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Presenter
Presentation Notes
Thank you all for joining us today at thermo fisher scientific north America users meeting! the topic of my presentation; is the.. ultra sensitive LC-MS method we have developed for single cell proteomics application.
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This year we launched two new products from both Tribrid and QE Lines, Thermo Scientific Orbitrap Eclipse Tribrid and Orbitrap Exploris™ 480 Mass Spectrometers. 
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Challenges in Life Science Mass Spectrometry

Qualitative Proteomics

Quantitative Proteomics

Structural Biology

Biopharmaceutical Analysis

MS offers extraordinary

Orbitrap Eclipse Tribrid ﬁ (
sensitivity and versatility

. Small Molecule Characterization

Complex samples,
wide dynamic range

Accurate proteome-
wide quantitation
with high throughput

Protein complex
structure
characterization

Protein-drug structure
elucidation, impurity
identification

Structural
characterization
of isomeric species
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Orbitrap Eclipse™ Tribrid™ mass spectrometer  which supports variety of  omics applications …..yes its as big as fusion Lumos but it’s a mass spec that does everything, it supports; qual/quant proteomics, unmatched protein/peptide coverage, quant (TMT, TMT Pro, SureQuant .LFQ), structural biology, biopharma and small mol applications.
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Mass Accuracy
Dissociation / lon Activation
Msn
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New Orbitrap Eclipse Tribrid MS System

40 Hz

45 Hz

500K FWHM at m/z 200; up to 1,000,000 with 1M
0.4 m/z

m/z 50-8000

3 ppm ext, 1 ppm int

CID, HCD, ETD, EThcD, ETciD, UVPD, PTCR

Up to MS'0 with the ion trap or Orbitrap mass
analyzer

Q, OTMS, ITMS

lon Trap, Orbitrap mass analyzer

1186 x 674 x 650 mm (w, d, h)

Unmatched Analytical Performance and Versatility

QR5 Segmented Quadrupole Mass Filter for outstanding
precursor selectivity and sensitivity

Real-Time Search for exceptional depth and accuracy for TMT
analysis

High Mass Range MS" (HMR") option for structural analysis of
native protein complexes

Proton Transfer Charge Reduction (PTCR) option for simplification
of complex spectra and improved top-down data interpretation

Full Customization with a range of optional capabilities:
IC| ETD| UVPD |[1M | HMR"| PTCR | FAIMS Pro interface

Common interface Orbitrap Exploris 480 MS and TSQ™ triple
quadrupole mass spectrometers
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Here are the new features in Eclipse MS, optimized for variety of applications; the improved ion transmission, ion trap sensitivity, real time search and FAIMS Pro Interface compatibility are the features in this new Tribrid mass spec that we will be focusing here for single cell applications.


Orbitrap Exploris 480 MS
makes the extraordinary
simpler
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Challenges in Life Science Mass Spectrometry

Qualitative Proteomics

Quantitative Proteomics

Biopharmaceutical Analysis

Complex samples,
insufficient
depth of analysis

Accurate low limit
proteome wide
quantitation with
high throughput

Protein drug structure
elucidation, impurity
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We also launched the new line of Orbitrap Exploris supporting 3 applications listed here with proven performance for Protein/peptide ID and LFQ, quant proteomics applications like TMT, SureQuant as well as biopharma application supports.


Orbitrap Exploris 480 Mass Spectrometer
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Mass range: 40 - 6000 m/z (8000 m/z optional)

Quad isolation: down to 0.4 u

Scan rate MSZ; up to 40 Hz

Max resolution: 480k at m/z 200

Dynamic range: > 5000:1

Mass Accuracy: 3 ppm RMS ext., 1 ppm RMS int.
Dissociation: Higher energy Collisional Dissociation (HCD)

Analyzer: Quadrupole, Orbitrap
Compact: 530 x 760 x 700 mm (w,d,h)
Options: Easy-IC, BioPharma , FAIMS Pro
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Making Genius Simpler

» 480,000 Resolution to resolve spectra interference
and enable data certainty

* Maximized proteome coverage and quantitation
with FAIMS Pro interface

* Novel scan modes for higher throughput without
compromising sensitivity, precision and accuracy

* Robust and reliable design for maximum uptime

» Application modes with best-practice default
parameters and drag-n-drop methods templates
for portability from system to system

* Next generation user interface with Thermo
Scientific™ Orbitrap™ Tribrid™ mass spectrometers and
TSQ triple quadrupole mass spectrometers
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Here are new features of this powerful but small in size mass spec. Beside the ease of use and maintenance, and support for different proteomics applications- with the high-res scan option of up to 480k, it can also support TMT multiplexing beyond TMT 6 plex. The application I am are focusing today, is single cell proteomics, and showing how we took advantage of our innovations, instrument sensitivity and intelligent data acquisition to provide unmatched sensitivity required to analysis of a single cell or project with limited sample amounts and be the leading technology provided for this field.


The Promise Behind Single Cell Applications

Application Bulk Result || Single cell data
F ‘-,‘ b

Identification of cell subpopulations o © @ o
based on protein expression or @ ‘(():)Cg)
UNDERSTAND metabolic profiles (tumors, tissues, O 080 00
CELLULAR immune cells, cell cultures) Oo. 0®
HETEROGENEITY
@O
Detection and analysis of rare cells OO OC?.
(i.e. CTCs from liquid biopsies) 0®0 o
00O

LIMIT
AYAILAEILITY Analysis of limited sample material
OF CELLS (exosomes, needle aspirates, . No
biopsies) Data
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This is a simple schematic to show why we need to study a single cell versus a bulk cell/tissue digestion, it’s like having a single fruit and taste it or taste a  smoothie of large number of different fruits which information on which fruits is there is totally lost and I was there which I had a yummy smoothie but I had to guess is that celery or parsley, avocado taste? Or sour apple? This is a simple illustration of how information on individual cell is lost when analyzing bulk cells.. at the same time we had lots of customers interested to study single cell proteome for projects like tumor development and tumor cell heterogenicities, circulating tumor cells were another hot single cell project, it is important because it might have an influence on the spread of metastasis. There were also interested to identify high performing clones in bioproduction, and lots of interest in stem cell biology and differentiation. There are also large research initiatives like Human Cell and Mouse Cell Atlas, BRAIN, Precision and Personal Medicine and NCI-HTAN which lead us to focus on this new application not only for single cell but limited sample amount like single brain cell laser captured from brain tissue biopsy..



