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Don‘t miss a thing on your peptide mapping journey
How to get full coverage peptide maps using high resolution
accurate mass spectrometry
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* What is the exact goal of the analysis?

* sequence elucidation/verification

sequence variant analysis, amino acid substitution

analysis of modifications: glycosylation, deamidation, sulfation, oxidation

disulfide bridge analysis
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distinguishing Leu/lle, Asp/iSOAsp

* Mass spectrometry portfolio: which instrument is applicable?
 Method setup: what is the most suitable method?

« MS methods:

« what are the critical parameters?

* how do they influence the success of the analysis?
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MS Portfolio for BioPharma Characterization
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Thermo Thermo Thermo Thermo Thermo Scientific™
Scientific™ lon Scientific™ Scientific™ Q Scientific™ LTQ  Orbitrap™ Fusion™
Trap LC-MS Exactive™ Plus Exactive™ hybrid  Orbitrap XL™ Tribrid™ Mass
systems Orbitrap™ Mass quadrupole- Hybrid lon Trap- Spectrometers
Full MS with dd MS2(CID, Spectrometer Orbitrap™ mass Orbitrap™ Mass  Full MS only (OT detection)
HCD, ETD) Full MS only spectrometers Spectrometer « Full MS with dd MS2 (CID,
* MSn * (HCD fragmentation, Full MS only Full MS only (OT detection) HCD, ETD)
no precursor selection) . Fyll MS with dd MS? « Full MSwithddms2 ~ * MSn
(HCD) (CID, HCD, ETD)
e MSn
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MS Portfolio for BioPharma Characterization
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MS Portfolio for BioPharma Characterization
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Method

Setup

Before you setup, refine and start the MS method, you need
to ensure you have an optimized LC-MS setup:

 Calibration
* Source settings:

L probe position in the source housing (probe depth, x/y
position)

U source voltage
0 gas flows (sheath/aux gas) optimized for LC flow rate
O S-lens
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Peptide Mapping Method Setup
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Full MS scans only Full MS scans with data dependent MS? scans
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Peptide Mapping Method Setup

Method 1: m

Full MS scans only

« Sequence confirmation based on intact
accurate precursor masses
« Confirmation of known and expected

modifications
Confirmation of disulfide bridges

Critical parameters:
* Mass range
* AGC target setting
 Fill time

Method 2: L@

Full MS scans with data dependent MS? scans
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Peptide Mapping Method Setup

Method 1: m

Full MS scans only

« Sequence confirmation based on intact
accurate precursor masses

« Confirmation of known and expected

modifications

Confirmation of disulfide bridges

Critical parameters:
* Mass range
* AGC target setting
 Fill time

Method 2: L@

Full MS scans with data dependent MS? scans

(- Sequence confirmation based on intact accurate
precursor masses and MS? spectra

» Confirmation of known and expected
modifications and identification of unknowns

« Confirmation of disulfide bridges and

identification of unknowns

Critical parameters:
* Mass range
* Charge state range
AGC target setting MS + MS?
Maximum injection time MS/MS?
Fixed first mass (MS?)
Intensity threshold
TopN
Collision energy (NCE)
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Peptide Mapping Method Setup

Method 1:

Full MS scans only

« Sequence confirmation based on intact
accurate precursor masses

« Confirmation of known and expected

modifications

Confirmation of disulfide bridges

Critical parameters:
* Mass range
* AGC target setting
 Fill time

For Exactive MS series the
MS method setup and data acquisition
can be done via Thermo
Scientific™Xcalibur™ Software and/or
Thermo Scientific™ Chromeleon™

\ Chromatography Data System Software
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Method 2: L@

Full MS scans with data dependent MS? scans

(- Sequence confirmation based on intact accurate
precursor masses and MS? spectra

» Confirmation of known and expected
modifications and identification of unknowns

« Confirmation of disulfide bridges and

J

identification of unknowns

Critical parameters:
* Mass range
* Charge state range
« AGC target setting MS + MS?
¢ Maximum injection time MS/MS?
* Fixed first mass (MS?)
* Intensity threshold
* TopN
» Collision energy (NCE)
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Critical Parameter 1: Mass Range

« Parameter relates to the mass range for monitoring intact precursor ions (m/z)
» Suggested to be set to 200-2000 m/z for peptide mapping
» Suggested LC-MS setup is running without a trap column and starting the MS method without a delay time
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Critical Parameter 1: Mass Range

« Parameter relates to the mass range for monitoring intact precursor ions (m/z)
» Suggested to be set to 200-2000 m/z for peptide mapping
» Suggested LC-MS setup is running without a trap column and starting the MS method without a delay time
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Critical Parameter 1: Mass Range

« Parameter relates to the mass range for monitoring intact precursor ions (m/z)

« Suggested to be set to 200-2000 m/z for peptide mapping
» Suggested LC-MS setup is running without a trap column and starting the MS method without a delay time
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Critical Parameters 2 & 3: AGC Target Setting MS + MS?/ Maximum Inject Time

