differentiation

Rel. Ab. (%)

Rel. Ab. (%)

215 1618.82
EThcD (100ms, 25%)
1619.82
Wis
1575.76
1576.77 1590.84
1 l L 1 1
15'70 15175 15180 15'85 15'90 15I95 16'00 16'05 16'10 16'15 1620 m/z
. e 86.0 .
lle-NHs R
68.9
HCD-MS*
m/z 874.47 ([M+H]?*)
m/z 340.26 (b,)
m/z 86.0 (i,.)
m/z 69.0 (ille-NH3)
50I o l5|5l o '6IOI o IBL\SI - 7bl o [7|5l o |86| - I8}5 o Igbl o |ng| - I1(|)0I o I1(55I - |11|0I - I11]5I o Iml/Z

LLIYEASNLESGVPSR

d

LLIYEASNLESGVPSR
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P15 Final Sequence

K 1sotype
CDR1

DIOMTQSPSTLSASVGDAVTITCRASQSLNVWLAWYQQKPGKPPKLLIYEASNLESGVP

tmmmmmmm 7 CDR3
SREFSGSGSGTEFTLTISSLOPDDFATYYCOQOYNSYPYTFGOGAKLE ITKRTVAAPSVEIF

PPSDEQLKSGTASVVCLLNNEFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSS

TLTLSKADYEKHKLYACEVTHQGLSSPVTKSEFNRGEC*

* Cysteinylation

‘P
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P8 Analysis

Intact mass analysis

Non-

%} &% reduced

1952 1956
m/z

800 1000 1200 1400 1600 1800 2000 2200 2400
m/z

Reduced
X Alkylated

1024 1026 1028 1030
m/z

800 1000 1200 1400 1600 1800 2000 2200 2400
m/z

17

Two proteoforms @:

23,428.39 Da

Reduction
A= +149.09 Da| Alkylation

One proteoform @:
23,577.48 Da

A single sequence with
modified Cys

De novio pedavendirgg migribati omagsamnalysis

pLLIQIMITIQISIP]S TILISIAISIVIGID RV T L T € RIA 2
25 slqls L1s1s s L1AIWIYIQIQIKLP GLKIAIPIKILILILTY]D =0
s11Als SILLEITIGIVIP s R1F1$‘|G'I slGls GIT EIFITLLISIL 75
7e|slslLlQlPIDIDLFIALTLY Y]c Q H YINLS YIs LITIFlGlqQ =
101 G TIKIVLELLIK R T V]AlALPLY SLFILLFIPIPLSIPLEIQ L 125
126|K[s|GLT Als VIVICLLLLININLF Y PIRLE|A[K]V]IQIWIK Vv 50
76| sLsLTLLLT LislklAalDLYLELK HIKLVLY ALClELVITIHIQLG 200
201 |L|sIsIPLVLTIKISIFINR G E C*

Amass (Exp. / Theo): -1.03 ppm
# nr fragments: 468
Residue cleavage: 86%

Trypsin digest

Disulfides: Cys23 — Cys88 & Cys134 — Cys194
Cys214*: or CoenzymeM (CoM)

CoM: adjuvant in chemotherapy
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P5 Analysis

Intact mass analysis

X[

1960 1980
m/z

800 1000 1200 1400 1600 1800 2000 2200 2400
m/z

Reduced
XAlkylated

800 1000 1200 1400 1600 1800 2000 2200 2400
m/z

18

Two proteoforms @:

Reduction
Alkylation

Two proteoforms @:

—

Two different sequences
modified Cys

Top-down fragmentation map (5A)

LLETVILITIQISIPIGITIL]S LISIP G ERIAT L S C RIA
Is als VIsls s v L1AWLY QlalkIP1G qlAlP RILIL L]y
1p]A s TIR]A]IT G|L]IP|DIR] F‘I_‘:,-S:I-é-i_-su-(-i---S-i-(:'a:I-l-\-]-i)---I;Ti.lllT

L1s1s1L1elPLE LDLFlAIMLY Y c @la Y G R1s PlY[TLFlG
1P G TIK VID L1K RLT v AlAlPLs VIFLLLFLPLPLS DlElQ

LK S G[TAs v{vlclL LININLF YIPIRLE AlK[V]Q Wik
lvioIn A LlalslGINLslalelslvLTLE alpls klpLs|TlyYls
lelsTslrielr visIklaLY ek HIkLvLy [AlcleLviTIHLQ

GLLLslsPlvLTIk[SLFINR G E c*

Amass (Exp. / Theo): 0.46 ppm
Residue cleavage: 83%

Trypsin digest

Disulfides: Cys23 — Cys89 & Cys135 — Cys195
Cys215*: Cysteinylation
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P5 Analysis

