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What is Electron Capture Dissociation (ECD)?

ECD is a very fast, electronically induced ExD Fragmentation is complete by the time analytes
fragmentation: fly through the ExD cell (about five microseconds),
s fast enough to work with IMS separations
\V\ e’ e-MSion
W"‘N&_’ ExD - [FTicR-ECD
O R, OH '?3 Fragmentation | C_IDJ ERETD .
R A R, — R, +HG: R, m
” <30 nsec H \ﬂ/ Front End Separation
R o) R o | '
= 5 . . Mass Analysis
C ! +H 1 1 1 1 I<- 1 i | 1 l‘> ] 1 1
1lns ' ' 1:15 l I 1Irns l I 1Is l l 10(;05
y 4 z Log( Time )
ECD ECD ECD
e ETD - ETD o ETD
From peptides and proteins, CID o o = X Z/; i Z
generates b- and y-type ions whereas "l F\iz ﬁ Pl R,“
ECD (like ETD and ISD) results in c- and H3N+—(,3—C--N--<,3—C--N '—?—C“N '—?—COO
z-type ions H H H H
P e R <
b, G b, G bs G

MSVision X
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ExD implementation on Waters Synapt G2 series

ROTARY PUMP AIRCOOLED TURBOMO! ostional locations
of the ExD cell

L

s 2w u m us s

I I S S N T T

ExD cell in front ExD cell after
of IMS region IMS region

Tuning and control via e-MSion ExD software

MSVision X
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ECD-IMS IMS-ECD

Simplification of spectra by charge state | Separation of very complex samples (e.qg.
separation e.g. for large proteins lipids)

Structural analysis of lipids and glycans .

(a/B, 2,3 vs 2,6 linkage, double bonds) NS WS/ 19]9) GO

Collision-induced unfolding (CIU)

4 MSVision X
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Top-down spectra simplification by ion mobility

* On larger proteins, top-down fragmentation
can lead to overlapping isotopic patterns with
similar masses and different charge states

* This complicates the deconvolution and peak
B Zp?* and Csg** assignement

c \ * lon mobility can separate the fragments by
st g e charge and thus simplity the spectra leading to
higher rate of peak assignements and higher

seqguence coverage.

C735+

5 Example data courtesy of e-MSion MSVision )Q(
Dedicated to Mass Spectrometry



Fragment ion size separation by IMS — first ECD, then IMS

Substance P

Mass spectrum of 1+ ions only.

uuuuuu

counts (au

i or
D.&mﬂh LB LA QAERD XAX e » B

e S0, 673,981 32 F21.1 + + + + ~ +
100 C +) p2+ \", ] CS C6A C7;‘ C8 “‘1 C9 10 1 R
. . 2 |\ I \ fl (p+H)
Full series of c-ions | e, - \
Nice high intensities and | I k A *
separation H ] ‘;l i '\ﬂ ’ }
< ‘ il i | |
1 R ‘ | I “ i [ \
: . . 271.1877 2 P [ 11 [l ]
Drift time separated 1+ c-ions (c2 — c10). = H ol i
" 496.3354 4 P ‘ ! “. [ \ |
624.3940 5 Q \ " L ‘ “ ‘ \ |
752.4526 6 Q Ll \ ‘ \‘ | | \
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oM LW | " [\
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Parallel pre-IMS CID and post-IMS ECD fragmentation

MS/MS of Substance P [M+2H]**

[M+2H]2* M+2H]*e
CID fragments M2l

pre-IMS-fragmentation in trap cell

} Y9 byg
| be b, Vs by Do { |
< ;LLL Jll]w lnands axsions ~».,,,.u..‘4.m,‘»,.‘u..~.“ b ljtu—.,.»...,,l. .kuw\_,,.l‘l A s AR -le.k FORSRICI G sy VPSS B L,,.L., A
g 50 ’ ’ ’ atc : cw ’ 2 ’ 140c
g [M+2H]2+
[¢]
£
& ECD fragments
o post-IMS-fragmentation in ExD cell
[M+2H]*e
G c C
6 C
' c 10
\ { )
L l ulAL = e - l l iL* l L -
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Native MS — Concanavalin A