AGC target values depend on the particular instrument used:

AGC target Hybrld oT OT Fusion/Lumos

Full MS 1-3e6 2e5/4e5
MS2 OT 1e5 1e5 5e4/1e5
MS2 IT --- --- 1e4 led/le4

Optimal max. inject times need to be in accordance with:
* TopN set in the method

* Gradient length

« Sample amount injected

Max. Inject time Hybrid OT OT Fusion/Lumos

Full MS 50-100 ms 50-100 ms 50-100 ms 50-100 ms
MS2 OT 150-200 ms 150-200 ms 150-200 ms @
MS2 |IT 100-200 ms 100-200 ms

4 ThermoFisher
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Critical Parameter 4: TopN with N=?
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Critical Parameter 4: TopN with N=?
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Critical Parameter 4: TopN with N=?
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Critical Parameter 4: TopN with N=?
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Critical Parameter 4: TopN with N=?
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Estimation of Top N

» For the decisions on what N exactly shoud needs to be considered the average
chromatographic peak width at the base and calculate the time available for each scan

cycle to obtain at least ~6 Full MS scans over the peak.

« How many MSMS-scans can fit in every scan cycle to stay within the calculated max.
cycle time will depend on the maximum injection time set.

« E.g. if the peak width is 7 secs aiming at 6 full MS scans, the resulting the cycle time

should not exceed 1.15 sec, and can fit
one full MS scan + 5 MSMS scans with 200 ms max. inject time.

A ddTop5 method has been proven as a very good standard method for peptide

mapping on all Q Exative MS instruments and only requires modification if extended N
max. injection times are required. AREE>ua

ThermoFisher
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Critical Parameter 5: Intensity Threshold
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Critical Parameter 5: Intensity Threshold
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Critical Parameter 5: Intensity Threshold
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Critical Parameter 5: Intensity Threshold

e intensity threshold

 charge state

* peptide match: on/off/preferred
* dynamic exclusion

Peptide match preferred

Exclude isotopes —
Dynamic exclusion
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Critical Parameter 6: Fixed First Mass

Properties of Full MS / dd-MS2 (TopN)

Default charge state 2
Inclusion —
Exclusion —
Tags —
4 Full MS HCD cell

Resolution 70,000
AGC target 3eq
Maximum IT 100 ms Quadrupole
Scan range 200 to 2000 m/z i | S

/4 dd-Ms2 / dd-SIM \ = =
Resolution 17,500 — —
AGC target le5 —
Maximum IT 200 ms H
Loop count 5
TopN 5

solation window
Fixed first mass

e

28 )

\ NCE / stepped NCE
Hﬂettmgs
Minimum AGC target
Intensity threshold
Apex trigger

Charge exclusion
Peptide match
Exclude isotopes
Dynamic exclusion

2.00e3

1.0e4

unassigned, 7, 8, >8
preferred

on

10.0 s
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Critical Parameter 6: Fixed First Mass

Properties of Full MS / dd-MS2 (TopN)

Default charge state 2
Inclusion —
Exclusion —
Tags —
4 Full MS

Resolution 70,000
AGC target 3eq
Maximum IT 100 ms
Scan range 200 to 2000 m/z

’ﬂ dd-MS2 / dd-SIM \
Resolution 17,500
AGC target les
Maximum IT 200 ms
Loop count 5
TopN 5

solation window
Fixed first mass

e

o5

28 )

NCE / stepped NCE
Hﬂettmgs
Minimum AGC target
Intensity threshold
Apex trigger
Charge exclusion
Peptide match
Exclude isotopes
Dynamic exclusion

2.00e3

1.0e4

unassigned, 7, 8, >8
preferred

on

10.0 s

HCD cell

Quadrupole

QI

[T

—

[Scan range: last mass < 15 x first mass

» Leaving the first mass open will automatically adjust the mass
range based on m/z of the precursor ensuring that also high mass
fragments ions are captured.