Single Cell Sample Preparation Methods

Budnik et al. Gename Biology (2018) 19-161

hitpsy//doi.org/10.1186/513059-018-1547-5 Genome BlOIOgy

SINGLE CELL ISOLATION WITH
FLUORESCENCE-ACTIVATED SCoPE-MS: mass spectrometry of single L
CELL SORTlNG mammalian cells quantifies proteome

heterogeneity during cell differentiation

Bogdan Budnik'”, Ezra Levy”, Guillaurne Harmange® and Mikolai Slavov™*"
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M) Cheok for updates New mass spectrometry technologies contributing
NanoPOTS l Cote e Aot 2010 248 704 tom{ards comprehel:lswe and high throughput
omics analyses of single cells
e - Sneha P. Couvillion, @@ Ying Zhu, @ Gabe Nagy.” Joshua N. Adkins,*
= - —a—— Charles Ansong,® Ryan S. Renslow,? Paul D. Piehowski,® Yehia M. Ibrahim,
;_‘:_-_-'_;___-:-g‘z_q' — Ryan T. Kelly @ 2 and Thomas O. Metz® **

D Communications &g L))
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o 301 0o
Proteomic Analysis of Single Mammalian Cells Enabled by
nanolLC-MS/MS Microfluidic Nanodroplet Sample Preparation and Ultrasensitive
NanoLC-MS

Ying Zhu, Geremy Clair, William B. Chrisler, Yufeng Shen, Rui Zhao, Anil K. Shukla,
“Ronald J. Moore, Ravi S. Misra, Gloria S. Pryhuber, Richard D. Smith, Charles Ansong, and
Ryan T. Kelly*
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Article

Subscriber access provided by University of Manitoba Libraries

High-Throughput Single Cell Proteomics Enabled by Multiplex
Isobaric Labelling in a Nanodroplet Sample Preparation Platform

Maowei Dou, Geremy Clair, Chia-Feng Tsai, Kerui Xu, William B. Chrisler, Ryan L.
Sontag, Rui Zhao, Ronald J. Moore, Tao Liu, Ljiljana Pasa-Toli#, Richard D. Smith, Tujin

Zh t I A Ch I t Ed 20 1 8 57 1 2370 1 2374 Shi, Joshua N. Adkins, Wei-Jun Qian, Ryan T. Kelly, Charles Ansong, and Ying Zhu
u e a . ng eW- el I I . n " =y ] 3 - . Anal. Chem., Just Accepted Manuscript * DOI: 10.1021/acs.analchem. 9203349 » Publication Date (Web): 11 Sep 2019
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We started to work with two labs that were using the most promising sample prep approach for single cell as of today, SCoPE-MS approach developed by Bogdan Budnik and Nikolai Slavov which everyone can replicate in their lab and nanoPOTS which provides further improved sample prep for single cell with max sample recovery. We collaborated with PNNL and Ryan Kelly team and Erwin Schoof (DTU) to see if we can further improve our LC-MS method on our new instrumentations to provide them sensitivity needed to do single cell proteomics.


nanoPOTS: nanodroplet Processing in One-pot for Trace Sample

b b

BN | | e | | BN | e
Sample Extraction/ Alkviation Lys-C Trypsin Surfactant Peptide
Evaluation Reduction y Digestion Digestion |'Jl> Cleavage Collection

AUTOMATED SAMPLE PREPARATION IN NANOLITER VOLUMES ON NANOPOTS

TUBE NANOWELL
METHOD METHOD

Reaction 100 pL 200 nL

volume

Surface 127 mm? 0.8 mm?2
.. dioichs Digestion Low High

kinetics
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Here is a summary of how nanoPOTS sample prep workflow. It has all the steps of proteomics sample prep, either digestion or TMT labeling, but in a miniaturized pot to provide max recovery from single cell digestion.


Benchmark Results Cell Size and Sample Storage Effect

Protein Groups

single cell-frozen @ Sample Storage - . 424 prOte|nS
single cell-SPE @ |
.

= |dentified

single cell-4 C10 -

single cell-3 C6 2X size of other two Hel.a cells

. I
single cell-2 C8 . .
Similar size Hel.a cells
. ]
single cell-1 C9 786 .
roteins
] p
20 cells-2 ' e
|dentified
. ]
20 cells-1
0 200 400 600 800 1000 1200 1400 1600 1800

v" ldentification of similar number of proteins from uniform cell types

v' 2X more proteins and peptides than previously reported

v' ~ 450 protein groups identified with label free method on Orbitrap Tribrid Eclipse MS from single HeLa cell
v Fresh sample stored at 4°C provided the best data

v" Cell size matters when it comes to protein IDs

. . ThermoFisher
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Like shown here, our results on Eclipse MS shows that a fat Hela cell has 2X more protein content than typical Hela cell.
We started with ~250 proteins to be the highest coverage reported on Lumos and with just transferring the method to Eclipse we got `2X boost.
These numbers were best numbers at the time we could get with typical OT/OT LC-MS method used for single cell proteomics with samples from Kelly’s lab. We also looked into sample storage and transfer effect on the data with best sample stability at 4 oc. And show how different population of 20 cells correspond to different protein coverage, this alone shows how heterogenous in size and protein content each cells are..


Improved lon Mobility-Based Separation Option for Proteomics

FAIMS Thermo Scientific™ FAIMS Pro™ Interface

e Compatible with nano- and low-flow
chromatography ( <25uL/min )

® Operation on TSQ triple quadrupole
mass spectrometers, Orbitrap Tribrid
mass spectrometers and Orbitrap Exploris
480 MS

@ Automatic source recognition and
programming in Tune

1200.

4+ ® Method templates for key applications

i e e Performance improvements for most

1200 %0 @ 0 protein analysis applications
CV(V)
@ o ® 0’ ®
® o
®q ° o _

Sibylle Pfammatter et al. Molecular & Cellular Proteomics July 14, 2018

ThermoFisher
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While we replicated the most optimized single cell method from Lumos to Eclipse, we noticed that background noise and PEGS contamination is one challenge of LC-MS analysis of single cell and the 1st thing came to our mind was if our FAIMS Pro Interface with specific compensation voltage can remove these abundant +charged background. Here is the scheme of the new FAIMS components with the narrowed electrode gap of 1.5 mm and the charge state distribution of ions as a function of the CV transmission range.




Orbitrap Eclipse MS — Performance at 200 ng +/- FAIMS

Proteome Coverage: 200 ng HelLa, 120 min Gradient

125 97_593119

. -FAIMS +FAIMS 8383 g, 100000 -FAIMS +FAIMS o
7773 ’ A) / 0
-FAIMS Mean (n=3) CV (%)
8000
80000 Protein Groups 6195 0.95
@ 7000 6195 " Peptide Groups 64155 0.37
: Q
© 5000 g PSMs 115968 0.70
e (5 60000 MS/MS 187911 0.56
‘g 5000 3
o g
o 4000 [ +FAIMS Mean (n=3) CV (%)
Q. 40000
Protein Groups 7773 0.91
3000
Peptide Groups 76595 1.61
2000 20000 PSMs 130067 0.44
1000 MS/MS 188957 0.17
0 0
1 2 3 13 1 2 3 13 1 2 3 13 1 2 3 13
Replicate # Replicate #
v' ~6200 proteins identified in 120 min with 200 ng of HeLa digest without FAIMS Pro Interface (mean of n=3 injections shown)
v’ ~7800 proteins identified in 120 min with 200 ng of HelLa digest with FAIMS Pro Interface (mean of n=3 injections shown)
v' Improved peptide/protein coverage with FAIMS Pro Interface
v' Further improvement in peptide/protein ID with search on combined replicate analysis
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We already knew from our 200ng Hela data, with and without FAIMS, we get improved coverage and dynamic range but we didn’t know if that helps with single cell level sample and we get improved s/n ratio without compromising much on intensity and to our surprise and compared to other ion mobility solutions out there, the ion transmission with FAIMS Pro Interface is quiet good even at single cell level.



