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Challenges In Life Science Mass Spectrometry

CygH35NO7S
VS.
C30H32N3O4P
Complex samples, Isobaric analytes,
insufficient depth of confirmation of
analysis elemental
composition

Thermo Scientific™

Orbitrap Fusion™ Lumos™ Tribrid™
Mass Spectrometer is the most
sensitive and versatile MS system

>

Comprehensive Structural elucidation
sequence of lipids, metabolites,
characterization of xenobiotics and others
protein drugs
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Advanced Peak Determination

Typically, MS/MS rate in a DDA experiment is well below its maximum

25 -
Max rate
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Achieving maximal depth of o
analysis in complex samples 5 157
v
= 10 -
 MS spectra are complex R
- Fast & sensitive instrumentation z
run out of data-dependent
targets o I \&r
e Can we determine more unique o
1 21 41 61 81 101 121

peaks for MS/MS analysis?
RT, min Senko at al., 2013




Advanced Peak Determination: Reading Between The Lines

STANDARD PEAK DETERMINATION

Details
No precursors 469.750
RaiRiminad e « Advanced Peak Determination (APD)
algorithm identifies the charge states and
469-g99 monoisotopic m/z values of isotopic
= 470*,2?51 470-135 envelopes at greatly improved peak depths
™ ! — in real-time
470.567 7.7
o = 471.737
468.879 469.213 z=7 1470901 l o 472238 472773
=t = l e | el i  This significantly increases the
population of precursors available for
ADVANCED PEAK DETERMINATION data-dependent analysis, which in turn
P 469.750 I results in more MS" spectra, PSMs,
2=2 and unique peptide identifications
469_'899 Precursor 3
470.233 470.735
2 20 » APD has been evaluated for
4,” 236 peptides/proteins only. Improvements
40801 for small molecule analysis are still
468.879 469.214 46954 GnEe WIT arp208 472774 under investigation
z=3 =3 2=3 ZT =2 7=2 L "‘"' @
— T F | | ! l @, °® o
469.0 469.5 470.0 fﬂ 471.5 472.0 472.5 @ ® o o
m/z ® @ - o _
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APD Leads To Increased Number Of IDs In Proteomics Analyses
NEW DEPTHS OF ANALYSIS OF COMPLEX APD Performance On A Tribrid

PROTEOMICS SAMPLES

* APD leverages the low detection
60,000 limits of the FTMS, and the
incredibly high ion trap MS/MS
spectral acquisition rate, to
significantly boost the rate of
unique peptide identifications

S during data-dependent LC-MS/MS
| » We analyzedl pg of a HelLa digest
20,000 by data-dependent LC-MS/MS
10.000 * Results that used to take 2 hours
can be obtained in 1 hour
0

6{} min 120 mm an min 120 min y EXpeCted improvements for 1 Mg
, HelLa standard (Pierce)*:

50,000

40,000

Unique peptides, <1%FDR

SSZ:‘;?%;Z?“ Agva"‘:‘?d F’,eak « >25% unique peptide Ie'e& « " °
etermination
* >5% protein level @ S -
® o .
*2 h gradient, OT MS at 240K FWHM, LT MS/MS, 20 ms max IT
. ThermoFisher
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APD Leads To Increased Number Of IDs In Proteomics Analyses
NEW DEPTHS OF ANALYSIS OF COMPLEX APD Performance On A Tribrid

PROTEOMICS SAMPLES
* APD leverages the low detection

60,000 limits of the FTMS, and the
incredibly high ion trap MS/MS
50,000 spectral acquisition rate, to
5 significantly boost the rate of
§ e unique peptide identifications
g during data-dependent LC-MS/MS
S 30,000
o « We analyzedl ug of a HelLa digest
3 20,000 by data-dependent LC-MS/MS
- 10,000 » Results that used to take 2 hours
can be obtained in 1 hour
0 :
60 min 120 min 60 min 120 min * Expected improvements for 1 pg
: i ' ' , ' HelLa standard (Pierce)*:
SEAGERL Pk Advanced Peak « >25% unique peptide Ie'e& < °
Determination Determination o >5 t | | y- ® o
0 pro ein leve ® A IS & |
*2 h gradient, OT MS at 240K FWHM, LT MS/MS, 20 ms max IT .
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APD Leads To Increased Number Of IDs In Proteomics Analyses
NEW DEPTHS OF ANALYSIS OF COMPLEX APD Performance On A Tribrid