« Setting a fixed first mass is suggested only when certain low mass
ions are desired for monitoring, e.g. 204 (oxonium ions) or for de-
Novo sequencing aiming e.g. at the Lys/Arg y, ions at m/z 147/175.
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Critical Parameter 4: Fixed First Mass -
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I 158.06 o i -
© 20 160.10 171.06 _‘ 188.07 ’ 315.18 |317.17 334.20
o = : - 300.14 o
= z=1 = — 243.15 . _ z=7 = =
|, 1570 || 2 7= 1 == . 2912 2315 2313 . | =1 = =t
r—rrrr+yrrrryrrrryr+r++yrrrvrj+rrrryprrrryrrrrprrrryrrrryrvrtrryprr1r1r | rrrryrrr 1 rrrvf rr 1 1[I T T [ T T 1T T [T T T T [ T T T T [T T T T ]
150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360
m/z
o716 130,25 FTMS + p ESI d Full ms2 634.33@hcd27.00 [140.00-1315.00]
100 -
. 271 675.33 78842
3 80 —| 296.12 z=1
280
_cg . z=1
560 yl 297.13
g 7 z=1 4l2.22 789.42
. z=1 :
299~ 6010 27811 | | 33917 |sggap | | o22° oL7.26 676.33 =1
g8 [ =1 25419 ;=1 R SO | z=1 z= 588.30 221 770.41 901.50
© 20 7 =1 ] 2=l 518.27 z=1 657.32 | o 179042 ggza9  z=1 972.54
s | ‘ | | ‘ “ —Z=1 z=1 =] = 7=1 z=?
I n R [ | L L [ | | L 1 L | I - L L
rryrrjrrr+frrrrjrrrijrrrrrjrr. .rjrrvrrj1r+trjrrrryrrrryrrrryrrrryr1rryrrrryrrrr |1 rrrryrrr1r[rrr 11111 [T T T 1T [ T T T T T T T T[T T T 1T
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300
m/z
170875 FTMS + p ESI d Full ms2 1347.59@hcd27.00 [140.00-2770.00]
B 732.31 z=1
100 =1 1421.60
@ ] z=1
£80 089.45 1320.55 1422.60
260~ 569'12 5 7=1 7=1 o z=1 1621.72
=1 - z= =1
] 406.1 z
2 b yl 09 9 708.27 1 73332 990.46 1104.48 132_2'56 1534.69 1719'75 1821.84
40 - z=1 z=1 831.38 - z=1 z=1 -
g ~z=1 - L z=1 =1 49335 =1 — ~z=1  1949.90
g J175.12 276.10 439.16 570.25 | =1 991.46 z=1 2=l 203391
$20 7 =1 1 z=1 z=1 744-129 =1 i 1424.60 1711-174 1824.82 7=1 2195.98 2260.96
= 7= 4= _ | 7= _ =2 =
7-\N““ h\. \‘l l ,‘n\\.\“‘,‘\\.\ \‘.\“L,‘\‘l“\ \““L‘.“I“l.x.lul 1.|‘MH‘.uHL.‘(‘L.“.‘t‘\‘.m l“ NTATRSR KR \.H At ff.?—?. e u‘l. - ‘.AH""’."L_'?‘ l. — l‘ Hl. — ‘Z‘n‘ ‘.‘F‘ZT"]'W‘. S
400 600 800 1000 1200 1400 1600 1800 2000 2200 k 2400 2600
m/z

ThermoFisher
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Critical Parameter 4: Fixed First Mass —

100 318.15 FTMS + p ESI d Full ms2 563.32@hcd28.00 [50.00-595.00]
880
= —
g 7 86.10
é 60 E 84.08 563.32
< | |87.10 246.18
] j 205.06 :
240 7 / 147.11
2 284.16
——s698 | || 10011 | 177.07 18516 | 22817 27313 290.15 319.15 37310 > 4722 ©5 462.28 501.29 519 30 |5,6,4432
0 T 7\“~“‘\“|.‘\“n“\“n“‘.“‘n“\“‘n““n"\“\“"n““n“\“‘.“"n“w“"w“n‘“f ‘n“‘\“n“\ T e e “\ ‘\"n"\‘w"“\“n“\“."“n““r“\“n”‘.“\“\“n“‘n‘
50 100 150 200 250 300 350 400 450 500 550
m/z
FTMS + p ESI d Full ms2 814.88@hcd28.00[112.00-1680.00]
328.15
100
880
% ]
° ] 199.11 487.18 1202.53
5507 227.10 400.15
< _
© 40 326.17 427.22 .
2 4 1l | 399.22 | roL27 800,34 899.41 1101.49 1203.54
© 7 310.14 | 586.24 667,30 766.38 998.49 1301.61
[] — .
w20 ‘ 267.11 354.14 46017 | 536.74 61327 [ 730.35 [ o146 90041 10681;;39,51 ,1,1021.124 , |120a54 130260 1430.;3231 o
0 'ﬁg‘\42 “\‘ M‘ L ‘ mh'u 1 L M ‘nuh | ' I \'H\n\ ‘Mlln“.“ ‘ “\ “\ ‘ 1l 'I |‘ . ‘ 1) | Ll | fﬂ"\l 1 || [ L’" -
1§y 'V | T T T T [ T T T T | 1T 1T 1T | ¢ +v1 | o1 T | 1 17| 1 11 | 11117 [ T 1 1T 1 | T 11T |1 T T 1 T ] T T T T | T T T T ] T T T T ] T T T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
m/z
100 20409 FTMS + p ESI d Full ms2 1399,05@hcd28.00 [191.67-2875.00]
© 80
480 7
c |
g 7 366.14
€60 - 1392.59
2] 1538.65 2431.96
240 130350  |1539.65
8 7
% 00 1 338,18 1272.55 . oto70 206583 2268.91 2432.96
L0509 |\ |367.14 1189.51 |1273.55 |1309460 |1592.67 : ' 2122.85 2286.90
=] 2R 52819 g6425 731.28 797.36 113450 || MY T 1727 | 275073 | |1921T6 | L 1l . 259402
BRRER T T T T T T T T T T T T T T T T T T IAARRRRARRS L R R I B B B I R B B R R R L R AN R AR RN AR RARRE RN (LA AR R R AR R AN R AR AR AR RS (ABARARERRNRRRARRN
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
m/z
ThermoFisher
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Critical Parameter 4: Fixed First Mass —