Improving Single Cell Protein Coverage with FAIMS Pro Interface

15773 39621
100 . . - 1005 “ [ 43577
1 Typical single cell chromatogram o0 z=2
]  Without FAIMS Pro Interface 1440 N J High abundant +1 charged
e ] g 70 J contaminants
'g EU_ g | 501.97 . . .
S E zz \/ =3 J J suppressing peptide signals
<L 7] < ]
% 40- % 40- e 540.67 J 63187 \/
= ] Q 3 =3 z=
e 1229 152.80 © 307 i 596.44
20- 20— #1 661.85 \/
_ =2
1| 4.06 49 01 5184 5763 8803 9284 1012 13525 o 103 l i Y ZL i
e e e ey s e OJM#W#W”MW‘M““W e
] 20 40 60 80 100 120 140 400 450 500 550 600 650 700
Time (min) 637.87
z=2
100+ .
: : - \/ High abundant +1 charged
Typical single cell chromatogram . ., %0- :
100~ . : - contaminants removed,
: with FAIMS Pro Interface 80 higher charged peptides
Bl 70-
5 13415 e J detectable now
5 g %
2 60 2 50 550.66
2 ] 127.02 2 - z=3
s T 407 J
g 407 g - J
e - 119.67 305 J J 543.36 594.68
20 2516 4380 6176 7680 5708 11403 ae 438.76 46\!29 512234 = 588 3:3 624.85 J J J
7] 16.09 1(E 394.209 Z='2 722 A Z='2 222 6(;(_).232 688.285 710.85
- 7= = - = = —_
07 0: b " MMA Jﬂ " M{ al JLMMAJK‘“M k u.)‘?w}l.m ‘4 i, M}“ hum»ﬂnimb Zh " L’ZTZ
0 20 40 60 80 100 120 140 160 L L L L B B S
Time (min) 400 450 500 550 600 650 700
m/z
14 . o ThermoFisher
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This is the typical TIC profile we get from single cell OT/OT analysis, and bellow shows how with applying FAIMS compensation voltage  to we can see multiply charged peptides which were masked before by high abundant +1 charged background.


Method Optimization at Single Cell Level with FAIMS Pro Interface
HelLa QC Results

9000 0.5ng Pierce Hela Digest 8571

Method Optimization at 0.5 ng of Thermo
8000
7316

7000
6030
6000
5000
4000
2934
3000
2023
2000 1552 1830
893
1000

OTIT Single HeLa Cell OTOT HCD OTIT CID OTIT HCD microdissected single neuron cell were identified

Scientific™ Pierce™ HelLa Protein Digest Standard
Data showed improved peptide/protein coverage
with lon Trap sensitivity

HCD fragmentation in lon Trap provided further
comprehensive fragmentation enhancing peptide
identification rate

The highest number of protein coverage reported

from 0.5 ng sample injection providing unmatched

sensitivity to analyze proteins in single cell level

On average 893 protein groups from single HelLa

cell and 1134 protein groups from laser capture

o

m Protein Groups with MS/MS  m Pepetide Group (Manuscript in Preparation)
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We then looked into ion trap sensitivity on Eclipse and we got unmatched sensitivity ever reported for just 0.5 ng of Hela digest either in OT/OT analysis or OT/IT with ion trap proving extra level of sensitivity needed for analysis of single cell.


FAIMS Pro Enhances Proteome Coverage in Single Cells

SingleHelaCell_20um50cm_OTOT_2 5#6468 RT: 50.01 AV: 1 NL: 497E5
F: FTMS + p NSI Full ms [375.0000-1800.0000]
380 11

=1

- Protein groups

807

707
605 44512
Ei z=1

407 381 12 485.22
E z= 443 80 =2
307] / 397 80 =1 471.80
3 / 42579 \ 44012 z=1 485,72 19,14
207 =1 P 57071 596.64 C Ipse
107 503 11 z=1 552 30 z=1 z=1 617 30 644.34 667.18
: H el bt \ i ] L |

o bl . I ol b el l.‘m\‘ L [ PRPOS Cre U RRDUS 11 A \ SOOI P + FAIMS

380 420 440 460 480 500 "520 540 "s0 580 600 "620 640 660 680

m/z
FAIMS SlngIeHeIaCeII 20um50cm_OTIT_MS2_2_7 #8242 RT: 50.00 AV: 1 NL: 9.63E4
T. FTMS + p NSI cv=-70.00 Full ms [375.0000-1000.0000]
430.24
100+, *Z 2
60 : :
] 430 74

407 *

307 38673
4 z=2
2450 1 OO H e La
2% s=o 42324 | 431 225 461 58 e 3 537 28 666 64 (0)
109 ‘ z=2 | 272 448, 26 495 57 51577 = 557 26 568. 78 579 27 606 95 615. 96 628 29 5 (o)
3 z=3 2=2 723 ‘ “

0T “.‘m‘ ‘m‘\‘. “‘\.‘\ \‘ \\ S ot ‘H iy ‘\ Mo ‘KL‘.‘ ‘x‘.‘\L‘ ‘.‘/‘ = : ) - |

380 400 420 "440 460 a0 500 520 540 560 580 | eb0 &0 | 640 660 680

miz

v 829 protein groups found in one single cell using MS/MS identification with Thermo Scientific™
Proteome Discoverer™ 2.4 software (1072 protein groups using MaxQuant with MBR)

Relative Abundance
(o))
\ie

5.8.8

Relative Abundance
(6]
o

ThermoFisher
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At the time of ASMS, when we 1st reported this data this was the highest number of protein groups identified in Ms2 level in label free approach and we have since done further optimization to this method and we get ~1000 protein groups from a single HeLa cells now-we have applied this method to analyze different neuron cells from laser captured brain tissue which the Manuscript is now in Preparation with our collaborators.


