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Different modes of fragmentation to answer different questions or for different assays
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MS Tools for Major Biopharma Characterization Workflows
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Etanercept: O-glycosylation




O-glycosylation of Etanercept

Etanercept
(trade name Enbrel)

LPAQVAFTPYAPEPGSTC, . RLREYYDQTAQMC,,C,,SKC,.SPGQHAKVFC,. TKTSDTVC. DS
C..EDSTYTQLWNWVPEC,,LSC,,GSRC,,SSDQVETQAC ;,;TREQNRIC, TC,,RPGWYC,,,ALS
KQEGC,,,RLC,, . APLRKC,,,RP.GFGVARPGTETSDVVC, ,,KPC,,, APGTFSNTTSSTDIC,. R
PHQIC,..NVVAIPGNASMDAVC, ,TSTSPTRSMAPGAVHLPQPVSTRSQHTQPTPEPSTAPST
SFLLPMGPSPPAEGSTGDEPKSC,,,DKTHTC,,.PPC,,,PAPELLGGPSVFLFPPKPKDTLMIS
RTPEVTC, 4, VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKC,,,KVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT C,,, LVKGEYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSC,,. SVMHEALHNH
YTQOKSLSLSPGK

1) 3 N-glycan sites
2) 13 reported O-glycosylation sites

Sialic acids fromthe O-glycan were removed prior trypsin digestion

Peptide mapping was performed on the tryptic digest
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Results for peptide SMAPGAVHLPQPVSTR after processing HCD data

SMAPGAVHLPQPVSTR -2 y 834434 16458527 1&48,8562 14750.08
SMAPGAVHLPQPVSTR X -2, ; 1007.501 2011.9843 2011.9885 185478.92
SMAPGAVHLPQPYSTR -2, . 1007.500 2011.9838 2011.9885 756,140.69
SMAPGAVHLPOQPYSTR O _core O _core -2, . 11%0.066 23771138 23771207 33,528,382.00
SMAPGAVHLPQPVSTR O_core O_core O _core -2 . 1372633 27422486 27422529 20145991
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CID and HCD spectra of peptide SMAPGAVHLPQPVSTR + 1 O-core1 ME®, 365.1322 Da)

1003 == _Loss of galactose Average Structural Resolution = 1.8 residues
=3 Loss of O-core1 Y Loss of O-core1
:2: N e o 18478515 1 1 2 3 4 5 [ 7 (3 @ 10 11 12 13 14 15 16
ome— = SEVENER IR E s Ep EiT PR I
753 +2 824.3355 123456 78¢910111213141516
70 SMAPGAVHLPQPVSTR
65 1oag eest b13(1285.7) =
503 bl1(1089.6) |
553 o bO(8644) |  vI(1140.6)
50 e Tieer  tew | 1649 1650 B2 8 (LT
a5 ] me 19(1399.7)
20 7‘ | y13[24](862.4)
3 1648 8644 yl1[2+](785.4)
g S CID be20055%5)
zz: T e Toas ss0r ) Color Code for Ion Intensity
153 T 2o _ Thaassis - [1.8e7004]|>1.1e+004| >6.2e+003 >3.6e+003 [FIITET003|
10 -
® " .
z_ I 366.11392I I 497-6151 I]E:TIj]SZaBI | | ;2|3IT3I1 . . \ 4 I I 123I?£§|5I2 126. .5485I. !ﬁﬂﬂ_roﬁ | | |
300 400 500 §00 Too 800 300 12‘?;3 1100 1200 1300 1400 1500 1600 1700 Average Structural Resolution — 1-1 residues
100+ 1647 8618
1 2 3 4 5 [ T B @ 1a 11 12 13 14 15 16
o HCD shytatropatvpatidr—ofrfvds—Tir
853 1234567 8910111213 14 15 16
503 SMAPGAVHLPQPV S T R .
enozicon L yies HCD spectrum provides good
T03
y15[2+](781.4) : :
g o | i35 peptide backbone fragmentation.
£ o0 [ v13(1358.8)
.;g 553 257 5035 | v11-3H20(1150.6)
o eees [ SR ¥10(1133 6) . .
R Ta4.4309 Y ¥9(1034.6)
;2: _203.0786 Da_ | 162.0526 Da ¥8(397.5) Slte Of glycosylatlon CannOt be
S T~ identified with the HCD or CID
253 ~ 1358 7537
3 2 N 245 4292 1007 0020 yr2Hao
?2 . 73220 1 s / . / o 1150 5653 e SpeCtra
103325-1288 S ’ F ‘ ¥ % r yu " Color Code for lon Intensity
E 4342504 6142964 25.9720 12046 12357151 14237960 Y351 36
I8 T LT 1 ) i O e 1 B o 0--00e S500s 5297003 N
300 400 500 §00 Too 800 300 13‘?20 1100 1200 1300 1400 1500 1600 1700
.
. ThermoFisher

SCIENTIFIC



Data acquisition method on a Fusion Lumos: ETD methods

Flexibility and ease of use to design acquisition method
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DDA method used to collect data to identify the sites of O-glycosylation.




Data acquisition method on a Fusion Lumos: ETD methods

Flexibility and ease of use to design acquisition method
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Data acquisition method on a Fusion Lumos: ETD methods

Other useful methods:
* HCD followed by ETD for every precursors.
* HCD followed by ETD when specific product ions are present in the HCD MS2 spectrum
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ETD spectrum of SMAPGAVHLPQPVSTR (No O-core1 tag)
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ETD MS/MS of O-glycan structural isomers: SMAPGAVHLPQPVSTR + 1 core1 tag.
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ETD spectrum of SMAPGAVHLPQPVSTR + 2 core1 tag.

Average Structural Resolution = 1.8 residues
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ETD spectrum of SMAPGAVHLPQPVSTR + 3 core1 tag.
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Results for peptide SMAPGAVHLPQPVSTR after processing ETD data

Peptide Sequence Modification Delta (ppm) Confidence Score | BT (min Maono Mass Exp. Mono Mass Theo, =

1 SMAPGAVHLPOPVSTR Mane -1.19 100.0% 32.35 549.959 3 1646.8542 1646.8563
2 SMAPGAVHLPOQPVSTR O_core ~T200 -0.94 100,0% 30.35 672.003 3 2011.9866 2011.9885
3 SMAPGAVHLPOQPVSTR O_core ~5199 -1.06 100.0% 31.54 672.003 3 2011.9863 2011.9885
4 SMAPGAVHLPQPVETR O _core O_core 51997200 -1.97 100.0% 28,07 595,537 4 2377.1160 2377120
@ 5 SMAPGAVHLPQPVETR O _core ,0_core 0 _core 5186,5199, 7200 -2.11 100.0% 2771 686,569 4 27422471 27422528

BioPharma Finder™ 2.0
Msss fnfovmatics Platior for Protein Characterization
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M§" /ﬁ\ Dweeamrore

Time (min)

15 ThermoFisher
SCIENTIFIC



Etanercept: leveraging ETD and MSn
for disulfide bond mapping




Disulfide bond mapping: Etanercept

Etanercept
(trade name Enbrel)