PROTEOMICS SAMPLES
* APD leverages the low detection

60,000 limits of the FTMS, and the
incredibly high ion trap MS/MS
50,000 spectral acquisition rate, to
5 significantly boost the rate of
§ e unique peptide identifications
g during data-dependent LC-MS/MS
S 30,000
s | W > » We analyzedl pg of a HelLa digest
S 20,000 Equivalent by data-dependent LC-MS/MS
o IDs in half
- 10,000 the time » Results that used to take 2 hours
can be obtained in 1 hour
0 :
60 min 120 min 60 min 120 min * Expected improvements for 1 pg
— — ' HelLa standard (Pierce)*:
Standard Peak Advanced Peak e« >2504 unlque peptlde |e'e‘ 'S ®
Determination Determination o >5 t | | y- ® o
0 pro ein leve ® A 5 o |
*2 h gradient, OT MS at 240K FWHM, LT MS/MS, 20 ms max IT .
9 ThermoFisher

SCIENTIFIC



Intact Protein Analysis With APD

Charge Assignment Of
Unresolved Charge States

806.073

z=? 853 301 Single 15k resolution scan, APD off . We analyzed the Thermo Scientific™
784 302 F—?’;DE 707 Pierce™ Intact Protein Standard Mix
z=? (i with a data-dependent LC-MS/MS
744.202 P2 1035.970 1115.862 1208 434 method
691.017 2= =7 7 g 1POLO1
 1381.151
{ 1 | 7=7  FTMS1 spectra were collected at 15k
L L l | L ] | resolving power, and were the sum of
806.029 5 microscans
z=36
784.349 879.159 Single 15k resolution scan, APD on
z=37 z=33 « With APD on, the instrument can
14 186 906.553 109 404 115_::;3:]3 accurately identify highly charged and
7=39 2232 7=29 407428 o 12825 " 13;1823 18 complex protein envelopes on-the-fly
691 027 7=27 1380.901
7=42 z=21
* |t is now possible to execute more
700 900 1100 1300 advanced top-down expegme;nts
n/z including, MS/MS fragmentatlﬁn
On-the-fly charge state assignment of isotopically unresolved charge states of one charge state per precursor 9
carbonic anhydrase
10 ThermoFisher
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Advanced Peak Determination Benefits Bottom Up and Top Down Proteomics

BOTTOM UP
PROTEOMICS

Data-dependent experiments with
complex peptide mixtures

Identification and characterization of
Intact proteins by MS

o —

; o
R-AB 10,00
g
L ‘ 4
b o
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Turn APD On And Off In The Method Editor

MethOd Editor Global Parameters Scan Parameters

Method Timeline

Method Duration
(min)

New

Q + Delete

Clear

Global Parameters

| Ms Properties

Application Mode l Standard v J
Advanced Peak
Determination

/ Default Charge State l 2 ‘
Internal Mass Calibration &)

Advanced Peak Determination is an optional Global MS property of the Method Editor.

12 ThermoFisher



Josh Coon, University of Wisconsin

(i) WISCONSIN The new APD algorithm

| provides new peptide precursors
to go after and amounts to a 25-
35% Iidentification bonus. | have
no doubt this will be a key
technology in achieving deeper
coverage and higher throughput
for proteome analyses.
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Technology: What Is 1M?

A Kit Comprising An Orbitrap And
A C-trap Assembly

» Ultra high resolution (1,000,000 at
m/z 200, 2 sec transient) while
maintaining isotope ratio specs

Matching
C_trap « A matching C-trap and a high-
performance Thermo Scientific™
Orbitrap™ mass analyzer, available
for factory installations or field

upgrades
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1M option for peptide mapping:

Do we need It?

A Question

‘Does the lack of resolution prevent
the detection/quantitation of almost
Isobaric components.