Orbitrap Exploris 480 MS - ID Performance Above and Below 200 ng

Proteome Coverage 10 ng — 1000 ng HelLa

Top N Method Top Speed Method
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s | 90 min gradient “* | 120 min gradient 1285747 —
6728

oo o [ o [

6000 5,745 6000 5281
0 5119 [ o mm
Q.
E 5000 4,244 5000 4228
0]
c
T 4000 4000 2892
‘é 2,937
Q. 3000 3000

2000 2000

1000 1000

0 0
10ng 25ng 50ng 100ng 200ng 500ng 10ng 25ng 50ng 100ng 200ng 500ng 1000ng 1000ng
Sample Load (ng) Sample Load (ng)

v' ~2900-6800 proteins identified in 90 min with 10 ng - 500 ng of HelLa digest

v' ~2900-7500 proteins identified in 120 min with 10 ng - 1000 ng of HelLa digest

v" FAIMS with intra-analysis CV stepping (CV -50 and -70), identical conditions to slide 13

ThermoFisher
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We then focused on Orbitrap Exploris, our other instrument launched this year to see in absence of ion trap sensitivity, what kind of sensitivity we get from OT/OT acquisition mode on Exploris, we already had shown great peptide/protein ID performance at 10 ng-1000 ng Hela digest in 120 min …also for methods with higher throughputs. 



Orbitrap Exploris 480 MS - ID Performance Above and Below 200 ng

Proteome Coverage 10 ng — 500 ng HeLa: 30 and 60 min Analysis

7000

0 | 30 min gradient 489 60 min gradient _ems
5872
4000 6000 5417
3500 4784
5000
§ 3000 2649 8 4075
=
o © 4000
O 2500 G)
E 1932 c 2786
‘g 2000 2 3000 —
& o
1500 o
2000
1000
1000
500
0 0
10ng 25ng 50ng 100ng 200ng 500ng 10ng 25ng 50ng 100ng 200ng 500ng
Sample Load (ng) Sample Load (ng)

v' ~2000-4000 proteins identified in 30 min with 10 ng - 500 ng of HeLa digest (mean of n=3 injections shown)
v' ~3000-6000 proteins identified in 60 min with 10 ng - 500 ng of HeLa digest (mean of n=3 injections shown)
v" Identical experimental conditions to slide 23 except with FAIMS 1 CV (-60) single sample injection
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..Like 30 min and 60 min method which data to us and our collaborators were quiet impressive!


Orbitrap Exploris 480 MS - Protein ID Performance

Record Setting Performance at 10 and 200 ng HelLa with FAIMS Pro Interface

. . %
64.311 16000 13,224 gpumlzed fo:;I I\Igaxm:m il pr{p
’ i overage and Reproducibili
70000 Peptide Groups 14000 Peptide Groups g P y
60000 * ~6,700 proteins ldentified in 2
12000 hours with 200 ng of HelLa
50000
10000 « MS/MS and Protein
40000 8000 Id_entification Reproductivity
with <1% CV
30000 6000
2,937 « Peptide and PSMs
20000 6.703 4000 |Protein Groups Reproducibility with <2% CV
10000 Protein Groups 2000 «  FAIMS Pro Interface (intra-
analysis CV stepping, CV -50
0 0 and -70)
Replicate # Replicate # Replicate # Replicate #
+FAIMS Mean (n=5) CV (%) +FAIMS Mean (n=3) CV (%) * 1% FDR at Peptide Level
Protein Groups 6,703 0.90 Protein Groups 2,937 1.74 _ _
Peptide Groups 64,311 2.00 Peptide Groups 13,224 2.44 *  Sharing experimental method
PSMs 99,780 1.96 PSMs 17386 509 and raw reference files
MS/MS 169,082 0.49 MS/MS 83,398 0.66

. o ThermoFisher
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The quality of data we were getting at 10-1000 ng range was outstanding, with great replicate CVs at both 200 ng range as well as 10 ng. But we didn’t know if the Exploris OT/OT method with faims is sensitive enough to do single cell?




Orbitrap Exploris 480 MS — Performance without FAIMS Pro Interface

Peptide Groups Protein Groups
30000 28694 4500 4243
25000 4000 3749
3500
3108
20000 19689 3000
15000 13780 2200
2000 1589
10000 1500 1156
6063
1000
5000 3840 I 480 I
1237 500
0 [ . 0 .
0.2ng 1ng 2ng 10ng 20ng 50ng 0.2ng 1ng 2ng 10ng 20ng 50ng
Sample Load (ng) Sample Load (ng)
v' ~480 protein groups identified with MSMS in 140 min from 0.2 ng of HelLa digest
v' ~1600 proteins identified with 2 ng HeLa digest is used as QC for evaluation of LC-MS performance
v

provides high performance with high sensitivity

Smaller ID column (30umx30cm,1.7um-CoAnn Tech) at lower nano flow rate (50 nl/min-Thermo Scientific™ UltiMate™ 3000 RSLCnano system)
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We then performed a Hela dilution study without FAIMS, data was still impressive and quiet similar to OT/OT data on Eclipse but we wanted to get as close as possible to the coverage we get out of OT/IT on Eclipse



Orbitrap Exploris 480 MS —Protein ID Performance at Single Cell Level

1, 5 and 55 HelLa Cells and 0.5 - 2 ng HelLa Digest with FAIMS Pro Interface

14000 Optimized for Maximum X
Coverage and Reproducibility “&
« ~750 proteins ldentified in
Single HelLa Cell and ~2000
Protein Groups from 5 HelLa
Cells

12387
12000
10107

10000
7071
6000 5241
4000
- 4 2776
194
2000 1582 9 ° 1864
741

Single HelLa Cell 0.5 ng HelLa Digest 1 ng HelLa Digest 5 HelLa Cells 2 ng HeLa Digest 55 HelLa Cells  |dentification at MS2 level with
1% FDR

« Unmatched sensitivity at low
nanogram sample injection
(0.5-2ng and low number of
HeLa Cells, 1, 5 and 55 Cells)

* FAIMS Pro Interface (intra-
analysis CV stepping, CV -60
and -75) were used for on the
fly peptide fractionation

« CV -60 removing +1 charge
background from PEGs

o

m Protein Groups mPeptide Groups
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With FAIMS we got pretty close, ~2000 proteins from 1ng and 741 protein groups from a single HeLa cell, and our data shows 5 hela cells correspond to 1ng bulk Hela digest which puts the single cell protein content ~0.2 ng not 0.3 or more ..and our data response is linear! Now, you all might wonder how this compares to Eclipse OT/OT and OT/IT method and in next slide..