LPAQVAFTPYAPEPGSTC, . RLREYYDQTAQMC ,,C,SKC,.SPGQHAK
VFC,.TKTSDTVC.,DSC. .EDSTYTQLWNWVPEC,, LSC,,GSRC,;SSD
QVETQAC,,TREQNRIC, TC,,RPGWYC, ,,ALSKQEGC,,,RLC,,-APL
RKC,,,RPGFGVARPGTETSDVVC, ,,KPC, ,, APGTFSNTTSSTDIC, .
RPHQIC,, ,NVVAIPGNASMDAVC, ,TSTSPTRSMAPGAVHLPQPVST
RSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGDEPKSC,,,DKTHT
C,,.PPC,,,PAPELLGGPSVFLFPPKPKDTLMISRTPEVTC, 4, VVVDV
SHEDPEVKFNWYVDGVEVHNAKTK PREEQYNST YRVV SVLTVLHQDW
LNGKEYKC,,,KVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTC s, LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSC,,:SVMHEALHNHYTQKSLSLSPGK
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Disulfide bond mapping: Etanercept

Etanercept
(trade name Enbrel)

LPAQVAFTPYAPEPGSTC18RLREYYDQTAQMC 5,C 32SKC 355 PGQHAK

1D Type | RT (min) | M/Z

S -2 AQVAFTPYAPEP\:STCR nonspecificO_Corel T8 03 100.0% MS2 33.86  1080.996 2158.9751 2160.12 2158.9729 135,861.53

846.3774
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§ oLl |‘ ll | | o 0 . 1243.5729  1540.7052 | = |
< 204.0864 .
® 1001 Va1
£ E 1177.5280 | 300 |
© 80
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60 bs b 620 2606 ' 846.3758 200
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20 - 917.4139 | 12785770
. ‘ ?04 3213 — I 1496.6823 | 154 |
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miz

The N-terminal side of this sample is not as expected. The first2 amino acids are missing.

ThermoFisher
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Disulfide Bond Mapping: Etanercept

Etanercept
(trade name Enbrel)

LHAQVAFTPYAPEPGSTC, ;RILREYYDQTAQMC ,,C,SKIC,.SPGQHAKVFC, . TKTSDTVC. .DS
C..EDSTYTQLWNWVPEC,,LSC,,GSRC,,SSDQVETQAC ,,;TREQNRIC,,TC,,RPGWYC,,,ALS
KQEGC,,,RLC,, . APLRKC,,,RPGFGVARPGTETSDVVC, ,,KPC,,, APGTFSNTTSSTDIC,. R
PHQIC,..NVVAIPGNASMDAVC, ,TSTSPTRSMAPGAVHLPQPVSTRSQHTQPTPEPSTAPST
SFLLPMGPSPPAEGSTGDEPKSC,,,DKTHTC,,.PPC,,,PAPELLGGPSVFLFPPKPKDTLMIS
RTPEVTC, 4, VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKC,,,KVSNKALPAPIEKTISKAKGQPRE PQVYTLPPSREEMTKNQVSLT C,y, LVKGEYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSC,,- SVMHEALHNH
YTQKSLSLSPGK

The N-terminal side peptide contains one cysteine.
The HCD searchresult of the non-reduced sample suggests that the N-terminal peptide is

linked to two other peptides through disulfide bonds.

19 ThermoFisher
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Leveraging ETD and MSn for disulfide bond mapping

Workflow of the MS2 ETD — MS3 HCD for disulfide bond peptide identification
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Leveraging ETD and MSn for disulfide bond mapping
Workflow of the MS2 ETD — MS3 HCD for disulfide bond peptide identification
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Peptide: AQVAFTPYAPEPGSTCsR-EYYDQTAQMC;;C1,SK-VFC s TK
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Peptide: "EYYDQTAQMC3;,C5,SK-VFC 4 TK

MS3 HCD spectrum of AQVAFTPYAPEPGSTCgR.
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5 AQMARTPYRPEPGSTICR
- MS2: ETD of m/z 721.31
&a
. MS3: HCD of m/z 1080.99
£ Orbitrap
3 = 1:b, |
£ , 3661389 1:yg
4 1:y; 1:b 1:ye 846.3763 1:v1,
* 10 2781262 370.2076 620 2798 12785771 |
N 1:bs Lb@g 1:ys 1:y13 1:y 1.
299 1710 1:bc grodnzs | T4 11680.6095 raansmrs B a1
10 21 13 ‘ 4532436 S17.2761 SBI.2873 16397890 747 7495 9866241 1080 4742 1255 0883 1391&&15' l 1606.7111 17508218 | 1561292 1958 1567
) i 1 T T A I I T i Y Y [ I e
200 300 400 500 500 700 800 500 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
miz
ThermoFisher

23 SCIENTIFIC



Peptide: AQVAFTPYAPEPGSTCgR-

MS3 HCD spectrum of EYYDQTAQMC;,C5,SK using a) the Orbitrap

or b) the ion trap mass analyzers.
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frterreterri

1000 1100

210

11124

23ys

580,31 I/

997.33

105434
1077.19
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Peptide: AQVAFTPYAPEPGSTC,;R-EYYDQTAQMC,,C,SK-

MS3 HCD spectrum of VFC,;TK.

597 3056
100 +
w“ \JIEE'T'IE MS2: ETD of m/z 721.31 MH
a0 o MS3: HCD of m/z 597.31
. 70
]
< B0
5 3y .
€ 50 3:bs 351.1691 Drbltrap
I 2471437 3:b;
: 3y, 350.1524 5 Teva
30 Jra, 2816 3.5644 4982379
20 . 219 1489
10 u?; e 204 5659 ji':f? 512 6758 S
) | 1734391 1879404 | 23“'1"53 251,0847 ﬁz-l‘*“:’ 316.1663 333.1578 | || 3623564 404 0036 497 ??”.1 , 1 . 480 fm 5324328 5453034 564 3245
F |14|IJ T L] T 1',m T L} T 15'Iﬂ ¥ L] ¥ ?k ¥ 1 L] ?‘allﬂ ¥ 1 "24|u L] T 'EEID L] L] "e.alD L] ¥ Ijlﬁn T ¥ T 32|n T ¥ T 34|n T Iﬁilj T L] IsalIJ T L} |4$J F L} |.¢2|Iﬂ F L} Idﬂ L 1 "iEI“ ¥ T "islD ¥ T "itllD ¥ T Ii?lD 1 L] Isiu T ¥ Isaln T L] |51:IJ T L] I“?IJ T
m'z
ThermoFisher
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Antibody Drug Conjugates




ADCs are heterogeneous mixture

Brentuximab vedotin Trastuzumab Emtansine _ _ _
Adcetris® Kadcyla® Light Chain: 12 Lysines

: : Heavy Chain: 32 Lysines
j 7 | | ; ; E |
" A

Cysteine-linked Lysine-linked

|

FDA-approved ADCs
Peptide mapping
Goal: Identifying conjugated peptides and sites of conjugation

27



Relative Intensity

Trastuzumab emtansine peptide mapping by SMART Digest™

Trastuzumab emtansine = & _sﬁ |
£ =¥ |
=== LU

SMART Digest (75 min) - reduction _ i
(non optimized protocol) b —

BioPharma Finder Variable PTMs

hxu[\

90 . 2
.y 20.44 ® 1 Protein ¥ 1 LC Trastu_Emta NGchE?n CdHO
e 12.72 ® 2 Potein © 2 HC _trasty_Emta M’ 3\/ Oea;nl _atlon
: ¢ o ® 3 Poten @ 3 Unidentfied ,» W: Oxidation
50
40 50.95
30]
" 5422
20 1 268 62.02
0 “ 620 4 06 57,87 l
0 1 1 ILh] 1 IJ* I T ‘I T hl‘ | T L B s e g T jl-*l k]-‘l"l ildl'] B 16?:]621 T 1710?&51 73%019] 17?% 8]0'1921 1814:]661 .
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
RT (min)
_ Proteins Number of MS Peaks MS Peak Area [Sequence Coverage |Abundance (mol)
1:LC_Trastu_Emta 1029 25.2% 100.0% 38.62%
2:HC trastu_Emta 2479 62.8% 100.0% 61.38%
Unidentified 25270 12.0%