a; as bs FTMS + p ESI d Full ms2 563.32@hcd28.00 [50.00-595.00]
1004 177.0692 290.1523 _318.1479
1
. M
r4.0604 Y1 b, ¥z 563.3p27
20 yi-H20 147 1127 2050641 246.1812 v, . 563.3p2]
1291024 | 228.1703 ‘2?'3 1275 399.2643 1172153 5012850
U |||1]r||||'|1rr||||1'|r[||||'lrrI|||'|1rr|||1'|rr|||||1|'r||||'|1r|I|I|1'|rr|||'|1[r||||'|1|'||||1'|rr|||'|1rr||||]r[
100 150 200 250 300 350 400 450 500 550
m/z
i FTMS + p ESI d Full ms2 814.88@hcd28.00 [112.00-1680.00]
2 s
o HpO 1991075 b 586.2457 ya1-H20 1301.6034
1003 453 1019 3281496 v 11845072
400.1459 D10o-4H20%"| 5 y7 V11
————486.2282 02 36 Ve Vs —— 12025330 | y15-H20
702.360p ©90P370 5994000 908.4736 1412.6266
/) — A
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
) m/z 4, (FTMS +p ESI d Full ms2 1399,05@hcd28.00 [191.67-2875.00]
100_204.0867  (Grl) 15956607
(GGn) As2" e
366.1393 13755839 Y1-F B _.31.[1,'
13925922 | M1 05,9102 P
20 v, Y0 1757 726 e / 431 9597
N T I T '| T 'I T |' T r F-I_l' T I T I T I T L l| T 'I T = T r‘ T |' T I T I T | T '| + T
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
m/z
ThermoFisher
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Peptide Mapping with Short and Long Separation Times

~—= I Thermo Scientific™ Vanquish™
UHPLC Platform coupled to a
Thermo Scientific™ Q Exactive™

L LightChain

HF MS
14.64 30 min gradient
0.4 mL min- =
2.73 1059 13.22 600 bar =
8.63 _ o
\ I \ \ 1 lh . l . 100% Sequence
et - - * " § coverage obtained for
= V\ Rituximab Light and
10.78 20 min gradient b Heavy Chain
8.42 0.4 mL min-t =
600 bar
13 min gradient
6.97 9.43
5.47 0.6 mL min-t
1.86 5.2 9.82 850 bar
1.12 8 min gradient
5.55 1.0 mL min-t
5.83 1150 bar
1.07 3.82 5min grqdient
1.1 mL min-t
4.02 1300 bar

. M

| | | | |

5 10 15 20 25 Time [min]

a1 ThermoFisher



Peptide Mapping with Short and Long Separation Times

~—= Thermo Scientific™ Vanquish™
UHPLC Platform coupled to a
Thermo Scientific™ Q Exactive™

___Heavy Chain

HF MS
F—g
14.64 30 min gradient e
0.4 mL min-
2.73 663 10.59 13.22 600 bar ﬁ
\ I T l h l P : 100% Sequence
b L el * " o coverage obtained for
' V\ Rituximab Light and
10.78 20 min gradient : Heavy Chain
8.42 0.4 mL min- AT E ST
600 bar Gradient Time
30 min 20 min 13 min 8 min 5 min
. . Modification Abundance o
6.97 9.43 13 min gradient Light Chain Q1+NH3 loss 91.95% 91.17% 89.69% 90.93% 26.57% 28.80%
5.47 0.6 mL min-t Heavy Chain ~Q1+NH3 loss 99.62% 99.67% 99.61% 99.68% 99.69% 0.04%
1.86 5.2 9.82 850 bar Heavy Chain N33+Deamidation 0.52% 0.51% 0.58% - 0.51% 0.03%
Heavy Chain M34-+Oxidation 1.64% 1.54% 1.73% 1.42% 1.45% 0.13%
Heavy Chain N301+A1GOF 4.32% 4.42% 3.83% 3.52% 3.38% 0.46%
Heavy Chain N301+A1G1F 1.87% 1.91% 1.72% 3.32% 1.46% 0.73%
1.12 8 min gradient Heavy Chain N301+A2G0 1.09% 1.02% 1.02% - 0.98% 0.05%
555 1.0 mL min-t Heavy Chain N301+A2GOF 37.88% 37.11% 38.59% 40.48% 43.12% 2.41%
5.83 1150 bar Heavy Chain N301+A2G1F 42.06% 41.89% 43.42% 43.20% 43.35% 0.75%
Heavy Chain N301+A2G2F 10.23% 10.17% 9.81% 10.36% 10.05% 0.21%
Heavy Chain N301+A2S1GOF 0.83% 0.86% - - - 0.02%
Heavy Chain N301+A2S1G1F 2.14% - - - - -
107 3.82 5 min gradient Heavy Chain N301+A3Sg1GO0 1.30% - - - - -
1.1 mL min*t Heavy Chain N301+M5 1.61% 1.59% 1.66% 1.87% 1.86% 0.14%
4.02 1300 bar Heavy Chain N301+Unglycos. 0.54% 0.90% 0.76% 0.83% 0.97% 0.16%
Heavy Chain GA450+Lys 3.57% 3.56% 3.92% 3.40% 3.15% 0.28%
I [T I I I I median 0.19%
5 10 15 20 25 Time [min]
ThermoFisher
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|ldentified Deamidation of Peptide VVSVLTVHQDWLN*GK

