protein biology

o Vo _I'l
I #"".“I-'. 4 - #’ a4
Al et X . X T
& : - P
' 7R e
v ¢ I L L PR
| - . - /} a2 Ill;
2 T2 |
[ - AL
iy L3
n ||. g r

Protein sample preparation and
guantitation for mass spectrometry

Reagents, consumables, instrumentation,
and software for proteomics research

ThermoFisher
SCIENTIFIC




Introduction 4
Workflows 8
Protein sample preparation
Introduction 9
Sample lysis and protein extraction 10
Pierce Mass Spec Sample Prep Kit
for Cultured Cells 1
Mem-PER Plus Protein Extraction Kit 13
Subcellular Protein Fractionation Kit
for Cultured Cells 16
Protease and phosphatase inhibitors 18
Protein assays 20
Pierce BCA and Micro BCA Protein Assays 21
Abundant protein depletion 22
Pierce Albumin Depletion Kit 23
Pierce Top 2 and Top 12 Abundant
Protein Depletion Kits 24
Protein enrichment using IP-MS 26
Pierce Antibody Biotinylation Kit for IP 27
Pierce MS-Compatible Magnetic IP Kits
(Streptavidin/Protein A/G) 28
Dynabeads Antibody Coupling and
Co-Immunoprecipitation Kits 30
Magnetic stands 31
KingFisher Flex Purification System 31
Active site labeling and enrichment 32
Pierce Kinase Enrichment Kits and Probes 33
Pierce GTPase Enrichment Kit and Probe 34
ActivX Serine Hydrolase Probes 35
Protein interactions and crosslinking 36
Pierce DSS 37
Pierce BS3 (Sulfo-DSS) and BS3-d, 37
Pierce DSG 38
Pierce BS2G-d, and BS2G-d, 38
Pierce DSSO 39
Protein clean-up 40
Slide-A-Lyzer dialysis products 11
Zeba desalting products 43
Pierce Protein Concentrators 45

Gel electrophoresis and staining
Handcast and precast gel systems
NuPAGE Protein Gels
Bolt Bis-Tris Plus Gels
Protein ladders and standards
Protein stains
Pierce Silver Stain for Mass Spectrometry
Imperial Protein Stain

Protein digestion

Pierce Trypsin Protease, MS Grade
Lys-C Protease, MS Grade

Pierce LysN Protease, MS Grade
Asp-N Protease, MS Grade

Glu-C Protease, MS Grade
Chymotrypsin Protease, MS Grade
In-Gel Tryptic Digestion Kit

In-Solution Tryptic Digestion and
Guanidination Kit

Bond-Breaker TCEP Solution, Neutral pH
Pierce DTT (Dithiothreitol), No-Weigh Format
Pierce lodoacetic Acid (IAA)

Pierce lodoacetamide (IAM)

Pierce Methyl Methanethiosulfonate (MMTS)
Pierce N-Ethylmaleimide (NEM)

Peptide enrichment and fractionation

High-Select Fe-NTA Phosphopeptide
Enrichment Kit

High-Select TiO, Phosphopeptide
Enrichment Kit

Pierce Magnetic TiO, Phosphopeptide
Enrichment Kit

Pierce High pH Reversed-Phase
Fractionation Kit

Peptide clean-up
Pierce C18 Spin Tips
Pierce C18 Tips
Pierce C18 Spin Columns
Pierce Graphite Spin Columns
Detergent removal products

Peptide quantitation assays

Ordering information

47
48
49
50
51
52
53
54

56
57
59
60
61
61
62
63

64
65
65
66
66
67
67

68

70

71

72

73

75
76
77
78
79
80

84
87




Protein sample preparation and quantitation

Pierce 0.1% Trifluoroacetic Acid (v/v) in Water,

LC-MS Grade 133
Introduction 90 Pierce Formic Acid, LC-MS Grade 134
Discovery quantitation 92 E(k:e—r'c\:/leso(g;’sd?rmio Acid (v/v) in Acetonitrile, e
SILAC Protein Quantitation Kits and Reagents 93 Pierce 01% Formic Acid (/) in Water
.70 3
Isobaric Mass Tag overview 97 LC-MS Grade 136
Amine Reactive Tandem Mass Tag Reagents Pierce Acetonitrile, LC-MS Grade 137
(TMT Reagents) and workflow 98 Pierce Water, LC-MS Grade 138
Cysteine-Reactive Tandem Mass Tag Reagents ' ’ . .
(iodoTMT Reagents) and workflow 102 Pierce ngtaﬂuorobutync Acid (HFBA),
Carborml-Reactive Tandem Mass Tag R ; Sequencing Grade 139
arbonyl-Reactive Tandem Mass Tag Reagents . .
(@aminoxyTMT Reagents) and workflow 105 Single-Use MALDI Matrices 140
Targeted quantitation 108 Ordering information 141
HeavyPeptide AQUA Standards 110
PEPotec SRM Peptide Libraries 12 HPLC instrumentation and columns
Ordering information 115 Introduction 140
] ) HPLC instrumentation 143
Instrument calibration and EASY-nLC 1200 Systemn 144
anci||ary reagents UltiMate 3000 RSLCnano System 145
Introduction 16 HPLC columns 146
Calibrati Ut Acclaim PepMap 100 C18 LC Columns 147
alibration solutions 1 PepSwift Monolithic Capillary LG Columns 147
Pierce LTQ ESI Positive lon Calibration Solution 119 EASY-Spray C18 LC Columns 148
Pierce LTQ Velos ESI Positive lon
Calibration Solution 119
Pierce LTQ ESI Negative lon Calibration Solution 120 Mass spectrometry instrumentation
Pierce Triple Quadrupole Calibration Solution 120 Introducti
Pierce Triple Quadrupole Calibration Solution, ntroguc |on. 149
Extended Mass Range 121 HRAM Orbitrap mass spectrometry 162
Standard Q Exactive HF mass spectrometer 154
tandards 123 Orbitrap Fusion and Orbitrap Fusion
Pierce Reserpine Standard for LC-MS 124 Lumos Tribrid systems 156
Pierce Peptide Retention Time Calibration Mixture 125 TSQ Quantiva Triple Quadrupole
Pierce Digestion Indicator 126 mass spectrometer 158
Pierce BSA Protein Digest Standard,
LC-MS Grade 127
Pierce 6 Protein Digest Standard, Equimolar, Software
LO-MS Grade 128 Introduction 160
Pierce Hel.a Protein Digest Standard 129 Proteome Discoverer Software 161
Ancillary reagents and accessories 130 Protein Center Software 163
Pierce Trifluoroacetic Acid (TFA) 131 Pinpoint Software 165
Pierce 0.1% Trifluoroacetic Acid (v/v) TraceFinder Software 166
in Acetonitrile, LC-MS Grade 132




Introduction

Overview of key elements for successful
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Mass spectrometry (MS) has
become a method of choice for
protein analysis. The accuracy,
sensitivity, and flexibility of MS
instruments have enabled new
applications in biological research,
biopharmaceutical characterization,
and diagnostic detection. MS

can identify and quantify known
and unknown compounds by
revealing their structural and
chemical properties. With all of its

many forms of ionization and measurement, MS enables the analysis of
samples ranging in mass from 50 to 300,000 Da, in attomole through
nanomole quantities. Proper sample preparation and chromatography, as
well as the right instrumentation and software, are critical components for
successful MS-based proteomics analysis.

Sample preparation

Sample preparation is one of the most variable and time
consuming steps in the analysis of proteins by MS, and
the quality and reproducibility of sample extraction and
preparation significantly impact the results.

Thermo Fisher Scientific offers complete workflows for
sample preparation designed to improve MS analysis

4

of proteins. These workflows can vary based upon the
sample type and biological context of protein—requiring
subcellular fractionation, immunoprecipitation of a low-
abundance target, or sample clean-up prior to digestion
to remove compounds which interfere with MS analysis.
Following denaturation, reduction, and alkylation,
endoproteinases such as trypsin are used to cleave the



Tools for proteomics research

proteins into smaller peptide fragments. These peptides
may need further enrichment, fractionation, and/or
clean-up for robust downstream liquid chromatography
(LC) MS analysis.

Protein quantitation

In addition to the integration of the right sample
preparation, chromatography, instrumentation, and
software, a proteomics scientist also needs the right
strategy to achieve the intended goals to achieve
successful results. Project managers are familiar with

the conflicts of time, cost, and scope; it is difficult to
improve one of these factors without affecting the others.
For example, if the scope of a project is increased, it

is understood that the project will take more time to
complete or cost more money. Similarly, proteomics
researchers must also recognize the challenge in achieving
scalability of the process, sensitivity of the technique,
and comprehensive analysis of samples, simultaneously.
Strategies to improve sensitivity and comprehensiveness
of analysis generally require large sample quantities

and multidimensional fractionation, which sacrifice
throughput. Alternatively, efforts to improve the sensitivity

and throughput of protein quantification necessarily limit
the number of features that can be monitored. For this
reason, quantitative proteomics is typically divided into two
categories: discovery and targeted analysis.

Discovery proteomics maximizes protein identification by
spending more time and effort per sample, and reducing
the number of samples analyzed. In contrast, targeted
proteomics strategies limit the number of features that
will be monitored, and then optimize the chromatography,
instrument tuning, and acquisition methods to achieve
the highest sensitivity and throughput for hundreds or
thousands of samples.

Quantitative proteomics is a powerful approach used

for both discovery and targeted proteomic analyses to
understand global proteomic dynamics in a cell, tissue,
or organism. Most quantitative proteomic analyses

entail the isotopic labeling of proteins or peptides in the
experimental groups, which can then be differentiated by
mass spectrometry. Relative quantitation methods are
used to compare protein or peptide abundance between
samples. Alternatively, while spiking unlabeled samples

SENSITIVE

Discovery proteomics
strategies optimize sensitivity
and comprehensiveness

with few samples

COMPREHENSIVE

Targeted proteomics
strategies optimize sensitivity and
scalability by limiting the number

of monitored features

SCALABLE
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with known concentrations of isotopically labeled synthetic
peptides can yield absolute quantitation of target peptides
by selected reaction monitoring (SRM).

Instrument calibration and verification

Routine calibration of mass spectrometers is required

for optimal performance. Calibration mixtures contain
specific compounds at different concentrations, which are
used to adjust the calibration scale, as well as the relative
intensities of the ions, to match that of known molecules.
Instrument calibration is required to maintain high mass
accuracy and proper performance that can be impacted
over time by changes in lab conditions, electronics, or
surface contamination.

Prior to sample analysis, it is recommended to run the
standards to verify instrument methods and performance
for different applications. Standards provide control over
variability in sample preparation, chromatographic retention
time, and ionization response in a mass spectrometer.
Standards can also be used to specifically monitor
instrument sensitivity, chromatography performance,
digestion efficiency, or as a control sample to verify optimal
methods for simple to complex sample analysis.

Liquid chromatography instruments and columns
LC-MS has become an indispensable tool for studying
proteins because of its power in separation of complex
protein and peptide mixtures. As sample complexity is
usually several orders of magnitude higher than what the
MS instruments can handle, chromatographic separation,
when used in tandem with MS, can significantly increase
the sensitivity and reproducibility of proteomic analysis.
New innovations in LC columns, particles, and instruments
have enabled high-resolution separation of minute sample
amounts with diverse peptides or protein properties. When
combined with electrospray ionization (ESI) and high-
resolution accurate-mass (HRAM) spectrometry, LC-MS
instrument platforms can enable analysis of complex
protein samples with greater depth, improved sensitivity,
and higher sequence coverage.

Mass spectrometry instrumentation

Although mass spectrometers with various forms of
ionization (e.g., ESI, MALDI) and mass measurement (e.g.,
ion trap, time-of-flight, triple quadrupole, Fourier transform)
have been developed, recent advances in modern mass
spectrometers have ushered in a new era of proteomics
driven by improved throughput, sensitivity, and quantitative
accuracy. Improvements in ionization and ion transmission
have enabled detection of low-abundance ions in the most
complex biological samples. New methods to select the
specific ions of interest for mass measurement and MS/MS
fragmentation have also increased instrument sensitivity. A
variety of peptide fragmentation modes including collision-
induced dissociation (CID), electron-transfer dissociation
(ETD), and higher-energy collisional dissociation (HCD)

can be used separately or in combination to identify
unigue peptides, improve protein sequence coverage, or
localize sites of post-translational modifications (PTMs).
However, the biggest advances in modern proteomic
mass spectrometry instruments are related to HRAM
measurements enabled by the Thermo Scientific” Orbitrap™
mass analyzer. Improved mass resolution with high mass
accuracy can separate near isobaric peptide species

for detection and subsequent identification. Combined
with the latest advances in liquid chromatography, these
mass spectrometers continue to push the limits of protein
detection, characterization, and quantitation.

Two platforms are widely utilized for proteomics
workflows, and each is ideally suited for either discovery or
targeted applications:

e Orbitrap platform LC-MS
In order to identify as many peptides as possible from a
complex mixture, a combination of high mass resolution,
accurate mass, speed, and multiple fragmentation
techniques are required. Because of its capabilities to
support different MS/MS fragmentation modes with
the highest resolution of all benchtop MS instruments,
the Thermo Scientific” Orbitrap™ family of instruments
offers the optimal platform for the analysis of complex
proteomics samples.
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¢ Triple quadrupole LC-MS References
For high—throughput quantitation of well-characterized 1. Yates JR 3rd, Eng JK et al. (1995). Method to correlate tandem mass spectra
) i ) of modified peptides to amino acid sequences in the protein database. Anal
proteins and peptides, SRM on triple quadrupole mass Chem 67(8):1426-1436.
spectrometer platform is still the gold standard for 2. Mann M, Kelleher NL. (2008). Precision proteomics: The case for high resolution and

high mass accuracy. Proc Natl Acad Sci USA 105(47):18132-18138.

3. Haas W, Faherty BK et al. (2006). Optimization and use of peptide mass measurement
accuracy in shotgun proteomics. Mol Cell Proteomics 5(7):1326-1337.

targeted protein quantification. This platform provides
extreme sensitivity and speed, ideally suited to samples
in complex biological matrices.

Proteomics LC-MS software

Proteomics experiments generate large amounts of data
that, even after preliminary identification and validation,
leave scientists with the time-consuming, yet critical

task of analysis and interpretation. There are a variety of
algorithms for the interpretation of peptide fragmentation
data. The most commonly employed algorithms, such

as those used by SEQUEST™ [1], Mascot”, and Byonic™
software, attempt to determine the identity of a peptide

by comparing the observed fragmentation pattern to the
theoretical fragmentation patterns derived from protein
sequence databases and heuristic fragmentation rules.
The observed mass of the intact precursor ion is used

to constrain the set of theoretical peptides that are
considered within a tolerance range based on the accuracy
of the measurement. Instruments that provide high mass
accuracy precursor measurements also enable greatly
improved search times and improved confidence in peptide
identifications®, especially for modified peptides. [3]

After protein identification, verification, and quantitation,
interpreting proteomics data to extract meaningful
biological information from multiple, complex data sets
can be challenging. Thermo Scientific” ProteinCenter”
software is a web-based data interpretation tool that

helps researchers to explore biological context over a
variety of applications. Additional software packages are
available for data analysis including Thermo Scientific”
Proteome Discoverer” software for qualitative and
quantitative analysis of proteomics data, Thermo Scientific”
ProSightPC" Software for top-down and middle-

down analysis, and Thermo Scientific” Pinpoint™ or
Thermo Scientific” TraceFinder™” software for the creation
of targeted quantitative assays. All are designed to take full
advantage of the high-quality, high-resolution, accurate-
mass data produced by Orbitrap mass spectrometers.
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Because the proteome is so diverse,
there is no one standard method for

preparing protein samples for
MS analysis.

Protocols for preparing protein samples differ depending
on the sample type, experimental goals, and method of
analysis. Many factors are considered when designing
sample preparation strategies, including source, type,
physical properties, abundance, complexity, matrix effects,
and cellular location of the proteins. Workflows that
incorporate optimization of these factors often produce the
most sensitive and reproducible results.

Proteins of interest to biological researchers are generally
present in a complex mixture of other proteins. This
presents two significant problems in MS analysis. First,
proteins tend to be present in widely differing amounts and
the more abundant species have a tendency to “drown”

or suppress signals from less abundant ones. Secondly,
the mass spectrum from a complex mixture is very difficult
to fully analyze because of the overwhelming number of
peptide products generated by enzymatic digestion.

Protein sample preparation
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The success of liquid chromatography—tandem mass
spectrometry (LC-MS/MS) depends on clean samples
with limited sample complexity to minimize suppression
of ionization by high-abundance species and to prevent
undersampling of eluting peptides in the mass analyzer.

Sample preparation for MS analysis depends on the
abundance of the protein(s) of interest. Enrichment or
depletion strategies may be utilized to improve detection.
Postdigestion, additional enrichment, fractionation,
clean-up, and/or normalization may be required prior

to analysis (Table 1).

Table 1. Recommended sample preparation tools based on sample type.

Cultured Serum, plasma, Purified Page
cells or biofluids Tissues protein number
Lysis/extraction v Ve 10
Protein quantitation assays v Optional v Optional 20
Abundant protein depletion v Optional 22
Immunoprecipitation (IP) v v v 26
Active site labeling and enrichment 4 v v 32
Protein interaction/crosslinking v v/ v 36
Protein clean-up/concentration Optional Optional v 40
Gel separation Optional Optional v a7
Protein digestion v/ v v/ Optional 56
Peptide enrichment/fractionation v v v 68
Peptide clean-up v v v Optional 75
Peptide quantitation assays v v v Optional 84



Protein sample preparation

Sample lysis and protein extraction

Tissue or cell lysis is the first step In
protein extraction, fractionation, and
enrichment. Numerous technigues
have been developed to obtain the
best possible yield and purity for
different species of organisms, sample
types (cells, biofluids, or tissues),
subcellular fractions, or specific
proteins. Both physical and reagent-
based methods may be required to
extract cellular proteins because of the
diversity of tissue and cell types.

Table 2. Protein extraction selection guide.

Mass Spec Sample Prep Kit
for Cultured Cells

Historically, mechanical disruption has been used to lyse
cells and tissues; our gentle, detergent-based solutions
have been developed to efficiently lyse cells and enable
the separation of subcellular structures without requiring
physical disruption, providing high yields of active proteins.

Cell lysis disrupts cell membranes and organelles, resulting
in unregulated proteolytic activity that can reduce protein
yield and function. To prevent these negative effects,
protease and phosphatase inhibitors can be added to the
lysis reagents. Numerous compounds have been identified
and used to inactivate or block the activities of proteases
and phosphatases by reversibly or irreversibly binding to
them. Thermo Scientific” Halt” Protease and Phosphatase
Inhibitor Cocktails and Thermo Scientific™ Pierce” Protease
and Phosphatase Inhibitor Tablets are broad-spectrum
blends in both liquid (100X) and tablet formats for complete
protein protection during extraction.

Subcellular Protein
Fractionation Kit for
Cultured Cells

Mem-PER Plus Membrane
Protein Extraction Kit

Fractions isolated Primarily cytosolic

Amount of sample processed 20 samples of 1 million cells
Sample processing time 2.5 hr
(predigestion)

Digestion proteases included? Yes

10

Nucleus, cytoplasm, membrane,
cytoskeletal, chromatin-bound

Integral and membrane
associated proteins

50 samples of 2 million cells
(20 pL packed)

50 samples of 5 million cells

1hr 2-3 hr

No No



Pierce Mass Spec Sample Prep Kit
for Cultured Cells

Optimized isolation and digestion of protein
samples for MS analysis

The Thermo Scientific” Pierce™ Mass Spec Sample Prep Kit
for Cultured Cells is an easy-to-use, comprehensive kit for
preparation of clean peptide mixtures from cultured cells
for MS analysis.

This kit contains all the necessary reagents and enzymes
to prepare up to 20 samples (1 million cells each) for MS
analysis. The simple and robust workflow (Figure 1) uses
a lysis protocol that generates approximately 100 pg of
protein per sample. The kit includes the Thermo Scientific”
Pierce™ Digestion Indicator for Mass Spectrometry as an
internal protein/peptide control to monitor the efficiency of
the two-step enzymatic digestion protocol. The procedure
consistently and reproducibly produces clean peptide
mixtures for protein identification.

Highlights:

e Complete—includes all reagents, a digestion indicator
control, proteases, and an optimized protocol needed to
process up to 20 samples

e Simple—user-friendly kit can provide reproducible results
even for non-expert MS analysts

¢ Flexible—can be adapted to handle sample sizes
between 10 ug and 200 pg

¢ High yield—total protein yield from 1 million cells is
greater than 100 pg

Sample preparation

e Optimized—cysteine reduction and alkylation are 100%,
with less than 1% over-alkylation of non-cysteine residues

e Efficient—percentage of missed cleavages is less
than 10%

e Compatible—final preparation is ready for direct MS
analysis and other downstream applications, including
mass-tag labeling

Sample prep for MS remains one of the largest bottlenecks
associated with MS analysis, and consistent and
reproducible sample preparation can make the difference
between a successful analysis and a failed outcome.
Current sample prep protocols are primarily homebrew
and can be highly variable, making data analysis and
interpretation difficult. The Mass Spec Sample Prep Kit for
Cultured Cells provides researchers with all the necessary
tools to generate consistent and reproducible protein
digests that are directly compatible with LC-MS workflows.
The digests do not require further processing, such as C18
clean-up or detergent removal.

The Pierce Digestion Indicator, which can be purchased
separately, is a nonmammalian recombinant protein

(26 kDa) with 5 signature peptides for use in determining
the digestion efficiency and reproducibility across multiple
samples. The protein sequence and recommended
peptides to monitor across samples are supplied with the
product instructions.

1 x 108 cells Add Digestion

Indicator

v (2) (3)
-> E  Reduce/ =Sl Acetone [N
alkylate precipitate

5 min at 95°C; 45 min at 50°C; 1 hrat-20°C
then sonicate 20 min at RT

- Lys-C = Trypsin - Perform
digest digest LC-MS

2 hrat 37°C Overnight at 37°C
Assess quality by comparison to
Digestion Indicator peptides

Figure 1. Protocol summary for the Pierce Mass Spec Sample Prep
Kit for Cultured Cells. All reagent and enzymes are supplied in the kit,
except trifluoroacetic acid (TFA), phosphate-buffered saline (PBS), and
acetone. Thermo Scientific” Pierce” Universal Nuclease for Cell Lysis
(Cat. No. 88700) can be used as an alternative to sonication for reducing
viscosity during cell lysis.