16



NISTmAb Digest Peptide Map

I'. £ 1 Thermo Scientific™ Orbitrap Fusion™ Lumos™ MS Thermo Scientific™Xcalibur™
PSR - pm - 120k, 240k, 500k, and 1 M Resolution @ 200 m/z Software and Chromeleon™
3 ug Trypsin Digested Thermo Scientific™ Vanquish™ UHPLC _
N 70 minute Gradient 250 ul/min Mass range: 300 to 1800 m/z 7.2SR5CDS
0.1%FAinH20and ACN
I 50 CColumnTemp

Sample Column uHPLC MS Processing
fi\ A
| W Bf

Thermo SC|ent|ﬁcTM Accucore™
Vanquish™ C18+
2.1x150mm1.5uM

ThermoFisher
SCIENTIFIC
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NISTmAb Digest Peptide Map Chromatogram

RT: 0.00 - 70.52

Relative Abundance
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After processing in Thermo Scientific™ BioPharma Finder™ Software
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Retention time of GFYPSDIAVEWESNGQPENNYK Peptides

GFYPSDIAVEWESNGQPENNYK (+2) m/z
oo Bf Native Deamidated
as- g ~40S S M 1272.5693
I |_M+1  1273.0708/1273.0613 M _|w=s A m/z = 0.0095
e : M+2  1273.5722(1273.5628 M+1
= GFYPSDIAVEWESNGQPENNYK I M+3  1274.0735(1274.0642 M+2
60~ | 1274.5656 M+3
gssf |
gsof |
Eprs I
2 40- |
E I
35—
= |
e |
254
202 GFYPSDIAVEWESNGQPENN/Deam]YK
:
52 36.78 37.14 37.32 37.50 37.75 37.93 38.29 38.50 se.32 BT 8971 3982 4504 40.46 40.75 40.96 4414 4139
0—— L L I I e I L I R I R B I R I
. - . - - Time(r-nin) - - - -
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Spectrum at the Apex of the Deamidated PENNYK Peptide

GFYPSDIAVEWESNGQPENNYK (+2) m/z

Isotopic Pattern Vs. Resolution

MAM. 3abiREZEIPTR R ERRHMNY: InNlg deaES Native Deamidated
A E 105500 1800 605

1667 1273563 M 1272.5693
@% 1273.0596 ‘ M+1  1273.0708(1273.0613 M
Qé M+2 1273.5722| 1273.5628 M+1
853 127310631 M+3  1274.0735/1274.0642 M+2
g% 1274.5656 M+3
'7512 1274.0616
76 | V2540020
ég:g 1272.5676 ilga ﬁggf ‘
é@é ‘ 127440645 240 OOO
55—
§é 1272.5676
- | 500 000

= 1274.5636
46 | |

é 1272.5673 H 1274”5638 1 OOO OOO
§§E M ‘ ‘ | 1274#\{5640
§6§ 127 £.5680 ‘ ‘ ‘ ‘ ‘ M
2% ‘ ‘ ‘1273.1(!56 ‘ ‘ ‘ ‘\
267 || | | \ 127J115653
] | I - | I 1375 9802

3 | \ | ‘ ‘ “ h 12750651
18- ‘W ‘\ | ‘\ ‘ ‘\“‘ 12750662

= \ \ il

: ““\ L, | 1273.8057 m‘ ‘\\‘ 1274 826,874 49991 ||

12726 = 13728 @ | 13738 = 14782 = 13734 = 13736 ‘ig#g.% . 12748 12742 13744 13746 = 13748 = 13788 137832
%
ThermoFisher
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PENN[Deam]YK Monoisotopic Peak vs.

Resolution

MAM_280R&ZE885 SR RT3BVOBIAVL 1ININLE.BFHTES
T: FTMS + p ESI Full ms [300.0000-1800.0000]

100
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240 000
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30 1 000 000
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15 . 1.
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+5 ppm extraction
ThermoFisher
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PENN[Deam]YK (+2 and+3): XIC of First 3 Isotopic Peaks for Quantitation

:gts i RT=3957; Area=97

BargmND B-HDEING)

L

-0138.20 38.40 38.60 38.80 39.00 39.20 39.40 39.60 39.80 40.00 40.20 " 40.47

Injection Name Area Area Area Relative Abundance Relative Aundance
counts™min counts™min counts™min Y a
GFYPSDIAVEWESNGQPENNYF IsoDeamid] GFYPSDIAVEWESNGQPEN[Deamid][NYK GFYPSDIAVEWESNGQPENNYK PENNYHK-lsoDeam PENNYHK Deam