Orbitrap Exploris 480 MS vs Orbitrap Eclipse Tribrid MS — Protein ID Performance With FAIMS Pro Interface

Record Setting Performance: 0.5 ng HelLa Digest and Single Cell

r——=-=-=-= 1 r-—-r——"""""="-"="—"="=-"=-"=-"="=-"="="="="=""=="==== 1
- 0.5ng Pierce HelLa Digest . ,Single Cell, | 0.5ng Pierce HelLa Digest |
9000 . 8571 |
: 1 : 1
6030 8000 | ! L !
6000 | L 7316 I
e | |
roou 1 I 1
5000 l b :
4624 I 1 1 6030 1
6000 1 1 1
| o !
| 1
"y 5000 | 1 L l
1 I 1
| o !
3000 4000 | | P! !
! 2034 | ! !
3000 | | I :
2000 ! b !
1627 1552 o : : : 1880 2023 :
b 1 I 1552 1
I | 1
1000 1 893 Lo |
1000 1 I |
| o !
0 o I 1
PYalein: Groups Wik NSNS Fapatde S " OTITSingleHela Cell  OTOTHCD  OTTCD  OTITHCD
L E){plons OTOT HCD+ FAIMS wal Edlpse OTOT HCD+ FAIMS m Protein Grc,upg with MS/MS u Pe|:|et|de G roup
ThermoFisher
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We show that in protein coverage we are pretty close to Eclipse OT/OT method and little lower at peptide coverage as at the time we generated this data global exclusion option we had on Eclipse was not available on Exploris but we will soon have this option on Exploris in new software release and most probably we will be at similar coverage on peptide level as well, and on the right side….you see the benefit of ion trap sensitivity and improved coverage of 10-25% for single cell analysis.



Orbitrap Exploris 480 MS — Performance at Single Cell Level -/+ FAIMS Pro Interface

12000

10000

8000

6000

4000

2000

0

+ FAIMS
7071
- FAIMS
3840
+ FAIMS
- FAIMS — 1945
1237 1156
480 741
1 .
- Single HeLa Cell 1 ng

m Protein Groups ®mPeptide Groups

+ FAIMS
10107

- FAIMS

6063

2466

1589

Optimized Orbitrap Method for Max
Coverage and Reproducibility

~750 proteins ldentified in Single
HelLa Cell

Unmatched sensitivity at low
nanogram sample injection (0.5-
2ng)

FAIMS Pro Interface (intra-analysis
CV stepping, CV -60 and -75)

CV -60 removing +1 charge
background from PEGs

Identification at MS2 level with 1%
FDR
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In summary this is the type of data you get from single HeLa cell and 1 and 2 ng Hela digest analysis with and without faims on Exploris as a proof of concept on the value of having FAIMS for label free single cell analysis and in general label free proteomics workflows and improving coverage twice at single cell level , which has revolutionized the field. The next thing we tried to address was ability to quantify protein level changes between the cells with improved throughput, one singe cell at the time was not the throughput to satisfy the field…


Real-Time Search for
exceptional depth, throughput
and accuracy of TMT analysis
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We then looked into multiplexing single cell analysis with TMT, specially the new acquisition option on Eclipse MS for MS3 level quant with real time search.


Isobaric Labeling: Challenges and Resolutions

Why do scientists love Thermo  Pepiides
Scientific™ Tandem Mass Tags™
(TMT™)?

* Increase in throughput (up to 11X)

« Relative quantitation in the same scan, no
need to match chromatography

« Can be applied to any peptide mixture

What are the drawbacks?

* Original MS? based method is NOT
accurate because of the ratio compression
caused by spectral interference

« Recently introduced SPS MS3 method is
more accurate, but it is 30-50% slower

Reporter lons for Quantitation

Tandem Mass Tag and TMT are trademarks of Proteome Sciences plc.

ThermoFisher
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Why we or other single cell proteomics customers love TMT? 1st) it increases the throughput, provides ability to combine single cell or any limited sample  in one single injection with TMT labeling of each sample at peptide level and boost sample amount and improves single cell sample intensity to the level to trigger for MS2 scan and generate quality MS fragmentation for peptide/Protein ID, also improves relative quant accuracy as all samples are analyzed in single injection avoiding extensive data normalization to capture run to run analytical variations.


Detecting Small Changes At Low Levels: a Synergy of Single Cell Analysis And Real-Time Search

« TMT labeling allows boosting the MS? signal and
Increases sensitivity to make single cell proteome
characterization feasible (Budnik et. Al., 2018
Genome Biol. 19, p.161)

« TMT SPS MS3 with Real-Time Search provides
necessary accuracy and throughput for quantitative
analysis of differences between the individual cells

ThermoFisher
SCIENTIFIC
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at the time all TMT multiplexing workflow for single cell was done with MS2 method and many were thinking at that low level of samples doing MS3 will be no brainer, The MS2 quant for single cell on Lumos and fusion was pretty stablished and published at the time... 


Real-Time Search Significantly Improves TMT Results

Journal of

prfoteome

eresearch

Main claims:

Real-Time Search allows for
significantly improved coverage
AND throughput

Real-Time Search allows for

further improved accuracy over
SPS MS? method

Active Instrument Engagement Combined with a Real-Time Database
Search for Improved Performance of Sample Multiplexing Workflows

Brian K. Erickson® (55), Julian MintserisT, Devin K. SchweppeT (), José Navarrete-Perea® (i), Alison R.
EricksonT (), David P. NusinowT, Joao A. Paulo®, and Steven P. Gygi*T

T Department of Cell Biology, Harvard Medical School, Boston, Massachusetts 02115, United States

Real Time Search-MS?*(RTS-MS?)

Fusion Lumos MS? Ext. computer
a

'I*I,,!_ > s .
filii b i

T L : « Process each MS?
L1l ¢ | Database search

>+ = |dentify peptide
< 5 ms per spectrum

A AR
Trigger MS® ﬁ_ N c
26 A3 126 - 131 -\_I!J_Il‘l:‘.'l_L %% L'l'“—l‘ﬁ

J. Proteome Res., 2019, 18 (3), pp 1299-1306

\p
Acquire MS®
a C
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We then looked into MS3 empowered by real time search an intelligent data acquisition method based on implementation of Gygi’s published work.
And wanted to see if SPS- MS3 with Real time bring any value to single cell analysis and improve MS3 level quant accuracy as compared to MS2 level quant workflow. 


Real-Time Search Is An Easy-To-Use Method

Method Editor Global Parameters Scan Parameters | Summary

Method Timeline ST al ACTIONS Settings

Application Mode 5 = & Infusion Mode | Liquid C

One-click set up
| Peptide = ‘ I Expected LC Peak Width (s) |-|— Any Data base

Method Duration (min) Advanced Peak 0
Determination

e — Any modification (3 max)

Experiment # 1 Time Range (min) [kl

ot e o Comet Search Engine* (similar to
e s s i SEQUEST)

Selection Range

Adjustable pass/fail criteria

Intensity

el £ Static Modificatic =5
“ Charge State

1 | Carbamidomethyl 5 C

Exclusion ,

2 TMT6plex 229.1628 | K
Peptide Mapping 4 — 2 TMTeplex 161 Kn

ddMSs* IT CID
=

Real Time Search

fariable Modifica an
Precursor

SILAC » Selection Range Modification Mame
Single Cell r L Exclusion

Isobaric Tag Loss

TMT 3 Maximum Missed Cleavages | 1

B Maxirmum Variable Mods / | 5
ddMS* OT HCD Peptide 5 L

wdification Mame

Custom Templates

*Eng et al. Proteomics. 2013 13(1): 22-4
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The optimized method now comes as method template on Eclipse MS for single cell analysis, all you need it’s to load your protein fasta data base of interest, specify which TMT tag you are using, TMT6-10 plex or different mass for TMTPro and run the method.


