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LC-MS Based Protein Quantitation

» Pharma industry is moving to adopt LC-MS based quantitation
in parallel with immunoassay techniques

= Regulatory requests to have "more specific” assays to enable
better understanding of new therapeutics

= Current trends moving towards more complex molecules
(ADC's, bispecifics, etc.) and more complex treatments (co-
dosing of mADb’s and small molecules, or mixtures)

= Development of advanced capabilities/skills in both discovery
and development stages are needed to support future Biologics
pipelines

©2015 Waters Corporation 2



Protein Quantitation by MS:
Multiple Reaction Monitoring (MRM)

Sample/ Proteins

Peptide Separation:
. | ® . Micro or Nano-flow Triple Quadrupole Mass Spectrometer
ale fgpislg N R'?j{"c Elect
leg e - 3 Iec _roi_pray Q1/ Q2/ Q3/
1{)@ — . onization Mass Analyzer 1 Collision Cell Mass Analyzer 2
+ — — —e e _
Spike-in > . o T _
Heavy Peptide == .-, : = = - S NI -
Standards == @ - .
Enrichment o IR
(Optional) Ky 3l
; Proteolytic o , . R
o T Digestion Peptide concentrations
)g%.( are obtained by *
> calibration curve and
X:IS ratio
RO Analyte
o o° c .
£ Signal
“¢ "‘ 3 _
R A‘ c - X
c £ MRM 2

N

Retention Time

|5 2 Z

o ® [ q,% %“b

- c

] g £ %ﬁ% £ Int. Std.

c = = .

2 3 Signal

§ =Y

Retention Time ‘T—p Mz —

M/Z
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Merck
Current Protein Assay Development

~ 1 day

Peptide selection> CE Opt — Matrix Check— -

<10 min Methods I| ||
‘ 111 -

~ 1 day

™ ' 2= I {
\ e ) Ok

E BiL I —> Std Curve—> Immuno Capture— Digestion—> I S—
il T E “J' l | -

AssayMAP ~ 2 days =St
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Current Sensitivity for mAb PK study by
QQQ-MRM (and Microflow)

= Sample preparation:
- Immunoprecipitation
- Beads: Protein G Magnetic Dynabeads (100uL beads)
o Sample: 20uL spiked SiluLite plasma + 25ug/mL SilumAb + TBS
- React 1hr RT, Wash 3x TBS, Elute 1hr 100uL 0.1%TFA
- Reduce/Alkylate/Digest
o DTT reduction, IAM alkylation, 4hr trypsin digestion

= LC/MS
o M-class Acquity with IonKey on Xevo TQS
o A: 0.1% FA in H20; B: 0.1% FA in ACN
o 3ulL/min flow rate, 12 min run time, 10-55% B in 7 min
o 1ul injection
- Typically 0.2-0.5ug/mL LLOQ

©2015 Waters Corporation




o A
QQQ Peptide Intensity for Standard Curve

TQS-IonKey Platform

[ % v 1 s — catramoe |
BT e s Std Conc Calc Conc  Accuracy
R R, ' (ug/mL)  (ug/mL)
B 0.2 0.2 -2%
i 0.5 0.5 0%
o 1 1.1 9%
g 2 2.1 7%
gw 5 4.6 -7%
g 10 8.8 -12%
55 25 28.9 16%
: 50 40.8 -18%
0 — — ——— — 100 103.4 3%
A 0 5 10 15 20 25 200 206.6 3%
LightHeavy Concentration Ratio
o |w—y14 - 505.4385++ w—y13-761.9225++ mm—y12-7123883++
w01 Analyte

g 1

Peak Area (10%6)
(s3]
1

— o 0 = M = 0 = M — — o = N e B o N — M
2 8 2 2 @ 92 9 @2 @2 @ © 92 2 @2 9 @92 9. 92 & 2 992 @2 9 2 9 o492 &0 2 9492 @2 99 42 o o492 99O 0
fun] m o P~ T = T = O T = T V= T T f " fo T o T = T T S T L O O [ S e T e [ T e T e [}
@M m m - = = o M N Wb W owm oo o o o 9o o

o o o o o 2 o o 9o e =T ~ R~ B 1

Replicate
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A

Conditions

= LC Conditions — Acquity I-Class
- Mobile Phase A: Water + 0.1% formic acid, B: ACN + 0.1% formic acid
- 2% to 40% B over 9 minutes, 400ulL/min
- ACQUITY UPLC BEH C18 Column, 1.7 pm, 2.1 mm X 100 mm
— Column Temp 40C
— Injection Volume 1uL