1 MAM_1M_Re 1.63E+05 9. 71E+05 7.09E+07 0.212 1.348

2 MAM_S00K 2.53E+05 1.61E+06 1.14E+08 | 0.219 1.396

3 MAM 240K 2 93E+0 N\ ativn 1.93E+06 1.41E+08 | | 0.204 1.342

e MAM_120K 6 70E+0d YALTV L 3.48E+06 1.67TE+08 | 0,391 2028

| nepti
L] L]
ThermoFisher
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NISTmAb Digest Peptide Map Chromatogram

RT: 0.00 - 70.52
100+
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VDNALQSGN[Deam]|]SQESVTEQDSK Monoisotopic Peak

MAM_ 280 KR €SB RARITL O B2 AR/ 1L NN 9 B FHE
T: FTMS + p ESI Full ms [300.0000-1800.0000]
100 M2

©

VDNALQSGNSQESVTEQDSK (+3) m/z
Native Deamidated

- 0.4 ppm mass accuracy

240 NNN
- 1.1 ppm mass accuracy

©
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1M Resolution can spectrally baseline resolve PENNYK deamidation from the
native peptide for both +2 and +3 with <1 ppm mass accuracy

Higher resolutions can benefit quantitation by preventing over integration of
coeluting native+deamidated isotopes

1M resolution enables the detection of low level peptides obscured beneath
their coeluting native counterparts

25



1M Ultra-High Resolution For Lipid Flux Analysis

UTSouthwestern
Medical Center | /&

To know more, please watch recorded webinar on c&en
WEBINARS website:

https://cen.acs.org/media/webinar/thermo 090717.html

The 1 million resolution Orbitrap is a
unique tool to allow fluxomics analysis of
lipids with sensitivity comparable to
radioactivity tracing.

Matt Mitsche, The University of Texas

C&EC11 | wesiNARS

Let’s Chew the Fat with Orbitrap MS - Enabling Lipid

Metabolic Flux Studies and Structural Elucidation of
Lipids with Ultra High Resolution and UVPD
Fragmentation

26
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& Challenge UV Photodissociation (UVPD)

option

Dissociation techniques currently * Provides unique fragments vs. other dissociations increasing
available (CID, HCD and ETD) can be sequence coverage of proteins

insufficient for comprehensive iable onl h antific™ Orbi S ™
characterization of analytes of interest . stala e only on Thermo Scientific™ Orbitrap Fusion™ Lumos
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UVPD Implementation (Class 1 Laser System)

Compact Footprint

UVPD Source

The UVPD MS" fragments are
generated in the linear ion trap
and can be detected by either the
ion trap or Orbitrap

UVPD source is embedded inside
the instrument, directly connected to
the dual-pressure linear ion trap

UVPD source employs a 213 nm
laser with 2.5 kHz repetition rate
delivering >1.2 pJ/pulse

UVPD is a field upgradable option

29



UVPD Is Unique to the Thermo Scientific Orbitrap Fusion Lumos MS
Data Dependent Experiment: OTMS>UVPD OTMS?

Orbitrap N
UVPD MS/MS Scan Full OTMS Scan %,»(l %
LPC ) ,'/\
M JJ_LLL_I_']_II_IJL /;‘V/t:,:,} UVPD
m/z miz Hpj/'/' ' g T 4/)
\/I //o lon Trap
>
MPO \
r Q1 2N
e lon Routing
:LI Ill | /\ Multipole

b¢| f
— / » Full OTMS scan
Twmoo

I I St . . . -
= == C-Trap > 1 parent ion isolation in Q1
Eﬂ% » First parent trapped in the ion trap
~ » UVPD in the lon Trap
° » MS2 scan: lon Trap or Orbitrap Detection
@ %
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UVPD Is Easy To Use

User-Friendly Implementation

Data-Dependent MS" Scan Properties

Isolation Mode | Quadrupole v ‘
Isolation Window (m/z) 16 |
Isolation Offset | Off v
Activation Type | UVPD v
Use Calibrated Molecular Weight- Bl

Dependent UVPD Activation Time

UVPD Activation Time (ms) ‘10

Detector Type | Orbitrap v ‘

The UVPD source is embedded inside
the mass spectrometer for optimal
performance and reliability