1



Protein sample preparation

Sample lysis and protein extraction

Table 3. Comparison of four MS sample prep methods. Summary Table 4. Consistent, clean, and reproducible LC-MS/MS results of
of the optimized Pierce Mass Spec Sample Prep Kit for Cultured Cells three biological replicates. HelLa cell lysate (200 pg in 200 pL of lysis
sample preparation protocol compared to three other popular proteomic buffer and spiked with 2 pg Pierce Digestion Indicator) was processed
sample prep methods. by the Pierce Mass Spec Sample Prep Kit for Cultured Cells and then
i . i analyzed by MS.
Pierce kit FASP* AmBic SDS Urea
Extract Extract with 4% Extract with Extract with S e SR B
with lysis SDS, AmBic, 8 M urea Number of proteins 3,382 3,228 3,376
o)
buffgr, heat DTT., heat 0.1 A: SDS, heat : Number of 16,333 15,939 17,048
Sonicate Sonicate Sonicate Sonicate unique peptides
Add digestion Remove SDS by  Reduce Reduce Missed cleavages (%) <10 <10 <10
indicator, urea washes and I
then reduce spin concentrator DiLlas ot 100 100 100
Alkylat Alkylat Alkylat Alkylat reduction (%)
yiate yiate yiate yiate Cysteine alkylation (%) 300 100 100
Acetone Remove urea - - :
precipitate and IAM by spin Over-akylation (%) 0.1 0.3 0.9
concentrator Digestion indicator protein 62.50 62.93 65.09
Lys-C digest _ _ _ sequence coverage (%)
Trypsin digest Trypsin digest Trypsin digest ~ Trypsin
digest
- Recover peptides = - . . L e o
by NaCl washes Table 5. Comparison of peptide and protein identification results
and spin by four MS sample prep methods. From one source culture of HeLa
concentrator cells, triplicate pellets (2 x 10° cells each) were lysed by each method.
- C18 desalt C18 desalt C18 desalt Subsequently, 100 ug amounts of each replicate lysate were processed
) ) ) ) by the respective protocol. Finally, 500 ng samples were analyzed by
L.C i LIC i LIC i LIC i LC-FT MS/IT MS* CID on a Thermo Scientific” Orbitrap Elite” Hybrid lon
Time: Time: Time: Time: Trap-Orbitrap Mass Spectrometer.
4.5 hr hands-on 7 hr hands-on 5.5 hr 5 hr
hands-on hands-on Pierce AmBic-
* FASP: Filter-aided sample preparation Feature kit FASP SDsS Urea
Number of proteins 3,964 3,894 3,716 3,756
+22 +13 +79 + 91
Number of 19,902 18,738 17,401 19,398
unique peptides + 190 + 128 + 587 + 689
& % Missed cleavages (%) 7.3 13.9 17.5 9.8
3 140 I +0.1 +12 +13 +1.0
c Disulfide bond 100 100 100 100
2 1207 reduction (%)
E Methionine 3.0 11.3 2.6 5.3
3 | oxidation (%) + 0.1 +15 + 0.1 +0.5
g Cysteine alkylation (%) 99.8 99.8 100.0 100.0
k] +0.4 + 0.3 + 0.0 + 0.0
Q
= Over-alkylation (%) 0.7 0.1 0.8 2.4
£ +0.2 + 0.1 + 0.6 +0.4
o
o
" ; References
FASP AmBic-SDS Urea Kit buffer 1. Wisniewski JR et al. (2009). Universal sample preparation method for proteome

analysis. Nat Methods 6:359-360.

Fi 2.¢C . £ tein vields by f MS | vsi 2. Bereman MS, Egertson JD, MacCoss MJ. (2011). Comparison between procedures
lgure 2. Lomparison ot protein yields by four sample prep lysis using sodium dodecy! sulfate for shotgun proteomic analyses of complex samples.

methods. From one culture of HeLa S3 cells, duplicate pellets containing Proteomics 11:2931-2935.
2 x 10° cells were resuspended and lysed using 0.2 mL of the respective

buffers and processed according to each protocol using sonication. Then

protein concentrations and yields were determined.

e FASP: 0.1 M Tris-HCI, 4% SDS, 0.1 M DTT, pH 7.6

e AmBic-SDS: 0.05 M ammonium bicarbonate, 0.1% SDS, pH 8.0
e Urea: 0.1 M Tris-HCI, 8 M urea, pH 8.5

e Kit buffer: Lysis buffer from the Pierce kit (Cat. No. 84840)

Preparation method

12



Mem-PER Plus Membrane Protein
Extraction Kit

Fast and simple enrichment of integral membrane
proteins and membrane-associated proteins

The Thermo Scientific” Mem-PER™ Plus Membrane
Protein Extraction Kit enables fast and efficient small-
scale solubilization and enrichment of integral membrane
proteins and membrane-associated proteins using a
simple, selective detergent procedure.

Traditional methods for isolating membrane proteins are
tedious and time-consuming—requiring gradient separation
and expensive ultracentrifugation equipment. The
Mem-PER Plus kit effectively isolates membrane proteins
from cultured mammalian cells using a mild detergent-
based, selective extraction protocol and a simple benchtop
microcentrifuge procedure in less than 1 hr (Figure 3).

The cells are first permeabilized with a mild detergent,
allowing the release of soluble cytosolic proteins, after
which a second detergent solubilizes membrane proteins.
Membrane proteins with one or two transmembrane
domains are typically extracted with an efficiency of

up to 90%. Extraction efficiencies and yields will vary
depending on cell type as well as the number of times the
integral membrane protein spans the lipid bilayer. Cross-
contamination of cytosolic proteins into the membrane
fraction is usually less than 10%. Membrane fractions are
compatible with many downstream applications, such as
SDS-PAGE, western blotting, BCA, immunoprecipitation,
and amine-reactive protein labeling techniques.

Sample preparation

Highlights:
¢ Fast and simple—complete in approximately 1 hr using
only a benchtop microcentrifuge

e Clean preparation—produces minimal cross-
contamination of cytosolic protein (typically <10%)

e Compatible—can analyze membrane protein extracts by
SDS-PAGE, western blotting, immunoprecipitation, and
protein assays

3 mL cell wash solution:
Resuspend, centrifuge,
discard supernatant

Y, 1.5 mL cell wash solution:
Resuspend, transfer to
small tube, centrifuge

Harvest cells
(5 min 300 x g) 0.75 mL permeabilization
T buffer: Vortex, incubate for
U 10 min at 4°C with mixing
5 x 106 cells

4

Centrifuge 15 min
16,000 x g at 4°C

G 0
%x%/

0.5 mL solubilization buffer:
Resuspend, then incubate for
30 min at 4°C with mixing

Collect supernatant

Centrifuge 15 min
16,000 x g at 4°C

Membrane
proteins

Cytosolic
proteins

Figure 3. Mem-PER Plus Membrane Protein Extraction Kit
protocol summary.

Sequential detergent extraction increased the enrichment
for both integral and peripheral membrane proteins
compared to the nondetergent methods, as seen in
Table 6. In addition, the sequential detergent method
yielded higher sequence coverage of several integral
membrane proteins containing 1-12 transmembrane
domains compared to other commercial reagents

(Figure 4).

To further increase the extraction efficiency of
multispanning integral membrane proteins using the
Mem-PER Plus Membrane Protein Extraction Kit, an
isotonic solubilization buffer was utilized. HEK293 cells
were lysed using the cell permeabilization buffer included
in the Mem-PER Plus kit and subsequently solubilized with
either the hypotonic solubilization buffer included in the kit

13
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Sample lysis and protein extraction

or an isotonic buffer (150 mM NaCl). As seen in Figure 5,
increasing the salt content in the solubilization buffer
increased the extraction efficiency for both Na/K- ATPase
and ADP/ATP translocase 3 proteins. Keeping the
environment balanced during solubilization allowed for
better extraction of multispanning membrane proteins.

One common technique used in the field of proteomics
is immunoprecipitation. This downstream application
allows the identification and study of protein
complexes. To evaluate native protein complexes,

nondenaturing extraction buffers must be used to

ensure that protein complexes stay intact for analysis.

To evaluate the compatibility of Mem-PER Plus kit

with immunoprecipitation, membrane fractions were
immunoprecipitated for the Na'/K* ATP transport complex
using an antibody against the beta-1 subunit of the
transport complex. Peptides from both the alpha and

beta subunit were identified, indicating the Mem-PER Plus
membrane extraction kit did not disrupt the Na/K- ATPase
membrane complex (Table 8).

Table 6. Membrane fractions from mammalian cell line, HEK292, were isolated using the Thermo Scientific® M-PER™ Extraction Reagent,
Mem-PER Plus Membrane Extraction Kit, EMD Millipore™ ProteoExtract” Transmembrane Protein Extraction Kits (TM-PEK A and B), and
Bio-Rad™ ReadyPrep™ Protein Extraction Kit (Membrane Il). The membrane fractions were digested with trypsin. The total number of membrane
proteins and integral proteins identified were compared. Peptide digests from equal volumes of whole cell (M-PER extraction reagent) and membrane
fractions from HEK292 were analyzed on a Thermo Scientific” Orbitrap Velos Pro™ instrument.

M-PER Kit
Reagent
Total proteins identified 451
Integral membrane proteins identified 30
% protein IDs annotated integral membrane protein 6.7
& N & N
< < Y @ X < Q 9
¢ & g g g & & g
& & & S & & & 5
¥ & & & & & & ¢
CMP CMP CMP CMP CMP CMP CMP CMP
HelLa
HepG2
A431

AT1A1(10TM, PM) SLC25A6 (6TM, mito)

Figure 4. Higher extraction efficiency of multispanning integral
membrane protein using sequential detergent extraction method.
Integral membrane proteins Na/K* ATPase alpha 1 (AT1A1) and ADP/
ATP translocase 3 (SLC25A6) were enriched using sequential detergent
extraction method (Mem-PER Plus kit) and compared to nondetergent-
based methods (TM-PEK A and B) and sodium carbonate methods
(ReadyPrep I).
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Mem-PER TM-PEK A TM-PEK B ReadyPrep Il
Plus Kit
425 342 341 295
90 14 34 46
21.2 41 10.0 15.6
Hypotonic Isotonic
[¢) M P cC M P
Na*/K* ATPase o -
74% 83%
ADP/ATP translocase 3
43% 1%

Figure 5. Membrane proteins were isolated from 5 x 10° cultured

cells following the Mem-PER Plus Membrane Protein Extraction Kit
protocol, using either their provided solubilization buffer or an altered
isotonic solubilization buffer. Membrane fractions were separated by
SDS-PAGE, transferred to nitrocellulose membranes, and probed with
antibodies against Na'/K* ATPase or ADP/ATP translocase 3 proteins

and HRP-conjugated secondary antibodies. Blots were developed with
Thermo Scientific” SuperSignal” West Dura Substrate. C = cytoplasmic
fraction, M = membrane fraction, P = insoluble fraction.



Sample preparation

Table 7. Sequence coverage obtained for several membrane proteins from commercially available kits. Membrane fractions were isolated using
the Mem-PER Plus Membrane Protein Extraction Kit, ProteoExtract Transmembrane Protein Extraction Kits (TM-PEK A and B), and ReadyPrep Protein
Extraction Kit (Membrane II).

Reagent Mem-PER Plus Kit TM-PEK A
Integrin beta 1 (1TM) 16% 0%
Transferrin receptor protein 1 (1TM) 8% 0%
CD59 glycoprotein (4TM) 16% 0%
ADP/ATP translocase 3 (6TM) 37% 13%
Neutral amino acid transporter B(0) (10TM) 12% 0%
Na'/K'-transporting ATPase alpha subunit (10TM) 22% 0%
NAD(P) transhydrogenase, mitochondrial (12TM) 4% 0%

Table 8. Identification of peptides by LC-MS/MS from immunoprecipitated Na'/K* ATP transport complex extracted with Mem-PER Plus
kit. Samples were processed by in-solution digestion according to the kit protocol, and analyzed on the Thermo Scientific” Orbitrap Fusion™ Tribrid™

Mass Spectrometer.
Protein Peptide sequence

Na/K" ATPase VAPPGLTQIPQIQK
subunit beta-1

VGNVEYFGLGNSPGFPLQYYPYYGK

AYGENIGYSEK
SYEAYVLNIVR
Na‘/K ATPase LSLDELHR
SUTHE P QGAIVAVTGDGVNDSPALK
NIAFFSTNCVEGTAR
SPDFTNENPLETR
TSATWLALSR
AVFQANQENLPILK
2K References
1
2
- 3. Kato M et al. (2014). elife Sci3:¢04449.
4
5
(x 6
7
] 8
3 Na+
Mg ATP Mg ADP + Pi

Figure 6. Na'/K* ATP transport complex consists of a catalytic subunit
(alpha), a regulatory subunit (beta), which are both essential for
function, as well as an adaptor/regulatory FXYD protein (gamma
subunit). This complex pumps Na* sodium out of the cell and K* into the
cell as a function of ATP hydrolysis [1].

Learn more at thermofisher.com/msproteinextraction
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. Kanda A et al. (2015). J Biol Chem 290:9690-9700.
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Protein sample preparation

Sample lysis and protein extraction

Subcellular Protein Fractionation Kit
for Cultured Cells

Segregate and enrich proteins from five
cellular compartments

The Thermo Scientific” Subcellular Protein Fractionation
Kit for Cultured Cells enables the separation of proteins
from different cellular compartments. The kit contains
a combination of reagents for stepwise separation and
extraction of cytoplasmic, membrane, nuclear soluble,
chromatin-bound, and cytoskeletal proteins from
mammalian cells obtained from culture or isolated

from tissue.

Extracts obtained generally have less than 15%
contamination between fractions, which is sufficient purity
for most protein localization and redistribution experiments.
The extracts are compatible with a variety of downstream
applications, including mass spectrometry, western
blotting, and protein assays.

Highlights:

e Efficient and complete—extract functional cytoplasmic,
membrane, nuclear soluble, chromatin-bound, and
cytoskeletal protein fractions with less than 15% cross-
contamination in <3 hr from a single sample

e Convenient—perform a simple procedure without using
gradient ultracentrifugation

e Compatible—use extracts for downstream applications
such as mass spectrometry, protein assays, western
blotting, gel-shift assays, and enzyme activity assays

e Robust—validated in HelLa, NIH 3T3, HEK293, and A549
cultured mammealian cells
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Applications:
e Determine a protein’s cellular location

e Extract and enrich proteins from different
cellular compartments

e Study protein translocation

The Subcellular Protein Fractionation Kit for Cultured Cells
contains four extraction buffers, a stabilized nuclease,
and Halt Protease Inhibitor Cocktail, and is sufficient

to fractionate 50 cell pellets, each containing 2 million
cells (20 pL packed). The first reagent causes selective
permeabilization of the cell membrane, releasing soluble
cytoplasmic contents. The second reagent dissolves
plasma, mitochondrial, endoplasmic reticulum, and

Golgi complex membranes but does not solubilize the
nuclear membranes. After recovering intact nuclei by
centrifugation, a third reagent yields the soluble nuclear
extract. An additional nuclear extraction with micrococcal
nuclease is performed to release chromatin-bound nuclear
proteins. The recovered insoluble pellet is then extracted
with the final reagent to isolate cytoskeletal proteins
(Figure 7).

.......

Figure 7. Schematic of the subcellular fractionation procedure.
Cellular compartments are sequentially extracted by incubating cells with
cytoplasmic extraction buffer (CEB) followed by membrane extraction
buffer (MEB) and nuclear extraction buffer (NEB). Adding micrococcal
nuclease (MNase) to NEB extracts chromatin-bound proteins from the
cell pellet before adding the pellet extraction buffer (PEB) to solubilize
cytoskeletal proteins.



In order to identify additional proteins that fractionate with
known marker proteins, subcellular protein fractions were
analyzed separately using label-free mass spectrometry
(MS) and also labeled with Thermo Scientific” Tandem
Mass Tag” 6-plex (TMTsixplex”) reagents for MS/MS
quantitation. The results from label-free quantitation
(Figure 7) and TMTsixplex reagents (Figure 9) correlated
well with western blot analysis. Overall, more than 40,000
unique peptides corresponding to 5,337 protein groups
were identified from the combined subcellular protein
fractions which were approximately 2.5-fold greater than
unfractionated whole cell lysate (Figure 10).

Annotation of proteins by cellular compartment revealed
significant enrichment for canonical gene ontology (GO)
terms (Table 9). However, as most proteins are annotated
for multiple subcellular locations, some terms did not
show as much enrichment as others. In particular, proteins
found in the chromatin-bound and cytoskeletal pellet
fractions correlated less with the subcelluar GO terms.
Further analysis of proteins by function revealed significant
increases in additional protein groups for different
fractions (Table 10). Notably, the membrane-associated
fraction showed enrichment for mitochondrial proteins
and the pellet fraction showed enrichment of lipid
raft—associated proteins.

The Subcellular Protein Fractionation Kit is compatible with
gel-shift assays to further characterize transcription factor
activation states (Figure 9).

Calreticulin

Histone H3 | Vimentin |Cytokeratin
18

Membrane-associated Nuclear soluble ‘Chromatin»

Cytoskeletal pellet
bound

‘Cytoplasmic

Figure 8. Analysis of protein fractions using label-free quantitation of
compartment-specific marker proteins. Normalized integrated average
peak area for each fraction is shown. The red bars show normalized
intensity of peptide peak area for each marker protein in different
subcellular compartments. The gray bars indicate the relative intensity of
marker proteins found in other fractions.
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Figure 9. Representative quantitation of protein enrichment of
marker proteins (Hsp90 and histone H3) using TMTsixplex reagents
in different subcellular fractions relative to whole cell lysate. The red
bars show the relative intensity of TMT reagent reporter ions for unique
marker proteins.
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Figure 10. Number of identified proteins (gray bars) and peptides
(red bars) from in-gel digests of subcellular protein fractions and
whole cell lysate.

Table 9. Gene ontology (GO) annotation enrichment of subcellular
protein fractions. Average integrated peak area and standard deviation
for each identified protein was calculated for individual fractions and
compared to whole cell lysate. Standard scores [(fraction area — average
total area)/standard deviation] and fold change [In(area for fraction/
average total area)] were calculated for each fraction. Proteins with

a standard score of >0.6 and fold change of >0.5 were considered
enriched. The enriched proteins for each fraction were annotated for
cellular compartments using a UniProt database and canonical

GO terms.

# protein Proteins % GO term
Fraction enriched GO term annotated = matched
. GO:0005737
Cytoplasmic 1,291 (cytoplasm) 1,089 84.4
Memb.rane- 2088 G0:0016020 1374 65.8
associated (membrane)
Nuclear G0:0005634
soluble G (nucleus) (s £l
. G0:0003682
phromatin- 320 (chromatin- 38 1.6
ound o
binding)
Cytoskeletal G0:0005856
pellet = (cytoskeleton) e 2



Protein sample preparation

Sample lysis and protein extraction

Protease and phosphatase
inhibitors

Broad-spectrum liquid cocktails and tablets for
complete protein protection

Protease and phosphatase inhibitor cocktails and tablets
are ideal for the protection of proteins during extraction or
lysate preparation from primary cells, cultured mammalian
cells, animal tissues, plant tissues, yeast cells, or bacterial
cells. Formulations are packaged in multiple sizes, and
EDTA-free versions are available for divalent cation—

sensitive assays.

Highlights:

e Convenient—ready-to-use, fully disclosed, broad-
spectrum formulations available as either liquid cocktails
or tablets in multiple pack sizes and with a minimum
one-year shelf life

e Complete protection—combined cocktail available with
all-in-one formulations containing both protease and
phosphatase inhibitors

e Compatible—use directly with Thermo Scientific” Pierce™
Cell Lysis Buffers or other commercial or homemade
detergent-based lysis reagents

Most researchers use a mixture or “cocktail” of several
different inhibitors to ensure that protein extracts do

not degrade before analysis of targets of interest.

Protease inhibitors are nearly always needed, while
phosphatase inhibitors are required only when investigating
phosphorylation states (activation states). Particular
research experiments may require the use of single
inhibitors or customized mixtures, but most protein work

is best served by using a broad-spectrum protease
inhibitor cocktail.

Table 10. Components present in Halt Inhibitor Cocktails and Pierce Protease and Phosphatase Inhibitor Tablets.

Inhibitor component

Target (mechanism)

AEBSF-HCI
Aprotinin
Bestatin
E-64
Leupeptin

Pepstatin

EDTA*
Sodium fluoride

Sodium orthovanadate

B-glycero-phosphate
Sodium pyrophosphate

* EDTA not in EDTA-free formulations.
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Serine protease (irreversible)
Serine protease (reversible)
Aminopeptidase (reversible)
Cysteine protease (irreversible)

Serine and cysteine proteases
(reversible)

Aspartic acid protease (reversible)
Metalloprotease (reversible)

Serine/threonine and
acid phosphatases

Tyrosine and alkaline phosphatases
Serine/threonine phosphatase
Serine/threonine phosphatase

Protease liquid Phosphatase Combined protease
cocktails and liquid cocktails and phosphatase liquid
tablets and tablets cocktails and tablets
[}
[ J [ J
[} ()
[} [
[} [
[}
[} [
[ [
[ [
[ [
[ [
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Protease inhibitors

Figure 9. Comparison of commercially available protease inhibitor
cocktails and tablets. Pancreatic extract (50 pL; 1 pg/uL protein) or
trypsin (25 pL, 0.1 U/uL) was incubated with a quenched fluorescent,
protease-cleavable substrate for cysteine (A) or serine proteases (B) in

the presence or absence of commercially available protease inhibitors

with EDTA-containing (orange) or EDTA-free (red) formulations. Reactions
were incubated for 2 hr at 37°C and the fluorescence determined at the
indicated detecting emissions. The percent protease inhibition is shown for
each protease inhibitor formulation.
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Figure 10. Protein phosphorylation is preserved in cell and tissue
extracts. Relative levels of total and phosphorylated protein from extracts
prepared in the absence or presence of phosphatase inhibitors were
determined by western blot analysis. (A) AKT and PDGFR in serum-
starved, PDGF-stimulated (100 ng/mL) NIH/3T3 cell extracts. (B) ERK1/2

in liver and spleen tissue extracts. (C) The degree of inhibition for protein,
acid, and alkaline phosphatase activity was determined in mouse brain
extract after treatment with Pierce Phosphatase Inhibitor Tablets or another
commercially available phosphatase inhibitor tablet. Percent inhibition

is indicated.