Real-Time Search Improves Quantitative Accuracy of SPS MS3 Experiment

616.34 1071.55

Using the right fragments for MS3 with
® Real-Time Search: a real data example

I I I I SPS MS?
873.48

We are comparing the MS? spectra for
46826 58133 744.45 the BSA peptide shown

874.57
| ‘ | 764.41 L 1099.46
488.38 651.34 927.44986.51 |
716'36J**' S B | — Standard SPS MS3 - 9 ions selected

: 5 correct TMT-t d fragment
TMT - Y|ILY[EIIIAR correct TMT-tagged fragments
y

4 untagged or contaminant fragments

616.40 1071.52
b1 b3 b4 b5 b6 Real-Time Search SPS MS3
I I | 1 | SPS MS?
P55 with 5 correct TMT-tagged fragments (b-ions)
Real-Time : e
) . Search System excluded un-tagged and unidentified
y4 il el y5 744-4% fragments
18833 65148 764.44 986.50 1098.54 _ _ e
' This results in greater specificity of TMT

400 500 600 700 m/z 800 900 1000 1100 reporter lons, |eading to improved
guantitation accuracy
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How it works, quickly on- the-fly using COMET search engine it finds if your peptide is TMT labeled in MS2 scan and triggers MS3 only on identified peptides. This will save a 10% instrument time spent doing MS3 on fragments that are not identifiable later and let you do more quant MS3 scans in identifiable peptides, hence provides improved quant accuracy and increase rates of protein coverage.


Unique Real-Time Search for TMT SPS MS3 with Orbitrap Eclipse Tribrid MS

Highest Quantitative Accuracy Is Driven by Intelligent Acquisition

: TMT Labeled Acquisition MS Mg MS? Trigger SPS-MS®
Classic

Peptides an Orbitrap Fusion Selection Acquisition Quantitation
TMT SPS MS3 Tribrid MS - L] . .. |
- | ] . a Tle I||
e > [ # > =l el
Tugitey R : t 200 400 00 200 -.r, 0 0 ‘_: W
Tagetey n iz
Sagrte, -
Sagete, * _.. .
Sogetey —® » l ML Poorfno guant
LI L i
—“-’ 600 e :, )
'. - 1.5x
- L~ Il
T = i ol

full scan HRAM MS spectral acquisition

T TMT Labeled Intelligent Acquisition MS M2 Real Time Select Matched Sp5-MSE SPSMS?
Real-Time Peptides On Orbitrap Eclipse Selection Acquisition  |Database Search M52 fragments Quantitation
Search for . Tribrid MS . . _— for 5P Mg? )

TMT SPS MS Seeriee Ko, g . . SN octral a1l
Sagete, — P 1= > - ' tcl | ‘ | | | llll“
e etey LI _ wJ L match . . “|| Al | ||
* — 200 400 600 - - ’ 530 o = = ]
Pagetey i miz L
. g m'r
L + L]
~ ] |‘ | >
W 4o | ]
L ]
- - 1.5x
Peptide ’T LY ] I
—> spectral U | |
S AL il
e Ed o0 b :, =n A0 400 600

full scan HRAM MS spectral acquisition
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This is the overall view of how the RTS method works…




Real-Time Search Increases SPS MS? Throughput

Real-Time Search: results of SPS

180 min 90 min MS3 in half the time
Quantified Quantified Peptides
Peptides/min per LC run
800 " S Real-Time Search doubles the throughput
700 _ 61822 03008 of SPS MS? workflow

60000
600

500
400 343
300
200
100

40000
Results shown here are for HHM sample:

three human cell lines labeled as
biological replicates in TMT10plex (3-3-4)

20000

SPS MS3 Real-Time SPSMS3  Real-Time
/\ Search SPS /\ Search SPS
MS3 MS3
Expect Expect
from Orbitrap from Orbitrap
Fusion . Fusion Orbitrap
Lumos MS Ec(;)lirpt))slt;al\as Lumos MS Eclipse MS

Data: D. Schweppe, Q. Yu and S. Gygi
Harvard Medical School

For Research Use Only. Not for use in diagnostic procedures.
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Previously to get similar coverage with MS3 quant workflow we needed to comprise on throughput by running longer gradients to get similar protein coverage but now with RTS we can get similar coverage with shorter gradient, increasing SPS-MS3 throughput without compromising on protein coverage.


Single Cell Analysis Using NanoPOTS* and TMT

1. Single-cell isolation

Sample#1 #2 43 M4 45 4 # Empy #  Boost Benefits of using TMT for Single
Cell Analysis

A A b O O O O L Ll

2. Denature, reduce, alkylate & tryptic digest

Up to 9 single cell analyzed in a single
LC/MS run with TMT 11plex

3. TMT labeling
S T — R TS Up to 14 single cell analyzed in a single
(™o LC/MS run with Thermo Scientific™
e TMTpro 16plex Isobaric Label Reagent
Extra TMT channels are used as:
(™ a booster channel to amplify the MS?2
signal
empty channel(s) to measure noise
4. Combine

NanoPOTS_TMT_1.2 mm

5. nanolC-MS/MS analysis

*Zhu at al., 2018, Nature
Comm., 9 (882)
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We then analyze single cell samples labeled with TMT on nanoPOTS robot and analyzed it with old stablished MS2 method and SPS-MS3 method with RTS (real time search)-The 1st request we had from our collaborators were, they did not want to compromise in protein coverage moving to any other new method


Single Cell Analysis With TMT Multiplexing

[ Sm— How does the signal look?
BOOSTER
o CHANNEL

8 single cells from 3 cultured murine cell

populations were analyzed in a single
EMPTY CHANNEL
- LC/MS run, ~0.2 ng of protein/cell

T T T e T el T T T LT

aa@aaagélﬂ.@seaas5.@%5.@@@@55%5@5%&%559%
o L ii i il rriiiiiiiiiiiiililiiiliiriliiriilidilis e e

8855585555558 82U 0UUYLUCRLUEFEFFFIEILE 1 Pooled sample in the boost channel (5
) . ng or ~20 cells)

1 empty control (130N)
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The shown results are for 24 single cells

EE??Eijéii5EEEEEEEééié??Eiéjjijj;iiijjii"ggg :
s EE::: analyzed in 3 LC-MS runs
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Here is the experimental set up differentiating 3 cell type with boost channel and empty channel, MS2 method was sensitive enough to differentiate 3 different cell types but we wanted to see if the MS3 method improves it further…