Intact peptide precursor

sas0s7 9050000 IMeasured £ 904.5069 905.0083 simulated NL:
- R=33006 100 3 u 8.26E3
R=32803 "= NL: 2.51E6 g0 :
100 — z=2_ 905.5110 RT 18.85 min o ] cg3hizangz 023 +H:
4 1.99 ppm R=32402 o 60 4 905.5097 Ce3H136 N22 023
3 ] =2 3 E p (gss, s /p:40) Chrg 2
S 50 906.5143 T 40 - 906.0110 R: 30000 Res .Pwr . @FWHM
e a1 R=27902 3 = . ‘£ .
c b 2 20
3 | 2= 127 | s085124 07 0156 g07.5040 UNMOdified peptide
>
) 905.0001 905.5014 . 5 B 904.9989 905.5004 NL:
£ R=32907 R=33002 NL: 18786 3100 3 8.26E3
< - 7=2 RT 18.99 min X gg .
& 100 z - B Cs3h133N21 024 +H:
1 1.32ppm 60 = 906.0017 Cs3H135 N21 024
b 906.4576 906 9589 B p (gss, s /p:40) Chrg 2
50 — R=33400 R=3;2000 40 5 906.5031 R: 30000 Res .Pwr. @FWHM
] 7=2 . 7 .
_ ,,2,72 20 — . .
N s ] )74 o757 deamidated peptide
. T T TSN 1 T T I I 1 | — T 0 T T LI ‘ i LR 1 ‘ 1 1 1 1 ‘ 1 1 RAREE
904 905 906 907 905 906 907
m/z m/z
23 ThermoFisher



|ldentified Deamidation of Peptide VVSVLTVHQDWLN*GK

TIC: 1.74e+007 Predicted (+2, w=2, r=15000, p-value =3.20e-007, Similarity to Experimental = 6.53e-00
1, QExactive)

905.5002
100
1171.1492 _
E simulated MS? spectrum
50— | 204.1342 805.9305
1 | 1610.8536
E \ 3852445 007 1111.5532 1424.7533 '
0Ll ‘ | ‘ | ‘ } 1” I ) “ TR TN lh A I U Lt il -
F: FTMS + p ESI d Full ms2 905.5020@hcd28.00 [124.3333-1865.0000]
TIC: 3.09e+006 Experimental (+2, w=2, r=15000, QExactive) _ _
y1-H20 yi deamidated peptide
) Y4 Yo
100, 1291026 3191610 435 5453 ) ! 510.6296 measuredbfpectrum
. 0.6 ppmy g be.2H20 % 1490.8621
] 367.2334 | 563.3547 1998.4705 yo yi
50 - S ' ys y _ 1111.5570 | 1311,6735 Y
E 6183252 8614158 PP ’ | T 1424.7534
E 0.1
3] ‘ b L \ | ‘.I, .L [ |,..|..,,.,|.P-h.7ud|p.m., ,I\ I ”,d ) H| N R | il Il Ll “ 1
0 ' | ! | ! | ! ' | ' ! | ' ! | ! | '
200 400 600 800 1000 1200 1400
m/z
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|ldentified Deamidation of Peptide VVSVLTVHQDWLN*GK

F: FTMS + p ESI d Full ms2 905.0092@hcd28.00 [124.3333-1865.0000]