For more information or to view additional products,

go to thermofisher.com/inhibitorcocktails
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Protein sample preparation

Protein assays

For workflows utilizing in-solution
digestion protocols, it is critical to
measure protein concentration
following sample lysis using a standard
protein assay in order to optimize

the ratio of sample to protease (w/w)
for digestion.

Depending on the accuracy required and the amount
and purity of the protein available, different methods

are appropriate for determining protein concentration.
Colorimetric reagent—-based protein assay techniques
have been developed that are used by nearly every
laboratory involved in protein research. Protein is added
to the reagent, producing a color change in proportion to
the amount added. Protein concentration is determined
by referencing to a standard curve consisting of known
concentrations of a purified reference protein.

Unfortunately, no protein assay method exists that is

either perfectly specific to proteins or uniformly sensitive

to all protein types. Therefore, a successful protein assay
involves selecting the method that is most compatible with
the samples to be analyzed, choosing an appropriate assay
standard, and understanding and controlling particular
assumptions and limitations that remain.

Important criteria for choosing an assay include:
e Compatibility with the sample type and components
e Assay range and required sample volume

¢ Protein-to-protein uniformity (see below)

e Speed and convenience for the number of samples to
be tested

¢ Availability of spectrophotometer or plate reader
necessary to measure the color produced (absorbance)
by the assay

Table 11. Thermo Scientific” Pierce™ Protein Assays recommended for MS workflows.

BCA Protein Assay Micro BCA Assay

Estimated working range Standard tube protocol
Enhanced tube protocol

Standard microplate protocol
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20-2,000 pg/mL 0.5-20 pg/mL
5-250 pg/mL NA
20-2,000 pg/mL 2-40 pg/mL



Pierce BCA and Micro BCA

Protein Assays

Used in more labs than any other detergent-
compatible protein assay

The Thermo Scientific” Pierce™ BCA Protein Assay Kit is

a two-component, high-precision, detergent-compatible
assay reagent set to measure total protein concentration
(Ags,) compared to a protein standard. The

Thermo Scientific” Pierce™ Micro BCA™ Protein Assay Kit is
a special three-component version of the BCA reagents,
optimized to measure total protein concentration (A,,,) of
dilute protein solutions (0.5-20 pg/mL). Mixing together
the three Pierce™ Micro BCA reagents results in a working
solution that is sufficiently concentrated to measure protein
when mixed with an equal volume of sample. The result

is an assay that can accurately measure 0.5-20 pug/mL
protein solutions. The assay is exceptionally linear and
exhibits very low protein-to-protein variability.

50 pL sample +
1 mL working reagent

50 parts A+
1 partB

Sample preparation

More widely used than any other detergent-compatible
protein assay, Pierce BCA reagents provide accurate
determination of protein concentration with most sample
types encountered in protein research. The Pierce BCA
assay can be used to assess yields in whole cell lysates
and affinity column fractions, as well as to monitor protein
contamination in industrial applications. Compared to most
dye-binding methods, the BCA assay is affected much less
by compositional differences in proteins, providing greater
protein-to-protein uniformity.

Highlights:
e Colorimetric—estimate visually or measure with a
standard spectrophotometer or plate reader (562 nm)

e Excellent uniformity—exhibits less protein-to-protein
variation than dye-binding methods

e Compatible—unaffected by typical concentrations of
most ionic and nonionic detergents

* Moderately fast—much easier and four times faster than
the classical Lowry method

* High linearity—linear working range for bovine serum
albumin (BSA) is 20-2,000 pg/mL

¢ Sensitive—detect down to 5 pg/mL with the enhanced
protocol; Pierce Micro BCA assay accurately detects
down to 0.5 pg/mL (2 ug/mL in microplate format)

e Stability—all reagents stable at room temperature for
2 years; once prepared, the working reagent is stable for
24 hr

e Convenient—microplate and cuvette protocols provided
with the instructions

Incubate:
30 min at 37°C

a0

Read at 562 nm

X%HT ]

Mix working reagent Mix well

Figure 11. Pierce BCA Protein Assay protocol.

1.

Then cool Spectrophotomete

Learn more at thermofisher.com/proteinassays
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Protein sample preparation

Abundant protein depletion

Sam p|€ Complexity negati\/ely affects Depletion is used to reduce the complexity of

. . . biological samples such as serum, plasma, or biofluids,
the ab|||ty to detect, |demlfy’ and which contain high concentrations of aloumin and

quantify Iovv—abundance proteins immunoglobulins. Depletion strategies utilize immunoaffinity
technigues using immobilized antibodies to remove the
by MS because peptides from most abundant proteins, thus enhancing the detection
. , of less abundant proteins in both discovery and targeted
hlgh—abundance DI'OJ[GIDS can proteomic analyses. As some high-abundance proteins

interact with proteins of lower abundance, low-abundance

mask detection of those from low- . | . .
proteins may also be depleted if they are in a complex with

abundance proteins. Therefore, the high-abundance proteins.

more that a sample can be simplified

and the dynamic range of protein

concentrations reduced, the greater

the ability to detect proteins at very

low concentrations.

Figure 12. Overview of Thermo Scientific” Pierce™ Abundant Protein Depletion Kits.

Albumin depletion kit Top 2 depletion kit Top 12 depletion kit

~— S~

Proteins depleted Albumin Albumin, IgG Albumin, IgG, at-acid glycoprotein,
al-antitrypsin, a2-macroglobulin,
apolipoprotein A-l, apolipoprotein A-II,
fibrinogen, haptoglobin, IgA, IgM, transferrin

Sample volume capacity  10-50 pL 10 pL (600 pg) 10 pL (600 pg)
Processing time 20-30 min 40-60 min 40-60 min
Formats Loose resin, buffers, Prefilled spin columns Prefilled spin columns

empty spin columns
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Pierce Albumin Depletion Kit

Albumin-free serum samples in less than
15 min

™

The Thermo Scientific” Pierce™ Albumin Depletion Kit uses
an agarose resin of the affinity ligand Cibacron™ Blue dye
for high-capacity, selective extraction of human serum
albumin from 10-50 pL serum samples.

Pierce Albumin Depletion Resin is supplied as a 50% slurry.
Dispense 200 L of slurry into the supplied microcentrifuge
spin columns to obtain 100 pL of settled beads for the
standard protocol. Each aliquot of resin can be used to
process 10-50 pL of serum sample in a single reaction.
Processed samples are ready for immediate downstream
analysis by electrophoresis or MS applications. The ease
and versatility offered by the slurry format make this kit
ideal for single- or multi-sample processing with the
microcentrifuge spin columns supplied in the kit.

Highlights:

e Complete—includes optimized buffer and
microcentrifuge spin columns to remove albumin quickly
and conveniently from 10-50 pL. samples

e Convenient—easy-to-dispense slurry enables
processing of multiple samples, and can be adapted to
larger or smaller columns or 96-well filter plates

e Compatible—removing excess albumin facilitates
MS or electrophoresis gel analysis of low-abundance
serum proteins

Human serum albumin (HSA) often accounts for greater
than 60% of the total protein present in serum samples
and can have a concentration of approximately 40 mg/mL.
The high concentration of albumin obscures the detection
of many proteins of biological interest, hindering research.
Traditionally, researchers have produced albumin-free
samples using chromatography methods involving multiple
purification steps. In addition to involving lengthy and
tedious procedures, these purification steps also tend to
give low protein yields. The Pierce Albumin Depletion Kit
was developed to take advantage of the Cibacron Blue dye
albumin binding properties.

Sample preparation

The kit is optimized to bind human, porcine, and sheep
albumin from serum samples. With a modification to the
protocol, albumin from bovine, calf, goat, and rat can also
be removed by this method. The kit is not effective for
removal of mouse albumin.

A

Figure 13. Effective albumin removal improves 2D gel analysis of
serum. (A) Human serum was diluted 5-fold in TBS (i.e., 10 pL of serum
added to 40 pL of TBS), and 5 pL of the diluted serum was separated by
2D SDS-PAGE. (B) Human serum was diluted 2-fold in binding and/or
wash buffer (i.e., 50 uL of serum added to 50 L of buffer) and processed
using the Pierce Albumin Depletion Kit according to the instructions.
Albumin-depleted samples and washes were combined (i.e., 100 pL
sample with 150 pL wash buffer), and 5 uL was separated by 2D SDS-
PAGE. For 2D SDS-PAGE analysis, samples were diluted with 2D SDS-
PAGE loading buffer, focused using pH 4-7 isoelectric focusing (IEF) strips,
and separated using 8-16% Tris-glycine gels. Gels were stained using
Thermo Scientific” GelCode™ Blue Stain (Cat. No. 24590). The black arrow
points to the gel region where albumin is located on the duplicate gels

(A) before and (B) after processing.
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Protein sample preparation

Abundant protein depletion

Pierce Top 2 and Top 12 Abundant

Protein Depletion Spin Columns

Deplete abundant plasma proteins quickly
and economically

N

Thermo Scientific” Pierce™ Abundant Protein Depletion
Spin Columns are optimized to decrease the abundant
albumin and antibody components of human plasma
samples in preparation for MS. Thermo Scientific” Pierce”
Top 2 Abundant Protein Depletion Spin Columns use highly
specific, immobilized anti-HSA and anti-IgG antibodies to
remove HSA and all major subclasses of gamma globulin
(Ig@) from serum, plasma, or spinal fluids. Similarly, the
Thermo Scientific” Pierce™ Top 12 Abundant Protein
Depletion Spin Columns are designed to remove HSA, 1gG,
and 10 other high-abundance proteins from human serum
or plasma. The resins are provided in an economical and
convenient spin column specifically designed for one-step
processing and for single use.
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Highlights:

e Optimized—resin in spin columns is scaled and
optimized for treating 10 pL (600 pg) of human plasma
samples for MS and/or 1D and 2D electrophoresis

e Efficient—kits are designed to remove >90% of IgG and
>95% of albumin, plus other abundant proteins (Top 12)

e Fast—spin columns process samples in 40-60 min
(depending on resin)

e Economical—cost-effective spin columns are priced for
single use

e Consistent—one-time use prevents abundant protein
carryover and experimental variability

¢ Flexible—choose the system appropriate for your need:
2- or 12-protein depletion columns

Analysis of human serum is hindered by the presence of
high concentrations of albumin and IgG that can account
for more than 70% of the total protein present in the
sample. Removal of these proteins is often essential for
the study of low-abundance proteins of biological interest
by MS or 1D and 2D gel electrophoresis. Traditionally,
researchers have produced albumin-free samples using
chromatography methods involving multiple purification
steps. In addition to involving lengthy and tedious
procedures, these purification steps also tend to give low
protein yields and poor reproducibility.

The Pierce Top 2 Abundant Protein Depletion Columns
and Pierce Top 12 Abundant Protein Depletion Columns
facilitate the removal of high-abundance proteins

from serum samples. The Pierce Top 2 Abundant
Protein Depletion Columns can deplete both albumin
(>95%) and IgGs (>90%) from human serum, while the
Pierce Top 12 Abundant Protein Depletion Columns
remove the 12 most abundant proteins (>95%). Each
prefilled depletion column can process 10 pL of
human serum in 40—60 min using a convenient spin
format compatible with low-speed centrifugation.



Table 12. Proteins removed by Pierce Abundant Protein Depletion
Spin Columns. Binding and removal of proteins is achieved via specific
antibodies, which are immobilized on the affinity support.

Top 2 columns Top 12 columns

e Albumin e Albumin e Apolipoprotein A-I
* |IgG ° |gG e Fibrinogen

e a1-acid glycoprotein * Haptoglobin

e ai-antitrypsin ° [gA

e a2-macroglobulin * [gM

e Apolipoprotein A-I e Transferrin

Table 13. Protein removal achieved using Pierce Top 12 Abundant
Protein Depletion Spin Columns. Values were determined by targeted
MS. The albumin depletion percentage was cross-validated by ELISA
and was in agreement with >99% removal.

Protein Fold reduction Percent depletion
Albumin 3,369 99.97
Transferrin 266 99.62
al-antitrypsin 37 97.30
Haptoglobin 127 99.21
al-acid glycoprotein 402 99.75
a2-macroglobulin 116 99.14
e cemecrogobuin,

Haptoglobin
Apolipoprotein A-|
Fibrinogen

IgA

Apolipoprotein A-II

Human serum
albumin

—

Fraction containing
proteins of interest

al-antitrypsin

Figure 14. Ratio of protein abundance. Human serum albumin and IgG
comprise almost 75% of all serum proteins. Other proteins of lower (but
still significant) abundance include al-acid glycoprotein, al-antitrypsin,
a2-macroglobulin, apolipoprotein A-l, apolipoprotein A-ll, fibrinogen,
haptoglobin, IgA, IgM, and transferrin, which altogether comprise up to
95% of serum proteins.
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Figure 15. Performance of Pierce Top 12 Abundant Protein Depletion
Spin Columns compared to equivalent products from other suppliers.
Human serum (10-20 pL, Cat. No. 31876) was loaded onto each resin and
processed according to the supplier’s protocol (Agilent: Human 14 Multiple
Affinity Removal Spin Cartridge, Cat. No. 5188-6560; Sigma: SEPPRO"
IgY14 Spin Column, Cat. No. SEP010). Total protein in the depleted
fractions was estimated using the Pierce BCA Protein Assay Kit (Thermo
Fisher Scientific, Cat. No. 23225). Total amount of aloumin in the depleted
fractions was determined using AssayMax" Human Albumin ELISA Kit
(Assaypro, Cat. No. EA2201-1). FT = flow-through (i.e., depleted sample);

E = eluate (i.e., proteins that were bound by the resin, plus stripped affinity
antibodies of the column). Performance of all four products is comparable
in this analysis. With the top 12 proteins removed, low-abundance proteins
are now visible in each depleted sample lane (FT).

Top 12 Top 2

@

No depletion

Figure 16. Greater numbers of peptides identified following abundant
protein removal. This proportional Venn diagram displays the relative
number of unique peptides identified by MS when human serum is
depleted by the Pierce Top 2 or Top 12 columns compared to that
obtained from nondepleted human serum. A simple, fast depletion using
the Top 12 columns doubled the number of unique peptides identified
when compared to nondepleted human serum.

Learn more at thermofisher.com/msdepletion
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Protein sample preparation

Protein enrichment using IP-MS

Protein enrichment encompasses
nuMmerous techniques to isolate
subclasses of cellular proteins based
on their unique biochemical activity,
posttranslational modification (PTM),

or spatial localization in a cell,

Protein enrichment is essential for studying low-abundance
proteins and for reducing the complexity of samples for
proteomic analysis. Enrichment of specific proteins or
protein complexes can most easily be accomplished using
immunoaffinity technigues such as immunoprecipitation

(IP). IP is the affinity purification of antigens using a specific
antibody that is immobilized to a solid support such as

Table 14. IP-MS product selection guide.

magnetic beads or agarose resin. IP is one of the most
widely used methods for isolation of proteins from cell or
tissue lysates for the purpose of subsequent detection

by western blot, ELISA, and mass spectrometry.
Co-immunoprecipitation (co-1P), is similar to IP, except that
the target antigen bound by the antibody is used to study
protein interactions or associated protein complexes from
the lysate.

Our magnetic bead—based kits provide fast and
reproducible sample processing with high protein yields
and low nonspecific binding using antibody, biotin, or
activated surface beads for custom immobilization.
Captured proteins and protein complexes are easily
separated, washed, and eluted using an Invitrogen™
DynaMag"” magnet or Thermo Scientific” KingFisher” Flex
automated magnetic particle processors.

Co-immunoprecipitation

Protein A/G IP-MS kit

Surface coating Protein A/G Streptavidin

on bead

Type of ligand Primary antibodies from Any biotinylated antibody
required most species or ligand

IP protocol time 2-3 hr 2-3 hr

Main benefits e Easiest protocol

® Binds most antibodies

¢ High yield, low
nonspecific binding, and
reproducibility

soluble IgGs

the Fc region

Streptavidin IP-MS kit

® Binds any biotinylated Ab
® For samples high in

* Recombinant Ab lacking

Antibody coupling kit* kit*

Epoxy-activated beads Epoxy-activated beads

Any antibody ligand Any antibody ligand

<40 min <40 min

e Covalent coupling of
antibody gives ultralow
nonspecific binding

* No need for crosslinking

e Covalent coupling of
antibody gives ultralow
nonspecific binding

* No need for crosslinking

* Gentle, efficient co-IP

* Note that the SB buffer supplied in the kit contains Thermo Scientific™ Tween™ detergent, so the SB buffer will need to be replaced with standard TBS or PBS buffer.
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Pierce Antibody Biotinylation

Kit for IP

Optimized antibody biotinylation kits for IP and
co-IP applications

The Thermo Scientific” Pierce™ Antibody Biotinylation Kit for
IP provides biotinylation reagents designed specifically for
the labeling of primary antibodies used in IP applications.

The Pierce Antibody Biotinylation Kit reagents have been
optimized and validated to biotinylate antibodies for IP
and co-IP reactions. Determining the optimal number of
biotins to attach to the target molecule is one of the major
challenges of biotinylation. For IP and co-IP applications,
too many biotins result in reduced affinity for the target
antigen, while too few biotins result in antibody leaching
upon elution of the target antigen. The biotin labeling
procedure in the Pierce™ Antibody Biotinylation Kit for IP
has been developed to address this challenge.

Highlights:
e Optimized—reagents and protocols developed for
efficient antibody biotinylation for IP applications

e Easy to use—Kkit contains all reagents and accessories
to label and clean up 50-200 ug of antibody

e Enhanced solubility—pegylated linker improves
the solubility of the biotinylated antibody and
reduces aggregation

e Improved binding—longer spacer arm (29 angstroms)
on biotinylation reagent minimizes steric hindrance when
binding to avidin molecules

The kit contains sufficient reagents to label 50-200 ug of
antibody in 100 pL reaction volumes for eight samples.
The NHS-PEG,-Biotin labeling reagent contains an
amine-reactive N-hydroxysuccinimide ester (NHS) group
and a water-soluble PEG, spacer for optimal labeling and

Sample preparation

is provided in easy-to-use, single-use microtubes. Both the
labeling efficiency of the biotinylation reagent and binding
affinity of the labeled antibody have been validated using
mouse monoclonal (IgG1, IgG2), rabbit polyclonal, and
rabbit monoclonal antibodies. Thermo Scientific” Zeba”
Desalting Spin Columns are provided for easy and efficient
removal of salts and excess biotin.
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Figure 17. The Pierce Antibody Biotinylation Kit for IP enables
effective labeling of multiple antibody types. The kit was used to label
17 different specific antibodies including mouse IgG1, mouse 1gG2, rabbit
monoclonal, and rabbit polyclonal. Biotinylation with this kit resulted in 3-7
biotins per IgG molecule as determined by the Thermo Scientific” Pierce”
Fluorescent Biotin Quantitation Kit.

MS Bead MS Bead
Load elution boil Load elution boil
—— -
PP2A mup | o e s <= (-catenin
PTEN = <= HDAC1
<= P13K

EGFR =»
Stat1 mp- <= pan Akt

Figure 18. The Pierce Antibody Biotinylation Kit for IP allows effective
target capture and elution. Antibodies were labeled with the kit and
used in the Thermo Scientific” Pierce™ MS-Compatible Magnetic IP Kit
(Streptavidin) to IP target proteins from cell lysates. The elutions were
analyzed by western blot.
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Protein sample preparation

Protein enrichment using IP-MS

Pierce MS-Compatible
Magnetic IP Kits

Validated kits for the efficient and reproducible
enrichment of target antigens for LC-MS analysis

The Thermo Scientific” Pierce™ MS-Compatible Magnetic IP
Kits provide MS-friendly reagents and optimized protocols
to enable highly effective and efficient IP and co-IP of
target antigens upstream of LC-MS analysis. In addition,
low protein—binding microcentrifuge tubes are supplied
separately to minimize loss during the sample processing.

Highlights:
e MS-compatible—directly compatible with in-solution
peptide digestion

¢ Flexible—different IP strategies are available to utilize
either native or biotinylated antibodies

e Sensitive—Kkits have been demonstrated to successfully
enrich for low-abundance proteins

e Low background—buffers optimized to minimize
enrichment of background proteins

e Robust—procedure and reagents have been robustly
tested with numerous targets to enable consistent
enrichment of low-abundance proteins

The Pierce MS-Compatible Magnetic IP Kits contain

either high-quality Thermo Scientific” Pierce™ Streptavidin
or Protein A/G Magnetic Beads. The Pierce Protein A/G
Magnetic Beads provide wider flexibility of antibody capture
than using either Protein A or G alone.

The optimized components of each kit have been
formulated to be compatible with downstream LC-MS
analysis. After the immunoprecipitation procedure, the
target-enriched elution fraction is ready for in-solution
tryptic digestion, without the need for gel purification,
detergent removal, or desalting. These kits have been
rigorously validated using numerous target antigens with
varying expression levels, including targets previously
undetected without enrichment or by western blotting.
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Additionally, the reagents and procedures have
been validated using both manual and automated
magnetic separation.

A MS Bead MS  Bead
Load elution  boil Load elution  boil
————
PP2A (3-catenin
(729) = | — " —— (140%)
R —
PTEN HDAC1
(©0%) => (140%)
P13K
247%
EGFR _ 247%)
(80%)
Stat1 pan Akt
(88%) (97%)
B MS  MS MS  Ms
elution elution Bead elution elution Bead
Load 1 2 boil Load 1 2 boil
HDAC1 pan Akt
(154%) ™ (129%)
; PP2A
(3-catenin ranp— —
(112%) =>| — - (87%)
Stat1
0,
(108%) e PTEN
(719%)
EGFR
(122%) =

Figure 19. The Pierce MS-Compatible Magnetic Kits allow for
effective target capture and elution. (A) Streptavidin kit. (B) Protein A/G
kit. Percentages beneath target indicate elution efficiency compared to
bead boil. The elutions were analyzed by western blot. Antibodies were
labeled with the Pierce Antibody Biotinylation Kit for IP and used with the
Pierce MS-Compatible Magnetic IP Kit (Streptavidin) to immunoprecipitate
target proteins from cell lysates.



Sample preparation

Table 15. Endogenous cellular targets identified with and without enrichment. The Pierce MS-Compatible Magnetic IP Kit (Streptavidin) was
used to enrich 17 targets. Antibodies were labeled using the Pierce Antibody Biotinylation Kit for IP. Targets are generally grouped by their relative
cellular abundance (high, medium, and low) and may be cell line dependent. Western blots were performed with the IP elutions. Western blot signal
intensity is shown as low (+) to high (+++). MS analysis on unenriched lysates is indicated by “Yes” when at least two unique peptides were identified
for the particular target. MS analysis (enriched) is denoted by “++” or indicating a medium or higher fold enrichment compared to the MS analysis on
native lysate.