Minimal set-up required by user

User defined UVPD activation time (ms)

Calibrated Molecular Weight-Dependent

65—- - [M+19H]'* Scan Range Mode | Aute: m/z Mormal v ‘ Actlvatlon Tlme
—e— [M+24HF* . i . . . . -
= 01 - TR R " » UVPD Activation time multiplier (%)
< 1
2 /J_ AGC Target 2065 -
z 50 = S e Inject Ions for All Available
% 1 | \’h . Parallelizable Time 0
g 45
m ] = | \ Maximum Injection Time (ms) ‘118 |
40 4 | )
35 | | Microscans ‘1 |
] | :
i 10 20 30 40 50 60 70 80 Data Type | Profile ") _
UVPD Activation Time (ms Use EASY-JC™ & @ ; © 0.:. ®
UVPD activation time is m/z independent: o ® & i
The highest coverage is achieved at the same Scan Description | | o, * d !
activation time (17 ms) for two different charges
states of apomyoglobin
ThermoFisher

31

SCIENTIFIC



UVPD Top-Down Of Intact IgG

P1CIAIS v KIM S B K A S 25 Unigue Sequence Coverage

M QVQLQEQQPGAETLVRKEK

ZGGY.ITFTSYHMH“V]KQTPGR1G1LEWIGA 50

51 I YPEGNGDTSYNQEKFEKGEKATLTADEKS 75 . . . .

76SSTAYMOQLSSLTSEDSA ATV Y'Y @A R]S]T]100 e LC-MS analyS|S of intact Rituximab

101 Y1¥Y1G1GIDIWIYIFINIVIWIGIALGITITIVIT VISIATAlS TIK]12s

126 G]P]1S VIF P L1A P SIS K|S T|S G G]T A A L GBL V 150

151 KDY FPEPVT TVSWNSGALITSGVHTTFP 175 ETD D

176 AVLQSSGLYSLSSVVTVPSSSLIGTQ 200 H .

200 T YIMNVNHEKPSNTERVDE KEKIAEPKS C D 225 e ETD HD of the Heavy Chain

226 KITHT CPPCPAPELILGGPSVFLEFFP P K 250 . o

251 PKDTLMISRTRPEVTEVVVYDVSHEDEP 215 provides up to 26% sequence

276EVKFNWYVDGVEVHLNAKTKPREEQYI%DO O

01lN S TYRVVSVLTVLHQDIWLNGLKEY KM@ 325 O coverage

326|K VISINLKIALL PlA PLILELKLTLILSLKLALKLGLQ PLRLE P 350

3511Q VLY|TIL P PIS|RIDLELLITLRINIQIVIS L TEL V K G 375

376 F YPSDIAVEUWES|ING QP EININLY KT T P P 400 (2 LC_MS runs Comblned)

401 V L D S|D GLSLFLFIL Y S KLL T V|D K|S RLWLQI_QI_GLN 425 .

426 VIF S @S V M H E|A LIHE|NLHELY|TIQLKLS LIS L S P G C « UVPD y|e|dS up to 30% sequence
coverage

M OVQLQQPGAELVEKPGASVEMSEBEAS 25

26GYTFTSYNMHWVKQ]TPGRGLEWIGA50 A

5 I YPGNGDTSYNOQEKPFEKGEKIATLTIADI KS 75 .UVPD prOVIdeS more Iarge

76 S STAYMOILS SLTGSETDS AV ¥Y1Y @AIRIS T 100 : :

101 Y YIGIGDWIY FNVINGAGTTV TV S AlA S T K 125 fragments than ETD HD Conflrmlng

126 G1P S1V FIP LJAIPIS S K S T S G GLT A AIL GI@ L V 150 l | 1 I

151 K1DLY FIPE PV TV S|W N]S G ALLT S GLV H T]F P 175 VP D the Sequence In the mlddle

176 A VL QS SIGL YIS L SIS VVTV PISISISIL GLT Q1200

201 T YLIVE NIV NIHLKLPLS N T K VIDLK KIAIEIPLK[S1C1D 225
226 K T HIT1C1P1PLC1PLAIP E|L1L G G P S|V|F L]1FlPlP K 250

251|PLKLD T|L M{ITS RT P EIVT@LVVYVDIVSHEDP 275 BO(y ° Both ETD HD and UVPD Combined
276 E]lVK F N W YlVID G VEVHNAKTE KPREE Q Y 300 O ;
provide up to 43%  sequence