Tetramer
102.7lkDa
' 5135.9180 ‘
20+
Concanavalin A is a tetrameric
complex with strong glycan
binding properties. It is known to
contain Calcium and Manganese
Monomer 21+
255 kDa 4891.4004
| \
8
3208:727 36;:56 ] 19+
5406.3315
| Hexamer Octarmer
154.1kDa
I 205.5kDa
6+ [ |
4277.3867 27+2++ 244! 30+ 29+ 284!
1000 1500 2000 2500 300 350 4000 B 4500 o 5000 . 5500 6000 00 o 700 ) 7500 mz
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CID fragmentation of Con A N-terminus

H,N-ADTIMAVELD| TVPNTDIGDP

b,
670.3665 + + + + + +N + + + +
b3 b,*bs* bg™ by bg*by* byy* byy™ by
Ya
416.1693 Y5
563.2300
by
571.2913 Y12
1273.6138
b 5 1294.6473
b 200:26%0 b 1294.7573
4 8
b 3 401.1962 799.4075 b9

671.3619 912.4880 b o

288.1125 24 1 14

Y16 b10 1128.5596
801.4091 1027.5093
383.1818
652.3519 Y7 801.9037 913.4009 11295575
417 1678 553.2828 733.3380 1021 4285 [1028.5175
373.2026 637.3029 802.3985
Y6 781.3956 916.4368 11555830 12346248
802.8934 894 4777 1029.5121 |
599.3311 917.4419 ‘ h
AL Pl (il R it Ll o UL MY WA T b el ol e i i i b R0 o . I‘ ik AN A ""I""I""\"'I""I""\"‘\ miz
250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300
MSVision X
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ECD fragmentation of Con A N-terminus

H,N-ADTIVAVELD

all shifted by 40-2=38 Da

(Ca’") UYP

[jJGDP

C152++C32+'2H+

829.8961
5" Gt GGt ot ’ CMZ C15 ’ C17‘2 Cie 2
C,*
2+ 2+ +
687.4122 CM +Ca 2H
779.3704
Gy +Ca™-2H" Cgzm+Casr-2H" Cig2*+Ca2*-2HCypf*+Ca?*-2H*
+
Ce 2
+
588.3374 Z1g
893.4722
Cs* 00,3855 1223569 Cg* 887.3992. 7.2
517.3063 816.4512 . o12.4516 937.4985
Z17 Cq
610.3185
569.2158 643.3923 os 850.4537 ‘
544.3205 + 865.4075
+ 592,284 Zg Z15 790.3575 |
Zs 629.3567 | | i ) ]
by | L i l | g Il A min L‘ .| W 00 UL | ARl il I Rk
i e e e et e R R e e e e L T/
520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880 900 920 940

MSVision X

Dedicated to Mass Spectrometry



ECD fragmentation of Con A N-terminus

* No metal adducts observed under CID . £ 3444 4
fragmentation 23 33 % 333332

: 56 838 8 88888

» Calcium adducts observed for ¢;; to ¢s; LY L L TiLoR

fragments
9 N G DP S| Y H T[GT1]D
o~
M 1
 (Calcium AND Manganese adducts observed for < ir
W) ™ hs +
4 ! Ir T
Cr7 1O Cog Tragments % I A
v i}J | )|2045 3582 FJ\;JU &Jm
. 16587762 % i R -|—R U V)
T O L | & 5 1
(‘}J +00 + +I r}J 29p3.8901 LS‘ G—:
Zip & . Ol & | T4 * 32795903
1099.6014 ® T B T U S 3060 38 £
] 19439280 +
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T 8577320 | U = D 26 I ~ o
~d + G i 27093608 |5 8 )
Cr & o 5 B ET t
B87.4075 1o] 1773.7 22430161 o g = J
Y ﬁ 19 2264.9878 2 Y <
Zq Ci1 Z13 m Zis 18 7 * 7 £24
C | Zi21344 7107 23 v 7 *
6 c 11257,6655 (22021877 1y
588.3414 Co 2 14 Z15 224
Cs 8 s29. 2, 2 ¥
517.303
* = Sodium adduct | sl a0 gt L
= >0dIium a uct 1ons . 37 (AT ..|||!| \HIH !| H | /l ‘ .I‘h _ ‘ Julfl] L | e
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Deconvoluted spectrum (MaxEnt3) MSVision XX
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Adducts of Calcium AND Manganese
detected as ions of the type

c,2t+Cacm+Mnet-4H*
with 1/<x<28

Residues known to be involved in
Manganese binding: Glug, Asp,g, ASPg.
His,, and Ser,,. Asp,q seems to be
critical for Manganese binding.