TIC: 9.396+006 Experimental (+2, w=2, r=15000, QExactive) unmodified peptide
measured spectrum
- bs-H20 Yo Ys b1
2
1005 52, oo~ 268.1655 732 3690 - 1997.4857 " 100,830
: ye _ 1110.8698 3340 6859
E 286 1759 1992479 ¥ % biH20 | yiz
g ~ 617.3421 -
50 / 1860.4260 1174.6578 _ 1423.7715
0__” ‘..I' H‘H ‘ Il‘ ||l|||||| ” ‘Illl‘ ||l| I |i| |,.|..H‘. |.||‘|I| /(l . ..L ||.|\ I A
200 600 800 1000 1200 1400 1600
m/z
TIC: 3.09e+006 Experimental (+2, w=2, r=15000, QExactive) _ _
y1-H20 s deamidated peptide
§ ys VAL
100, 1291026 3191610 435 5453 ) 510 6296 measuredbfpectrum
g 0.6ppmy oo be-2H20 ye 1490.8621
£ 367.2334 998.4705 ys yi
50 1 367.. 563.3547 s s ~ 1111.5570 1311.6735 Yi2
- 183252 861.4158 PP ’ | 14247534
E 0.1
0 H ‘ - I.||| I..|,.||..”|||.,.. \ | ‘.I,.L [— | pb "p‘lpm |\ I ‘ } L ﬁ | H| N “l -'|| y I,.|.\ “ A
200 400 600 800 1000 1200 1400
m/z
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Disulfide
Bridge

AEWAIE

HOOC COOH




Sample Analysis by Mass Spectrometry

100 —

90 — reduced sample
Analysis of ° 325
reduced LI
(+alkylated) 250
mpl .% 40§
230 =
20 — n A
10 —
0E \ T T T T |t T ln T L."‘J.u T T T T UM T |A
5 10 15 20 25 30 35
_ 100 — Time (min)
Q Exactive Plus ©3 unreduced sample
80 —
Analysis of ©_ -
© 70
unreduced £ 60—
sample § 50;
<o
2 40 —
© -
@ 30 —
20 —
Method used for both samples: 10 — L uN
data-dependent Top5 Method: 0— I N i I L R S = T A
Full MS + top5 MS/MS scans per cycle Time (min)
ThermoFisher
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Sample Analysis by Mass Spectrometry

=» peaks deteced in reduced sample only

=>peaks detected in unreduced sample only $
100 —
90 — reduced sample
Analysis of ° 325
reduced 5., ' ¥
(+alkylated) 25 5 '
mpl o - ¥
@ 30 —
. JM A ’ \ ' '
10 —
0E \ T T T T |t T ln T T T L."‘—J.u T T nmn T T UM T ; T
5 10 15 20 25 30 35
_ 100 — Time (min)
Q Exactive Plus NE unreduced sample
80 —
Analysis of g 70;
unreduced 8 0=
sample § 50;
% 40 —
230 -
20 — \
Method used for both samples: 10 = g UN LM ¥ v/
data-dependent Top5 Method 0— 5\ T 16 T T 1|5 T T T T 2(.) T T T T 2|5 T T T T 3(.) T B 3.5 e
Full MS + top5 MS/MS scans per cycle Time (min)
ThermoFisher
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Disulfide Bridge Analysis - Result Review

. Cysteine containing peptides

=
o
o

Reduced

©
(52}

HC:330-337 — HC:125-136

©
o

HC;

ee]
(52

HC:396-412

e}
o

HC:413-417

~
[62]

~
o

HC:39-43
HC: 738—341

[2}
(53]

LC:62-66 251 -142

HC:396-41
HC:161-213 jyc 157183

D
o

a
(5]

HC:330-337

HC:125-136

Non-Reduced HC:44-50 . Expected/confirmed disulfide bridge linked

LC:1-1 Heaehan peptides

N
o

N
o

HC:68-76 | HC:252-258 HC:278-291

w
(92

| o542 | e .67
HC:413-417 HC:31-3

LC:104-107 LC:150-
HC:60-65 LC:146-149

LA HC:68.8
‘ ; ‘ :

10

w
o

Relative Intensity
(4]
o
b b bl oo bl oo e o oo oo o bbb bl

| HC:39-43

N
(9]

N
o

=
(6]

=
o

HC:245-251

/HC:151-213

HC:],\Sl-lSS
T T

al

HC:66-76

o

T T

RT (min)
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Disulfide Bridge Analysis - Result Review

HC:338-341

=
o

LC:20p8-211

al

150/HC:151-213

. . Delta
Peptide Sequence Site RT
(ppm)
LC1 VTITCR/SGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTK c23/Css8 1.42 29.28
I= LC 2 SGTASVVCLLNNFYPR/HKVYACEVTHQGLSSPVTK Cl134/C194 1.98 24.05
100 5 _r'.:: HC1 LSCAASGFNIK/AEDTAVYYCSR C22/C96 1.54 19.94
95—2 g HC 2 NQVSLTCLVK/WQQGNVFSCSVMHEALHNHYTQK C370/C428 -0.57 22.43
90_; = STSGGTAALGCLVK/DYFPEPVTVSWNSGALTSGVHTFPAVLQ
85_5 HC 3 SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK C147/C203 4.16 33.82
80_§ HC 4 CKVSNK/TPEVTCVVVDVSHEDPEVK C324/C264 2.66 18.04
75 _§ - HC:C223/
0 3 " E LC-HC |SCDK/SFNRGEC LC:C214 1.84 6.1
65 = E T
60 —i f ‘ % THTCPPCPAPELLGGPSVFLFPPKPK/THTCPPCPAPELLGGPSV |~C229,~C232/~
"5 55 - Hinge |FLFPPKPK Cc229,~C232 2.33 32.43
£ 50 —z HC:330-337
g 5 HC:125-136
E Non-Reduced MOS0 ] IR
403 LC:1-1 ' ] peptides
35 —f HC:68-76 | HC:252-258 HC:278-291 HCi896-412
30 —% LC:25-42 I HC:77-87
25 —E i HC:39-43 Heats-at HC:31-3 [ LC:170-183
20 _z LCZ104-1T7 LC:1 HC:4 LC:62-86
15 _5 [ Hei217221 | o e D LC:50-61 Hc:sos-izg. o124