= MS - Vion IMS QTof
— Acquisition Modes
o HDMS - Fullscan w IMS (50-2000 m/z, sensitivity mode)
> HSMRM - TofMRM w IMS (SIM Mode and MRM Mode)
- Source
o Capillary: 0.7 kV
o Desolvation Temp: 400C
o Desolvation Gas: 800L/h

©2015 Waters Corporation



Travelling Wave IMS
RT: 647 657 my/z: 50 2000 DT: 25 125

2 5 ot WENG R

2: HD TOF M5 (50-2000) eV ESI+

12

10

oo

Crift time [ms]

VVSV 3+
m/z 603.339

250 500 750 1000 1250 1500 1750
my'z [Da]

X645.7931 Y: 25264 £ 0

©2015 Waters Corporation

Advantages

Fullscan or Targeted
IMS Modes

CCS Value is
reproducible measure
that can be used to
identify or filter ions
like m/z

Charge state and size
dependent

Can we:

Use the property to
select ions for
quantitation

Get good linearity?
Get good sensitivity?




E— ¢
IMS-QTof
Mechanisms of Selectivity

\Vion ims ot

ANALYTE SPRAY LOCKMASS SPRAY

QUADRUPOLE

STER[WAVE e ongetEoN
Measure CCS (IMS) of Highly specific XICs with

molecule many points across the peak
Non CE m
tuned

Using Ion Mobility to clean up
Ions prior to entering Quadrupole T Target Enhancement

IMS - Tof MRM (SIM Mode)

Optional

CE Fragment selected ions

Tuning
required

©2015 Waters Corporation
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The Challenge of Ion Mobility
> Linear Dynamic Range

10 Area 1 = Area 2

A = number of
ions/push/peak

IMS Signal
Area 2

Continuous signal
Area 1

Non-IMS vs IMS mode of operation
Signals are more ‘bunched’ up
- This increases the number of ions hitting the detector per push per mass peak
- Quan Tof 2 specifically designed to address this limitation and make IMS routine

©2015 Waters Corporation 10



B A A
HDMS - IMS Enabled Fullscan

MS XIC +IMS

Item name: D1 l l

Channel name: 2: +603.3393 (25.0 PPM) : DT=6.30 to £.78 ms : HD TOF M5 (50-2000) eV ESI+ : Integrated : Smoothed

Name: VV5V
Noise RT: 6.74
- Signal-To-Noise: 87
5501
- -
ol How did we get to this
IMS chromatogram?

1501

1001

Select best m/z and mass
£ o] tolerance
z
B
£ 250

2001

Select best DT and DT

tolerance

100+ Name:

Name: Name: Si na‘l‘-?ﬂs—-:]:ise's Name: Name:
1 RT: 553  RLS7L Name: I ' RT:630 Name: RT: 685 Name:
07 Signal-To-Noise: 2~ Signal-To-Noise: 4 RT: 605 Signal-To-Noise: 4 RT: 6.61 Signal-To-Naise: 4 RT:7.15 Name:
Signal-To-Moise: 2 Signal-To-Noise: 3 ! Signal-To-Noise: 3 Sigmﬁiﬁ;xl A
o]
55 56 57 58 59 6 61 62 63 64 65 66 67 68 69 7 71 7.2 73 74 75 76 77 78 79 8

Retention time [min]
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. B &
Improving Selectivity for HRMS

Comblnlng MS and IMS
s VVSV Peptide, 1 ug/mlL,

1uL injection

100 ppm
S/N 2.3

2 EREE 3 B B i . s a7 H <25 o5 B H 525 s a7 7 7 s 7
mmmmmm o R
Ha T
swen

T
25 m
'
i
w
S/N 6.7
‘IH ﬂ‘ / ']
\|I II \|
265 ” I \ﬁ
A e Mm /\ '”;’“ W e “}J swoom T m mom
A A AR B N\I\MM VAR 7 A RA
B .
- - -
T
25 mDa + IMS
I
S/N 13.0
. Tl e F —
Jo M n e %d L o A o e P
R
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N &

IMS - Tunable Parameter for better S/N

Item name: D1 s / N
Channel name: 2: +603.3394 (25.0 PPM) : HD TOF MS (50-2000) 6eV ESI+ : Smoothed