Intact mass analysis

X[

1960 1980
m/z

800 1000 1200 1400 1600 1800 2000 2200 2400
m/z

\’

1030

Reduced

X Alkylated

~

miz 1040

800 1000 1200 1400 1600 1800 2000 2200 2400
m/z

19

Two proteoforms @:
23,543.49 Da
23,776.61 Da

Reduction
Alkylation

Two proteoforms @:
23,713.62 Da
B 23,946.81 Da

Two different sequences
modified Cys

Top-down fragmentation map (5B)

ELITV L]s]QlsIPIDIT L S LIS PG ERA T|L S C[R]A
1o K1s1vislsINTYIviawlv]alalkIPiGlQlAlP RILTETITY
1p1A1FITIRIA TIGLITPIDIRIFIS GlSIGISTE]IT DIYLTILLT
UlsIrlLlElP e o LFlALVIYLY IClalalY G RISTPIYITLFlG
1rle]lTIKIvIP] 11k RIT V]A AlPlS VLFLITFLPLP sIDlElQ

LIk s1GLT Als vIVICILILININLF v P[RLE]ALK]V Q@ Wik
lv pINlALLLalsLGINLs alelsLvLTLE alpls KIp s TLYls
lelslslrlelr cislklalolylelklniklviyla clelviTiHla
lGLLlslstplviTIKIsLFINIR G E c*

Amass (Exp. / Theo): 0.6 ppm
Residue cleavage: 80%

Trypsin digest

Disulfides: Cys23 — Cys88 & Cys134 — Cys194
Cys215*: Cysteinylation
94% identity between 5A and 5B
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Summary

* Light chains extracted for the urine of 10 patients fully de novo sequenced (including all CDRs)

215
P6
P7
pis
P20
£8
P19
PS5,
PSg

P15
P6
p7
P18
P20
P8
P19
PS5,
PS5g

Pl
P13

Pl
P13

FR1
DICMTQSPST LSASVGDAVT
DICQOMTQSPSS LSASVGDRVS
DIQMTQSPSS LSASVGDRVT
DIQMTQSPSS LSASVGDRVT
DIOMTQSPST LSTSVGDRVT
DIQMTQSPST LSASVGDRVT
DIOMTQSPSS LSASVGDRVT
EIVLTQSPGT LSLSPGERAT
EIVLSQSPDT LSLSPGERAT

ek ecehkdk o hh W Ko

TVAAPSVEIF PPSDEQLESG
TVAAPSVFIF PPSDEQLESG
TVAAPSVFIF PPSDEQLEKSG
TVAAPSVFIF PPSDEQLESG
TVAAPSVFIF PPSDEQLEKSG
TVAAPSVFIF PPSDEQLESG
SLAAPSVFIF PPSDEQLESG
TVAAPSVFIF PPSDEQLESG
TVAAPSVEFIF PPSDEQLESG