Target Cellular abundance Western blot (IP) MS analysis (unenriched) MS analysis (enriched)
PP2A ) +++ Yes ++
High
HDACH +++ Yes ++
STAT1 ) +++ Yes ++
CBP Medium + No +++
PTEN +++ Yes ++
EGFR +4 Yes +++
AKT2 ++ Yes +++
AKTH + No +++
CTNNBT ++ No +++
PIBK + No +++
SMAD4 Low + Yes ++
ERBB2 + No +++
TP53 + No +++
CDH2 - No +++
LKB1 ND No +++
NOTCH1 ND No +++
NOTCH2 ND Yes +++

Table 16. Endogenous cellular targets identified with and without enrichment. The Pierce MS-Compatible Magnetic IP Kit (Protein A/G) was

used to enrich 20 targets. Targets are generally grouped by their relative cellular abundance (high, medium, and low) and may be cell line dependent.

Western blots were performed with the IP elutions. Western blot signal intensity is shown as low (+) to high (+++). MS analysis on unenriched lysates

is

indicated by “Yes” when at least two unique peptides were identified for the particular target. MS analysis (enriched) is denoted by a “++” or indicating

a "medium" or higher fold enrichment compared to the MS analysis on native lysate.

Target Cellular abundance Western blot (IP) MS analysis (unenriched) MS analysis (enriched)
PP2A ) +++ Yes ++
High
HDACH1 +++ Yes ++
STATH ) +++ Yes ++
Medium
CBP + No +++
PTEN +++ Yes ++
EGFR ++ Yes +4++
AKT2 ++ Yes +4++
AKT1 + No +4++
CTNNBH1 ++ No +++
PIBK + No +++
SMAD4 + Yes ++
ERBB2 + No +++
Low

KRAS + No o
ESe ND No +++
CDH2 ND No +++
ARAF ND Yes e+
BRAF ND No +++
LOK ND No +++
NOTCH1 ND No e
NOTCH2 ND Yes +++
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Protein sample preparation

Protein enrichment using IP-MS

Table 17. List of co-immunoprecipitated proteins. The Pierce MS-Compatible Magnetic IP Kits showed effective co-IP of interacting proteins for
CTNNB1, EGFR, PIBKCA, CBP, NOTCH1, AKT, AKT1, SMAD4, and/or ARAF targets. These are known protein interactions reported in previous studies.

Panel A: Streptavidin Kit. Panel B: Protein A/G Kit.
Panel A

IP target Co-IP proteins

CTNNBH CTNNA1, CDH2, CDH11, APC, ARVCF, PKP4
EGFR PRKDC, PFKP, SL C3A2, RPN1

PIBKCA PIK3R2, PIK3R1

CBP PSMC5, ACTA2, DDX5

AKT VIM, HSPA8, TUBATA

SMAD4 EEF1A1, SQSTMT

Dynabeads Antibody Coupling and
Co-lmmunoprecipitation Kits

Magnetic bead-based kits for the immobilization
of antibodies for direct IP or co-IP applications

Invitrogen™ Dynabeads™ Antibody Coupling and
Co-Immunoprecipitation Kits allow easy coupling of an
antibody of your choice to the surface of uniform, 2.8 pm
superparamagnetic Dynabeads™ M-270 Epoxy beads.
Following immobilization of your antibody, the beads can
then be used for IP or co-IP of protein complexes. The
Dynabeads Epoxy beads in these kits do not contain
Tween detergent, and so are compatible for use in MS
analysis. In addition to Dynabeads magnetic beads, the
kits supply all buffers needed for the coupling and washing
steps. Note that the SB buffer supplied in the kit contains
Tween detergent, so the SB buffer needs to be replaced
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Antibody coupling

Panel B

IP target Co-IP proteins

CTNNBH CTNNA1, CDH11, CDH2, CTNND1
EGFR TUBB, TUBATA, HSPA1A

PIBKCA PIK3R2, PIK3R1

NOTCH1 PTBP1, C14orf166

AKTH AKT2, ACTB

ARAF YWHAG, STK25

with standard TBS or PBS buffer if the kit is to be used
for IP-MS workflows. Additional buffers are included in the
co-IP kit for pure and reproducible co-IP.

Highlights:
e Covenient—complete kits offer easy-to-use protocols
with minimal hands-on time

e Specific—covalent antibody coupling to the Dynabeads
magnetic beads avoids co-elution of the antibody with
the target protein

Antibodies are covalently coupled to Dynabeads M-270
Epoxy beads, minimizing the risk of bound antibody
contaminating your final eluate. Dynabeads M-270 Epoxy
beads exhibit ultralow background binding and do not
require blocking before use.

Co-IP

Figure 20. Protein enrichment using the Dynabeads Co-Immunoprecipitation Kit (Cat. No. 14321D). The co-IP is
performed in several steps. First, the antibody is covalently coupled to the beads. Then the antibody-coupled beads are added
to the sample to bind to the target protein complex, and then washed and purified using a DynaMag magnet.

Learn more at thermofisher.com/ipms
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Magnetic stands

Multiple formats for low- to high-throughput
sample processing

Highlights:
e Optimized—developed and certified for use with
Dynabeads and Pierce magnetic beads

e Easy to handle—designed with ergonomics in mind

e More choices—different formats to accommodate
different volume and throughput needs

DynaMag magnets isolate any target in combination with
Dynabeads magnetic beads. To help reduce waiting time,
these powerful magnets quickly pull the bead-bound target
to the tube wall. DynaMag magnets help to ensure optimal
working positions and are functionally adapted to suit
various workflows.

The Invitrogen™ DynaMag”-2 Magnet holds up to 16
standard 1.5-2 mL tubes and is optimal for working
volumes of 102,000 uL. The top rack can be quickly
removed from the magnet in the base, ready for vortexing,
rotation, or manual sample shaking.

Plate-based magnetic stands, such as the Invitrogen™
DynaMag™”-96 series magnets, are ideal for manual and
automated work, with a footprint size that is the same as
that of a 96-well plate. The recommended working volume
is 5-200 pL.

DynaMag-96 Side Magnet
DynaMag-96 Bottom Magnet
DynaMag-96 Side Skirted Magnet

Learn more at
thermofisher.com/magnets

Sample preparation

KingFisher Flex Purification System

Optimized platform for automated, high-
throughput IP-MS applications

The KingFisher Flex Purification System is designed for
automated transfer and processing of magnetic particles
in microplate format. The patented technology of this
system is based on the use of magnetic rods covered with
a disposable, specially designed tip comb and plates. The
instrument functions without any dispensing or aspiration
parts or devices. Additionally, it can be integrated with
liquid handling, robotics, and plate-stacking instruments to
fully automate a workflow for higher throughput.

Highlights:
e Fully automated system yields high-speed purification
of proteins

e High-throughput system processes up to 96 samples
(with volumes between 20-5,000 pL), in less than 20 min

e Open and flexible system lets the customer use
any magnetic particle—based kit to meet the
application demands

e Easy-to-use Thermo Scientific” BindIt” Software provides
instrument control, protocol creation, and modification

e Ready-made protocols for different type of applications
are available

Samples and reagents, including magnetic particles, are
dispensed into the plates according to the corresponding
instructions. Ready-made protocols are available in the
web for review and loading. Bindlt Software can be used to
create and run protocols.

Learn more at
thermofisher.com/kingfisher
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Protein sample preparation

Active site labeling and enrichment

Thermo Scientific” Pierce™ Enrichment
Kits with ActivX™ Probes enable

the specific targeting of several
enzyme classes, including kinases,
GTP-binding proteins, and serine
hydrolases from tissues, cells, and
subcellular proteomes.

The novel ActivX probes covalently bind the active sites
of the appropriate enzyme and offer a number of labeling
and detection options (Table 18). These reagents are ideal
for selective subproteome enrichment, profiling inhibitor
targets, and determining inhibitor binding affinity.

Table 18. Active site probe and kit selection guide.
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enzyme
@ Inhibitor MS analysis
o Probe 1,000 - Inhibitor 1,000 + Inhibitor
.. 800 .. 800
G 600 % 600
£ 400 £ 400
~ 200 ﬂ n ~ 200 |
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Time Time

Kinase
Enrichment Kit

with ATP or
ADP Probe

GTPase
Enrichment Kit
with GTP Probe

TAMRA-FP
Serine Hydrolase
Probe

Desthiobiotin-FP
Serine Hydrolase
Probe

Azido-FP
Serine Hydrolase
Probe

Target

Binding/labeling

ATP- or ADP-
binding sites
Biotinylated ATP analog

GTP binding sites

Biotinylated GTP

mechanism to active site lysine analog to active site
lysine

Enrichment Immobilized Immobilized

strategy streptavidin streptavidin

Formats Kits or individual Kit or individual probe

available probes

Primary MS, western blotting MS, western blotting

applications
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Active serine
hydrolase enzymes
TAMRA-labeled
fluorophosphonate
binds to active site
serine

Immobilized anti-
TAMRA mAb

Individual probe

Fluorescent gel
imaging, capillary
electrophoresis, MS

Active serine
hydrolase enzymes
Biotinylated
fluorophosphonate
binds to active site
serine

Immobilized
streptavidin

Individual probe

MS, western blotting

Active serine
hydrolase enzymes
Fluorophosphonate
(conjugated to
phosphine- or alkyne-
derivatized tags) binds
to active site serine
Immobilized affinity
ligand to custom tag

Individual probe

MS, western blotting



Pierce Kinase Enrichment Kits
and Probes

Selective capture and enrichment of kinases using
active site probes

The Thermo Scientific” Pierce™ Kinase Enrichment Kits
with ActivX™ Desthiobiotin-ATP or -ADP Probes enable
selective labeling and enrichment of ATPases including
kinases, chaperones and metabolic enzyme [1,2]. The
ActivX Desthiobiotin-ADP and -ATP Probes allow profiling
of both inactive and active enzymes in a complex sample.
Preincubation of samples with small-molecule inhibitors
that compete for active sites can be used to determine
inhibitor binding affinity. Active site nucleotide probes
also can be used to identify inhibitor off-target effects.
Enrichment is achieved using agarose with immobilized
streptavidin. The desthiobiotin tag binds less tightly to
biotin-binding proteins, making it easily reversible by
biotin displacement, low pH, or heat. Analysis of enriched
samples can be carried out with either western blots or
MS. Both analyses can be used to determine inhibitor
target binding, but the MS workflow also can identify global
inhibitor target and off-target effects and provide higher
throughput for quantitative assays [1,3].

The Pierce Kinase Enrichment Kits include all labeling
and enrichment reagents for 16 reactions. The ActivX
Desthiobiotin-ATP and -ADP Probes are supplied

in the convenient Thermo Scientific” No-Weigh™ format
and are also available separately.

o NP | ATP

esthiobiotin ﬁ_{i

Figure 21. Labeling mechanism of desthiobiotin-ATP.
Desthiobiotin-ATP and -ADP bind to the active sites of ATPases and
irreversibly transfer the desthiobiotin affinity tag to highly conserved
lysine residues. Desthiobiotin derivatives bind streptavidin and are easily

reversible using acidic elution conditions, allowing high recovery of
labeled proteins and peptides.

Sample preparation

Highlights:
e Specific—label only the conserved active site lysines of
nucleotide-binding proteins

e Flexible—use for in vitro labeling of ATPase enzymes
derived from cells or tissues

e Compatible—use with western blot or MS workflows

Nucleotide, 2%

lon channel, 1% Protein transport, 4%
_\ //— Cytoskeleton, 4%

RNA/DNA binding, 19%
— Redox, 4%

Protein synthesis, 12%

Uncharacterized, 15%

Protein folding, 13%

Metabolic enzyme, 14%

Kinase, 13%

Figure 22. Mass spectrometry analysis of ActivX Desthiobiotin-
ATP-labeled peptides. Active site peptides (13% of total peptides) from
more than 150 kinases were identified using desthiobiotin-ATP peptide
pulldowns. K562 cell lysates from two independent biological replicates
were used. A Thermo Scientific” LTQ Orbitrap” Mass Spectrometer was
used for analysis.

K562 cell lysate A549 cell lysate
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Figure 23. Screening of different inhibitors in K562 and A549 cell
lines using ActivX Desthiobiotin-ATP Probes. Cell lysates (500 ug)
were pretreated with either DMSO or 100 uM of staurosporine (Stauro),
wortmannin (Wort), or 17-AAG before labeling with 5 uM desthiobiotin-ATP
probe, and enriched prior to western blotting. Unlabeled lysate (-) was
used as a control to show streptavidin pulldown specificity.
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Protein sample preparation

Active site labeling and enrichment

Pierce GTPase Enrichment Kit
and Probe

Selective capture and enrichment of GTPases
using active site probes

™

The Thermo Scientific” Pierce™ GTPase Enrichment Kits
use the ActivX Desthiobiotin-GTP Probe to covalently
modify conserved lysine residues in the binding site to
selectively enrich and identify small GTPases and large
G-protein subunits [1-3]. The ActivX Desthiobiotin-GTP
Probe allows profiling of both inactive and active enzymes
in a complex sample. Preincubation of samples with
small-molecule inhibitors that compete for active sites can
be used to determine inhibitor binding affinity. Active site
nucleotide probes also can be used to identify inhibitor
off-target effects. Analysis of enriched samples can be
carried out with either western blots or MS. Both analyses
can be used to determine inhibitor target binding, but

the MS workflow also can identify global inhibitor targets
and off-target effects, and provide higher throughput for
quantitative assays.

The Pierce GTPase Enrichment Kits include all labeling and
enrichment reagents for 16 reactions. The ActivX probes
are supplied in the convenient No-Weigh Format and are
also available separately.
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Highlights:
e Specific—label only the conserved active site lysines of
nucleotide-binding proteins

¢ Flexible—use for in vitro labeling of GTPase enzymes
derived from cells or tissues

e Compatible—use with western blot or MS workflows

Table 1. GTPases identified by MS. Number for GTPase family
members from human cell lysates identified by MS after labeling and
enrichment using the desthiobiotin-GTP probe.

Total of GTPases per family

Rab family 38
Ras family 9
Arf family 8
Rho family 5
Ga family 4
Sar1 family 2
A B
Labeled
Ras Rac1
Total
Cdc42 Raci
— + + MgCl,
- - + GTPyS
Rho A
— + MgCl,

Figure 24. Desthiobiotin-GTP probe specifically labels small
GTPases. (A) A549 cell lysates (500 pg) were treated with (+) or without
(=) 20 mM of MgCl, after labeling with 20 uM of desthiobiotin-GTP probe.
Desthiobiotin-labeled proteins were denatured and enriched using
streptavidin agarose before separation by SDS-PAGE and western blotting
with specific GTPase antibodies. (B) Recombinant Rac1 was treated
with GTPYS before labeling with desthiobiotin-GTP probe. Labeling was
performed in the presence (+) or absence (-) of 20 mM MgCl,. Samples
were separated by SDS-PAGE and analyzed by western blot (labeled) to
detect biotinylation of the active site. GelCode Blue Stain Reagent (total)
was used to stain a duplicate gel to show equal loading.

References
1. Patricelli MP. (2002). Activity-based probes for functional proteomics. Brief Funct
Genomic Proteomic 1(2):151-158.

2. Okerberg ES et al. (2005). High-resolution functional proteomics by active-site peptide
profiling. Proc Natl Acad Sci USA 102(14):4996—-5001.

3. Cravatt BF et al. (2008). Activity-based protein profiling: From enzyme chemistry to
proteomic chemistry. Ann Rev Biochem 77:383—414.



ActivX Serine Hydrolase Probes

Probes for specific detection and enrichment of
active serine hydrolases

The Thermo Scientific” Serine Hydrolase Probes enable
selective labeling and enrichment of active serine
hydrolases. The serine hydrolase probe consists of a tag
linked to a fluorophosphonate (FP) group that specifically
and covalently labels serines of enzymatically active
serine hydrolases [1-4].

The Thermo Scientific” ActivX™ FP-labeled serine hydrolase
probes also can be used to screen small molecule
inhibitors against enzymes derived from cell lysates,
subcellular fractions, tissues, and recombinant proteins.

Depending on the active site probe tag group, FP probe-
labeled enzymes can be detected and quantified by
western blot, fluorescent gel imaging, or MS. TAMRA-FP
probes can be used to label and detect serine hydrolase
activity in samples using fluorescent gel imaging, capillary
electrophoresis or MS [1]. Azido-FP probes are used in
combination with phosphine- or alkyne-derivatized tags for
either detection or enrichment. Desthiobiotin-FP probes
can be used for both enrichment and detection of active
site—labeled proteins by western blot and MS.

/’ oW HF

Figure 25. Labeling mechanism of ActivX Serine Hydrolase Probes.
Fluorophosphonate probes covalently label the active site serine of
enzymatically active serine hydrolases.

Sample preparation

Highlights:
e Specific—labels the reactive site of active
serine hydrolases

e Compatible—tags available for capture, detection, and
Staudinger conjugation

¢ Flexible—use for in vitro or intracellular enzyme labeling

Mouse liver

Legend
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Figure 26. Screening of different inhibitors in mouse liver lysates
using serine hydrolase probes. Mouse liver tissue lysates (50 pg) were
pretreated with either DMSO (0) or one of the serine hydrolase inhibitors
100 pM AEBSF (A), URB597 (U), or CAY10401 (C) for 1 hr before labeling
with 2 uM TAMRA-FP probe. Labeled proteins were separated by SDS-
PAGE and analyzed by fluorescent gel scanning using a GE Healthcare
Typhoon™ Imager. Unlabeled lysate (-) and heat-denatured (A) lysate were
used as a controls to show probe labeling specificity.

Table 19. Serine hydrolases identified by MS with ActivX FP
Probes. Number of serine hydrolase family members from mouse brain
and liver tissue extracts identified by MS after labeling and enrichment
using the desthiobiotin-FP probe.

Number identified

Serine hydrolase family

Hydrolases 10
Esterase 6
Lipases B
Peptidases 4
Other 4
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Learn more at thermofisher.com/activesiteprobes
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Protein interactions and crosslinking

Chemical CTOSSHﬂKiﬂg In combination Thermo Scientific” MS-grade crosslinkers are available with
different linker lengths and as isotopically labeled sets to

Wlth Mass Spectrometry IS a DOV\/@I’]CU| help elucidate protein—protein interactions. Both traditional

method to determine protein—protein noncleavable and MS-cleavable crosslinkers can provide
insight into the identification of protein—protein interaction
iNnteractions. This method has been sites. These high-quality reagents have been validated
. . , in protein—protein interaction studies using Thermo
app“ed (© recomblnant and native Scientific” mass spectrometers utilizing different types

of fragmentation (CID, HCD, ETD, and EtHCD) and levels
of tandem mass spectrometry (MS* and MS?), in order to

1o whole cell Iysates or intact unicellular improve identification of protein—protein interaction sites.

protein complexes, and more recently,

organisms in efforts to identify protein—
protein interactions on a global scale.

Table 1. Overview of Thermo Scientific crosslinkers used for studying protein-protein interactions using MS.
Crosslinker [DE BS3 BS3-d, DSG

0 Nat0- Nat0-

0 0
\ 0 0 © 9 o o0 0 0 0
_ Nt | 0= %, Na* 0 0
Structure ,n\"/\/\/\)k /E/> wﬁg )K/\/\/Yn\ oNat | 0 ﬁ#'\'\ﬂ)s/\/\/g(o\w gne ~
)\N 0 W 0 d 0 I N §=D 0 J “ I /)\ E_D N\Dwo"\‘
o’ 0 0 0

C /<0 I )
Full name Disuccinimidy! Bis(sulfo-succinimidyl) Bis(sulfo-succinimidyl) Disuccinimidy!

suberate suberate 2,2,7,7-suberate-d, glutarate
Spacer arm 1.4 11.4 11.4 7.7
Water-soluble No Yes Yes No
Isotopically labeled No No Yes No
MS-cleavable No No No No
Crosslinker

g 0 0 0
Structure ?xnwnz/g {;ﬁ\n MUE}

Full name Bis(sulfo-succinimidyl) Bis(sulfo-succinimidyl) Disuccinimidy!

glutarate 2,2,4,4-suberate-d, sulfoxide
Spacer arm 7.7 7.7 101
Water-soluble Yes Yes No
Isotopically labeled No Yes No
MS-cleavable No No Yes
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Our MS-grade crosslinkers are high-quality reagents that
are available in multiple packaging options and sizes. We
offer extensive technical expertise and support for various
applications, as well as validation of these products in
workflows using our mass spectrometers.

Highlights:
¢ High quality—products manufactured in ISO 9001-
certified facilities

¢ Convenience—products available in No-Weigh™
packaging or in multiple pack sizes

¢ More choices—available with different linker lengths,
MS-cleavability and deuterium isotope labels

e Technical support—extensive web resources and
support to help ensure successful results

Pierce DSS, No-Weigh Format

Thermo Scientific” Pierce™ DSS, also called disuccinimidyl
suberate, is a noncleavable and membrane-

permeant crosslinker that contains an amine-reactive
N-hydroxysuccinimide (NHS) ester at each end of an
8-carbon spacer arm. NHS esters react with primary
amines at pH 7-9 to form stable amide bonds, along with
release of the N-hydroxysuccinimide. Proteins, including
antibodies, generally have several primary amines in the
side chain of lysine (K) residues and the N terminus of
each polypeptide that are available as targets for NHS-
ester crosslinking reagents. DSS is first dissolved in an
organic solvent such as DMF or DMSO, then added to
the aqueous crosslinking reaction. BS3, the water-soluble
analog of DSS, is also available for applications that
require a hydrophilic crosslinker (e.g., to effect cell-surface
crosslinking). DSS and BS3 have essentially identical
crosslinking activity toward primary amines.