- -
MSVision
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CID versus ECD of native Con A

CID HZI\I-ADJjEIMAJ\/JEJLJDJ TMEI\JTDIGDP

3+ 4+b5+b6+ b7+b8+b9+ b'IO+ b'H+ blE .
all shifted by 40-2=38 Da
Il

ECD  HN-ADTVAVELD(Ca”) TIYANTHIGDA

]
C'IR{EJrC'IéléJrC'IEEJr C'I72+C182+ CZOer

CID gives no indication for Calcium binding in N-terminal region whereas ECD clearly
proves Calcium and Manganese binding by fragmentation from native complex

Structure of concanavalin
A at 2.4-A resolution

Hardman, K.D., Ainsworth, C.F. (1972)
Biochemistry 11: 4910-4919; PDB 3CNA

- -
MSVision
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https://www.rcsb.org/search?q=citation.rcsb_authors:Hardman,%20K.D.
https://www.rcsb.org/search?q=citation.rcsb_authors:Ainsworth,%20C.F.

Charge reduction using ECD (ECnhoD)

. 102771
 Electron capture shifts the average charge of non-covalent
136 .
wq T20+ complexes by around 25% to lower charges without
’ fragmentation (,ECnoD").
T21+ . .
T4892 « This allows for better deconvolution of large complexes as
) T19+ the mass difference between charge states increases.
5407
H26+ H25+ 030+ 029+ 103086
5928 6166 6855 7091
O\““\“ “‘\‘“\“‘J\ﬁ“g‘j‘k\“"\““\““\““\““\““““\““““\““““\““““\““\““\m/z WUUdUU I'\U'IU‘UU IWUEU‘UU "I[EU‘UU I'\U4UI‘;\-U "IUSU‘UU I'\UGU‘U"UHSS
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J J 7905 -|-12+ Tﬂ + 103084
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O\H‘\HHHH\HHHH\‘Hw‘”w‘”w”‘w””HH\HH\HH\HH\HHTM\HH\“H\“H\‘H“\“H\m/z : : : : ey : : ‘ ‘ 0 N
5000 5500 6000 6500 7000 /500 8000 8500 9000 9500 10000 100000 101000 102000 103000 104000 105000 105000
14 MSVision X
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Analysis of glycan binding

T17+ 64227 T16+

60451
T15+ Tetramer

T18+ 68515 102780
5709.3

M5+/‘|‘20+
5136.8
‘|'19+

5409.1

T4+

‘|‘13+
'|'12+

8564.6
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o 3
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© + (]
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' | ' 1 1 v T
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ECD of native Con A Tetramer without and with Saccharose

ConA, ECD-MSMS (ECD Myo_MMA, 2.5A), Trap 20 Sequenceof 4PFS|Crystal.. ¢ Chan ¢ 1:Concanavall. & A & ASM1
20220622_CONAS5 190 (3.229) Cm (5:857) TOFMSESs  hor-wmmmmmit e ] :

KETNTILS!

0. 89,8834 P e e AN
830.3867 Residue @ © ® ® / @ -— ® ®
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100
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* The ExD cell can be installed on Waters Synapt G2 before and after the IMS cell

« ExD on Native Synapt can be used for e.qg.

Higher order structures
« secondary, tertiary, etc.
= dynamics
mAb/antigen complexes
+ affinity, specificity
= screening

top-down protein sequencing

analysis of very high mass ions due to charge
reduction

Aggregates
* kinetics
+ quality control

Asp/isoAsp and Leu/lle differentiation

Primary structure
* AAsequence
= variants

Improved HDX analysis (less hydrogen scrambling)
analysis of labile posttranslational modifications
lipid characterization by EID

Modifications
« glycosylation
+ oxidation, deamidation
Monomers
+ molecular weights
= quality control

Thank you for your attention!

Preserved conformation

Middle-down
« light/heavy chains
« other regions

Perturbed conformation

Intact mass

«  stoichiometry
= glycosylation profiling
Top-down MS/MS
+ stability

= flexible regions

lon mobility
= conformation
= on-line monitoring

Intact mass
e MW and PTM's
* variants

Top-down ECD
= AA sequencing
+ disulfide bridges

17
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