08 ThermoFisher
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Trastuzumab emtansine: conjugated peptides

Subset of identified conjugated peptides

= 1 O 21049 ADYEKHE K188 060 MS2 50.16 616.272 3 184579449 18457938 2017093400 LC_Trastu_Emta
® 2 (] 21419 ADYEKHE 2 D1 K188 -0.13 M52 50.94 616.272 3 18457936 18457938 14,392 560,00 LC_Trastu_Emta
= 3 ] 22848 AKGQPR DMl K343 -0.09 M52 53.88 B06.578 2 1611.7408 16117410 1016877.25 HC_trastu_Emta
+ 4 0O 23430 AKGQPR 1 M1 K343 -0.17 M52 54,75 806878 2 1611.7407 1611.7410 790.552.56 HC_trastu_Emta
= 5 (] 26843 ALPAPIEKTISK Dm1 K337 084 M52 6452 742381 3 22231206 2223.1192 462 441,38 HC_trastu_Emta
@ & 0 26950 ALPAPIEKTISK 2 DMl K337 042 M52 6511 742381 3 22231201 2223.1192 353,500.62 HC_trastu_Emta
= 7 ] 25889 ASQDVMNTAVAWYQQEPGE DmM1 K34 0.40 M52 6056 983.7%4 3 2046.3564 2946.3553 0541980 LC Trastu_Emta
+ B g 25971 ASQDVNTAVAWYQOQKPGE 2 D1 K30 0.56 M52 6118 0837404 3 2046,3560 2946,3553 7800243 LC Trastu Emta
= 0 [ 23503 ASQDVMMNTAVAWYQQEPGEAPK DMl ~K42 058 M52 54593 1082521 3 32425420 32425401 3,348 808,00 LC_Trastu_Emta
+ 10 g 23773 ASQDMNTAVAWYQQKPGEAPK 3 D1 K42 0.20 M52 55.50 1[]8@ 3 3242.5408 3242.5401 2925363.50 LC Trastu Emta
+ 11 ] 27147 DSTYSLSSTLTLSKADYEK 2 Dm1 K183 0,50 M52 656591 1023135 3 3064.3821 3064.3806 72591084 LC Trastu Emta
= 12 ] 27210 DSTYSLSSTLTLSKADYEK DMl K183 010 M52 6735 1023136 3 3064.3800 30642806 4233244 |C Trastu_Emta
+ 13 ] 22984 TKPR DMl K293 -118 M52 5416 729.342 2 1456.6698 1456.6715 1648596712 HC_trastu_Emta
+ 14 ] 23556 TKPR 1 Dm1 K293 -0.01 M52 5502 720,343 2 14566715 1456.6715 1,267997.38 HC_trastu_Emta
ADYEKHK AKGQPR ALPAPIEKTISK ASQDVNTAVAWYQQKPGK TKPR
i 64.61 60.66 54.16
50.05 a3 o

65.11 5501

vjf,w‘_,wm 534 A ‘54‘5‘0| o & s0.43 &1 74 58

i) e 5 r g AN " e

09 ThermoFisher
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|dentification of peptide ASQDVNTAVAWYQQ PG AP

Identification Peptide Sequence Modification Sits RT (min) Mono Mass Exp. Mono Mass Theo.
+r1 0 1:A25-K45 = 2286.17568m ASQDVNTAVAWYQQKPGKAPK  None -0.70 MS2 23.65 763400 2286.1741 2286.1757 822,589.50
@ 2 0 1:A25-K45 = 2286.17568m(~K42+DM1) ASQDVNTAVAWYQQKPGKAPK DM1 ~K42 058 MS2 5493 1082521 3 3242.5420 32425401 3,348,808.00
@ 3 = 1:A25-K45 = 2286.17568m(~K42+DM1) ASQDVNTAVAWYQQKPGKAPK DM1 ~K42 020 MS2 5550 1082521 3 3242.5408 3242.5401 2,925,363.50
-EOO 547.2210
701.3867 - i 1
100+ o Targeted approach: inclusion list__ Conjugated peptide
90 Y50 9209 80 HCD spectrum
g 807 8
g 701 - . . § 70
g ] b1 Non-conjugated peptide =
2 g0 == 572.2679 2 60
< 7] 131.0818 HCD spectrum < Yis®
= 50 o £ 50 1229.6467
& 40 787.3589 & 40
] _ Yiaess i3 ¥
30 . e 1330.7288 315 2028 -
20 ] a: 864396 |y 30 241 401 1562 7275
] 259 1272 ‘ 1144 6500 o 204 147 1120 ?§734H72%=é ’
] b-2H202 wo-H20C2
o ] LJMHI““I\ Ll IJ‘ .I | II ] \ \[L} . II/ Il - | | j I. ~_1401.7679 I 19?319551 10 /J J ‘ 554 2582 }II042 537 / ‘ \ 1911,9857
200 400 600 IDDD 1200 1400 1500 1800 0 "|I" .'II',- I.I.ILIIJHII | ll(m.II |III mIIL I e LIIII[ ..LI .|I I|.II.I e LI Lo II .II |
m/z 200 400 600 800 1000 1200 1400 1600 1800
now oW m = 80 m/z
q_ KA ‘W - - noum o on
MEERM_‘L@ i g °°7 Non-conjugated peptide st aE EaRa R be EpkeEp Eakaka Eak e ardidEE
A ; Q D{'.i’TA\';\\\"I:QQKPGKAI’ iﬁ E 40+ 1234387 8IMNNBRLIITEED N
= £ ] ASQDVNTAVAWYQQKPGKAP K
b15-H20[2+)(837.0) V6(557.4) % 20 - 24,61 B17-3H2002:1(1374.7) ]
$L3FI0G+6303) ) ¢ Ju12 1577 22,59 2853 3476 %739 3915 4338 4757 5142 5645 6214 65.02 S15-HI034(15071)
0 I T T T | I T T T | T T I T | T T I 1 | T T T T l| T T T T | T T T I | T T T T | I T T T | 1 T 0T | T II T T rl 1 bl“mp“")
10 15 20 25 30 35 40 15 50 55 60 65
RT (min) b12[3+](436.2)
plidiess) | viomop-jaes |
b7-H20(698.3) ¥14[2+1(786.4) 54.94 b1O(957.5) ¥11-H20[2+)(1135.6)
b6(615.3) | | ¥8(853.5) 100
1 —ih 0 55.0
b3-H20 ¥18[2-)(1001.5) % ] R -
5| S15-H203-1708.7) c 604 Conjugated peptide
¥7(125.5) = 1
> 40 4
[ | z
f1-H20] o 204 v20-2HI0[2-K1568.5) |
_ o J11.40 18.32 2060 2550 28.30 34.24 4048 4408 4702 5308 f—ﬁ—-” 58.20 63.36 _
Color Code for lon Intensity 0 ey (A T T SRamams |I T T T T T T T i IBERa RS T T frT Tt |_|—|—| T Tt Celor Code for lon Intensity
BEe5008 >+ 3+-005]p1.7-005] 6 5+-00+] EiTaR008] 10 15 20 25 30 35 40 45 50 55 60 65 B7e7008] -5 2-004]p5.10-004] 2 500+ GRG0
RT (min)
ThermoFisher
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|dentification of peptide ASQDVNTAVAWYQQ PG AP

Identification

Peptide Sequence Modification RT (min)

Mono Mass Exp.

Mono Mass Theo.