Features of DSS:
¢ Reactive groups: NHS ester (both ends)
e Reactive toward: amino groups (primary amines)

e Amine reactive NHS ester reacts rapidly with any primary
amine—containing molecule

Sample preparation

e Membrane-permeant, allowing for intracellular
crosslinking

e High-purity, crystalline reagent can be used to create
high-purity conjugates

e Noncleavable

e Water-insoluble (dissolve first in DMF or DMSQO); compare
to BS3 (Sulfo-DSS)

Lot specifications:
¢ Identity: IR scan shows only peaks characteristic of the
structure and functional groups of DSS

e Purity: >90% by quantitative NMR

e Solubility: >9.2 mg/mL in DMF and DMSQO, clear and
colorless solution

Pierce BS3 (sulfo-DSS), No-Weigh
Format, and BS3-d,

Thermo Scientific” Pierce™ BS3 (sulfo-DSS, or
bis(sulfosuccinimidyl) suberate) is an amine-to-amine
crosslinker that is homobifunctional, water-soluble,
noncleavable, and membrane-impermeant. BS3 contains
an amine-reactive sulfo-N-hydroxysulfosuccinimide
(sulfo-NHS) ester at each end of an 8-carbon spacer arm.
Because it contains the hydrophilic sulfonyl moiety, BS3 is
soluble up to ~100 mM in water and many commonly used
buffers, thus avoiding the use of organic solvents, which
may perturb protein structure. Although DSS and BS3 have
essentially identical crosslinking activity toward primary
amines, the negatively charged sulfo-NHS groups of BS3
reduces its ability to cross cell membranes, making BS3
an ideal cell surface crosslinker. BS3-d, is a deuterated
version of the crosslinker that can be used in combination
with BS3 to identify crosslinked peptide pairs during

MS acquisition.

Features of BS3:

e Reactive groups: sulfo-NHS ester (both ends)

e Reactive toward: amino groups (primary amines)

e Amine-reactive sulfo-NHS ester reacts rapidly with any

primary amine—containing molecule
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Protein sample preparation

Protein interactions and crosslinking

e \Water-soluble; compare with DSS
e Membrane-impermeant, allowing for cell surface labeling

e High-purity, crystalline reagent can be used to create
high-purity crosslinked conjugates

e |sotopically labeled versions for mass tagging

Lot specifications:
e Purity: >93% by quantitative NMR

e Solubility: >5.8 mg/mL in DI water, clear solution with no
insoluble material

Pierce DSG

Thermo Scientific” Pierce™ DSG (disuccinimidyl glutarate),
is an amine-to-amine crosslinker that is homobifunctional,
noncleavable, and membrane-permeant. DSG contains an
amine-reactive N-hydroxysulfosuccinimide (NHS) ester at
each end of a 5-carbon spacer arm. Similar to DSS, DSG
is water soluble but can result in different crosslinks as the
linker length is shorter than DSS.

Features of DSG:
e Reactive groups: NHS ester (both ends)
e Reactive toward: amino groups (primary amines)

e Amine-reactive NHS ester reacts rapidly with any primary
amine—containing molecule

e Membrane-permeant, allowing for
intracellular crosslinking

e High-purity, crystalline reagent can be used to create
high-purity conjugates

e Noncleavable

e Water-insoluble (dissolve first in DMF or DMSQO); compare
to BS2G
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Lot specifications:
e Purity: >93% by quantitative NMR

e Solubility: >9.2 mg/mL in DMF and DMSO, clear and
colorless solution

Pierce BS2G-d, and BS2G-d,

Thermo Scientific” Pierce” BS2G (bis(sulfosuccinimidyl)
glutarate) is an amine-to-amine crosslinker that is
homobifunctional, water-soluble, noncleavable and
membrane-impermeant. BS2G contains an amine-reactive
sulfo-N-hydroxysulfosuccinimide (sulfo-NHS) ester at each
end of a 5-carbon spacer arm. BS2G-d, is a deuterated
version of the crosslinker that can be used in combination
with BS2G-d, to identify crosslinked peptide pairs during
MS acquisition.

Features of BS2G:
e Reactive groups: sulfo-NHS ester (both ends)
e Reactive toward: amino groups (primary amines)

e Amine-reactive sulfo-NHS ester reacts rapidly with any
primary amine—containing molecule

e Water-soluble; comparable with DSG
e Membrane-impermeant, allowing for cell surface labeling

e High-purity, crystalline reagent can be used to create
high-purity crosslinked conjugates

¢ |sotopically labeled versions for mass tagging
Lot specifications:
¢ Purity: >93% by quantitative NMR

e Solubility: >5.8 mg/mL in DI water, clear solution with no
insoluble material



Pierce DSSO

Thermo Scientific” Pierce™ DSSO, also called disuccinimidyl
sulfoxide, is an MS-cleavable and membrane-

permeant crosslinker that contains an amine-reactive
N-hydroxysuccinimide (NHS) ester at each end of a
7-carbon spacer arm. DSSO has reactivity similar to that
of DSS and BS3, but contains a linker which can be
cleaved in the gas phase during tandem MS (MS/MS)
using collision-induced dissociation (CID). The ability to
cleave crosslinked peptides during MS/MS enables MS®
acquisition methods which facilitate peptide sequencing
using traditional database search engines. The MS
cleavage of DSSO also generates diagnostic ion doublets
during MS*which enables searching using novel database
search engines such as XlinkX.

Features of DSSO:
e Reactive groups: NHS ester (both ends)
e Reactive toward: amino groups (primary amines)

e Amine-reactive NHS ester reacts rapidly with any primary
amine—containing molecule

e Membrane-permeant, allowing for
intracellular crosslinking

e High-purity, crystalline reagent can be used to create
high-purity conjugates

e MS-cleavable

¢ Water-insoluble (dissolve first in DMF or DMSO)
Lot specifications:

¢ Purity: >90% by quantitative NMR

e Solubility: >9.2 mg/mL in DMF and DMSO, clear and
colorless solution

Learn more at
thermofisher.com/mscrosslinkers

Sample preparation

BSA
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Figure 27. Comparison of BSA crosslinking efficiency by SDS-
PAGE. Different crosslinkers were incubated with BSA at molar excess of
crosslinker to protein (e.g., 20-, 100-, or 500-fold). Crosslinking efficiency
is shown by decreased mobility by SDS-PAGE and varied by crosslinker
type, solubility, and concentration.
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Figure 28. BSA crosslinked peptide spectra identified by MS*-MS®
method and XLinkX using DSSO crosslinker. XlinkX uses unique
fragment ion patterns of MS-cleavable crosslinkers (purple annotation) to
detect and filter crosslinked peptides for a crosslinked database search.
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Figure 29. Graph showing number of BSA crosslinked peptides
identified using different noncleavable (BS3, DSS) and cleavable
crosslinkers (DSSO) for various MS" methods. Both BS3 and DSS

had similar numbers of crosslinked peptides identified for CID and HCD
methods, with fewer crosslinked peptides identified with DSSO.

Since DSSO is MS-cleavable, the MS*-MS® method can be used to identify
more crosslinks when a linear-peptide database search is used.

All crosslinkers showed similar numbers of identified crosslinked peptides
by electron-transfer and higher-energy collision dissociation (EThcD).
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Protein sample preparation

Protein clean-up

Whether samples are simple or

complex, they often need to be

processed to ensure compatibility

with downstream mass spec analysis.

Table 20. Protein clean-up selection guide.

Dialysis devices,

cassettes, 96-well

Desalting spin columns,
96-well spin plates,

Thermo Fisher Scientific offers a range of general protein
clean-up products for MS sample preparation. Dialysis,
desalting, and concentrating devices can be used for
buffer exchange or to remove common small molecule
contaminants such as salts or detergents. Concentration
devices can also be used to concentrate dilute protein
samples after depletion of abundant proteins. Detergent
removal resins quickly remove a wide range of detergents
that can interfere with chromatographic separation

of peptides or MS analysis. Although most of these
techniques are used for clean-up of intact proteins, some
can also be used for peptide clean-up.

Detergent removal spin
columns and 96-well
Concentrators

Sample volume
processing range

Sample processing time
(volume dependent)

Key applications

Recommended
sample type

Compatible with
viscous samples?

Sample diluted during
processing?

Gamma-irradiated
options available?

plates, and tubing

10 pL=250 mL

2-24 hr

Buffer exchange,
desalting, virus purification

Purified protein

Yes

Possible

Yes

*For 10K MWCO (device dependent—times may vary for other MWCOs).

40

and cartridges

2 ul=4 mL

5-10 min

Desalting, buffer
exchange, removal of
unincorporated label

Lysate or purified protein

No

No

No

spin plates

25 pL=1 mL 100 pL=100 mL

15-20 min 5-30 min*

Removal of anionic,
nonionic, and zwitterionic
detergents

Sample concentration,
desalting, buffer exchange

Purified protein or peptide Lysate or purified protein

mixture

No No
No No
No No



Sample preparation

Slide-A-Lyzer dialysis products

Easy-to-handle devices, cassettes, and flasks for secure sample processing

Slide-A-Lyzer
Dialysis Flask,
150-250 mL

Slide-A-Lyzer

Cassettes,

0.1-30 mL

250 mL
12-30 mL
70 mL
30 mL 15 mL
0.5-3mL
3-12mL
0.5-3mL
0.1-0.5mL " 0.1-0.5 mL Slide-A-Lyzer
MINI Dialysis Devices, 10-2,000 pL SnakeSkin
Slide-A-Lyzer Dialysis Tubing, 15-100 mL
G2 Cassettes, 0.1-70 mL
Pierce 96-Well Microdialysis
Plate, 10-100 uL

Thermo Scientific” dialysis units help facilitate rapid and Highlights:
trouble-free dialysis of sample volumes from 10 yL to 250 e Excellent sample recoveries—low-binding plastic and
mL. Unlike standard flat tubing, these innovative devices membranes help minimize sample loss compared to
do not require knots or clips that can lead to leaking filtration and resin systems

and sample loss. Thermo Scientific” Pierce™ 96-Well
Microdialysis Plates and Thermo Scientific” Slide-A-Lyzer”
MINI Dialysis Devices are ideal for small volumes,
Slide-A-Lyzer" Dialysis Cassettes (original and G2) are e Secure—sealed membranes help prevent leakage that
recommended for small to medium volumes, and Slide-A- can occur with dialysis tubing and homemade devices

™

Lyzer" Dialysis Flasks are recommended for larger volumes.

e Convenient—easy-to-grip format helps simplify sample
addition and removal with syringe and/or pipette

e Validated—each device is leak-tested during production

Table 21. High-performance Thermo Scientific” dialysis product selection guide.

10-100 pL 10-2,000 pL 0.1-70 mL 0.1-30 mL
Pierce 96-Well Slide-A-Lyzer Slide-A-Lyzer Slide-A-Lyzer 150-250 mL 15-100 mL

Microdialysis MINI Dialysis G2 Dialysis Dialysis Slide-A-Lyzer SnakeSkin
MWCO membrane Plate Device Cassette Cassette Dialysis Flask Dialysis Tubing

2K NA v v v 4 NA
3.5K v v v v 4 4
7K NA v v v NA v
10K v v v 4 4 4
20K NA v v v v NA

M



Protein sample preparation

Protein clean-up

2K MWCO 3.5K MWCO 7K MWCO 10K MWCO 20K MWCO
1007 100 100 100 100 H Vitamin B12 (1.4K MW)
M Bacitracin (1.4K MW)
W T kinase peptide (1.7K MW)
80 804 80 80 M Biotin-TPK (1.9K MW)
Ce peptide (2K MW)
M Insulin A chain (2.5K MW)
< o S 3 < M Insulin B chain (3.5K MW)
o o x o
% 60 S 60+ & 60+ & 604 3 Insulin (5K MW)
9 S & e 5 M Cytochrome ¢ (12.4K MW)
< 1= £ < b= M Lysozyme (14K MW)
2 40 % 404 % 40+ T 40 % M Myoglobin (17K MW)
o o ot o o
20 20 20 20
0+ 0 1 0 0+ 50—

Figure 30. Protein recovery by the 2K, 3.5K, 7K, 10K, and 20K MWCO Thermo Scientific” Slide-A-Lyzer" Cassette membrane. Individual proteins
or vitamin B,, (1 mg/mL) in either saline or 0.2 M carbonate bicarbonate buffer, pH 9.4, were dialyzed overnight (17 hr) at 4°C. The amount of retentate was
estimated using either the Pierce BCA Protein Assay Kit or absorption at 360 nm (for vitamin B, )
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Figure 31. The rate of removal of NaCl using various dialysis products. NaCl removal from samples was determined by measuring the conductivity
of the retentate at the indicated times. (A) Slide-A-Lyzer MINI Dialysis Device (10K MWCO, 2 mL) versus conventional dialysis. BSA samples (2 mL,

0.25 mg/mL in 1 M NaCl) were dialyzed against 45 mL of water in 50 mL disposable conical tubes on an orbital shaker (300 rpm) at room temperature
(RT). The water was changed once after 2 hr. Results are the average of two samples. For conventional dialysis, the samples were dialyzed against 2 L of
water in a beaker with stirring. More than 95% of the NaCl was removed within 4 hr. (B) Samples of 0.1 mL (0.4 mg/mL cytochrome ¢ containing 1 M NaCl)
were dialyzed in the Pierce 96-Well Microdialysis Plate against 1.8 mL of water at RT with gentle shaking. The buffer was changed at various time points
over a 4 hr period. Removal of NaCl was >83% after 2 hr and >99% after 4 hr. (C) Proteins in 200 mL samples containing 1 M NaCl were dialyzed at room
temperature using Slide-A-Lyzer Dialysis Flasks with 2K, 3.5K, 10K, and 20K MWCO. The dialysis buffer (4 L) was changed after 2 and 5 hr (triangles; also
at 41 hr for the 2K condition). Greater than 95% of NaCl was removed within 8—18 hr (41 hr for the 2K condition).

For more information or to view additional products, go to thermofisher.com/dialysis
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Sample preparation

Zeba desalting products Highlights:
¢ High performance—proprietary resin enables excellent
protein recovery and efficient contaminant removal

Convenient spin column and plate formats help
ensure rapid desalting with high protein recovery
¢ Flexible—available in spin columns, filter spin plates, and
cartridges for a range of needs

e Fast—no fraction screening or waiting for protein to
emerge by gravity flow

e Economical—cost-effective products that offer
great performance

™

Thermo Scientific” Zeba™ desalting products contain
proprietary high-performance resins with exceptional
desalting and protein-recovery characteristics. They can
help process even very dilute protein samples, with high
levels of protein recovery and greater than 95% retention
(removal) of salts and other small molecules. The resin

is provided in convenient spin columns, plates, and
cartridges, for processing sample volumes between

2 uL and 4 mL.

Table 22. Zeba desalting product selection guide by format and recommended sample volume.

\" [Ted o) 0.5 mL 2mL 5mL 10 mL 1mL 5mL

spin spin spin spin spin chromatography chromatography
Format column column column column column column column

Resin bed 75 uL 0.5 mL 2 mL 5mL 10 mL 550 pL 1 mL 5mL

Sample 2-12 L 30130 puL 200-700 pyL 500-2,000 uL  700-4,000 pL 20-100 pL 50-250 pL 100-1,500 pL
volume
(7K MWCO)

Sample 5-14 yL  70-200 pL 200-900 pL 300-2,000 pL 1,000-4,000 pL 20-100 uL NA NA
volume
(40K MWCO)
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Protein clean-up

Table 23. Zeba resin selection guide by protein recovery and small molecule removal.

Recovery

NR

Peptide/protein <7 kDa

Protein 7-13 kDa ++
Protein 14-20 kDa +4++
+++

Protein 20-150 kDa
Molecule <500 Da
Molecule 600-1,200 Da
Molecule 1,200-1,500 Da
Molecule >1,500-2,000 Da

7K MWCO 40K MWCO
Removal Recovery Removal
NR
++
+++
+++
+++ +++
++ +++
+ ++
NR +

Table 24. Comparison of recommended sample volume capacity of common spin desalting products.

0.01 mL 0.1 mL
Zeba Micro 0.5 mL Zeba
Spin Column Spin Column 2 mL Zeba Spin Column 10 mL Zeba Spin Column
Zeba spin € € >
desalting products >
5 mL Zeba Spin Column
PD SpinTrap
G-25 Column
GE Healthcare™ products
PD MiniTrap PD MiniTrap PD-10
G-25 Column G-25 Column Desalting Columns
Micro Bio-Spin
6 Column
Bio-Rad™ products
P >
Bio-Spin
6 Column
1.5 mL 2.5mL 3.5mL Figure 32. Zeba Spin Desalting Columns provide a high protein
! I ! ! recovery while providing minimal sample dilution over a wider range
0.04 mg/mL of sample concentrations and volumes compared to alternative
BSA products. Zeba Spin Desalting Columns, 10 mL (7K MWCO) (Cat. No.
89893) and GE PD-10 Columns were used to desalt 1.5, 2.5, and 3.5 mL
0.2 mg/mL BSA samples at concentrations of 0.04, 0.2, and 1.0 mg/mL. Desalting
BSA was performed according to the suppliers’ recommended protocols;
both the spin and gravity protocols were used for the GE PD-10. Protein
1.0 mg/mL recovery was analyzed by SDS-PAGE. For each electrophoresis gel, an
BSA aliquot of starting sample equal to 1 g of BSA was loaded in lane 1 as
o 2z o = o = the loading control; all other desalted samples were loaded in the gel at
o= £ F o= £ 4 o= £ 3 . s . .
- EE & 5 EE 5 5 EE & § the same volume as the loading control. Differences in intensity between
S 2% % 4w 2g 4w & 25 9w 4 lanes are a combination of protein recovery and sample dilution caused

by desalting. The largest differences in recovery and concentration were
noticed in the outlined area.

For more information or to view additional products, go to thermofisher.com/desalting
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Pierce Protein Concentrators

Easy-to-use devices for rapid and
efficient concentration

Thermo Scientific” Pierce” Protein Concentrators are easy-
to-use centrifugal devices that provide fast processing and
excellent recovery of protein samples. These disposable
ultrafiltration devices contain a polyethersulfone (PES)
membrane in five distinct MWCOs for the concentration,
desalting, and buffer exchange of biological samples such

Table 25. Pierce Protein Concentrator selection guide.

Sample preparation

as tissue culture media, antisera, monoclonal antibody
preparations, and chromatography fractions. They can also
be used to remove unincorporated label following protein
modification or crosslinking reactions.

Highlights:

e Rapid processing—unique design minimizes membrane
fouling, and 10- to 30-fold sample concentration can
be achieved in 5-30 min for 10K MWCO (device-
dependent—times may vary for other MWCQOs), even with
particle-laden solutions

¢ High recovery—retain >90% of protein samples while
removing contaminants or exchanging buffers

e Convenient—clear markings, wide sample chamber,
and removable filtrate chamber make handling simple
and easy

¢ Instrument compatible—can be used with standard
centrifuges utilizing either fixed-angle or swinging-
bucket rotors

Volume range

MWCOs available 3K, 10K, 30K, 100K

3K, 10K, 30K, 100K

20-100 mL

3K, 10K, 30K, 100K 5K, 10K, 30K, 100K

Processing time* 3-15 min 15-90 min 15-60 min 15-90 min
Retentate volume range* 9-67 pL 51174 pL 121777 pL 1.9-3.5 mL
Protein recovery range* 95-100% 94-100% 94-100% 92-98%

* Four different protein solutions were used for each molecular weight cutoff (MWCO).
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0.5 mL concentrators 6 mL concentrators
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3K MWCO 10K MWCO 30K MWCO 3K MWCO 10K MWCO 30K MWCO 100K MWCO
Aprotinin (6.5 kDa) Protein A (46 kDa) Protein A (46 kDa) Aprotinin (6.5 kDa) Carbonic anhydrase (30 kDa) ~ Ovalbumin (45 kDa) Fibrinogen (340 kDa)
I Thermo Scientific 0.5 mL M Millipore 0.5 mL Pall 0.5 mL B Thermo Scientific 6 mL M Millipore 4 mL
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Aprotinin (6.5 kDa) Carbonic anhydrase (30 kDa) ~ Ovalbumin (45 kDa) Fibrinogen (340 kDa) Aprotinin (6.5 kDa) Carbonic anhydrase (30 kDa) ~ Ovalbumin (45 kDa)  Fibrinogen (340 kDa)
M Thermo Scientific 20 mL M Millipore 15 mL [l Thermo Scientific 100 mL Il Millipore 70 mL

Figure 33. Comparison of protein recovery between Pierce Protein Concentrators (using 3K, 5K, 10K, 30K, or 100K MWCO) and other suppliers'
0.5 mL, 6 mL, 20 mL, and 100 mL concentrators. Samples of different protein solutions were centrifuged in Pierce Protein Concentrators and other
suppliers’ concentrators according to their instructions: 0.5 mL (15,000 x g), 6 mL (4,000 x g), 20 mL (4,700 x g), and 100 mL (1,200 x g). Samples were
centrifuged until a 15- to 30-fold decrease in sample volume was achieved; protein concentration was measured by either the Pierce BCA Protein Assay
Kit (0.5 mL concentrators only) or absorbance at A, .

For more information or to view additional products,
go to thermofisher.com/concentrators

Learn how to effectively remove contaminants, buffer exchange, or concentrate protein

samples from 2 L to 250 mL using various Thermo Scientific” protein biology tools in this
48-page handbook. Dialyze protein samples securely using Slide-A-Lyzer cassettes and devices.
Rapidly desalt samples with high protein recovery using Zeba desalting spin columns and plates.
Efficiently extract specific contaminants using resins optimized for detergent or endotoxin removal.
Concentrate dilute protein samples quickly using Pierce Protein Concentrators.

thermofisher.com/proteincleanuphandbook
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Sample preparation

Gel electrophoresis and staining

For workflows utilizing in-gel

digestion, proteins are separated

by 1- or 2-dimensional (1D and

2D) SDS- polyacrylamide gel
electrophoresis (SDS-PAGE). The 2D
PAGE separates proteins by isoelectric
point in the first dimension and by mass
In the second dimension.

Although different types of gels can be used for specific
applications (e.g., isoelectric focusing, 2D PAGE, native
PAGE), SDS-PAGE is the most widely used format for
proteomics. In SDS-PAGE, the gel is cast in buffer contain
sodium dodecyl! sulfate (SDS) and protein samples are
heated with SDS before electrophoresis so that the
charge-density of all proteins is made roughly equal. When

heated, in SDS, an anionic detergent, denatures proteins

in the sample and binds tightly to the uncoiled molecule.
Usually, a reducing agent such as dithiothreitol (DTT) is also
added to cleave the disulfide bonds in protein and ensure
that no quaternary or tertiary protein structure remains.
Consequently, when these samples are electrophoresed,
proteins separate according to mass alone, with very little
effect from compositional differences.

To assess the relative molecular weight (MW) of a protein
on a gel, protein MW markers are run on the gel for
comparison. A standard curve can be constructed from the
distances migrated by each marker protein.

After electrophoresis, the protein bands are visualized
using Coomassie, fluorescence, or silver stains, excised
from the gel, and destained. The proteins in the excised gel
band are reduced, alkylated, and digested in-gel, and the
resulting peptides are then extracted from the gel matrix for
further processing.