None

6746 N: 6.71

g

471483 489
)

641

Intensity [Counts]

432 7.08
426 7444 650 661 684 695704, 725

T T T

4 425 45 473 3 5.23 5.3 575 6 6.25 6.3 6.75 7 725
Item name: D1

Channel name: 2: +603.3394 (25.0 PPM) : DT=5.05 to 8.05 ms : HD TOF M5 (50-2000) 6eV ESI+ : Smoothed

3 ms

67475 N: 7.88

500

471483 489
\ 4,

Intensity [Counts]

633 641 g5

T T
4 425 45 475 5 5.25 5.5 575 [ 6.25 6.5 6.75 7 725

Item name: D1
name: 2: +603.3394 (25.0 PPM) : DT=6.05 to 7.05 ms : HD TOF MS (50-2000) &eV ESI+ : Smoothed

fa]
g
E]
5
i

e 6.74

5-N: 9.59

1 ms

483
458 a7 ‘4.3‘3 499

g

383

444

Intensity [Counts]

620633 641650

[=]
1

4 425 45 475 3 5.25 5.3 575 4] 6.25 6.5 6.75 7 725
Item name: D1

Channel name: 2: +603.3394 (25.0 PPM) : DT=6.31 to 6.78 ms : HD TOF M5 (50-2000) &eV ESI+ : Smoothed
T 5001 “Noise 674 5.N: 13.05
g 0.47ms
EOLRR R 40 mam R | | s em
’ All 4|25 4.|5 4.|]'5 % 5.|25 5|.5 5.1!5 ll'] 6.‘25 6I.5 6.|}'5 Tlf ?.|25

Retention time [min]

Increasing
Selectivity
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B k. s
Replicates/Linearity
1-200 ug/mL - Vion HDMS

ltem name % Deviation [%) X Value ¥ Value Calibration compaonent: VWS % RSD (%) 14.797
: Equation: ¥ = 1.06e3*¥ + 784 B2 0997380
D1 -16.91 1.000 1671759 |
D1 5.8 1.000 1614.645 a5 |
El 2092 2.000 3357457
E1 1231 2.000 3174.657
&1 2051 2000 38708 | o ]
F1 -11.80 5.000 72572 E 100000
F1 216 5.000 B213.834
F1 -7.14 5.000 57T18.860
Gl -1.23 10,000 11277501 o
T ! ! ! ! ! ! ! ! ! ! ! 1 ! ! ! ! 1 ! ! ! ! 1 ! ! v ! 1 ! ! v ! 1 ! ! v ! 1
e 153 10:000 11577.586 0] 25 50 75 100 125 150 175 200
Gl -12.04 10,000 10130.056 Concentration [pg/mlL]
Component: VWSV Summarized by: Response
H1 -5.10 25.000 25717.568
25e5]
H1 -8.54 25.000 249505955
H1 4,09 25.000 26250437 212678710675
a5 201556
Al 717 S0.000 5TES3.634
A2 B.E3 50.000 LB573.023
A2 815 50000 58744312 y 1337
g
B2 277 100000 109918833 2 o
B 103 100000  1058B5.808 100000+
B2 a.a7 100.000 112359986
57694 58573 SaTH
2 -0.23 200,000 212677722 50000
2 118 200000 210674958 _— 2"’”1 “25"
TEE ca73 6214 57D 11276 11578 10150
c2 528 200000 201955681 g o2l tm2 1615 BE 2T EZ s s w0 O O - - -
DI DI DI E1 E1 El Fl F F Gl Gl Gl HL HL B2 2 2
Sample]njectn:ln
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. R
What does the (spectral) data actually
look like?

Great for characterization, method development
Great for quantitation (can pull out many other peptides from same data)

Chromatograms = El @y & Y v o = Spectra =
Item name: D1 Item name: D1 Channel name: Time 6.7464 +/- 0.0141 minutes
Channel name: VWSV Silumab [3x(+H)] : (0.0250 Da) 603.3413 : DT=6.32 to 6.79 ms Item description:
VWSV Silumab 2055
225
b4 815956483
500 1.75e51
955.99276
1.5e5
400
—_ = 1
] Fl —956.32778
c c
3 3
S 2001 S
& 2 100000
g g
£ =
200 75000
50000 06.01112
100 114698798
955.14538
25000 804.56032 7
\
1 MW\NJ\LMWMW T e e /7422 TR
]
0 A ~ 0 N IJL by Ill|.| R TRV 1. : : :
1 5 3 4 5 6 7 8 g 250 500 750 1000 1250 1500 1750 2000
Retention time [min] Observed mass [m/z]