®r1 ] 1:A25-K45 = 2286.17568m ASQDVNTAVAWYQQKPGKAPK  None -0.70 MS2 23.65 763.400 2286.1741 2286.1757 822,589.50
® 2 (] 1:A25-K45 = 2286.17568m(~K42+DM1) ASQDVNTAVAWYQQKPGKAPK DM1 ~K42 058 MS2 5493 1082.521 3 32425420 3242.5401 3,348,808.00
3 O 1:A25-K45 = 2286.17568m(~K42+DM1) ASQDVNTAVAWYQQKPGKAPK DM1 ~K42 0.20 MS2 55.50 1082521 3 32425408 3242.5401 2,925,363.50
1a2* ioo 547.2210
701.3867 =] i i
100+ i Targeted approach: inclusion list__ Conjugated peptide
90 Y50 9209 50 HCD spectrum
z 80 — =4
g 0] - . . g 70
g ] b1 Non-conjugated peptide =
2 gl = 572.2679 2 60
< 7] 131.0818 HCD spectrum z yis®
£ sl ) £ 50 1229.6467
= 40 ye 787.3589 - 40 v
30 —— 244.1658 3?.«86 1soe . 1330.7288 20 3152028 . .
20— ggg 1972 g(‘;g 5378 Vi 841.401 1562.7275
. : ‘ \J 78 1144650 204 147 1129 b1:-3H20%
7 A bs1-2H20% yeo-H202 1374.7196
0] Ljum.ull! ! |“|"| Al H . n\/ ]I L T AT 19380651 10 /J J ‘ 554.2562 ‘ 1042537 ‘ \ 1911.0857
200 400 600 1000 1200 1400 1600 1800 0 "|J" ."l',- Iml {1 bl ll(m.ll |I|| ml|1 i il up i ".l ..h“.l . ||| P P , |
m/z 200 400 600 800 1 000 1 200 1400 1 600 1800
m/z

5 m omon o1y

wowow

A Al el bkle Lol batpx

123 436739 RNREBHLBEIEBD I

ASQDVNTAVAWYQQKPGKAP K
v
¥6(357.4)
¥9(951.6)

15-H20(2+](837.0)
b12-HI0{3+](430.2)

b7-H20(658.3) v14[2+)(786.4)
b6(615.3) | | ¥8(853.5)
b5(501.2) ¥16[2+](854.5)

b4(402.2)

b3-H20| ¥18[2+)(1001.5)

3| ¥15-HIO[-(704.7)

¥1025.9)

The HCD spectra of the non-conjugated peptide contains numerous intense y
fragments ions. On the opposite, most of y ions for the conjugated peptide are at
low intensity.

The HCD spectra of the conjugated peptide contains a characteristic neutral loss
ion at m/z 547 .2.

ooz ou [P U v )

N bbbk EakeEp Eaka o FaER A FIREIE:

128 43587

EIRNNEBRBEITEED N

ASQDVNTAVAWYQQKPGKAP K

B17-3H2002:1(1374.7) JL s |
15-2H20[2+}(1307.1)

b14-2HIO[2+)(764.4)

b12[3+1436.2)

bl101143.5) | ylo-ERopR-N1042.5) |

BLOIST.

2] ¥11-HI0[2+)(1135.6)

L2 |
fv1-H20) ¥20-2H20[2-}(1568.8) |
Color Code for Ton Intensity Color Code for Ion Intensity
ThermoFisher
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Trastuzumab emtansine site occupation: ETD spectrum

299.1840 (+1)

692.3253 (+2)

(-3.0 ppm) (-1.9 ppm)
ASQDVNTAVAWYQQKPGKAPK(KIS+TDM) (5) 7, . R
3 2;1 852 8281
Average Structural Resolution = 1.1 residues 1o Z3 Z4 s aas =
- _
" Amass = 1084.4594 Da *é T
1 2 3 4 3 § T H o 10 11 12 13 1+ 15 16 n 2l 0 e
AM@@@@MP A—E‘—K w0 K (1280949) + MCC-DM1 (9563644)
21 plv] 1= 1z 17 11 15 18 13 12 1 10 2 g T L] I 1 2 &0 8933248
43 =2
123 45 6758 91011 121514151617 18 19220121 é 50 693.8259
ASQDVNTAVAWYQQEFGEAPK £ =
20[321(1039.3) 3«
c18[3+](983.1) | =3 20
c1T+HE310) z 4+ 20 e 2 g9tz
cl4+H790.9) | =7 : 0
cl3(1451.7) | =z83+0598.3)
c12(1323.6) I Z9[3+](641.6) LU / /9 T T T T Igé-s
c11(1160.6) [ =1o003+36%6.3) miz / , miz -
cl0{974.5) | Z11[H](758.4) e e PA s PR
89035 | Z12[3](782.4) s , ’ P
cBa) | z-13[3+](813.1) / 812.3932 7 e
707333 | 2 14[3+1(838.7) / 5 .7 P
cb{632.3) Z15[3+1(872.1) 54832!4 —_— 1083.1503 7 7 -
=7 =3 A s . P g
c4(419.2) z 17[3+](943.1) II , ’ P
= Z18[3+}(981.8) / , P
Z19[3+171024.2) / , 7 -
Z20[3+](1053.5) . / j . - -
il / ’, _ P
/ 763.3984 7 -
Color Code for Ion Intensity / =38 9822'32,83/ 116(2)_;51668 P ,135(Z)=.12721
|bﬂw||34w03||'2‘221!‘m03”3‘112'm03|- II 1376.7234
/ 1255.12453 2/71
z=! 1540.7869 1624.7864
ASQDVNTAVAWY QQK5,PGK ,,LAPK G
35, .?371 Z‘= / 145;!;891
45.99 mln, m/Z= 649.916 (+5), ETD II e \ 17268646 18619128
400 500 1000 1200 1300 1400 1500 1600 1700 1800 1900 2000

1100
-

ThermoFisher
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Trastuzumab emtansine site occupation

790.3785 (+2)

931.4632 (+2)

(-3.3 ppm) (-2.1 ppm)
ASQDVNTAVAWYQQKPGKAPK(K18+TDM1) (5+)
Cisg 790.3769 931.9528
Average Structural Resolution = 1.1 residues Cl7 z=2 7908782 C 14 =2 C
100+ = _ 1007 9314612 17
] _ Amass = 282.1694 Da i =2
80 =
g N K (128.0949) + P (97.0528) +G (57.0215) g ” ] -
g ] g ] 932 4627
E 60 2 60 2=2
£ 791.3797 2 ]
123 45 6758 91011 121514151617 18 19220121 240_‘ =2 240_—
ASQDVNTAVAWYQQKPGKAPK i z 4] 9329539
<20[3+1(1039.3) | c o et e ]
20 z 204
2180320083 1) I =3 i ]
clT+HO32.0) [ =4 ] ]
0 T | T T T T | T T T 1 | T ‘ 0/ | T T T T | T T T T | I/
T ZUEER \ 790 791 792 ,. e 932 9P
AENESIN) Z8[3+](399.3) \ miz \ P miz ’
c12(1323.6) | =om34ls41 ) \ \ / , s
c11(1160.6) | =1003+3696.3) \ \ / Y4
\ \ 900.1154 '
clO(974.5) I Z11[3+](735.4) 100 2=3 Ve
- \ 649.%47 ,
(5033 | Z12[3+](782.4) o \ pa 7 P
SEMA | z 3EAGIED o \ 1 8123032 , e
e7733.3) | Z14[3+](838.T) o5 \ \ =4 , ,
6(631.3) Z133+1(E72.1) 80 \ 548.2264 \ — — I 7 e
75 \ i \ =3 , / 7
4(419.2) = 1T[3+](543.1) 70 \\ \ , s
=N Z18[3+)(981.8) 65 \ \ y; . 7’
’ Z19[3:](1024.2) e \ ; / ‘ e
Z20[3+](1053.5) % 304.1607 \ ! 4 s
50 z=1 \ \ /7 7
jz N 7é3._3?84 / 4 7
Color Code for Ion Intensity 35 \\ ¥ 1= 11605068 /13(2;12721
[78 82003+ 4=-003] [-2.2+003)[-1. 1+003] F5.55009] 2 \ | sos002q] Lar6.79
253 601471 il /12551453 7t
ASQDVNTAVAWY QQKPGKAPK w
15 \‘ 3506571  518.2562 / 1451.6801 \
. 10 | =2 =7 [ =
45.99 min, m/Z= 649.916 (+ 5), ETD 175}224‘\ n \\ I | 17268646 1g61.9128
A’Zﬁ_: ‘1 " T L i \L J e
o '260' o '300' o '460' o '560' ' '660' 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
33 ThermoFisher
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Trastuzumab emtansine: conjugated peptides