Table 27. Gel selection guide. Find the right gel for your research needs based on downstream applications.

Application

High-sensitivity
western blotting

Coomassie dye or
silver staining

Downstream applications
requiring high protein integrity
(e.g., mass spectrometry)

Large sample volume for
high detection sensitivity

NuPAGE Bis-Tris gels
Bolt Bis-Tris Plus gels

NuPAGE Bis-Tris gels
Bolt Bis-Tris Plus gels
Novex WedgeWell Tris-glycine gels

SureCast Gel Handcast System

NuPAGE Bis-Tris gels
Bolt Bis-Tris Plus gels

Bolt Bis-Tris Plus gels
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Handcast and precast gel systems

High-performance and convenient formats to
meet every need

Table 27. Electrophoresis chamber systems.

Which electrophoresis chamber system is right for you?

Mini Gel Tank

XCell SureLock Mini-Cell

The Invitrogen™ gel portfolio offers a new system designed
to hand cast protein gels and the broadest range of
precast protein gel options to help you achieve your
research goals. Whether it is larger sample load capacities,
unigue protein size ranges, or the need to minimize protein
degradation, our portfolio has you covered.

Highlights:
¢ Flexible—gel chemistries optimized for separating high,
medium, and low molecular weight proteins of interest

e Optimized—gels available that are ideal for specific
downstream applications, such as gel staining, sensitive
western blotting, or mass spectrometry

e Consistent—coefficient of variation (CV) of only 2% for
R, values (migration)

e High performance—excellent protein band resolution
and sharpness

e Extended shelf life—most precast formulations can be
stored for up to 12 months at 4°C

XCell4 SureLock Midi-Cell

Gel capacity Up to 2 mini gels (8 x 8 cm)

32 x 11.5x 16 cm
(height with lid on)

e Mini Gel Tank is versatile and com-
patible with NuPAGE, Bolt, and Novex

Cell dimensions
(Lx W x H)

Advantages

Up to 2 mini gels (8 x 8 cm)

14 x 13 x 16 cm

(height with lid on)

e XCell Il Blot Module is available for
semi-wet protein transfers.

Up to 4 midi gels (8 x 13 cm)

21 x 19 x 16 cm
(height with lid on)

e Advanced apparatus for easier, more
reliable electrophoresis with midi gels.

mini gels. Unique tank design enables o |nstrument incorporates a gel tension

convenient side-by-side gel loading
and enhanced viewing during use.

e Mini Blot Module is available for wet
protein transfers.

wedge in place of the rear wedge
used on earlier models.

Learn more at thermofisher.com/proteingels
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NUPAGE protein gels

Trusted gels referenced in over
10,000 publications

The Invitrogen™ NUPAGE" system is a high-performance
PAGE system that simulates the denaturing conditions of
the traditional Laemmli system. NUPAGE" gels use a unique
buffer formulation to maintain a neutral operating pH during
electrophoresis, which minimizes protein modifications that
can result in poor band resolution. Gels are available in two
formulations—Invitrogen™ NUPAGE" Bis-Tris gels are ideal
for separating small to mid-sized proteins, while Invitrogen™
NuPAGE™ Tris-acetate gels are ideal for separating large
proteins (Figure 34).

Highlights:

e Superior resolution and stability—neutral-pH
environment during electrophoresis minimizes
protein modifications

e More efficient—neutral pH prevents reoxidation of
reduced samples during protein transfer

e Fast—sample run times are typically 35-50 min

¢ Long shelf life—gels are stable for 8—16 months

Learn more at thermofisher.com/nupage

Sample preparation
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Figure 34. NuPAGE Bis-Tris and Tris-acetate gel electrophoresis.
Protein standards and samples were loaded at 10 pL sample volumes
in (A) Invitrogen™ NUPAGE" 4-12% Bis-Tris and (B) Invitrogen™ NuPAGE™
3-8% Tris-acetate gels. Electrophoresis was performed using the Mini
Gel Tank at 200 V (constant). Sharp, straight bands were observed after
staining with Invitrogen™ SimplyBlue™ SafeStain. Images were acquired
using a flatbed scanner. (A and B) Lane 1: Invitrogen™ SeeBlue” Plus2
Prestained Protein Standard; lane 2: 10 ug E. coli lysate; lane 3: Mark12
Unstained Standard (blend of 12 purified proteins); lane 4: 40 ug HelLa
cell lysate; lane 5: 20 ug Hela cell lysate; lane 6: (A) not used (B) 5 ug
BSA; lane 7: 40 pg Jurkat cell lysate; lane 8: 5 ug GST-fusion protein; lane
9: Invitrogen" Novex" Sharp Unstained Protein Standard; lane 10: 5 ug
B-galactosidase.
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Gel electrophoresis and staining

Bolt Bis-Tris Plus gels Highlights:

e High sample volume capacity—wedge well design
allows detection of proteins in very dilute samples or
measurement of low-abundance proteins

New wedge well format for up to
2x sample volume capacity

® Preserved protein integrity—neutral-pH formulation
minimizes protein modifications

e Superior band quality and band volume—Invitrogen™
Bis-Tris Plus gel chemistry is designed to deliver sharp,
straight bands with higher band volume

e Better protein resolution—gels are 10% longer,
allowing detection of more protein bands than standard
mini gels

¢ High lot-to-lot consistency—CV of only 2% for R,
Invitrogen™ Bolt™ Bis-Tris Plus gels are precast values (migration)
polyacrylamide gels designed for optimal separation of a
broad molecular weight range of proteins under denaturing
conditions during gel electrophoresis (Figure 35). These
gels help deliver consistent performance with a neutral-
pH environment to minimize protein degradation. The
unique wedge well design allows loading of up to 2x more
sample volume than other precast gels. Bolt gels are ideal
for western blot transfer and analysis along with any other
technique where protein integrity is crucial.
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Figure 35. A western blot of a Bolt gel shows clean,
sharp protein signals corresponding to only full-length
proteins, whereas a western blot of a Bio-Rad™ TGX"
gel shows multiple low-molecular weight degradation
products. Protein kinases implicated in cancer (IKKR,
EPHBS, HCK, MAPK14, FLT1, and DDR2) were analyzed
on a Bolt Bis-Tris Plus gel and a Bio-Rad TGX
Tris-glycine gel.
Bolt Bis-Tris Plus gel Bio-Rad TGX Tris-glycine gel

Learn more at thermofisher.com/bolt
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Protein ladders and standards

Prestained and unstained formats with
exceptional lot-to-lot consistency

We offer a broad range of prestained and unstained protein
ladders supplied in a ready-to-use format to facilitate easy
protein analysis during gel electrophoresis and western
blotting (Table 28).

Table 28. Unstained and prestained protein ladders.

Unstained protein ladders

Low range PageRuler Unstained Low Range

Protein Ladder
PageRuler Unstained Protein Ladder
NativeMark Unstained Protein Standard

® Precise determination of target protein
molecular weight

Broad range
High range
Recommended for:

Prestained protein ladders

Low range
Broad range

PageRuler Prestained Protein Ladder
PageRuler Plus Prestained Protein Ladder

Spectra Multicolor Broad Range
Protein Ladder

HiMark Prestained Protein Standard

Spectra Multicolor High Range

Protein Ladder

* Approximate determination of
molecular weight

e Monitoring the progress of
electrophoresis runs

e Estimating the efficiency of protein transfer
to the membrane during western blotting

High range

Recommended for:

Western
Specialty

MagicMark XP Western Protein Standard
PageRuler Prestained NIR Protein Ladder
BenchMark Fluorescent Protein Standard
BenchMark His-tagged Protein Standard
|IEF Marker 3-10

Sample preparation

Highlights:

e Performance—sharp protein bands and consistent
migration patterns provide easy molecular
weight determination

e Convenience—protein ladders are ready to load, with no
heating required

¢ Reliability—exceptional lot-to-lot consistency
and reproducibility

kDa [ | kDa
250 260
130 140
95 100
72 70
55 50
40
36 35
28 25
17 15
10 10

PageRuler Plus
Prestained
Protein Ladder

Spectra Multicolor
Broad Range
Protein Ladder

kDa — kDa
300

250 220
18

120

100 100

70 80

50 60

40 50

40

30

20

Spectra Multicolor
High Range
Protein Ladder

MagicMark XP
Western
Protein Standard

Learn more at thermofisher.com/proteinstandards
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Protein stains

Optimized formulations for specific applications

Once protein bands have been separated by

electrophoresis, they can be directly visualized using
different methods of in-gel detection. Over the past

small sample volumes, compatibility with downstream

applications and detection instrumentation have driven

the development of several basic staining methods.
Our portfolio includes Coomassie, silver, fluorescent,
and specialty gel stains. Each method has particular
advantages and disadvantages, with specific
formulations that provide optimal performance for
different detection systems.

Highlights:

e Convenient—most formulations are ready to use

e Optimized—reagents and kits developed for specific
applications and workflows

budget needs

several decades, demands for improved sensitivity for

Table 29. Gel stain selection guide.

Protein stains

Coomassie staining

Silver staining

¢ Flexible offering—multiple options to meet sensitivity or

Fluorescent protein staining

Sensitivity
Ease of use
Mode of action

Detection

Compatibility
with downstream
applications

Products

25 ng
+++

In acidic buffer conditions, Coomassie
stain binds to basic and hydrophobic
residues of proteins, changing from dull
reddish-brown to intense blue.

Visual
MS- and sequencing-compatible

Value: PageBlue Protein
Staining Solution

Performance: SimplyBlue SafeStain
Premium: Imperial Protein Stain

0.5 ng
+

Silver ions interact and bind with carboxylic
acid groups (Asp and Glu), imidazoles (His),
sulfhydryls (Cys), and amines (Lys). Silver
ions are reduced to metallic silver, resulting
in brown-black color.

Visual

Certain formulations are MS-compatible

Value: Pierce Silver Stain Kit

Performance: SilverXpress Silver
Staining Kit

Mass spectrometry: Pierce Silver Stain
for Mass Spectrometry

thermofisher.com/pagehandbook

Learn more at thermofisher.com/proteinstains
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0.5 ng
+

Most fluorescent stains involve simple
dye-binding mechanisms rather than
chemical reactions that alter protein
functional groups.

Compatible imaging system
Most stains are MS-compatible

Value: SYPRO Red Protein Gel Stain

Performance: SYPRO Orange Protein
Gel Stain

Premium: SYPRO Ruby Protein
Gel Stain

Download our “Protein gel electrophoresis technical handbook” to learn more
about protein gels, sample preparation, buffers and reagents, standards,
electrophoresis chambers, power supplies, and staining.



Pierce Silver Stain for Mass
Spectrometry

Fast and sensitive staining and destaining of
protein gels for MS analysis

Thermo Scientific” Pierce™ Silver Stain for Mass
Spectrometry is a complete kit for rapid and sensitive silver
staining of proteins in polyacrylamide gels, and efficient
destaining of excised gel pieces for MS analysis. The kit
bundles components of the high-performance Thermo
Scientific” Pierce™ Silver Stain Kit with optimized reagents
to destain spots for subsequent in-gel tryptic digestion
and to recover peptide fragments for proteomics analysis.
The resulting MS-compatible product and protocol deliver
outstanding sensitivity and maintain favorable conditions
for high-yield recovery and identification (sequence
coverage) of proteins by MS. Silver staining of 2D gels is
now an important intermediate step in a set of procedures
that leads ultimately to identification of specific proteins in
the proteome by mass fingerprinting methods.

Highlights:

¢ Sensitive and fast staining—the low-background,
easy-to-use silver stain provides subnanogram sensitivity,
detecting proteins at less than 0.25 ng per spot in
30 min after fixing

¢ Flexible staining protocol—fix gel for 15-30 min or
overnight without any affect on staining performance;
stain for 1-30 min (typically 2—3 min)

* Robust—effective silver stain for even difficult-to-
stain basic proteins, such as lysozyme (pl 10) and
chymotrypsinogen A (pl 9.2), which are detectable at
0.2 ng and 0.5 ng, respectively

e Simple, trouble-free spot preparation—stained spots
in excised gel pieces are easily destained and made
ready for tryptic digestion in 1 hr

e MS compatible—reagents and protocol are optimized to
provide excellent performance in MS following extraction
of peptides from stained 1D or 2D gels (SDS-PAGE)

Sample preparation

e Complete kit—contains all reagents necessary for
staining and destaining before in-gel proteolysis and
peptide recovery for analysis by MS

e Convenient—kit components are stable at room
temperature; helps to save valuable refrigerator
space and eliminates the need to equilibrate reagents
before use

The Pierce Silver Stain protocol provides peak staining
performance, flexibility, reliability, and robustness for
applications such as matrix-assisted laser desorption
ionization (MALDI)-MS. It enables both first-time and
experienced users to achieve consistent and reliable
staining using high- and low-percentage and gradient
polyacrylamide gels in 1D and 2D formats. The optimized
staining method enables extremely sensitive staining while
minimizing covalent crosslinking of protein to the gel matrix,
which can inhibit protein-peptide recovery following in-gel
proteolysis. The destaining reagents facilitate complete
removal of silver from stained protein bands and maximum
protein recovery for subsequent MS analysis.

Silver staining methods generally use either glutaraldehyde
or formaldehyde, which cause some covalent crosslinking
of protein to each other and the gel matrix. To the extent
that this crosslinking occurs, extraction or elution of protein
from the gel will be inhibited. Pierce Silver Stain uses
formaldehyde in the stain and developer working solutions.
However, the procedure accompanying the Pierce Silver
Stain for Mass Spectrometry is optimized to maximize
polypeptide recovery without greatly sacrificing sensitivity.

53



Protein sample preparation

Gel electrophoresis and staining
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1. Wash 2 x 5 min 2. Fix 2 x 15 min in EtOH/ 3. Incubate 2 x 5 min 4. Mix Sensitizer. Sensitize for 5. Mix Silver Stain. Stain for 5 min.
with ultrapure water. acetic acid. with 10% EtOH. Wash. 1 min. Wash 2 x 1 min. Wash 2 x 20 sec.
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6. Mix Developer. Develop for 2-3 min. v gteo’g"v‘;ﬁr?g;’/e'gg’;’i'c Figure 36. Staining protocol for the Pierce Silver Stain for Mass Spectrometry.
0

acid for 10 min.

2D gel

Figure 37. Spot excision and

band destaining protocol
summary. Place each gel piece in

a 0.5 mL microcentrifuge tube. Mix
destain working solution (DWS) at
recommended volumes for reagent
* A, reagent B, and water. Add 200 pL

of DWS to each gel piece, mix gently
and incubate for 15 min. Repeat once.
To prepare for in-gel digestion, wash
three times with 25 mM ammonium

Excised protein bands
Add 200 pL
destain working

solution bicarbonate in 50% acetonitrile for Figt:Ire 38. 2D gel stained with the F"ierce Silver
10 min each. Proceed with in-gel tryptic Stain for Mass Spectrometry. Proteins of a
digestion (e.g., Thermo Scientific” In-Gel rat mitochondrial extract were separated by IEF
ReagentA  '® Tryptic Digestion Kit, Cat. No. 89871). (pH 5-8 gradient) and SDS-PAGE, then stained.
v 4 > Ten spots were identified that stained well in three
Reagent B 2 Water idelntical gels that were stained with three diffe.rent
stains (Table 30). These spots were picked for in-gel
digestion and MS analysis.

Table 30. Sequence coverage comparison for different gel stains. BSA, ovalbumin, chymotrypsinogen A, and myoglobin (50 ng each) were
loaded onto mini gels and separated by SDS-PAGE. After electrophoresis, the respective gels were stained with Pierce Silver Stain for Mass
Spectrometry, an MS-compatible stain silver stain from Supplier X and GelCode Blue Stain Reagent (Cat. No. 24590). Bands were excised and
destained, subjected to in-gel tryptic digestion (using Cat. No. 89871), and prepared for analysis by MALDI/MS. Proteins were not reduced or
alkylated before in-gel tryptic digestion. For all proteins, the Pierce Silver Stain for Mass Spectrometry performed better than or equal to the
alternative silver staining method and GelCode Blue Stain.

Pierce Supplier X
Silver Stain for MS Silver Stain for MS GelCode Blue Stain

# # % # # % # # %
Protein Peptides Proteins Coverage | Peptides Proteins Coverage | Peptides Proteins Coverage
BSA 63 13 21 58 6 11 40 7 18
Ovalbumin 40 5 13 44 1 2 42 1 2
Chymotrypsinogen A 47 4 9 41 2 B 41 1 2
Myoglobin 32 6 19 31 3 10 38 1 3
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Imperial Protein Stain

A fast and sensitive protein gel stain based on
Coomassie R-250 dye

Thermo Scientific” Imperial” Protein Stain is a ready-to-
use colorimetric stain formulated with Coomassie dye
R-250 that delivers consistent nanogram-level detection of
proteins in polyacrylamide electrophoresis gels.

Imperial Protein Stain is a Coomassie dye reagent for
detection of protein bands in SDS-PAGE and 2D gels.
The stain is a unique formulation of Coomassie brilliant
blue R-250 that delivers substantial improvements in
protein-staining performance compared to homemade
or other commercial stains. Staining results in intensely
colored protein bands that are easy to photograph
and document with gel imagers. This reagent is one
of the most sensitive colorimetric stains available,
easily detecting 3—6 nanograms of protein per band.
The Imperial Protein Stain protocol uses simple
water-wash steps rather than methanol/acetic acid
fixation and destaining, which helps save valuable
preparation time and minimizes reagent costs.

Highlights:
e Sensitive—detects less than 3 ng protein per band with
the enhanced protocol (3 hr)

e Fast—ready-to-use reagent detects less than 6 ng
protein per band in just 20 min

* Robust—highly consistent, reproducible protein
staining technique

e High contrast—intense purple bands are easier to
photograph or scan than typical Coomassie blue stains

Sample preparation

¢ Versatile—compatible with downstream MS analysis and
protein sequencing

e Convenient—water washes only; no acid fixative or
methanol destaining solutions required

e Stable—room temperature stability for 1 year enables
consistent performance and saves refrigerator space

¢ Flexible—adjust staining and washing times to meet time
and sensitivity requirements

DI H,0

DI H,0 \s

\
e (e——) ee—

1. Wash the gel 3x
with deionized
water (15 min).

3. Water destain
(15 min—-overnight).

2.Add Imperial Protein Stain
(5 min—1 hr).

Figure 39. Protocol summary for Imperial Protein Stain.

123456789 123456789 123456789

Rabbit IgG —

BSA —
Protein A —
Protein G —

Lysozyme —

5 min stain;
15 min water destain

1 hr stain;
2 hr water destain

1 hr stain;
overnight water destain

Figure 40. Enhanced sensitivity and crystal-clear background

using Imperial Protein Stain. For even greater sensitivity and reduced
background, gels can be stained with Imperial Protein Stain for 1 hr and
washed with water from 1 hr to overnight. Lane 1: BSA only (6 pg); lanes
2-9: protein mixture, left to right, 1,000 ng, 200 ng, 100 ng, 50 ng, 25 ng,
12 ng, 6 ng, and 3 ng, respectively.

EZBlue Gel
Staining Reagent

123456789

Bio-Safe
Coomassie Stain

123456789

Imperial Protein Stain
123456789

Rabbit IgG —

BSA —
Protein A —

Protein G —

Lysozyme —

Figure 41. Imperial Protein Stain is fast and sensitive. Proteins were
separated on 4-20% Tris-glycine gels, stained for 5 min, and destained
3 x 5 min in water. Lane 1: BSA only (6 pg); lanes 2-9: protein mixture,
left to right at 1,000 ng, 200 ng, 100 ng, 50 ng, 25 ng, 12 ng, 6 ng, and
3 ng, respectively.
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Protein digestion

The decision to perform in-solution
or in-gel digestion is generally
determined by the sample amount
and/or its complexity. In-solution
digestion is recommended for small
sample volumes because of the
limited capacity within a typical gel
well. Peptide extraction from the gel
band after digestion can also result
In significant peptide loss. In-solution
digestion is recommended for samples
with low to moderate complexity.

Table 31. MS-grade protease selection guide.

Trypsin Protease,

Lys-N Protease,

MS Grade MS Grade

Lys-C Protease,
MS Grade

For highly complex samples, in-gel digestion has an
inherent advantage because the SDS-PAGE workflow
combines protein denaturation with separation, and
provides a visual indication of the relative protein
abundance in the sample. In addition, the peptide
extraction protocol removes much of the salts and
detergents that can be present in in-solutions workflows,
although peptide recovery is reduced. In-solution digestion
can be performed more rapidly than in-gel digestion
because the extensive SDS-PAGE steps are eliminated.

The in-solution protocol is also more amendable to high-
throughput sample processing because the various
steps can be automated, although there are automated
processes for in-gel digestion and extraction as well.

Trypsin is the protease of choice for protein digestion.
However, digestion with alternative proteases, such
as Glu-C, Lys-N, Lys-C, Asp-N, or chymotrypsin,

can improve individual protein sequence coverage

or generate unique peptide sequences for different
MS applications. Thermo Scientific” Pierce”
proteases are highly purified and modified for optimal
protein digestion and validated for use in MS.

Asp-N Protease,
MS Grade

Glu-C Protease,
MS Grade

Chymotrypsin,
MS Grade

Source Porcine pancreatic ~ Grifola frondosa Lysobacter Pseudomonas Staphylococcus Bovine pancreatic
extracts enzymogenes fragi aureus extracts
Cleavage Carboxyl side of Amino side of Carboxyl side of Amino side of Carboxyl side Carboxyl side
specificity arginine and lysine  lysine residues lysine residues aspartate residues  of glutamate of tyrosine,
residues phenylalanine,
tryptophan and
leucine
Modified? Yes, TPCK-treated No No No No Yes, TLCK-treated
and methylated
Formats Lyophilized or Lyophilized Lyophilized Lyophilized Lyophilized Lyophilized
frozen
Standard 20 or 100 pg/vial 20 pg/vial 20 or 100 pg/vial 2 pg/vial 10 pg/vial 4 x 25 ug
packaging
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Pierce Trypsin Protease, MS Grade

An economical alternative to Promega”
Trypsin Gold

Thermo Scientific” Pierce™ Trypsin Protease, MS Grade is
a highly purified trypsin derived from porcine pancreatic
extracts that has been chemically modified for maximum
activity and stability in proteomics applications. The
enzyme is TPCK-treated to eliminate chymotryptic
activity and methylated to improve stability during protein
digestion. This MS-grade, modified trypsin is then
repurified and packaged in frozen liquid format (100 pg at
1 mg/mL), or lyophilized into glass vials and packaged in
convenient 5 x 20 pg, 5 x 100 pg, or 1 mg fill sizes.