301N STYRVVSIVLTVLHIQID WL N G KLE ¥ K| 325
326K V SIN K A|L PLALPLILELKLTLILSLKLALK GLQLPLRLELP 350

- - @
5511QLV YITILIPLPLS R D E LIT K N QLV SIL TI@ L V K G 375 (single LC-MS run) coverage within 1 hour = - °® o
376 F YIP S D I AVEWESNGO QIPENNYK T|TLPLP 400 ®0
401lVIL D S DG S FFLYSKTLTV VIDKSRWQOQG N 425 ® ® o
426VFSLGSVMHEALLHNLHLYI_TQKSLSLSPGC ®ﬁ @
ThermoFisher
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UVPD Top-Down Of Intact IgG

Unigue Sequence Coverage

151 K D
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300
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—
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He<<HH®Z
mEmHEX<®
PE R LR
AW wowondg
HEED®XNC;
fkwxRooOmw

151 KID|Y FIPE PV T V S|W NIS G AL T S GLV H TIF P 175

176 A VL QS SIG L YIS L
200 T YLIVFINIV N1HLK1PLS
226 K T HITIC1P1P1C1PLAP
251|PLKLD TIL M|{I1S R T P
276 EIVK F N W YLVID G V
301N STYRVVSIVLT

S1s VV TV PISISISIL GLT Ql200
N T K VIDLK KIAJEIP|K[SLC1D 225
ELL1L G G P S\VLF L1F1P1lP K 250
EIV T @V V VDIV S HIE D P 275
EVHNAKTIERKPREEQ Y 300
V L HLQID WLL N G KLE Y K|@ 325

ETD HD
26%

(2 LC-MS runs combined)

UVPD
30%

(single LC-MS run)

LC-MS analysis of intact Rituximab

ETD HD of the Heavy Chain
provides up to 26% sequence
coverage

UVPD vyields up to 30% sequence
coverage

UVPD provides more large
fragments than ETD HD confirming
the sequence in the middle

Both ETD HD and UVPD combined
provide up to 43% sequence

coverage within 1 hour = « *_ o o
@ [}
Q IS « @

@
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UVPD Middle-Down Of Rituximab

ANTIBODY DIGESTION HIGH RESOLUTION MS? Unigue Sequence Coverage
AND SEPARATION SPECTRUM OF LIGHT CHAIN (LC)
932.485  New UVPD fragmentation
N | complements existing fragmentation
. 1026.781 techniques
: Enzyme digl;esti{m 618.800 1109.067
1 and reduction
e Vv 873.846 « UVPD provides 20% unique
" 2x LG 806.859 1240.640 sequence coverage vs. ETD/EThcD
gk 1380.776
Fc/2 |
25 kD _govme | T
, 400 600 SLCSEEERESERC0 1400 1600 « Unambiguous glycosylation site
1 Reverse phase . . .
| el - Iocahzaﬂqn and-ext.enswe coverage
N/ a5 5+ pyg— of the antigen-binding
1003.852 agg 0" complementarity determining
- 1048.115 regions
Fc/2
x101'1*
1018.684 _
N ©
- @ ® e
TTTTTT ’ ®e
246 81012 g : ® o
min 1000 1010 1020 1030 1040 1050 ® ® ® o
ThermoFisher
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UVPD Middle-Down Of Rituximab

Unigue Sequence Coverage

Rituximab (Fc/2) total bond coverage by LC-MS middle-down

N GLPLS VILFIL]FIP PIK[PIKID]TLLIM I1SIR]T PIEIVIT]C] 25 « New UVPD fragmentation
26 V1V1V1D V]1SIHIEIDIPIE]VIK]FINIW1lY]VIDIGIVIE]V]IH]IN] 50 . . .
51 ATK1T1KEPIRIEIEIQLYIMLS T ¥ REVIV S V LIT V L B @ 75 comp!ements existing fragmentation
76 DIW/LINIG1K[lE Y Kl C[K[lV1SIN1lK1AIL/P|LAP]|I1ELK]T[I]100 techniques