Subset of identified conjugated peptides

3] 1 D 21049 ADYEKHEK K188 060 M52 50.16 616.272 3 18457949 1845.7938 2017093400 LC_Trastu_Emta
3] 2 O 21419 ADYEKHE 2 D1 K188 -0.13 M52 50,84 /16272 3 1845.7936 18457938 14392 560.00 LC_Trastu_Emta
[+ 3 0 22848 AKGQPR D1 K343 -0.09  M&R2 53.88 B06.878 2 16117408 16117410 1,016677.25 HC_trastu_Emta
= 4 D 23430 AKGQPR 1 D1 K343 -017 M52 54,75 B806.878 2 1611.7407 1611.7410 790.552.56 HC_trastu_Emta
3] 5 O 26843 ALPAFPIERTISK D1 K337 084 MS2 fd 62 742,381 3 22231206 22231182 462 441,38 HC_trastu_Emta
# 6 0 26950 ALPAPIERTISK 2 D1 K337 042 M52 6511 742.381 3 22231201 222311582 353,500.62 HC_trastu_Emta
® 7 ] 25889 ASQDVNTAVAWYQOKPGE D1 K34 0.40 M52 6056 0983.7%4 3 2045,3554 2945,3553 9% 41980 LC_Trastu_Emta
= 8 ] 25971 ASQDVNTAVAWYQQKPGEK 2 D1 K39 056 MS2 G118 083.7494 3 2948,3589 2948,3553 7809243 LC Trastu_Emta
[ (] 23503 ASQDVNTAVAWYQOQKPGKAPK D1 ~Kd2 058 M52 54583 1082521 3 32425420 32425401 3,348 808.00 LC_Trastu_Emta
3] 10 ] 23773 ASQDVNTAVAWYQQKPGEAFRK 3 D1 ~K42 020 M52 55.50 1082521 3 32425408 32425401 2582536350 LC_Trastu_Emta
3] 11 ] 27147 DSTYSLSSTLTLSKADYEK 2 D1 K183 050 MS2 551 1023.135 3 30643821 3084,3806 7291084 LC Trastu_Emta
3] 12 ] 27210 DSTYSLSSTLTLSKADYEK D1 K183 010 MS2 67,35 1023136 3 30643809 30684,3806 4233244 LC_Trastu_Emta
2] 13 i 22954 TEPR M1 K293 -1.18 M52 54,16 729,342 2 1456,66088 1456,6715 164890712 HC_trastu_Emta
3] 14 ] 23556 TEPR 1 D1 K293 -001 ME2 5502 729,343 2 14566715 1456,6715 1,267 997,38 HC_trastu_Emta
a4 ThermoFisher
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|dentification of peptide TKPR

. Identification Peptide Sequence Modification | Sit RT (min) Mono Mass Exp. Mono Mass Theo.
® 1 []  2:7292-R295 = 500.30708m(K293+DM1) TKPR K293 -118 MS2 5416 729342 1456.6698 1456.6715 1,648,967.12
® 2 []  2T292-R295 = 500.30708m(K293+DM1) TKPR DM1 K293 -001 MS2 5502 729343 2 1456.6715 1456.6715 1,267,997.38
100 — 54.16
1 ETD fragmentation improves peptide backbone Targeted approach: inclusion list
.. 807 fragmentation of conjugated peptides which can be 55.01
E 60 - important for the identification of small conjugated
E 404 peptides.
2 .
5 20
x ] 14.43 2021 2213 27.78 31.83 3482 3936 4237 4410 4941 5537 6128 63.44 6840 71,99 73.72 77.81 84.50
0 |.|.,.|-|-|.|.|.|.|.|.,.,.,.|-||.|.|.|.|.,.|.,.|.||.|.|.|.|.,.|.,.|.|||.|.|.|.|.|.|.|.|.|-|.|.|.|.,.|.|.|.|.|.|-|'.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
. . RT (min . .
Conjugated peptide (min) Conjugated peptide ﬂ ﬂ—_
HCD spectrum ETD spectrum _
486 2205 P
100— * 2 3 4 14641 100 ‘}K; R
1l T—x}tP—R e z4[25]
90 —| 90—
4 1234 =
o, 807 TRER o 807 Ms*
2 B - % 7] 1/ z-4* Color Code for Ion Intensity
& 70— = 70 — 721.3314 [Er==004|[>13=002|[>1.1==004] [>5.8=—003| FE16=2003|
é 60 | Color Code for Ion Intensity é 6 0:
E | [F63==004][>6.3==004][>6.3=~004] [>6.3=004| FE5=7004| E; i - 912.4681
= 50— S 50 670.8069 | 1=
= | o — 729.8425%5
© o107 547 2199 40— o oes a164
- . O )
20 1 . 795.4035
B M2+ 30— z1 Cs
20 | ya 729 3801 o 159.0996 1300.5895
- 272.1715 i
19]140.0708 ‘ ‘ \ 682.3288 | 1419, 107 % 11525676
A Lol 3288/ | 1l 10118613 12276183 - 1 |i75.1180 4142202 l | | 1028.4453 l
RS R AR R AR MR AR IR T T ] 0 ? ¥ et osont § [¥ 1 TRANW I PR EY I_Lg._JI_. N RN S
200 400 600 800 1000 1200 14( 200 200 600 800 1000 1200 1400
m/z
m/z —
a5 ThermoFisher
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Middle-down: ETD




Top-Down Sequencing

Main parameters that can be controlled for ETD fragmentation
on an Orbitrap™ Fusion™ mass spectrometer.