RT: 10.56 - 95.40

100 57.77

Pierce Trypsin Protease,

Sample preparation

Highlights:

e Exceptional selectivity—cleaves at the carboxyl
side of lysine and arginine residues with greater than
95% specificity

e High purity—no detectable chymotrypsin activity

¢ Enhanced stability—chemically modified for reduced
autolytic activity

e Economical—available in multiple packaging formats
including larger, more cost-effective sizes

Applications:
¢ In-gel digestion of proteins from 1D or 2D gels

e |n-solution tryptic digestion of proteins

Trypsin is a serine protease that specifically cleaves at
the carboxyl side of lysine and arginine residues. The
selectivity of this enzyme is critical for reproducible protein
digestion and MS-based protein identification. Because
chymotrypsin co-purifies with trypsin derived from natural
sources, Pierce Trypsin Protease, MS Grade has been
treated with TPCK to eliminate chymotrypsin activity,
improving digestion specificity. Native trypsin is also
subject to autolysis, which can reduce enzyme stability
and efficiency. To reduce autolytic degradation, Pierce
Trypsin Protease, MS Grade is chemically modified by
methylation, yielding a highly active and more stable form
of the enzyme.

Figure 42. Excellent digestion performance
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Protein digestion

In addition to possessing high specific activity and being
resistant to autolytic digestion, Pierce Trypsin Protease,
MS Grade can tolerate commonly used partially denaturing
conditions such as 0.1% SDS, 1M urea or 10% acetonitrile.
Pierce Trypsin Protease is most active in pH ranges of

pH 7 to 9 and can be reversibly inactivated at pH <4. The
lyophilized enzyme is also stable for >1 year when stored
at —20°C.

Pairwise combinations of search results from two protease
or fragmentation methods reveal complementary results.
For example, trypsin digestion of Erk1 produces 87%
coverage with CID but, when combined with Lys-C
results, the total coverage increased to 93%. Peptide

and protein sequence identifications are also improved

for in-gel digestions of complex cell lysates. The
combination of results from multiple individual protease
digestions improves the number and confidence of

protein identifications.

Table 32. Comparison of Pierce Trypsin Protease, MS Grade to MS-grade trypsin from other suppliers. Enzyme purity, specific activity,
chymotrypsin activity, activity retained after incubation, and cost per microgram of Pierce, Sigma, and Promega MS-grade trypsin proteases.

Sigma Proteomics
Grade Trypsin

Promega Trypsin Gold

Pierce
Specifications Trypsin Protease
Purity >95%
Specific activity (BAEE units) >15,000
Chymotrypsin activity (BTEE units) <041
Activity retained after 3 hr >85%
incubation at 37°C, pH 7.8
Cost/ug (based on 2014 US list price) $0.56-$0.45

Table 33. Percent sequence coverage of selected proteins in a
protein sample digest.

Pierce Trypsin

Protease, Promega Trypsin

MS Grade Gold, MS Grade
Protein 30 min 3 hr 30 min 3 hr
Glutamate 49 51 54 59
dehydrogenase
Myoglobin 68 82 68 78
Lactoperoxidase 41 45 46 45
Transferrin 63 64 67 64

Table 34. Percent sequence coverage for Erk1. Results were obtained
by digestion with individual proteases, MS/MS analysis with CID or ETD
fragmentation methods, and pairwise combination of search results

in Thermo Scientific” Proteome Discoverer” MultiConsensus Reports

for Erk1.

Sequence coverage (%)

Trypsin 87 51
Lys-C 45 52
Glu-C 47 43
Trypsin alone + Lys-C alone 93 74
Trypsin alone + Glu-C alone 93 71
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Not specified Not specified
>10,000 >15,000
Not specified Not specified
Not specified >85%
$1.85-$0.50 $1.08
100
95— Pierce Trypsin Protease,
20 n u MS Grade

Promega Trypsin Gold,
MS Grade

Total identified peptides (%)
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Amino acid residue at C terminus

Figure 43. Comparison of the cleavage selectivity of MS-grade
trypsin products. Five-protein mixture samples (10 pg) were digested with
Pierce Trypsin Protease or Promega Trypsin Gold for 3 hr and analyzed

by LC-MS using a Velos Pro Mass Spectrometer. Data analysis was
performed using a Mascot search engine with “no enzyme” digestion
settings. Greater than 95% cleavage selectivity for lysine and arginine (K/R)
was observed for Pierce Trypsin Protease.



Sample preparation

Lys-C Protease, MS Grade amine-reactive isobaric tags. This results in enhanced
peptide ionization and improved limits of quantitation
since more fragment ions can be reisolated during
MS?® acquisition.

Highly active alternative enzyme to trypsin that
increases digestion efficiency

Thermo Scientific” Lys-C Protease, MS Grade is purified
native Lys-C protease that has been validated for maximum  Highlights:
activity and stability in proteomic applications. ¢ Enhanced digestion—when used in tandem with
trypsin, decreases tryptic missed cleavages
Lys-C Protease, MS Grade is a 30 kDa serine protease
isolated from Lysobacter enzymogenes that hydrolyzes
proteins specifically at the carboxyl side of lysine. It can
be used for in-solution or in-gel digestion workflows to
produce peptides for LC-MS/MS protein identification.
Lys-C has high activity and specificity for lysine residues, e Carboxyl lysine cleavage specificity—at least 90% for
resulting in larger peptides and less sample complexity a complex protein sample
than trypsin (i.e., fewer peptides). Lys-C can also cleave
lysines followed by prolines and remains active under highly

¢ Increased sequence coverage—better protein
characterization results from overlapping peptides
with complementary chromatographic, ionization, and
fragmentation properties

e Efficient—protein digestion can be completed in 2 hr at

denaturing conditions (i.e., 8 M urea). For this reason, Lys-C 8

is often used for sequential digestion of proteins followed ¢ Versatile—effective even under highly denaturing

by trypsin to decrease tryptic missed cleavages. These conditions (e.g., 8 M urea, 2 M guanidine HCI, 1% SDS,
unique properties of Lys-C help to ensure high digestion 2% CHAPS, and 40% acetonitrile)

efficiency alone or followed by tryptic digestion.
y yiryp 9 e Stable—store lyophilized protease for up to 1 year

at -20°C
Lys-C prototypic enzymes typically have higher charge
states, making it a widely used enzyme for use with Applications:
ETD fragmentation. Lys-C is also used commonly in e Improved sequence coverage of protein digests

phosphopeptide enrichment workflows and with isobaric-
tagged peptide quantitation. Because Lys-C generates
peptides with primary amines at both the N and C termini e Epigenetic studies
of a peptide, each peptide can be double-labeled with

e De novo sequencing

In-gel digestion of proteins
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A. Total ion chromatogram (TIC) of A549 cells B. Proteins identified after C. Peptides identified after
digestested with Lys-C Protease, MS Grade. Lys-C digestion. Lys-C digestion.

Figure 44. Performance of Pierce Lys-C Protease, MS Grade compared to equivalent products from other suppliers. A549 cells were prepared
and digested with Lys-C Protease from Thermo Scientific (Cat. No. 90051), Roche, and Promega at an enzyme:protein ratio of 1:50. The digested sample
peptides were separated using a C18 column for analysis using an Orbitrap Fusion Tribrid Mass Spectrometer for a 3 hr gradient (in duplicate). (A) LC-MS
spectra of the Pierce Lys-C digest of A549 cell lysate. (B) Total proteins identified using the different suppliers. (C) Total peptides identified, including
number of missed cleavages using different suppliers. Pierce Lys-C outperformed the other suppliers by providing the lowest missed cleavages and the
highest number of peptides and proteins identified.
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Protein sample preparation

Protein digestion

Pierce LysN Protease, MS Grade

Fast-digesting alternative to trypsin that yields
complementary peptides

™

Thermo Scientific” Pierce™ LysN Protease, MS Grade

is highly purified native Lys-N protease that has been
validated for maximum activity and stability in proteomic
applications. This zinc metalloprotease is derived from
Grifola frondosa and has been highly purified to improve
stability, specific activity and cleavage selectivity. Unlike
trypsin, Lys-N protease cleaves at the amino terminus of
lysine residues. As a result, the peptides generated by
Lys-N are longer than those generated by trypsin and have
more prevalent charged amino-terminal peptide fragments.
In addition, Pierce LysN Protease is more promising for
epigenetic MS applications than Lys-C or trypsin because
it is capable of cleaving methylated lysines [1]. The
thermostability and chemical compatibility with denaturants
make Pierce LysN Protease ideal for digestion of complex
protein samples for “shotgun” proteomics [2].

Pierce LysN Protease is active over a wide range of
temperatures and denaturing conditions. Efficient protein
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Figure 45. Exceptional digestion performance with Pierce LysN

Protease, MS Grade. Base peak LC-MS chromatogram of an A549 cell

lysate sample digested with Pierce LysN Protease. The sample (50 pg)

was prepared with the Pierce Mass Spec Sample Prep Kit for Cultured

Cells and digested with Lys-N at a 1:75 protein:enzyme ratio and incubated

at 37°C for 4 hr. Digested sample peptides (0.5 ug) were separated

using nanoflow high-pressure liquid chromatography and analyzed on a

Thermo Scientific” Orbitrap™ XL Mass Spectrometer.
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digestion can be completed in 2 hr at 50°C or 4 hr at 37°C;
however, digestion is possible at both lower and higher
temperatures. Lys-N also remains active under moderate
denaturing conditions including 0.1% SDS, 6 M urea or
heating to 70°C. Maximal Lys-N activity occurs at pH 7-9.
The lyophilized enzyme is stable for 2 years when stored
at —20°C, and reconstituted stock solutions of Lys-N are
stable at —=80°C for 2 years or —20°C for 1 year.

Highlights:
* Thermostable—allows better digestion at higher
temperatures (e.g., 50°C) in less time

e Complementary to tryptic digests—different cleavage
site from that of trypsin

¢ High purity—no additional protease activity detected

¢ N-terminal lysine cleavage specificity—>90% for a
complex protein sample

e Versatile—enzyme is effective over a wide temperature
range and denaturing conditions

Applications:

e Improved sequence coverage of protein digests

® De novo sequencing with CID

e Epigenetic studies

¢ In-solution digestion of proteins

Table 35. Percent sequence coverage of selected proteins in

an A549 cell lysate upon in-solution digestion with Pierce LysN
Protease or trypsin. The total (merged) sequence coverage represents
the combined coverage of separate Lys-N and trypsin digestions
followed by LC-MS/MS analysis with CID.

Protein Lys-N Trypsin Merged
Moesin 21% 24% 37%
Src substrate cortactin 25% 10% 30%
Glutamate dehydrogenase 1 16% 12% 28%
Epoxide hydrolase 1 13% 14% 23%

References

1. Taouatas N et al. (2010). Evaluation of metalloendopeptidase Lys-N protease
performance under different sample handling conditions. J Proteome Res
9(8):4282—-4288.

2. Taouatas N et al. (2008). Straightforward ladder sequencing of peptides using a Lys-N
metalloendopeptidase. Nat Methods 5(5):405-407.



Asp-N Protease, MS Grade

Enzyme complementary to trypsin that cleaves at
the amino side of aspartate residues

Thermo Scientific” Asp-N Protease is a 27 kDa metallo-
proteinase, isolated from a mutant of Pseudomonas fragi,
that hydrolyzes proteins specifically at the amino side of
aspartate and cysteic acid residues with high specificity.
Asp-N Protease can be used alone or in parallel with
trypsin or other proteases to produce protein digests for
peptide mapping and protein sequencing due to its highly
specific cleavage of peptides, generating a limited number
of peptide fragments. Asp-N Protease is suitable for either
in-solution or in-gel digestion workflows. This MS-grade
Asp-N Protease is packaged in a convenient lyophilized,
stable format (2 pg) and is stable for up to 1 year when
stored at —20°C.

Cysteic acids result from the oxidization of cysteine

residues. Cleavage can also occur at glutamic residues;
however, the rate of cleavage at the glutamyl residues is
significantly lower than that at the aspartic acid residues.

Asp-N Protease can efficiently digest proteins in 2-20 hr at
37°C, and remains active under denaturing conditions such
as 1 M urea, 2 M guanidine HCI, 0.1% SDS, 2% CHAPS, or
10% acetonitrile. Asp-N activity is optimal in the pH range
of 6-8.

Highlights:

¢ Increased sequence coverage—better protein
characterization results from overlapping peptides
with complementary chromatographic, ionization, and
fragmentation properties

¢ High specific activity—>20,000 U/mg protein

¢ N-terminal arginine cleavage specificity—>90% for a
complex protein sample

Applications:

® Improved sequence coverage of protein digests

¢ |In-gel or in-solution digestion of proteins

Sample preparation

Glu-C Protease, MS Grade

Enzyme complementary to trypsin that cleaves at
the carboxyl side of glutamate

Thermo Scientific” Glu-C Protease, also referred to

as V-8 protease, is a 27 kDa serine protease, isolated

from Staphylococcus aureus, that hydrolyzes proteins
specifically at the carboxyl side of glutamic acids with

high specificity. Glu-C Protease can be used alone

or in combination with trypsin or other proteases to
produce protein digests for peptide mapping and protein
sequencing due to its highly specific cleavage of peptides,
generating a limited number of peptide fragments. Only the
glutamic residues are cleaved in ammonium bicarbonate
and ammonium acetate buffers, while glutamic and
aspartic residues are cleaved in phosphate buffers.

Glu-C Protease is suitable for either in-solution or in-gel
digestion workflows. This MS-grade Glu-C is packaged in
a convenient, lyophilized format (5 x 10 pg) and is stable for
up to 1 year when stored at —20°C.

Glu-C Protease can efficiently digest proteins in 5-18 hr at

37°C, and remains active under denaturing conditions such
as 2 M urea, 1 M guanidine HCI, 0.1% SDS, 2% CHAPS, or
20% acetonitrile. Glu-C Protease activity is optimal at pH 8.

Highlights:

¢ Increased sequence coverage—better protein
characterization results from overlapping peptides
with complementary chromatographic, ionization, and
fragmentation properties

¢ High specific activity—>500 U/mg protein

¢ C-terminal glutamine cleavage specificity—at least
90% for a complex protein sample

Applications:
® Improved sequence coverage of protein digests

¢ |n-gel or in-solution digestion of proteins
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Protein digestion

Chymotrypsin Protease, MS Grade

Enzyme complementary to trypsin that cleaves
at the carboxyl side of tyrosine, phenylalanine,
tryptophan, and leucine

Thermo Scientific” Chymotrypsin Protease, MS Grade is

a 25 kDa serine protease derived from bovine pancreatic
extracts. This enzyme generates a larger number of shorter
peptides than trypsin. This MS-grade chymotrypsin is
packaged in a convenient, lyophilized format (4 x 25 ug).

Two predominant forms of chymotrypsin, A and B,

are found in equal amounts in bovine pancreas. They

are similar proteins (80% homology) but have different
proteolytic characteristics. Both forms of chymotrypsin are
present in Chymotrypsin Protease, MS Grade.

The selectivity of this enzyme is important for reproducible
protein digestion and MS-based protein identification.
Because chymotrypsin copurifies with trypsin derived from
natural sources, it has been treated with TLCK to eliminate
potential tryptic activity, improving digestion specificity.
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In addition to possessing high specific activity,
Chymotrypsin Protease, MS Grade can tolerate
commonly used partially denaturing conditions, such as
0.1% SDS, 2 M urea, 2 M guanidine HCI, 1% CHAPS,
and 30% acetonitrile. The enzyme is most active in the
pH 7.5-8.5 range. The lyophilized protease is stable for
>1 year when stored at —20°C.

Highlights:

¢ Increased sequence coverage—better protein
characterization results from overlapping peptides
with complementary chromatographic, ionization, and
fragmentation properties

¢ High purity—treated with TLCK to eliminate
trypsin activity

e High activity—greater than 45 U/mg protein
Applications:
* |n-gel digestion of proteins from 1D or 2D gels

e |n-solution tryptic digestion of proteins



In-Gel Tryptic Digestion Kit

Convenient kit for efficient in-gel protein digestion

The Thermo Scientific” In-Gel Tryptic Digestion Kit provides
a complete set of reagents for performing approximately
150 digestions on colloidal Coomassie- or fluorescent
dye-stained protein bands. The kit includes modified
porcine trypsin, destaining buffers, reduction reagents,
alkylation reagents and digestion buffers along with
detailed, easy-to-follow instructions. Each component

and step has been optimized to produce clean digests for
reproducible MS analysis with high sequence coverage.

30 pL 30 pL
Excised protein reducing buffer alkylation buffer
bands.
Add 200 pL
destaining solution \
- -
1. Destain gel slices 2. Reduce 3. Alkylate

(2 x 30 min at 37°C) (10 min at 60°C) Perform in the dark

(1 hr at room temperature)

Sample preparation

Highlights:

e Convenient—includes all necessary reagents for
destaining Coomassie- or fluorescent dye—stained
proteins, reduction and alkylation of cystines, and
tryptic digestion

e Robust—the procedure and reagents produce reliable
digestions and data generation using a wide range
of conditions without optimization

e Accurate—contains highly purified and modified
MS-grade trypsin that shows no chymotryptic activity
and minimal autolytic activity

100 2.0E+4

904 842.51

80+
70 927.49 145980

60
50
40

%01 162,68 ot
204 X [30571

1567.74

1907.92

203396
1927.5]2045.03
" A m

2,140

Intensity %

1747.71
10 1138.52 o0

Ao AdLdhn

0 o At

700 1,060 1,420 1,780

Mass (m/z)
Figure 46. MALDI-TOF MS analysis of BSA digest. Ten nanograms
(150 fmol) of BSA was separated by SDS-PAGE and stained with GelCode
Blue Stain Reagent and then processed with the In-Gel Tryptic Digestion
Kit. The resulting digest was treated with Thermo Scientific” Pierce” C18
Spin Columns (Cat. No. 89870) and then subjected to analysis on an
Applied Biosystems" Voyager-DE" Pro MALDI-MS in positive ion, linear,
delayed-extraction mode. Database searches identified BSA with 47.0%
sequence coverage.

2,500

35 L
digestion buffer
and activated trypsin

200 pL

destaining solution Add 50 uL 100% ACN

4. Wash
(2 x 15 min at 37°C)

5. Shrink and
dry gel slice
(25 min)

6. Digest
(4 hrat 37°C or
overnight at 30°C)

Steps 2-4 are optional, but recommended.

Figure 47. Schematic protocol for the In-Gel Tryptic Digestion Kit.
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Protein sample preparation

Protein digestion

In-Solution Tryptic Digestion and
Guanidination Kit

Convenient kit for in-solution protein digestion

Accurate identification of proteins and analysis of PTMs by
MS require accurate and complete protein digestion and
peptide modification. The Thermo Scientific” In-Solution
Tryptic Digestion and Guanidination Kit provides an
optimized procedure and reagents for approximately 90
protein digests.

Trypsin specifically cleaves peptide bonds at the carboxyl
side of arginine and lysine residues, generating a peptide
map unique to each protein. Analysis of tryptic peptides
by MS provides a powerful tool for identifying proteins

or analyzing PTMSs. Reliable mass spectral analysis
requires accurate and complete digestion of the target
proteins as well as modification of peptides to optimize
ionization and detection. The In-Solution Tryptic Digestion
and Guanidination Kit contains optimized procedures
and reagents for reduction, alkylation, digestion,

and guanidination to provide reliable MS analysis of
approximately 90 protein samples containing 0.025-10 ug
of protein.

The In-Solution Tryptic Digestion and Guanidination

Kit contains a proteomics-grade modified trypsin that
produces clean, complete digests with minimal autolysis
products present. A reduction and alkylation protocol

Denature/

5 min at 95°C 20 min at 3 hrat 37°C 2 hr at 37°C

room temperature

or overnight at 30°C

eliminates disulfide bonds, improving peptide identification
and simplifying data analysis.

Proteins processed with the In-Solution Tryptic Digestion
and Guanidination Kit produce clean and reliable mass
spectra with high sequence coverage (Table 36).

Using the guanidination procedure to convert lysines

to homoarginines enhances the overall signal intensity

of lysine-containing peptides by an average of 1.5 to

4.0 times, eliminating the ionization bias for peptides with
a terminal arginine and improving sequence coverage and
the reliability of data analysis.

Highlights:

e Optimized—complete digestion is achieved for
0.025-10 pg protein samples with minimal to no
side reactions

e Quick—protein can be reduced, alkylated, digested, and
guanidinated all in one day

e Convenient—kit includes reagents for reduction,
alkylation, digestion, and guanidination

Table 36. Sequence coverage data for tryptic digestions with and
without guanidination for three proteins.

Sequence coverage

Protein No guanidination With guanidination*

Lysozyme 6/8 peptides 8/8 peptides

(14 kDa) 66/86 aa** 86/86 aa**
77% 100%

Myoglobin 6/12 peptides 8/12 peptides

(17 kDa) 78/134 aa™* 90/134 aa**
58% 67%

BSA 25/44 peptides 28/44 peptides

(66 kDa) 318/489 aa** 344/489 aa**
65% 70%

* High levels of sequence coverage were obtained for all test proteins processed with the
In-Solution Tryptic Digestion and Guanidination Kit, especially when the guanidination procedure
was used. Sequence coverage was based only on those peptides expected to be identified based
on scanning from 600-2,000 m/z.

**aa = amino acids

12 min at 65°C \ 6
- Process for
7 MS analysis

Split for

non-guanidinated
control (optional)

Figure 48. Protocol for the In-Solution Tryptic Digestion and Guanidination Kit.

64



Bond-Breaker TCEP Solution,
Neutral pH

Efficient, odor-free alternative for sample reduction
prior to SDS-PAGE analysis

Thermo Scientific” Bond-Breaker” TCEP Solution, Neutral
pH is a stable, 0.5 M solution of the thiol-free, phosphine-
based compound, TCEP (tris(2-carboxyethyl)phosphine)—
a potent, odorless, thiol-free reducing agent with broad
application to protein and other research involving
reduction of disulfide bonds.

This product is an effective and convenient replacement
for 2-mercaptoethanol (2-ME) or DTT in SDS-PAGE
sample buffers. The neutral pH of this reagent provides
sharp bands and avoids exposing proteins to the strong
acid of TCEP-HCI, which can result in hydrolysis and
carbohydrate modification.