BUT what if we want to maximize sensitivity and simplicity, in a more locked down
method which would be suitable for a routine assay ...
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Targeted Modes
- Options beyond IMS Fullscan

Select IMS Window (Narrow or Wide)

¥

Select Precursor (Tof SIM) Options to

‘ Potentially
| | Increase
Select Quad Window (Narrow or Wide) Selectivity

‘ and

Select Fragment Ion, Tune CE (Tof MRM) Sensitivity

¥

Select ppm/mDa XIC window (maximize S/N)

©2015 Waters Corporation 16



High Selectivity - HS MRM
Ion Mobility Enabled Tof MRM

\ QuaNnTOF 2

FLIGHT TUBE

4 )

m/z é

|
—

]\

[ Intensity \

RT

ANALYTE SPRAY LOCKMASS SPRAY DT
el HEXAPOLE £y g= 1001
ION GUIDE COLLISION CELL  ION GUIDE XS SFries
'Sﬁmg" SEPARATION QUADRUPOLE LI ——— (T
e
- i gy Tl
"U.”"' - T -
IHIIIH HHI.
. ] = =
HIGH FIELD ION DETECTION
ETEP WAVE ( \ PUSHER SYSTEM

m/z [ \
m/z
/; I
DT/

\_ >V

17
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HS MRM (SIM Mode)

Item name: D1

Channel name: 5: +603.3390 (0.0200 Da) : HS TOF MRM M/Z=603.339, DT=6.45ms > 603.339 6eV ESI+ : Integrated : Smoothed

Name: VVSV Silumab

RT: 6,75
“Noise Signal-Te-MNoise: 75

1000

900

o 4>603.339, CE 6eV

603.4> : , e
700
S/N 75 at 1uL, 1ug/mL

— 600
£
3
=
&
4 500
i)
=

400

300

MName:
2004 RT: 6,15
Signal-To-Noise: 11
RT:5.58 iy B Name: Name:
100-] Signal-To-Noise: 2 n o83 Signal- To-Noise:4 gy, a9 RT: 7.01 Name: Name:
7 Signal-To-Noise: 2 5 e < ise: RT:7.13 RT:7.70
Signal-To-Noise: 1 Signal-Te-Moise: 2 5, . E
\ ignal-To-Moise: 2 Signal-To-Noise: 1
d N Ignal- | o-Noise:
o | Ll L
T T T T T T T T T T T T T T T T T T T T T T T 1
5.5 56 57 5.8 5.9 6.1 6.2 63 64 6.3 6.6 6.7 6.8 6.9 7

©2015 Waters Corporation

Retention time [min]

71 1.2

73 74 15 76 7 7.8 749
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HS MRM (SIM Mode)

[tem name | % Deviation (%) | X Value | Y Value
0.5
ng/mL

D1 283 1000 3001381
D1 5.82 1.000 3056.548
D1 2449 1.000 3412.800
F1 1295 5000  11813.232
F1 1235 5.000 11755.713
F1 16.15 5.000 12118537
Gl 206 10000  20510.159
G1 076 10000  20262.585
Gl 0.29 10.000 20173.283
Hi -11.28 25.000 43353.919
H1 -14.01 25.000 42053.804
H1 -6.44 25.000 45665.855
A2 390 50.000  100159.230
A2 6.29 50.000  102437.44¢6
A2 401 50.000  100263.594
B2 061 100,000  190669.567
B2 048 100,000 192748.813
B2 -146 100,000  189041.793

©2015 Waters Corporation

Compaonent: VW5V Silumab Summarized by: Response
2854
190570192749 4oy

1.5e5 1
b
2

100155 102437100264,

ﬁ 100000

50000 43354 42354

20510 20263 20173
11813 11756 12118 -.
7061 7024 6858
3001 3057 3413
o Jarre e 175 0m 057, 2403, o e e ) T O
S L e s B S S B |

€1 ¢1 ¢1 pl b1 D01 Bl Bl El FI Rl FH Gl Gl Gl H1 H1 Hl

Sample Injection

% RSD (%) 16.525
R*2: 0.996778

Calibration component: VWSV Silumab
Equation: ¥ = 1.91e3*X + 1.04e3
Weighting: 1/X