* |solation window

600 Da Isolation window

300 Da Isolation window

10 Da Isclation window
977.8

100 H
E H l 9.7 10202

3 1 1
90 1 op2le
= H HEH 066.6
8692 1|1 _1067.6
1 LAR)
70 H HH 1117.3
= 1
&0 ! 838.2

809.4

Relative Abundance
o
(=]
1

782.4

E 7472

103 H il
E 733.0 HE
3 ?1?4'97, ] i H [ T
et et e g b b

: bl ot
700 800 900 1000 1100 1200 1300 1400

1
1322.0
(12270 00 Tis2s0

 AGC target for precursorions and reagent

« Reactiontime

* Supplemental energy

ThermoFisher
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Top-Down sequencing: Trastuzumab

Light Chain of Trastuzumab

ETD settings: 300Da isolation window, 3E5 precursor, 7E5 reagent, 10 ms reaction time

MS/MS

Relative Abundance

- 82165
== 100 =4
- -=" 90
T80 .E-3| 822,15 850.40 £98.45
=4 &0 24 z=4 z=3
I I 127663 [ 7O
RS54 81 723 = 370.89 BSIJ_.GS
=2 | IEMS.EEI =R BRI z=4 86143 e
821.65 z=h 3 . 826.07 z=3 347 .41 =
56222 zLi 1100.04 e =12 83sg3 =2 =1 e 900.93
I 7=7 880.44 728
_ 1014159 _ 1200.91 = =7 -
z=1 759.62 I 924 71 s =4 - & o . 863.41 z=5
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Due to the complexity of the spectrain top-down analysis, high resolution is required
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Effect of parent ion AGC and ETD reaction time on sequence coverage (Trastuzumab)

% residue cleavages for AGCtargetvalueof 3E5 or 1E6 at different ETD reactiontimes

- 55 k¢ 3E5
an >0 - =1E6
> 45 -
Q40 - Orbit
O rbitrap 7
235 - \ TR
o
iz de\ LN
g 25 - c§“=$\‘/ %"J/o lon Trap
39, 20 T T T T T T T 1 ) ’ \ @
= <>
0 10 20 30 40 VPO o == N
. . = =
ETD reaction time (ms) N . lon Routing
dt“ i I lllgégl — \ Multipole
1 1 =
7 W= ==
—fﬁ'ﬁﬁ?; / 1stparention isolationin Q1
=se——— ETD C-Trap

1stparenttrapped in the ion trap

_ﬁ;b— Injection of ETD reagent

1stparent: ETD dissociation
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Effect of parent ion AGC and ETD reaction time on sequence coverage (Trastuzumab)

% residue cleavages for AGCtargetvalue of 3E5 or 1E6 at different ETD reactiontimes

55 4 LC 55 4 Fc 55 4 Fd
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) o o
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Effect of parent ion AGC and ETD reaction time on sequence coverage (Trastuzumab)

% residue cleavages for AGCtargetvalue of 3E5 or 1E6 at different ETD reactiontimes
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Middle Down: Orbitrap Tribrid Fusion Lumos

[E]I QM TIQ]s]P s s L s]Als V]IG|DIR V]T 1 T]c R]A
1s1QIp1VIN|T1AlVIAIWIY]QlQ K PlG|K]A PIKILIL]T]Y]S
1A1s1F1L]Y]s1Glv P sIRIF]s|G]|SIR]Ss G| TIDIF|TILIT]I
1s1s1L1QLPIEIDLFIAIT Y Y CQQHY T T P P TLF GlQ
|61 TIKIVIELI KIRIT v A AP S VIFLILFLPLP sIDIElQ L
ks TASVIVIC L LININLF ¥ P RLE AlKLVIQIWIKLV
[oInlALLlals GINLslalelslviTLelalpls|kplsLTLy s L
slslrletrlelsiklaloly lelkHlklvLY (A clelviTIH]Qle
[LLsLslPLvlT KISLFINIR G E

v ) Matching Fragments (Count: 561)

Neutral Masses, EThcD, 10ppm

T ] - 72 Residue Cleavages:

12 %

Precursor Mass

Type: Meonoisotopic
Observed: 23,428.53
Theoretical: 23,428.52
Mass Diff. (Da): 0.001
Mass Diff. (ppm): 0.06
Scores

PCS: 982.47

P-Score: 1.4e-83
% Fragments Explai... 23 %
% Residue Cleavages: 72 %

Modification (D1)

Bl No Modification ]
Custom

ite

T oo ]| % Residue Cleavages:

67 %

(6P slv FILTF P PIk PIKIDITILIMI ITSTRIT PIETVIT]
1v1v1vID]V]sTHIE1D]1 P1ETVIK] FINIW] YIVIDIGI VI ETVIHIN
TAIKITIK PIR]ETE]IQ]YIN]S TYIRV V]S VLTV LHQ
DWLNGIK E YIKIc KV s NIKIA L Pla P 1]ElKLT]I
sk aAlklGlQ P RIEPQV Y T|L P P[S[RLE EM T|KIN
QVsSLTECLLWIKGLFLY P s[pl1lalviElwLELsINLGlQ
lPLEININLYIK T TP P VILIDISIDIGISLFLFLLLY S kILLT
lviplkls[RIwlQlelGIN|VLF[s clslviM[HLE AlL[HIN[HLY

LT QlklslL s L s PlG

~ ) Matching Fragments (Count: 454)

Precursor Mass

Type: Monoisotopic
QObserved: 25,220.46
Theoretical: 25,220.46
Mass Diff. (Da): 0.002
Mass Diff. (ppm): 0.07
Scores

PCS: 590.62
P-Score: 2e-53

% Fragments Explain... 20 %
% Residue Cleavages: 67 %

Modification (G1)

W No Modification ]
Custom

% Residue Cleavages: 60 %

E]v Q L V]E|s]GlGlG]IL v]Q PlGlG]s|L R L]s]c A]a s
G|FIN 1 KID|T]Y ITHIW]VIRIQ]A PlG|K|G]|L E]w V]A|R
11y P TIN|G]Y]|T]R]Y]A]D]S]V]K G R]F]T 1]s]AlD]T]s
1k N]T]ATY|LIQIMIN]STL R AlE DIT]AlV]Y Y C S RWG
G|DIGLF]Y]AIMID]YWIG Q 6 T LIVIT VSIS A S T K|G
PSVIFIPLIAPSSKST|ISGGTAALGCLVK
D YLFLPLELP v T V[s WINLs G|A[L T s|lG Vv H|T FlpPlA
lvitiQlslslelLlyls(LlslslviviTilvlp s sls|Lle TlalT
LyLr < Nlv|NIHLK Pls|NLTk|vIDlklkLVLE P KIS c|DlK

ITHTCPPClPALP EL L]G

~) Matching Fragments (Count: 441)

Neutral Masses, EThcD, 10ppm

* | Precursor Mass

Type: Monoisotopic
Observed: 25,367.52
Theaoretical: 25,367.52
Mass Diff. (Da):
Mass Diff. (ppm):
Scores

=l | PCS: 641.24
P-Score: 2.3e-57

% Fragments Explai...

Modification (E1)

% Residue Cleavages: 60 %

B No Modification
Custom

High sequence coverage for the light chain, Fc and Fd
were obtained from the combined ETD and EThcD
experiments.
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NIST mAb: middle down experiment using ETD and UVPD

One acquisition with ETD 10 ms

@lQ]MﬂQ]SPSTL]SASVGDRVT ITCSA
s s R v]glyYIMIHIWIY]QlQlk P G]k]A PIK]L]IL]ITY]D]T
1s1k]L]Als1Glv Pls RIF]s]Gls]Gls GIT E F TIL]T]1]s
Is1LlQ PIDIDIFIATYY C FQG s GlY P FIT FlGlGlG
T KIVIELITK RLT VIA A P|s VIF 1|F P P S|D|E]Q L|K
sGITAls VvV cLLNINLFYPRLIEIAIKIVIQIWIK VD
[NlalLlQ s GINIs|Qlels viTlelQlpls|kIplsLTLY[s[LLS
[siTlL TlLlsIklAalplYEIK[HIKIVLY A clE VITIHIQ G L