L

o

v

HC2

f

HC1

T T
130

LC1

t

Hinge

HC:J,\51-183

1ing peptides

51-183

Expected/confirmed disulfide bridge linked

T

-

HC3

T HOOC  COOH

40



Details for Expected Light Chain S-S-Bond: C134-C194

100
80
60
40

20

Relative Intensity

0

TUU

80

60

40

20

Relative Intensity

1:5127-R142/1:WV191-K207 = 3555.749m[1ss] SGTASVVCLLNMNFYPRAVY ACEVTHQGLSSPVTK 1ss 0.55 99.9% MS2/Full
[
10 20 4.0 = &0 70
. . . DIQMTRQSPSS LSASVEDEVT ITCRASQDVIH TAVAWYQDEEF GCGREAPELLITYS ASFLYSEVES RESGSRESETD
Light chain amino
aCid Sequence aad Sa 114a 120 13d 140
FTLTTSS5LF EDFATYYOQD HYTTPPTERGLR GTEVEIERERTV ALALAPSVEFIFPE SDEQLESGTSAR SVVCLLMNMNEY
| |
150 1&0 180 150 I 200 210
PRELABVOWEY DHNALOQSGNSO ESVITEQDSED STYSLSSTLT LSEADYEREHE WVYACEVTHQG LSSPVTESFEN
220
BGEC
Non-Reduced | Precursor isotope pattern ] [ Fragment ion coverage maps ]
23.91
7] Deconvolved Scan Spectrum l
] 100 3587, 7505 Vo YA b Y PR S S S R TR
] E 80 3558.7429 1 2 3 4 5 67 % 9 1011131314 1516 17
= VY ACEVTHQGLSSPVT K
] ‘53 60 2555 7654 I b16[2+](1706.8) [v1]
-] I:> = e 3559 7383 b15[2+](1656.3)
= 40
] ;:‘: A560.7361 bl3-H2O[2+](1549.2) 444.3) 1 2 3 4 5 & 7 3 ) 10 1 12 13 14 15 16
- x 20 P BI2[2-1(1513.2) [y56:31.3) s46{Tlals)vivlicl i3 il "I~ Fly 1Pl Rr
1 23.39 24.16 3554 7605 | |3562.7422 B1I1(14707) | v6(6183)
I : I — I T 135|55| L [35[&10' L ].35[65 blo[2+](1414.2) | v7(731.4) 1 2 3 4 5 6 7 8 9101112131415 16
' I bO[3+](924.5) [ v8(788.5) 5GTASVVCLLNNFYPR
23 24 25 Mass bB[2+](1321.6) v2(216.5) [ - [+
RT (min) - v10(1053.6)
_ [bs[z ii(1153.6) v12(1253.7) v3
j 2 311099, b12-2H20[2+](1470.7) 4(582.3))|
| Reduced Full Scan Spectrum . y:lysm[al-&]lglni:.)s) b11-2HZO[Z+](1314.2) | y§{696.3)
—] | y13(1382.7) b10[2+1(1374.7) S10.4)
] 1186 5914 + -
] . 25 — 11386 9254 | v11{1154.6) 3(1?32?}?
- £ 20 Color Code for lon Intensity b7 H20(584 3) YO[2+ (1478 7)
. g [EL1c-005|-5.7e—003|F2.5e-004|- 1.5c-004| ERae=003] b6-2H20(467.2) | v10[2+1(1528.2)
- No correlating peak present < 17 Tee2srs 1187.5934 bs:f:;é“iz)l yf;[lzlfl(]féigf)
- = 10 b3 13[2+](1656.3)
. = 1187 9277
i @ 5 v14[3+)(1138.6)
] |11<_‘3§_5955
[l | I - I . .
T T T T 1 T ! T ! Color Code for lon Intensity
23 . %4 . 25 1188 e 1190 [E135-005]-6.8o-003]-3.52-004|-1.8e-003|E02e=003|
min
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location of scrambled disulfide

bridge in the trastuzumab heavy

TP E vV VD VL S hH L E DR LE VK

§ 8 I0LIEZAFIA0S0S0T 08 18

w10[2+}(377.5)