Single Cell Classification With MS? And Real-Time Search SPS MS? Methods

Eight single cells per run: 3 MS? runs; 2 Real-Time Search SPS MS? runs

SPS MS3
with Real-Time Search

Raw Immune Cells

1000(@
Epithelial Cells

e —

MS?2

00000

[VFEQ
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Results

Both methods differentiated 3 cell types
SPS MS? with Real-Time Search provided
improved accuracy with better separation
between cell types without compromising

protein coverage

Single cell analysis at <1% FDR

7523 Real-Time Search SPS MS3

MS?2

Peptides Proteins
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We compared the MS2 method against SPS MS3 method with real time search and here is the data we got…we might los a bit in peptide coverage but not in protein coverage and quantification rate, we improved protein quantitation coverage from 1600 to 2300 proteins which made our collaborators pretty excited about implementing this method in their labs. Dr. Schoof from DTU is now utilizing this method to analyze functionally-defined leukemic stem cells, progenitors and terminally differentiated blasts, to explore the cellular heterogeneity within AML aberrant developmental hierarchy. (Single cell analysis of Acute Myeloid Leukemia Hierarchy).



ere a Difference in Protein Expression on a Single Cell Level?

| 157 Up in Raw

3-Log p

| Total 901

MS?2

5 4

195 Up in Raw Cell

124%

7% o

Total 960

O M15%

SPS MS3
with Real-Time Search

N IR P
Difference (C10 - Raw)

Two cell types were compared (C10 and

Raw)

SPS MS:3 with Real-Time Search identified a

greater number of significantly changing

proteins

Total
Proteins

MS3 Difference, %

Up in Raw
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This is the highlight of the improvement seen in quantitation analyzing samples with SPS-MS3 with RTS and improved quantified protein coverage.


External Validation

» Quantifying Pyruvate Kinase PKM in 3 different cell type
» Minimal interference in empty channel

P52480: Pyruvate kinase PKM [O5=Mus musculus]
120 4 P52480: Pyruvate kinase PKM [0S=Mus musculus]
. Boost
100 - .
T 80 4
é 60 -
40 A o - ot o
7 Raw Immune Cell
1 Endothelial Iu[nﬂﬂn—l--ﬂﬂ I Epithelial Empty
L S e |.'|:Ij'DEIj'EI:':|'D'I T e T
10 Raw SVEC ermply Boost
Quan Channels

ThermoFisher
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This an example of single cells quant channels, each are a cell labeled with different TMT mass tags, you see minimal interference in empty channel and high signal in boost channels which helps with peptide/protein identification and triggering MS3 scan event for quant.


An Example Of TMT-based Quantitation Of Cell Differentiation Markers

= 16 Epithelial cells protein biomarker —_ - 10 Eukaryotic translation initiation factor 4E )
E 14 .E. 8
o 12 @
g 10 S 6
S 8 S 4
c c
3 B i B :
2 . O .a
0 Endothelial Raw Immune Epithelial "6
Endothelial Raw Immune Cell Epithelial Cell E.
Quan Channels Quan Channels >
©
15 Monocyte differentiation antigen CD14 g 7 Phosphatidylinositol 3,4,5-trisphosphate 5-phosphatase 2 (PTEN) E
= 6
=10 = u =
© © =5 o
— [0}
Q 8 g 24 o
g 6 — @ g =
° 3 5 — ©
24 @ < =
< & 1 o
2 | ] -
- 0 n
0 - % Endothelial Raw Immune Cell Epithelial ('
Endothelial Raw Immune Cell Epithelial O Quan Channels E
Quan Channels . . &
. 8 Eukaryotic translation initiation factor 4B (elF4B) 1
12 Isoform 2 of collagen alpha-1(1) chain =
. 7 X
=}
s 10 36 <
g 8 85
g 6 g 4
c 2 3
. 3
C m B i
: :

Endothelial Raw Immune Cell Epithelial
Quan Channels

Endothelial Raw Immune Cell Epithelial —
Quan Channels
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It was interesting to know what kind of proteins we are identifying?! are those just the high abundant proteins or some interesting proteins? Here are some examples of identified/quantified cell type biomarkers for cell type differentiation beside lots of other interesting proteins with catalytic activities, or low abundant proteins like AKT-mTOR pathway proteins and eukaryotic translation initiation factors like eIF1 family as well as eIF 2, eIf3, eIf4, eIf5 and eIf6 family along with 60S ribosomal proteins and E3 ubiquitin-protein ligases.


TMTpro 16plex Label Reagents: A New Horizon For Single Cell Proteomics

TMTpro Reporter lon Spectra 5ng HelLa QC 16 Channel (1:1 Ratio)

TMTpro Reporter lon Spectra In Single Cell Analysis

13415
1341J
R e
1340 1345

ThermoFisher
SCIENTIFIC

T
1335
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Now with the release of TMT Pro we (16 plex) we have the possibility of analyzing 16 single cell in one single LC-MS analysis. Here is an example of 1:1 ratio of QC Hela digest at 5 ng total digest ( equal to 10 cell) which we use for TMT method optimization and bellow is an example of TMT pro 16 quant channel of actual 16 single cell analysis.


Hight-throughput Single Cell Proteomics Analysis with TMTpro

200

180

160

Abundance [a.u]
o N N
o o o

(o]
o

(o))
o

40

20

Glyceraldehyde-3-phosphate dehydrogenase (G3PD) Quan Channels

Empty

LL97A

131N
(Empty)

131C
(Empty)

127C
(Empty)

126 (Empty)

130C
(LLO7A)

(LLO7A)

HFLA1

130N

1280 (HFL1) 127N (HFL1) 128N (HFL1) 129N (HFL1) 133N (A549) 129C (A549) 132N (A549) 132C (A549) 134N (A549) 133C (A549)

Quan Channels

A549
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This is an example of TMT Pro data for single cell analysis, with labeling 2-6 cells from 3 different cell types with no boost channel with single cell self- boosting technique. There were many empty channels though and we only got 12 cell in that chip..


Classification of 3 different cell type by TMTpro without boost

Clear differentiation between three cell types without Boost Channel

LL97A Single Cells
®
5 @ Glyceraldehyde-3-phosphate dehydrogenase (G3PD) Quan Channels
200
0] 0 Empty LLO7A HFL1
e HFL1 Single Cells .
140
%zo
’
- E100
& 2
i 30
jul
8 60
=8
40
20
-5 4 o
. A549 Slngle Cells E‘Im‘ljr: |Empr 120 126 (Emply) L‘ILBQJC ;:\_1\_3 Nn 128C (HFL1)} 127N (HFL1) 128N (HFL1) 129N (HFL1) 133N (A549) 129C (A549) 132N (A549) 132C (A549) 134N(A549) 133 549)
Quan Channels
@ O
10 4
@
T T \ T T
A0 -5 0 o 15
PC1(33.4%)
@ 4549 @ HFL1 @ LL9TA
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even without boost we were able to differentiate these cells with lower protein coverage, hence providing the throughput our customers were asking for.