One acquisition with UVPD 12 ms

@l QMITQISIP S T LIS AsVaGDRIVITII TIc]s A
1s1s RIVIG YIMIH W] YIQIQIKIP G]K AIPIKILILII YD T
SKILASGIVIPSRIFISGISGSGTEIFITLTIIS
1slL1QlP D D FIAIT YLYLC FQIG S GIYIP F T FGlGG
TKVEIKRTVAJAIPLs v F ILFIPIPLs D E Q LK
SGTIASVIVC[LLNNFYPREAKVQWKVD
NALQISGNSQEISWITEQDSKDS TLYLS LIS
STLTILS KIAIDLYLE KIHLK VLYlA CLELVLTIH Q GLL

ETD 10 ms + UVPD 12 ms

@l QIMIT]IQlsIP s T L]s A s v G DRIVITII TIC]s A
1s1sIrRIvIG] YIMIHIWI Y1QIQIKIP GIK]ATPIKILILTITY]D]T
1s1k1L]1Als]1GlviPls RIF]s|Gls]Gls G|T ETFIT]IL]T] 1S
1s1L1QlPIpIpl F1AlT YLYLE F QlG s GlYIP FIT FlGlGlG
T kIvlel1Tk rRITIV]AlAlPLSs VLIF 1LFIPIPLSIDLEIQ LIk
s G|TlAls vlv <L L NINLF Y P RLE|AlK|V]QIWIK V[D
INlAlLlQLs GINIs|QlElslvLTlElQlpls|kIpls|TLyLs|LLs
Isitle Tlelsiklalolyelklnlklvivia clelviTiHIQ GlL

Isls PIvIT KISLFINIR G E %Residuetlewats: 60 % LslsLPLVLTIK s F N R G E C % Residue Cleavages: 40 % [slslplvlTiklsLFINIR 6 E < 9% Residue Cleavages: 78 %

Py G P s VIFILIF P Pk PIKIDITILIM ITSTRIT PIEIVIT] Py (6P s v FILTFIP P KIPIKIDIT LIMII]S RIT P EIVIT] - (G)e s VIFILTFIP PIKIPIKIDITILIMITTSTRIT PIEIVIT]

\O Tv v vlp v slHle]p PlE]VIK] FINIW]Y]VIDlG] V] E]VIHIN \o vIVIvip Vv]s HIEIDIPIE V KIFINWIYIVID GV EVHN \o Tvivivip vislHlelplPl1ETVIK] FINIW] YIVID]G] V] E]VIHIN

o TATKITIK PIRIETEIQIYN)S TYRIVVSVLTVLHQ = O AIK TIKIPIREEQYINSTYRVVSVLTVLHQ O™ - JAIKITIKIPIRIEIEIQIYINIS TYRIVV SV LTV LHQ

QN DWLNGIKEYKCKVSNKALPAPILEKITLI A IDWLNGKEYKCKIVSNKALIPIAPLI EK|[T I N~ IDWLNGIKEYKCCKIVSNKALIPIA PLILEIKITLI

E)/ slk AlKllQ P REPQV Y T[L P P[s R ELEMLT KN @ SKAKGQIPREWPQWYTLIPIPISREEMTKN 8 s|k AlKIGIQIP R EIP QLvV Y T[LIPIPLS R ELE MLT KIN

O l[QvsiLTcLvikaGlrly plsp 1|lav EwE[s[NGlQ O QVSLTICLVKGFYPIsDIAVEWLELSINGLQ O [@QvsLTleLvikalrly Pls D 1|la v E wlElsINLGIQ

LL PLE NINLYlKk T T P PV LDIsIDIG[s F FlLLY[s|k[L]T LL IPEINNYKTTIPPVILIDSDGSIFFLYSKLT LL lPLEININLYLK T TP P vILIDISIDIGISLF FlLLY[SIK[LLT
lvip kls|rIwlQlQlGIN VIFls c[s vMH E A LIHIN[HLY VDKSRWIQQGNL FLS S VMHLEIA LIHINIH Y lvlp kls|rRIWIQIQIGINLVLIFLS <ls v MIHLEIA LIHINIHLY

_ o Tleldslils us Plo ¢ FORSHIGSCRNGGEIINGIN] _ . toxsisisecc [EREGISCSNEGEINNSIN _ o Tlolkislls o s plc ¢ FRESHISCESEGESIINGTN _
@v T LRIEISIGPALVIKPITIQITLTLITCTES @v T LRESGPALVIKIPITIQ TILITILITICITIF]S @v T L rIEISIG P A LIVIKIPITIQITILITILITICITIFIS
GFISLSTAGMSVGWIRIQP P GIKIAIL EWL 16 FISILISIT Al MIS V GIW I1RIQIP P G K A LIEIW L 16 FISILISIT AlG MIs v GIw TTRIQIP P GIK|AILIEIW L

’E)\ AlD 1TWIWIDIDIK K H YIN P s]L K DIRIL]T I sIK|D]T fa ADIWWDDKIKHYINIPSLKDRLTISKDT fa AlD 1WIWID|D]KIK H YINIP s]L K DIRIL]IT 1 sIK]|D|T

C\ 1sTIKINIQIV v LIKIVITINMID PADTATY Y CARD O\ SKNQVVLKVITNMDIPADTATYYCARD O\ 1sTKINIQIV v LIKIVITINMIDIPAD TATYY C ARD

o™ M1 FINIFIY FIDVIWIG QG T TIV TIv s s|la s T KlG d®) MIFNFYFDVWGIQGTTVTIVS[SASTKG i M I FINIF]Y FID VIWIGIQ GIT TIv T]V s|s|lA s T K|G

AN PsVIFPLIAPSSIKISTISIGGTAALG ¢ L VIK (@\| PSVFIPLAIPSSKSTSGGTAALGCLVK d®) Ps VIFIP LIAIP s sTK|s TISIcG TAA LG c L V[K

S DYIFPIEPVTVI[SWNISIGIALTISIGVHTEPA ~ DY FIPLElPVTVSWNSGAILTSGVHTEFLPA S~ D VYIFIPLELP V T VIS WNISIGIALL T[SIGVH T FLP A

© vlLlQlsls GlLlylslLls[slv vITlv P s|s|s|LlGlT QlT © V LIQLS SIG LLYIS L SISLVIVITIVIPIS s s LGITQT © IviLlQlslsialLlylslLslslviviTivipLslslslLlelT QlT

LL o1y 1 <IN VINIHIK P sINITIKIVIDIKIRIVLE P KIS ©[DlK LL Y1 cNVNHKIPISINTKVDIKRVEP KS c Dk LL “oly 1 cIN vINIHLKLPLSINLTIKIVIDLKIRIVLELP Kls <[DLK
THTcPlPcPlaPE L L6 « [HREsHGECleavages 435 THT clpPpclpAlp E L L 6 [SResidueCleavages: THT clplp clplalp E L LG [REsiECieavagesNels
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NIST mAb: middle down experiment using ETD and UVPD

One acquisition with ETD 10 ms

@lQ]MT]Q]SPSTL]SASVGDRVT ITCSA
s s R v]glyYIMIHIWIY]QlQlk P G]k]A PIK]L]IL]ITY]D]T
1s1k]L]Als1Glv Pls RIF]s]Gls]Gls GIT E F TIL]T]1]s
Is1LlQ PIDIDIFIATYY C FQG s GlY P FIT FlGlGlG
T KIVIELITK RLT VIA A P|s VIF 1|F P P S|D|E]Q L|K
sGITAls VvV cLLNINLFYPRLIEIAIKIVIQIWIK VD
[NlalLlQ s GINIs|Qlels viTlelQlpls|kIplsLTLY[s[LLS
[slTlL TlLlsIklAlplYlElK[HIKIVLY A c|E VITIHIQ G L