dokohohokohoh ok h Aok ok ok ok ok ok d ok ke

GPDLTQPRSV SGSPGQSVTL
EAPLTQPPSV SGAPGQRVTL

Akhdk Aok *i—:*** * ok ok

VLGQPRAAPS VTLFPPSSEE
VLGQPERANPT VTIFPPSSEE

e

CDR1

ITCRASQSLN
ITCRASESIS
ITCOASQODLA
ITCQASRDIS
ITCRASQOSIR
ITCRASQSLS
ITCOASQDLG
LSCRASQSVS
LSCRADESVS

cshod

TASVVCLINN
TASVVCLINN
TASVVCLINN
TASVVCLINN
TASVVCLINN
TASVVCLINN
TASVVCLINN
TASVVCLINN
TASVVCLINN

e heke ke ke ok ok ke Aok

SCTGTSSDVG
SCTGSSSNLG

**—**:**::*

LOANFRATLVC
LOANRATIVC

ek ke ke ke oA ke ek ke

I/L: MS/MS identification

—VWIAWYQQOR
—SYVNWYQQR
—KYINWYQQK
—NYINWYQOQK
—TWIAWYQQK
—SSIAWYQQK
—NYINWYQQK
SSYLAWYQQK
SNYVAWYQQK

. hkhohk

FYPREARVOW
FYPREARVQW
FYPREARVQOW
FYPREARRVQOW
FYPREARVQW
FYPREARVQW
FYPREARVQW
FYPREARVQW
FYPREARVQW

ek ke ke heh ok ok ok ok

FR2
PGRPPRLLIY
PGEAPKLLIY
PGRPPKLLIY
PGEAPMLLIY
PGEAPKLLIY
PGRAPKLLIY
PGEAPRLLIY
PGOAPRLLIY
PGOAPRLLIY

hk e ok hkokod

KVDNALQSGN
EVDNALQSGN
EKVDNALQSGN
EVDNALQSGN
EVDNALQSGN
EKVDNALQSGN
EVDNALQSGN
EVDNATLQSGN
EVDNALQSGN

Aok ke ke A ok ok Aok ok

EASNLESGVP
TASSLQSGVP
DTSNLETGVP
AASNLQTGVP
EASTLETGVP
DASSLETGVP
DASDLEEGVP
DASTRATGIP
DAFTRATGIP

- * .k

SQESVIEQDS
SQESVTEQDS
SQESVTEQDS
SQESVTEQDS
SQESVTEQDS
SQESVTEQDS
SQESVTEQDS
SQESVTEQDS
SQESVTEQDS

e e heoh ok ok Aok ok

SRFSGSGSGT
PRFSGSASGT
SRFS-NGGGT
SRFSGSGSGT
SRFSGSGSGT
SRFSGSGSGT
SRFSGSGSGT
DRFSGSGSGA
DRFSGSGSET

e ke ke .

EDSTYISLSST
EDSTYSLSST
EDSTYSLSST
EDSTYSLSST
EDSTYSLSST
EDSTYSLSST
EDSTYSLSST
EDSTYSLSST
EDSTYSLSST

3

GYNYVSWYQQ HPGRAPKLMI YDVTRERPSGV PDRFSGSEKSG
AGWDVHWYQQ LPGTVPELLI YADRNRPSGV PERFSGSESG

EE

**-.Aﬂk*:*

* :*ﬁ-ﬂr**

*:x\-****\l’**

LISDFYPQVT VAWRADSSPV ERAGVETTTPS EKQSNNRYAAS
LISDFYPQVT VAWEKADGSPV EAGVETTEPS RKQSNNRYAAS

R S o

B e L O i IR T o o S e e

I/L: Sequence homology attribution

FR3
EFTLTISSLQ
DFTLTISSLQO
DETFTINSLQ
DETFTISSLQ
EFTLTISSLO
EFTLSISSLQ
DFTFTISSLQ
DFLLTISSLE
DYTLTISTLE

es sok eke

LTLSEKADYER
LTLSKADYEK
LTLSEADYEK
LTLSKADYEK
LTLSKADYEK
LTLSEADYEK
LTLSKADYEK
ILTLSKADYEK
LTLSEKADYEK

*kek A ok ok ok o kek

TTASLTISGL
TSATVAIAGL
deghg gk kk
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Between 66.7% (k)
and 94% (A)
sequence homology

Unexpected range of
modifications
Cysteinylation,

CoenzymeM,
HexNAc(1)dHex(1)

* Top-down proteomics essential to address samples with multiple proteoforms (could be improved?)

Dupré M. et al., Anal. Chem. 93, 10627-10634 (2021)

#) INSTITUT
PASTEUR



Omnitrap platform for improved Top-Down Proteomics

* A novel segmented linear ion trap for enhanced activation and ion storage

N T0¢ K

* Arsenal of ion activation techniques: CID, ECD, EID, photo-dissociation and others...
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Q-Exactive HF modified with the Omnitrap platform

* Currently available as a retrofit to the Q-Exactive/Exploris instrument series

Bridging
hexapole HCD C-trap
Linear ion trap cell
series % Quadrupole
T ¢
HD“DD“DD-: "_]
“I:I" RN ] |_1
£

—
——
=

Orbitrap

¢ HilF

Q-Exactive HF

Application areas: top-down/bottom-up proteomics, native MS, glycomics... |
22
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Q-Exactive HF modified with the Omnitrap platform

 Smooth installation (3 days), performance of the Q-Exactive HF (Hela digest) kept the same

Application areas: top-down/bottom-up proteomics, native MS, glycomics...
23
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P15: ECD 70 ms — MS? (nhanoLC time scale)
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P15: ECD (nhon-reduced) — MS?
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Out of the S-S bridges: 88% c:23% z:24%
Cronus software, no deconvolution

Excellent sequence coverage out of the S-S bridges allowing their easy localization
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ECD followed by CID (non-reduced) — MS?
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First S-S bond has been cleaved leading to new fragment ions
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ECD (reduced) — MS?
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Intact herceptin 150 kDa (infusion) — MS*
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Conclusion & perspectives

Efficient workflow for the de novo sequencing of light chains (clinical samples): combination of bottom-up
and Top-Down Proteomics (TDP)

TDP is essential for samples with multiple proteoforms

The Omnitrap platform holds great promise for efficient fragmentation of intact proteins (even large ones)
More to come: VUV for S-S bond cleavage followed by CID

Importance of data analysis, new developments required (de novo sequencing from top-down data)

Pl trap for proteoform separation (isoelectric focusing)
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