Single Cell Proteomics — Preliminary data

Label Free Workflow TMT Workflow

Initial Study After optimization Initial Study After optimization

As today, our LC-MS systems can provide the amount of information required in
the single cell analysis field

ThermoFisher
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This is the summary of our work up to now, providing unmatched sensitivity for both label free and TMT workflow, and with TMT workflow providing higher throughput for the field of single cell proteomics or any other sample limited proteomics analysis.


Technical Optimization In The Last Year Translated In A 10X Improvement

Optimization

108 ————————r -
— 1 .
ot l 10 amol 211 proteins
® ; 138 proteins (1%) 820 & ‘ol - March 2019 NA
[, ' - : roteins
= | 1amol | P > April 2019 FAIMS
O 1,182 proteins (8%) | 1
E : —— 1676 proteins  June 2019 T™T
— 1 - .
§ 100y N P 8,591 pznteins 2346 prOtelnS R .
L T > Today Real Time Search
E Fo-mmmmeee '=—> 1 zmol
D 102 13,164
(=)} proteins
g (93%)
E 1
0 5000 10000 15000
Ranked proteins (14,178)
Bekker-Jensen et al., Cell Systems, 4, 587-599 (2017)
ThermoFisher
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With that said we started from 211 proteins to be the max identified on fusion lumos using OT/OT method before ASMS 2019 to 2346 protein with TMT 10Plex… and almost ~1000 proteins with label free approach And here is ..


Orbitrap Eclipse Tribrid MS With Real-Time Search To Revolutionize Single Cell Quantitation

Pacific
Northwest
NATIONAL LABORATORY

“A revolution in single cell
proteomics is just beginning. The
combination of nanoPOTS with the
Orbitrap Eclipse Tribrid, TMT
reagents and SPS MS3 with

Real Time Search provide the depth
of coverage, quantitative accuracy
and throughput needed to propel
this nascent field forward. ”

Dr. Ryan Kelly

Department of Chemistry and Biochemistry

Brigham Young University, Provo, UT, USA

Pacific Northwest National Laboratory, Richland, WA, USA
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Dr. Ryan Kelly’s own word on how this technology has improved the field od single cell proteomics…
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With that, I thank our collaborators and colleagues working with me on this exciting project and bringing in this ultra sensitive workflow to our customers and collaborators.



Demo Lab Orbitrap Exploris 480 MS Success: New Jersey Demo Lab - Not the Max ID Method

200 ng HelLa, 120 min Analysis -/+ FAIMS Pro Interface

[14 34 3
)

-FAIMS +FAIMS o -FAIMS +FAIMS ®
o 6ar4 /0 50000 73312 /o
-FAIMS Mean (n=3) CV (%)
6400 70000 Protein Groups 5682 0.23
@ 2 Peptide Groups 54710 0.15
2 6200 3 60000
o o PSMs 140424 0.40
o
‘g © 50000 MS/MS 159567 0.07
£ 6000 S
3 =
o @ 40000 _ S
o 500 5682 o +FAIMS Mean (n=3) CV (%)
30000 Protein Groups 6474 0.31
5600 Peptide Groups 73312 1.11
20000 PSMs 148164 0.81
5400 10000 MS/MS 165349 0.11
5200 0
1 2 3 1 2 3 1 2 3 1 2 3
Replicate # Replicate #

v' ~5700 proteins identified in 120 min with 200 ng of HeLa digest without FAIMS Pro Interface (mean of n=3 injections shown)
v' ~6500 proteins identified in 120 min with 200 ng of HeLa digest with FAIMS Pro Interface (mean of n=3 injections shown)
v" Improved peptide/protein coverage with FAIMS Pro Interface
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QC method to show the + FAIMS improvement vs –FAIMS –this is not the Max ID method, still decent data with FAIMS but 3.4% lower protein ID than the Max ID method.



From Cells to Peptides
m Sample Prep on nanoPOTS Chip

Peptides Loaded

1. Single Cell Lysis and Digestion | o

Picoliter
Dispenser__

2. Loading Peptides to Capillary

3. Secure ends with parafilm

Capillary 4. Store and Transferat4° C Y s B
E:, ‘Nanowell Array Cells and
| Bulk
o LS L o L -
Reagents
ThermoFisher
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This is the ultra low nano flow LC workflow for nanoPOTS sample preparation with max recovery.. nanoPOTS samples are shipped to us in tryptic peptide in capillary fused silica tubing, capped with parafilm at 4 oc.


Transfer Peptide Digest into an SPE Column

m Loading Peptides Into the SPE Column

UltiMate™ 3000 RSLCnano system

£
==  Loading @ 1 ul/min Connect Peptides Loaded &3 .
10min | Capillary o Wash Line
Loading Pump Waste
RAE | 1006, c
-
| £3
Dl_ls_,conr;ec’i Sg:E/Tr3ap s L i
ransierto step Sample Loaded Trap
a7 . . ThermoFisher
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We then use U3000 LC , loading pump to transfer the sample from the capillary tubes to 75 um ID SPE trap and desalt.
Then samples are eluted from trap using 2 hrs RP gradient  to separate peptides on 20um X50 cm column for label free work and 30 umX30 cm column for TMT workflow, SPE and columns are fromCoAnn tech.


LCMS Analysis

m Connect SPE/Trap online and run 160 min LC gradient

Gradient LC Out Split Flow @ 20 E
Flow Rate 200 nl/min nl/min ES A
. lr..-.-.-.-‘ rr— o [ ] ,{ﬂ"""'"'_
i
#. % Short20um ID Loaded Trap v 20-30 um ID Columns with
Connector Integrated Emitter

Split Flow Column

RT: 29.72 - 160.03

100 150.98 NL:
™ 3] 2.98E9
*, 3 Base Peak
=3 = SRR 90 MS
UMtz 3000 E TMT_Mous
e 80— eCell_30um
| 30cm_CHI
70 P1A
@ |
§ 60 151.83
Waste E 3
< 507
@ 1
2 |
8 a0- 104.23
o =
30~ 104.63
R-A8"| 10.00. B
20; 132,59 138.48
| 50.74
10 41.33 58.29 7345  g7.99 9175 149.91
3 36.07 45.61 59.24 76.56 == - 93.71 106.92 125 21 131.50
N . 5.21
30 40 50 60 70 80 90 100 110 120 130 140 150 160

Time (min)

Representative Chromatogram

PP73265-EN 0620S
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here is typical Base peak trace of TMT 10 plex for single cell analysis.
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