2e5

0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 a0 100

Concentration [ug/mL]
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B
HS MRM (SIM Mode)

Spectral Data/Complexity

Item name: D1
Item description:

Channel name: 5: RT=6.7522 mins : DT=6.45 ms : H5 TOF MREM M/Z=603.339, DT=6.45ms > 803.339 6V E5I+

606.01102 >-18e3
SEK]U —] Item name: D1 Channel name: Time 6.7415 +/- 0.0141 minutes
Ttem description:
] 2es] 81970022 . B0A.34580
955.99243 !
A000 15e5 VVSV
] g 1.25¢5 I S
1 %100000— /
'E‘ ) 75000 l
g 3000+
"E, 50000 606.01133
z | Could also be
e 2134647 35315900 5% 8813 : LT85 145841527 .
£ 1 T T T i e e am independently
= 2000 Observed mass [m/z] - -
- 606.68085 collected (if desired
Equivalent Fullscan at LOQ VVSV ( )
1000 x
| 603.33851
1 607.01277
600.00539
o e e ————T T 1
560 570 580 590 600 610 620 630 640 650

©2015 Waters Corporation

Observed mass [myfz]
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HS MRM

- Tuned Fragment Ion

Item name  Level Ignore | % Deviation (35) X Value Y Value Calculated X value

D1 Level 4 -23.49 1000  206.824 0.765
El Level 5 1110 2000  355.877 2222
F1 Level 6 11.78 5.000 700.734 5.5859
Gl Level 7 -0.95 10.000 1142.631 9.905
H1 Level 8 130 25.000 2721.282 25.324
A2 Level 9 214 50.000 5357.025 51.068
B2 Level 10 -187 100.000 10175.1%0 98.127

Channel name: 2 +712.3900 (0.0250 Da) : HS TOF MRM M/Z7=603.339, DT=6.45ms > 712.38 20eV ESI+ : Integrated : Smoothed

VSV Silumat
674
200
602.3>712.390
— 150
z
3
S
&
g
e
50|
612
558
620
235 408 462495532 f| 5.86) |7 H'sg (Fs [T smen
0 n

©2015 Waters Corporation

T T
4 5
Retention time [min]

T
6

T T T
7 8 9

Calibration component: VWSV Silumab
Equation: ¥ = 102*X + 128
Weighting: 1/%

% RSD (%): 7.974
RA2: 0.998729

10000+

Area [s]

5000

0 20 A0 &0 B0 100
Concentration [ug/mL]
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VVSYV Peptide Com
Tof MRM

Htem name: 1 pg/mL STD
100

%

%

565

Wy
605

parison
vs HS MRM (SIM

Modes)

634

——

5625 565 5675 51 575 505
Ttem name: UL

Channel name: 5: +603.3390 (0.0200 Da) : HS TOF MRM M/Z=603.339, DT=643ms > 602.339 GeV ESI+ : Integrated : Smoothed

1000

900

800

700

600

Intensity [Counts]

400

300

200

Name:
583
Signal-To-Noise: 2

RT:5.58
Signal-To-Naise: 2
7

5775

58

5825 585 S5 59 5925 595 5975 6 6O25 605 6095 61  6A25 615 6A75

Name: VWSV Silumab
RT:675

“~Noise Signal-To-Noise: 75

Name:
RT:615
Signal-To-Noise: 11

Name:

Name:
RT: 701
Signal-To-Noise: 2

\

RT: 641 Nome:
Signal- To-Noise:4  gripag
Signal-To-Noise: 1

62 625 625

Name:
RT: 713
Signal-To-Naise: 2

6273

63

635 635 6315 64

Tof MRM - 3ulL

HS MRM - 1ulL

In this example, Ion Mobility

easily resolves what m/z can not

Name:
RT: 7.70
Signal-To-Noise: 1

©2015 Waters Corporation

61 62 63 64 65 65 67 68 69 7
Retention time [min]
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Conclusions

= IMS and HRMS data highly reproducible and accurate

= Method development through quantitative assay possible on a
single platform

= IMS for Quantitation

— Dynamic range limitations from previous generations not limiting for
assay

- IMS is a tunable property of the molecule, enables selectivity beyond
mass/quad based properties.

Future Work

= Continue optimizing MRM modes, Tof MRM, HSMRM (SIM and MRM
modes)

= Define best practices, when to use IMS, which defaults work best
= Evaluate effects of Analytical Scale vs Microflow for Tof Platforms
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