101 S1KIALK1LG1QlPLRLEPlQ VI]Y TILIPP|S/RID[ELL|TTK|N 125

126|lQLlVv s LITICIL VIK GLFl Y|Pl S|DII\ALVLE|WLELSLN|G[Q]150

151 PJELNLNLY KJT TLPLPLVILLD|SIDLGLS|F\FLLLYLSLK|LLT 175 « UVPD provides 20% unique
176LV|D KLS|RLW[QLQLGILN V|F|S[C|SLVIM H E|ALL|HIN[H|Y 200 matched fragments vs. ETD/ETheD
201|TLQLK|SLL SIL]S P1G C

« Unambiguous glycosylation site
localization and extensive coverage

ETD UVPD : .y
59.8% 61.2% of the antigen-binding
complementarity determining
regions
% Sequence % Unique matched fragment
coverage™ UVPD ETD EThcD
Fc/2 87 20 7 4
LC 80 21 12 5 B o,
EThcD Fd 72 19 18 4 e @s@
51.7% (* Number of LC-MS/MS runs used: 3 ETD, 1 ETheD and 2 UVPD) 0, * ® !
Rituximab Fc/2 (6 runs)
ThermoFisher
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Middle-Down of NIST mAb: ETD and UVPD

300 Da Isolation window

1 1
1 1
i 9778 i
10 i BT a0 |
1 |
90 1 ol 6 !
i 5055—%00 Daisolation window
80 ! 8602 U 10676
1 1 T 1
70 i i i 1173 i
- - - - E H 1 H 1
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5 0 i ! ! 1173.2 !
5 ! i ! 1308.4
2 809.4 1 ; 1379.9
& 40 ! ! !
£ | o
0 1 7824 ! !
20 i P
7d72 i H
" 717.8 m'oﬂ : i [
L n
0 et by s
700 800 900 1000 1100 1200 1300 1400
mz
100 - 100 -
90 100 ap -
¥ 807 >0 T 80 -
% I I o i 70 M3 ms
| w70 I I
@ 60 EA [ | H 60 - B5ms
100 100 - 100 -
90 0 4 a0 4 B8 ms
< 80 - —_ ] — ]
E g% g% m12ms
% B3 ms a H3ms ] M3 ms
Z 60 4 B5ms E m5ms E H5ms 20 ms
;- —— - — - —— - i ol
g 50 ® 10 ms g m8ms g W8 ms m30
g 404 m15ms v m12ms v B12ms ms
T 30 - m15ms 'g 'g N
¢ - 3 m20ms G m20ms B combined
=4 W20 ms [ =30 ms [ m30ms
10 ;
H combined M combined M combined
scFc-GOF | scFc-G1F LC Fd scFe-GOF | scFe-G1F scFc-GOF | scFc-G1F
ETD UVPD -target 1 UVPD -target 2
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Combining ETD and UVPD: All Runs

Residue Cleavages (%)

sckFc — GOF

G P[s VIFILTFIP PIKIPIKIDITILIMIITSTRITIPTEIVITIC

1VIVIVIDIVISTHIETD] PTETVIKT FINIWI YIVID]GIVIETVIHIN
T1AIK] TIKLPIRTETEIQ] YIN]S T YIR]V Vs v L]T]V LIHIQ
[oIWILINTGIKLE ¥ K © K]v SINIK]A LlplalpL1 LELKLTLI
lsik alklslolp[rLElPlQLY ¥ TILIPLPLs RLELEIMLT KIN
lQlvls LiTlc LLvik GLrLylPLsipLilalviE|wlelsINLGlQ
lpLeININLy[xLTLTIPlPLv L IDLs[DlGLsLFLF L Y Ls K lLLT
lviplklsrIwlQlaleINLVLFLsLcLsLvIMIHLE ALL LHINIHLY
[TlolklslLlslL s PG