Details for LUnexpected Heavy Chain S-S-Bond: C22-C264
10 20 30 40
EVOQLVESGGE LVOPGGSLRL SCAASGEFNIEK DTYIHWVROQA
Heavy chain amino
acid sequence S0 100 110 120
LOMNSLRAED TAVYYCSRWG GIPGEYAMDYW GQGTLVIVSS
170 180 1590 200 chain sequence
WNSGALTSGV HTFPAVLOSS GLYPFLSSVVT VPSSSLGTQT
250 260 270 280
PSVFLFPPEFP EKDTLMISRTP EVTCVVVDVS HEDPEVEFNW
Non-Reduced
100 -
80 [ Precursor isotope pattern ] [ Fragment ion coverage maps ]
60
20 J MS pattern A= 1.84 ppm . : .
] 00 it ‘
O- ] 6387206 L é é.;a\‘\;fj;:llu; 111111
| 7=
100 _ 50i TPE\ TC\\\D\-SI—IEDPE\ K
80 ] 7
] Reduced _]
60

w0 1 No correlating peak present

|

0 T T T T T T T T T T T T
235 24.0

RT (min)

Color Code for Ton Intensity

@bu:—mllﬂ Tevﬂ)ﬂhﬁ.?e—rﬂﬁ:l-

IS[2=}(726.8)

3 T )
| V17-3H20[3-}(780.8)
E(PE0.4)

Color Code for lon Intensity
3 7o~ 003]1 Te+004] b7 o003 EEEEERG0H|

42



Benefits of ETD: Distinguising Leu/lle Based on Diagnostic ETD-HCD MS? ions

analygl'l%?ll'listry

pubs.acs.org/ac

Discrimination of Leucine and Isoleucine in Peptides Sequencing
with Orbitrap Fusion Mass Spectrometer
Albert T. Lebedev,*' Eugen Damoc,” Alexander A. Makarov,” and Tatiana Yu. Szlrnginzfr

1'Chemistr;/ Department, M.V. Lomonosov Moscow State University, Leninskie Gory 1/3, Moscow, 119991, Russia
*ThermoFisher Scientific (Bremen) GmbH, Hanna-Kunath Strasse 11, 28199, Bremen, Germany

© Supporting Information

Scheme 1. Formation of w and d Ions

CH;  CH; + +
N H H
CHy, O R O _cp;  CH O R O
LH—d—H—CH-C)—on ——>  {dud—u—Ci-C)—on
zﬂ w"
CH,
H' 1-13«:5~ (IIHz H'
! RO ' ci&;) | RO ' CH,
_CHs
H—fNH—CH—&n-NH—(J.‘H- bt sin- H_{NH—{ZH_(IIL_NH_HH
aﬂ dﬂ

43



Benefits of ETD: Distinguising Leu/lle Based on Diagnostic ETD-HCD MS? ions

analygi'l%?ll'listry

pubs.acs.org/ac

Discrimination of Leucine and Isoleucine in Peptides Sequencing

with Orbitrap Fusion Mass Spectrometer

Albert T. Lebedev,*' Eugen Damoc,” Alexander A. Makarov,” and Tatiana Yu. Szlmginzfr

1'Chemistry Department, M.V. Lomonosov Moscow State University, Leninskie Gory 1/3, Moscow, 119991, Russia
*ThermoFisher Scientific (Bremen) GmbH, Hanna-Kunath Strasse 11, 28199, Bremen, Germany

© Supporting Information

Scheme 1. Formation of w and d Ions

CH;  CH;

+
S | H ]
CHy, O R O ey
A d o NH—Chd )—OH
Zn
CH;,
N |
H HC
| | A
R O CH;,)
| &n- | _CyHs
H— (NH— CH— C)—NH— CH s

an

H+
| |
CH, O R 0
¢n—¢—ou—¢n-)—on
Wn
H+
| F|t 0 CH,
H_(NH_{:H_&"-NH_HH
dp

ETD MS? spectrum

C,Hs

/
v

or/
and

HCD fragmentation
->MS3 spectrum

Leucine
z° 5

-CBH?

Isoleucine

44



What we

L earned




What we
Learned

Properties of Full MS — SIM

4 General
Runtime 0 to 30 min
Polarity positive
4 Full MS — SIM
Resolution 70,000
AGC target 3eb6
Maximum IT 100 ms
Scan range 200 to 2000 m/z |
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Properties of Full MS / dd-MS2 (TopN)

Default charge state 2
Inclusion —
Exclusion —
Tags —

4 Full MS
Resolution 70,000
AGC target Jeb
Maximum IT 100 ms
Scan range 200 to 2000 m/z |

4 dd-mMs2 f dd-SIM

What we [l

AGC target le5
Maximum IT 200 ms

: Loop count 5 :
e —
ISoRUON WINAOW e 2.0 m/z

MCE / stepped NCE 28
4 dd Settings
Minimum AGC target 2.00e3
Intensity threshold 1.0e4
Apex trigger -
Charge exclusion unassigned
Peptide match preferred
Exclude isotopes on
Dynamic exclusion 10.0 s
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