One acquisition with UVPD 12 ms

@l QMITQISIP S T LIS AsVaGDRIVITII TIc]s A
1s1s RIVIG YIMIH W] YIQIQIKIP G]K AIPIKILILII YD T
SKILASGIVIPSRIFISGISGSGTEIFITLTIIS
1slL1QlP D D FIAIT YLYLC FQIG S GIYIP F T FGlGG
TKVEIKRTVAJAIPLs v F ILFIPIPLs D E Q LK
SGTIASVIVC[LLNNFYPREAKVQWKVD
NALQISGNSQEISWITEQDSKDS TLYLS LIS
STLTILS KIAIDLYLE KIHLK VLYlA CLELVLTIH Q GLL

ETD 10 ms + UVPD 12 ms

@l QIMIT]IQlsIP s T L]s A s v G DRIVITII TIC]s A
1s1sIrRIvIG] YIMIHIWI Y1QIQIKIP GIK]ATPIKILILTITY]D]T
1s1k1L]1Als]1GlviPls RIF]s|Gls]Gls G|T ETFIT]IL]T] 1S
1s1L1QlPIpIpl F1AlT YLYLE F QlG s GlYIP FIT FlGlGlG
T kIvlel1Tk rRITIV]AlAlPLSs VLIF 1LFIPIPLSIDLEIQ LIk
s G|TlAls vlv <L L NINLF Y P RLE|AlK|V]QIWIK V[D
INlAlLlQLs GINIs|QlElslvLTlElQlpls|kIpls|TLyLs|LLs
Isitle Tlelsiklalolyelklnlklvivia clelviTiHIQ GlL

Isls PLVIT KISLFINIR G E ¢ % Residue C'““ﬁlff 60 % LslsLPLVLTIK s F N R G E C % Residue Cleavages: 40 % [slslplvlTiklsLFINIR 6 E < 9% Residue Cleavages: 78 %
Py G P s VIFIL]F P P]K PIKID]TILIM ElViT] [Gle s v F111EIp p K1PIKIDIT 1IMII)s RIT P EIVIT] Glp < g|g]||['|p P1K1P1KIDITILIMI 1T1sTRIT PTETV]IT]

o Tv v vip v slH]le]p PIE]VIK] F'|N1w'|| o P 1101 P1E]V]IK] FINIW] YIV]D] Gl V] E]VIHIN
ﬁ 1A1K1T1K PIRIETEIQIY(N)S T ¥ RIV /n RE."SIdUE." CIE."E!VE!gE."S ETEIQIYINIS TYRIVVSVLTVLHQ
Lo (PWrNelkEVKCKVSNKA ETD 10 ms | UVPD 12 ms | ETD + UVPD |% increase [Y* < Vs KA tlela plilelrl
) SIKAIKIGIQPREPQV Y T|[LP R ELP Qv Y T[LIPLPLS R ELE M[T KIN

[QvsLTcLvVIkKGlFlY Pls D 1:| 0 L vIK GLFLy Pls D 1]A v E WlE[sINLGIQ
LL|3 PlE NINlYlK TT PPV LD|SIDlG LC 60 40 78 300/6 F Tl PpviLIDISIPlGISLF FlLLY|sIK|lLLT

[vip kls[rRIwWlQlQlGIN VIF[s c|s v 0 DIQIGINLVLIFLS cls v MIHLELA LIHINIH]Y

TlQlklslLls L s PlG % Resi FC 52 32 67 288'/':' | s Pl 9% Residue Cleavages: 67 %

@v T L RIEIslG P A L VK P1T1Q1i Fd 43 26 61 41.9% []G P A LIVIKIPITIQITILITILITICITIFIS

GFISLSTAGMSVGWI RIQ “TWT TS TS T T R T T S ST I TR P P O R T 16 Mls v Glw T1RIQIP P GIK|AILIEIW L
’E)\ AlD 1TWIWIDIDIK K H YIN P s]L K DIRIL]T I sIK|D]T fa ADIWWDDKIKHYINIPSLKDRLTISKDT fa AlD 1WIWID|D]KIK H YINIP s]L K DIRIL]IT 1 sIK]|D|T
S~ “IsIKINIQIV v LIKIVITINMID PAD TATY Y C ARD = SKNQVVLKVITNMDIPADTATYYCARD = S '“IsIKINIQIV v LIKIVITINMIDIP AD TATYY CARD
o™ M1 FINIFIY FIDVIWIG QG T TIV TIv s s|la s T KlG d®) MIFNFYFDVWGIQGTTVTIVSISASTKG i M I FIN|F]Y FID VIWIGIQ GLT T|v T]v s[s|Aa s T KlG
AN PsVIFPLIAPSSIKISTISIGGTAALG ¢ L VIK (@\| PSVFIPLAIPSSKSTSGGTAALGCLVK d®) Ps VIFIP LIAIP s sTK|s TISIcG TAA LG c L V[K
S DYIFPIEPVTVI[SWNISIGIALTISIGVHTEPA ~ DY FIPLElPVTVSWNSGAILTSGVHTEFLPA S~ D VYIFIPLELP V T VIS WNISIGIALL T[SIGVH T FLP A
O clvlilalsls Glilylsltlslslv vITlv P slsls[LlGIT QlT @) v LlQls SIG LLYLs L sISLVIVITIVIPIS s s LGlTQT O clvlclalslsialilylsliislslvivitlvipLsisislLlalT QlT
LL o1y 1 <IN VINIHIK P sINITIKIVIDIKIRIVLE P KIS ©[DlK LL Y1 cNVNHKIPISINTKVDIKRVEP KS c Dk LL “oly 1 cIN vINIHLKLPLSINLTIKIVIDLKIRIVLELP Kls <[DLK

THTcPlpcrlareEL L - [ERSHiECEaages TS THTclp P clp AP E L L G [%Residue Cleavages: 26 % THTclelp clplAlP E L LG [SERESidlECleavages 615
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Hydrogen Deuterium Exchange




HDX-MS workflow
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Moving from MS only to MS/MS HDX experiment using ETD

Under normal operation condition, minimal scrambling is observed on the ETD Spectrum
HHHHHHIIKIIK

7774604 - i i
100 o . Orbitrap Fusion Vo

=& iterature
1554.9203

N

€

g E 7
e S
«
g 10 1526.9269 o
g =1 €15
8 8 3
g )

50 5 R J
g 566.2665 2 1.0 -
E 40 z=1 [a)
° 2921499 8004502
o =1 = 80552

30 703.3248 1262 Tna 05

=1 L1380 1053 550? '
20 420.2081 h 1195 6549
=1
10 |248.1384 BSEZE:SES 14[)[) 8351 151233;214 00 T T T T T T T T 1
Z‘{ I I | l i I i h d 1?56.51’9?5 C2 C3 C4 C5 C6 Cc7 C8 C9 C10
0 =
20 400 800 800 woe 1400 1600 1800 2000 (Martin Zehl, Kasper D. Rand, Ole N. Jensen, and Thomas J. D. Jargensen

J. AM. CHEM. SOC. 2008, 130, 17453-17459 9 17453)

‘Minimal deuterium scrambling ETD measurement with different instruments and source

conditions
(No deuterium is retained on Histidine due to fast exchange with solvent)
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Moving from MS only to MS/MS HDX experiment using ETD

Fragment C v.s. Mass Difference
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N

Pinpoint the Protein Ligand Binding Site with ETD
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Summary

ETD is a must have type of
fragmentation for in-depth
characterization of biotherapeutic
proteins.

High sequence coverage for middle-
down experiments allows quick
characterization assays.

Orbitrap Fusion Lumos offers multiple
types of fragmentation and ease of use
to tackle the most challenging task.
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Thank you !
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