100

90 -

80
70
60
50
40
30
20
10

0

scFc-GOF

scFc-G1F LC
LC

plL1 QIMITIQlsIP]s TIL]s Als]vlglp RIVITIIITIC]S A
1s1STIRIVIGI YIMIHIWI Y1QIQIKIP1GIKIALPIKILTLTITYID] T
1s1k1L1Als]161vIP1sIR]F1s]1G]s]Gls]1G] TIETFLTILIT] 1S
1s1t1QlrlpIolFlAlTIYLYICTFlQlG1sT6lYIP FITIFIGlGlG
1TIKLVLELTIKIRITIV]IATALPLs VIFLITFLPLPIsIDLElQ Lk
[slelTlalslvlvlc L LININLF YIPIRLELALKLVIQIWIKIVID
INlALLQls GINLs|QlelslvlTLElQlpls klplsLTlvlsLLLs
[strlelrlelsixlaloly ek Hlklvly[alclelviTiHlQle L
LslslplvlTIklsSLFINIR G E C

Fd

W ETD (all)
m UVPD (all)
B Combined

Fd

Q v T LIRIEISTIGLPIAILIVIKIPITIQITILITILITICITIFlS
161FIsTLISITIAlG MISTVIGIWI TTRIQIPTP GIK]ATLTETWIL
1A]D] 1TWIW] D] DT K KT1H YINIPLsTL1K DIRIL]IT]1I]S]K]D]T
Ts1KINIQLV VILIKIVITINIMIDIP AID TAIT Y Y C AR D

M 1 FINTFIYIFlpIviwlGlQlGLrLTIvITlVIsls|Als T KklG
1plsVlFLPLL1AlP S LSTK]S Tlsle 6T AlA L G ¢ L vk

LY FIPLEIPLVITLv SIWINLslGlalL Tls|G VIHLTIFLPlA
lviLlelslslelilylslilslslvlvirilviplslslslLlslT qlT
LyLtrlcInLvINLHLK P Ls INLTIklvIDIK [RIVIELP K s c[DlK

TIH T clplplclplale E L LG
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Combining ETD and UVPD: Only Two Runs

< 100 +

bt 100 -

il

H.! 90 -

= 80 -

gz

O --- BETD 15 ms
v

_g B ETD 10 ms + 15 ms mUVPD 12 ms
‘n

]

oc

B UVPD 12 ms+ 20 ms
BETD 15 ms+ UVPD 12 ms

B combined

scFe-GOF | scl

Residue Cleavages (%)

scFe-GOF scFe-G1F LC Fd

Even with only 2 runs: the combination of ETD and UVPD
gives more sequence coverage
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Thermo Scientific BioPharma Finder 3.0 Software Preview (End of 2017)

Experiment Types
Protein Sequence Manager
Peptide Mapping Analysis _
Intact Protein Analysis
| r - %
] x
™
-'h! : p—
(Time defined data processing) ‘
=
e —
.
Peptide Mapping Intact Protein Top Down
Analysis Analysis Analysis
ThermoFisher
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Example Applications Of UVPD

Comprehensive sequence
characterization/confirmation of
protein drugs

Identification and characterization of
Intact proteins by MS
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Thermo Scientific™ Orbitrap Fusion™ Lumos™ MS with UVPD provides a
unique fragmentation mode for unmatched large and small molecule structure
determination for Proteomics, Metabolomics, and Biopharma applications.
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Neil Kelleher, Northwestern University

Nm.‘th\-vgstern
University

UVPD is unique because of the different
fragmentation channels and there are so
many of them which leads to complete
molecular characterization for proteins and
proteoforms. The depth of analysis afforded
by UVPD, combined with the speed of the
OT Fusion Lumos and proper software Is
very impressive.
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UVPD For Comprehensive Lipid Characterization

THE UNIVERSITY OF

The Orbitrap Fusion Lumos with UVPD allows

TS ORRT e us to more comprehensively characterize

To know more, please watch recorded webinar on c&en
WEBINARS website:

https://cen.acs.org/media/webinar/thermo 090717.html

complex mixtures of lipids that are present in
a given biological sample, in order to
understand their functional roles in the
progression of disease.

Gavin Reid, The University Of Melbourne

C&EC1) | WwEBINARS

Let’s Chew the Fat with Orbitrap MS - Enabling Lipid

Metabolic Flux Studies and Structural Elucidation of
Lipids with Ultra High Resolution and UVPD
Fragmentation

43



https://cen.acs.org/media/webinar/thermo_090717.html

To Find Out MORE

planetorbitrap.com/orbitrap-fusion-lumos

thermofisher.com/Lumos

ThermoFisher
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