Highlights:
e Odorless—unlike DTT and 2-ME, TCEP is odor-free,
contributing to a healthier lab environment

e Specific—selective and complete reduction of even the
most stable water-soluble alkyl disulfides

¢ Fast and efficient—reduces most peptide or protein
disulfides over a broad range of pH, salt, detergent, and
temperature conditions within minutes

e Stable—resistant to air oxidation; nonvolatile and
nonreactive toward other functional groups found
in proteins

e Compatible—removal of the reducing agent is not
necessary before most applications, (e.g., histidine-
tagged protein purification, maleimide conjugations),
because TCEP does not contain sulfhydryl groups

Sample preparation

Pierce DT T (Dithiothreitol),
No-Weigh Format

Popular disulfide reducing agent in highly
convenient packaging

Dithiothreitol (DTT) is a popular reducing agent for

many protein research applications, including reducing
polyacrylamide electrophoresis (SDS-PAGE) [1]. The
Thermo Scientific” Pierce™ DTT No-Weigh™ Format consists
of a 48-microtube tray containing dry, stable, single-

use aliquots of the DTT. Just puncture the seal of one
microtube and add 100 pL of water or buffer. In just a few
seconds you will have a solution of 500 mM DTT, ready to
use or further dilute for a variety of laboratory methods.

The unique packaging ensures that the reducing agent is
at full strength and able to protect proteins from oxidative
damage or reduce any disulfides prior to electrophoresis.

Highlights:
e Convenient—just add 100 pL water to make a 500 mM
DTT solution in seconds

e Fresh—full reducing strength for every use; no need to
waste store stock solutions

OH

HS\)\ASH

OH

DTT
MW 154.25

Reference
1. Zahler WL, Cleland WW. (1964). Biochemistry 3:480—-482.
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Protein sample preparation

Protein digestion

Pierce lodoacetic Acid (IAA)

Rapid carboxymethylation of reduced
cysteine residues

Thermo Scientific” Pierce™ lodoacetic Acid (IAA) can

react with several protein functional groups but is typically
used for specific S-carboxymethylation of sulfhydryls
(reduced cysteines).

lodoacetic acid reacts with sulfhydryls on cysteines,
imidazolyl side chain nitrogens of histidines, the thioether
of methionine, and the primary amine group of lysines. The
rate of reaction and specificity is dependent on the buffer
and pH of the reaction condition [1,2].

Highlights:
e React at slightly alkaline pH for specific
S-carboxymethylation of free sulfhydryls

e React at low pH for specific carboxymethylation
of methionines

e React at high pH to favor carboxymethylation of
histidines and lysines

e Methylate-reduced cysteine peptide fragments in
protease digests for MS

I\)I\OH

IAA
MW 185.95

References
1. Hall J et al. (1989). Role of specific lysine residues in the reaction of Rhodobacter
sphaeroides cytochrome ¢2 with the cytochrome bc1 complex. Biochemistry 28:2568.
2. Hermason GT. (2008). Bioconjugate Techniques, Second Edition. Academic Press.
pp. 109-111.
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Pierce lodoacetamide (IAM)

Popular alkylating agent in highly convenient
packaging

lodoacetamide is a sulfhydryl-reactive alkylating reagent
used to block reduced cysteine residues for protein
characterization and peptide mapping. Alkylation with
iodoacetamide after cystine reduction results in the
covalent addition of a carbamidomethyl group (57.07 Da)
and prevents the formation of disulfide bonds. Reducing
agents added after alkylation will react with excess
iodoacetamide. lodoacetamide reacts more rapidly than
iodoacetate (its acid derivative), due to the presence of
a favorable interaction between the positive imidazolium
ion of the catalytic histidine and the negatively charged
carboxyl group of the iodoacetate.

Highlights:
e Fast—more rapid reaction times that iodoacetic acid

e Convenient—No-Weigh packaging eliminates need to
weigh out reagent, and helps to ensure that reagent is
fresh every time

¢ High quality—products manufactured in ISO 9001-
certified facilities

0]

I\)I\NH

IAM
MW 184.96

2



Pierce Methyl Methanethiosulfonate
(MMTS)

Reversibly blocks cysteines and other
sulfhydryl groups

Thermo Scientific” Pierce™ Methyl Methanethiosulfonate
(MMTS) is a small compound that reversibly blocks
cysteines and other sulfhydryl groups, enabling the study of
enzyme activation and other protein functions.

MMTS is a sulfhydryl-reactive compound that can
reversibly sulfenylate thiol-containing molecules. Reacting
MMTS with reduced sulfhydryls (-SH) results in their
modification to dithiomethane (-S-S-CH,). Treatment with
reducing agents such as dithiothreitol (DTT), 2-ME, or
TCEP will cleave the disulfide groups to restore the original
sulfhydryl. MMTS is commonly used to study biochemical
pathways involving thiol-dependent enzymes.

Highlights:
e Converts sulfhydryl groups on cysteine side chains into
-8-S-CH,

e Reaction is reversible with DTT or TCEP, restoring the
free sulfhydryl

e Used to modify thiol groups in creatine kinase

H,C

3\S/O CH
3

O/ \S/

MMTS
MW 126.20

Sample preparation

Pierce N-Ethylmaleimide (NEM)

Permanently blocks sulfhydryl groups

Thermo Scientific” Pierce™ N-Ethylmaleimide (NEM) is a
small compound that forms stable, covalent thioether
bonds with sulfhydryls (e.g., reduced cysteines), enabling
them to be permanently blocked to prevent disulfide
bond formation.

NEM is an alkylating reagent that reacts with sulfhydryls. At
pH 6.5-7.5, the maleimide reaction is specific for sulfhdryls;
however, at pH >7.5, reactivity with amino groups occurs.
Maleimide groups react with sulfhydryls by nucleophilic
attack of the thiolate anion on one of the carbons of

the double bond. When sufficient sulfhydryls have been
blocked, the reaction can be monitored by measuring the
decrease in absorbance at 300 nm as the double bond
becomes a single bond. The resulting thioether group is
nonreversible and terminates in an ethyl group, blocking or
capping the sulfhydryl.

Highlights:
e Permanently block sulfhydryls to prevent disulfide
bond formation

e Monitor the reaction by measuring the decrease in
absorbance at 300 nm

e Block sulfhydryl-containing reagents that interfere in
enzyme assays

NEM
MW 125.13

Learn more at thermofisher.com/msdigestion
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Protein sample preparation

Peptide enrichment and fractionation

Successful analysis of low-abundance
proteins and/or the identification

of posttranslationally modified
peptides often require several steps:
enrichment, fractionation, and/or
clean-up. Phosphorylation is arguably
the most intensively studied PTM.
Phosphoproteins are integral to global
cellular signaling in disease and key to
understanding biological regulation.

Unfortunately, many phosphopeptides are present at
very low levels in a typical cell lysate. Initial approaches
focused on enrichment with immobilized metal ion
affinity chromatography (IMAC). However, enrichment
and recovery of phosphopeptides using an IMAC system

Table 37. Peptide enrichment and fractionation kit selection guide.

Fe-NTA Phosphopeptide
Enrichment Kit

TiO, Phosphopeptide
Enrichment Kit

strongly depends on the type of metal ion and column
material, and is often hampered by the nonselective
enrichment of acidic residues. An alternative strategy is
to carry out metal-oxide affinity chromatography using
aluminum, titanium, zirconium, and other metal oxides;
this was successfully applied for selective enrichment
of phosphopeptides.

Many biologically relevant changes in the proteome occur
at the mid-to-low range of the protein abundance scale.
The fractionation of complex peptide mixtures from sample
digests enables deeper proteome sequencing through
increased protein identifications and sequence coverage.
Numerous strategies are available, including strong cation
exchange (SCX), peptide isoelectric focusing (plEF), and
SDS-PAGE. Similar to SCX peptide fractionation methods,
high-pH reversed-phase fractionation enables peptide
fractionation orthogonal to low-pH reversed-phased
separation. In contrast to SCX fractionation, samples
fractionated by high-pH reversed-phase fractionation do
not require desalting before

LC-MS analysis.

Magnetic TiO,
Phosphopeptide
Enrichment Kit

High pH Reversed-
Phase Peptide
Fractionation Kit

Target Phosphopeptides Phosphopeptides Phosphopeptides All peptides

Binding/labeling Metal-chelate affinity to Metal-oxide affinity to Metal-oxide affinity to Hydrophobic

mechanism phosphate groups phosphate groups phosphate groups interaction

Loading capacity/rxn* 0.5-5mg 0.5-3 mg 100 pg 10-100 pg

Base support IMAC-Agarose resin Spherical porous TiO, coated Hydrophobic polymer
TiO, bead magnetic particles based resin

Format Spin column Tip Magnetic bead Spin column

Processing time 45-60 min 45-60 min 15 min 30-60 min

* Based on a standard HelLa protein digest sample
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Phosphopeptide Enrichment Kits

Phosphopeptides have high hydrophilicity and are low in
abundance, resulting in poor chromatography, ionization,
detection, and fragmentation. Phosphopeptide enrichment
is therefore essential to successful MS analysis. We offer
a variety of ligand and formats for the enrichment of
phosphopeptides, including titanium dioxide (TiO,) and
Fe-NTA immobilized metal affinity chromatography (IMAC)
resins. Because of unique binding characteristics of each
ligand, Fe-NTA IMAC and TiO, phosphopeptide enrichment
kits bind a complementary set of phosphopeptides from
complex samples.

Choosing between the two ligands depends on the
researchers’ goals. Although these two ligands similar
numbers of phosphopeptides per sample, there is only
a 50% overlap between the identified phosphopeptides
(Figure 49). Although there is a slight bias using TiO,
enrichment toward multiply phosphorylated (i.e., two

or more) peptides (Figure 50), each ligand type clearly
has affinity for different phosphopeptide sequences. In
contrast to our TiO, tip or magnetic supports, Fe-NTA
spin columns have a much higher binding capacity and
are recommended if additional fractionation steps will be
utilized postenrichment for deeper proteome coverage
and the detection of low-abundance phosphopeptides
(Figure 51).

Phosphopeptide yield with increasing sample size per Fe-NTA microspin column

14,000

Sample preparation

Fe-NTA

4,929

4,364 TiO,

2

Figure 49. Fe-NTA and TiO, resins enrich a complementary

set of phosphopeptides. The Venn diagram shows the number of
phosphopeptides identified from 1.0 mg of peptides prepared from
nocodazole-treated Hel.a cells. Phosphopeptides were enriched with

the Thermo Scientific” High-Select™ Fe-NTA Phosphopeptide Enrichment
Kit and the High-Select” TiO, Phosphopeptide Enrichment Kit. Eluted
peptides were analyzed with Trap column and Thermo Scientific” Acclaim™
PepMap"” RSLC C18 (2 um, 100A, 75 um x 50 cm) on a Orbitrap Fusion
Tribrid Mass Spectrometer.
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Figure 50. The multiple phosphopeptides profile. Both the Fe-NTA kit
and TiO, kit effectively capture peptides with multiple phosphates. TiO,
enrichment had a slight bias toward multiple phosphopeptides.
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Figure 51. Enrichment and yield obtained from increasing sample
sizes. Each Fe-NTA column or TiO, spin tip can enrich phosphopeptides
from 0.5-5 mg or from 0.5-3 mg of a total protein digest in the starting
samples, respectively. Phosphopeptide yield, determined by the

Thermo Scientific” Pierce” Quantitative Colorimetric Peptide Assay

(Cat. No. 23275), was proportional to sample size with consistent >90%
selectivity. The Fe-NTA kit can enrich five times more phosphopeptides

than TiO, Kits; it is recommended for users who have >2 mg of complex

biological sample and need to get >50 pg phosphopeptide yield for further
process such as fractionation.
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High-Select Fe-NTA
Phosphopeptide Enrichment Kit

Fe-NTA format optimized for high-binding
capacity of phosphopeptides

The Thermo Scientific” High-Select” Fe-NTA
Phosphopeptide Enrichment Kit enables fast and efficient
enrichment of phosphorylated peptides with greater

than 90% specificity. This new and improved kit contains
preformulated buffers and ready-to-use spin columns that
provide a simplified and more rapid (45-60 min) procedure
to enrich phosphopeptides from protein digests or peptide
fractions for mass spec analysis. Each prefilled spin column
contains a phosphopeptide-specific resin that offers
excellent binding and recovery properties for enriching

up to 150 pg of phosphopeptides. Each column has a
loading capacity of 0.5-5 mg of a total protein digest and
phosphopeptide yields are typically 2-4% of the starting
sample. This kit fully complements our lysis, reduction,
alkylation, and digestion reagents, along with C18, graphite
spin, and high pH reversed-phase fractionation columns

to provide a complete workflow for phosphopeptide
enrichment.
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Highlights:
e Complete—kit includes all columns and buffers for
optimized phosphopeptide enrichment

e Convenient—prefilled spin-columns and ready-to-use
buffers enable easy sample processing

¢ High binding capacity—each column enriches up to
150 pg of phosphopeptides from 5 mg of protein digest

¢ High specificity—recover phosphopeptides with
>90% selectivity

e Excellent recovery—enriches more total and
unique phosphopeptides than other commercially
available resins

e Complementary—enriches a unique set of
phosphopeptides that complements our TiO, kit

Fe-NTA
9,000 1 ® 99 r 100
r 80
6,045
6,000 1 @70 1 —
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el = Total unique peptides
a £ i
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3,000 1 @
r 20
0 T )
Previous kit Newly optimized
@ 1g) (33 ng)

Figure 52. New High-Select Fe-NTA kit with significantly improved
selectivity and yield. The average selectivity is 95% + 2% per 1 mg of
Hela protein digest used for the enrichment. Phosphopeptide yield is
improved 4-fold with the new Fe-NTA kit.



High-Select TiO, Phosphopeptide
Enrichment Kit
TiO, spin tips selective for phosphopeptides

The Thermo Scientific™ High-Select” TiO, Phosphopeptide
Enrichment Kit enables efficient isolation of phosphorylated
peptides from complex and fractionated protein digests for
analysis by MS. This new and improved kit has eliminated
a toxic component and provides a simplified and more
rapid (45-60 min) procedure to enrich phosphopeptides
from protein digests or peptide fractions for mass spec
analysis. The spherical, porous TiO, resin spin tips and
optimized buffers provide enhanced identification and
enrichment of phosphopeptides with greater than 90%
specificity. Each tip has a loading capacity of 0.5-3 mg of
total protein digest and phosphopeptide yields are typically
1-3% of starting sample tip load. The easy-to-use protocol
produces a high yield of clean phosphopeptide samples
ready for MS analysis. This kit fully complements our lysis,
reduction, alkylation, digestion, and high-pH reversed-
phase fractionation columns to provide a complete
workflow for phosphopeptide enrichment.

Sample preparation

Highlights:
e Complete—kit includes all columns and buffers for
optimized phosphopeptide enrichment

e Convenient—spin-tip format enables parallel processing
of multiple samples

e Highly specific—recovers phosphopeptides with
>85% selectivity

¢ Complementary—TiO, enriches a unique set of
phosphopeptides that complements our Fe-NTA IMAC kit
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r 100
10,000 A ® o
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5 i 47 108 ®Selectivity (%)
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2,000 1,188 20
Thermo Scientific Millipore
TiO, ProteoExtract
Thermo
Scientific EMD Millipore
Selectivity 91% 47%
Phosphopeptides 6,908 1,188
Yield 9.4 ug 70 ug*

Binding capacity 3 pug/mg dry resin 15 pg/mg dry resin

* Interference in Pierce peptide

Figure 53. Effective enrichment of phosphopeptides by the
High-Select TiO, Kit. The High-Select TiO, Phosphopeptide Enrichment
Kit was used to enrich phosphopeptides from 1 mg of protein digest from
Hel a cell extract. The selectivity and yield of the kit was benchmarked
against the EMD Millipore ProteoExtract” Phosphopeptide Enrichment
TiO, Kit. The same amount (1 pg) of eluted phosphopeptide determined by
the Pierce” Quantitative Colorimetric Peptide Assay (Cat. No. 23275) was
analyzed on an Orbitrap Fusion Tribrid Mass Spectrometer.
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Pierce Magnetic TiO,

Phosphopeptide Enrichment Kit

TiO, magnetic particles for high-throughput
phosphopeptide isolation

The Thermo Scientific” Pierce™ Magnetic TiO,
Phosphopeptide Enrichment Kit is used for isolating
phosphopeptides from complex biological samples using
titanium dioxide (TiO,)-coated magnetic beads. The TiO,
ligand selectively binds peptides containing phosphorylated
serine (Ser), tyrosine (Tyr), or threonine (Thr), enabling
phosphopeptide enrichment from protease-digested
samples. The isolated phosphopeptides are compatible for
analysis downstream by MS (Table 38).

The high-performance superparamagnetic TiO, particles
are validated and optimized for use with high-throughput
magnetic platforms such as the KingFisher Flex
instruments. The beads also enable premium performance
for simple benchtop applications using an appropriate
magnetic stand.

Highlights:

e Complete MS-compatible kits—include ready-to-use
binding, wash, and elution buffers that are optimized for
phosphopeptide enrichment and downstream analysis by
MALDI and ESI MS

e Optimized for high-throughput screening—procedure
validated for processing 1-96 samples at a time;
complete entire assay in about 15 min using a KingFisher
Flex Instrument

e Stable affinity ligand—TiO, is specially coated as a fim
on the magnetic particles

e Selective—affinity system is selective for phosphorylated
Ser, Tyr, and Thr; exhibits minimal nonspecific binding to
acidic residues

e Sensitive—affinity format provides more than 1,000x
greater sensitivity than traditional IMAC technologies;
enables enrichment and MS measurement of less than
100 fmol of phosphoprotein

Table 38. Phosphopeptide enrichment improves MS identification
of phosphoproteins. Two milligrams of a tryptic digest prepared from
peripheral blood mononuclear cells (lymphocytes) with and without
phosphopeptide enrichment were analyzed by MS. Enrichment was
performed with the Pierce TiO, Phosphopeptide Enrichment Kit

using the KingFisher 96 Instrument. Samples were analyzed on a

LTQ Orbitrap Mass Spectrometer.

Enriched Unenriched

Total number of proteins identified 185 247
Total number of

phosphoproteins identified 160 1
Total number of peptides identified 2,347 2,457
Total number of

phosphopeptides identified 2,009 7
Total number of unique

phosphopeptides identified 177 1
Relative enrichment for

phosphopeptides (%) 86 0.3

o ATPase or
Transcription GTPase, 3%

factor, 11%

Structural, 2%

RNA, 8%

Receptor, 8% Binding, 44%

Phosphatase, 2%
Other function, 5%
Other enzyme, 5%

Kinase, 3%
DNA, 9%

Figure 54. Major protein functions identified in a phosphoprotein- and
phosphopeptide-enriched MS data set using the Pierce Magnetic
TiO, Phosphopeptide Enrichment Kit.

Learn more at thermofisher.com/peptidekits
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Pierce High pH Reversed-Phase
Peptide Fractionation Kit

Easy-to-use peptide fractionation kit that
reduces sample complexity and increases
protein identification

The Thermo Scientific” Pierce™ High pH Reversed-Phase
Peptide Fractionation Kit increases protein identification
from LC-MS analysis through orthogonal peptide
fractionation of complex peptide samples.

Highlights:
e Easy to use—resin provided in single-use spin
column format

¢ Improved protein identifications—protein
identifications increased by >50% when compared to
unfractionated samples

e Reproducible—elution profiles and fractional resolution
vary by less than 20%

e Optimized—robust procedure for maximal protein
identification and peptide recovery while minimizing
fractional overlap

e Compatible—reagents have been validated with a variety
of complex samples, including peptides labeled with
Thermo Scientific” Tandem Mass Tag” (TMT™) reagents

To enable deep proteome sequencing, it is often necessary
to reduce the sample complexity by fractionation in an
orthogonal dimension prior to LC-MS analysis. The Pierce
High pH Reversed-Phase Peptide Fractionation Kit uses
high-pH reversed-phase chromatography to separate
peptides by hydrophobicity and provides excellent
orthogonality to low-pH reversed-phase LC-MS gradients.
The kit is designed to improve protein identification
through the use of a proprietary reversed-phase resin

in an easy-to-use spin column format with a high-

pH fractionation protocol. In contrast to strong cation
exchange (SCX) fractionation, the high-pH reversed-phase
fractions do not require an additional desalting step before
LC-MS analysis.

Sample preparation

The Pierce High pH Reversed-Phase Peptide Fractionation
Kit includes a high-pH solution (0.1% triethylamine) and
12 spin columns containing pH-resistant reversed-
phase resin. Each reversed-phase fractionation spin
column enables fractionation of 10-100 ug of peptide
sample using a microcentrifuge. Native phosphorylated
samples labeled with TMT reagents and other complex
peptide mixture samples can be fractionated using

the kit. Combining the search results generated by the
individual fractions improves protein sequence coverage
and increases number of identified proteins relative to
unfractionated samples

Column conditioning Sample loading

(1) Acetonitrile (x2) Conditioned

(2) 0.1% TFA (x2) spin column )
Digest
sample
Centrifuge at Centrifuge at
5,000x g 3,000xg
(2 min) (2 min)
Flowthrough
fraction
Waste
Fractionation and elution Wash
Elution solution 1 Water
Centrifuge at
3,000xg
(2 min) Centrifuge at
Peptide elution with step gradient ?2’?231))( 9

Wash

fraction
1t 2 3 4 5 6 7 8

Sample fractions

Figure 55. Procedure summary. Peptides are bound to the hydrophobic
resin under aqueous conditions and desalted by washing the column

with water by low-speed centrifugation. A step gradient of increasing
acetonitrile concentrations in a volatile high-pH elution buffer is then
applied to the columns to elute bound peptides into 8 different fractions
collected by centrifugation. Each fraction is then dried in a vacuum
centrifuge and stored until analysis by MS. During LC-MS analysis,
peptides in each high-pH fraction are further separated using a low-pH
gradient, thus reducing the overall sample complexity and improving the
ability to identify low-abundance peptides.
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Figure 56. High-pH reversed-phase fractionation profile of 100 ug
Hela cell lysate tryptic digest. (A) Unique peptides and (B) protein
groups identified in each elution fraction compared to the total number of
identifications from a combined search of all elution fractions and a single
injection of unfractionated sample. Over 100% more unique peptides and
over 50% more protein groups are identified in the sample upon high-pH
reversed-phase fractionation compared to analysis of a no-fractionation
sample. (C) Excellent fractional resolution is attained, with only ~30%
fractional overlap. The analysis, performed using triplicate sample sets,
shows exceptional reproducibility, as indicated by the very narrow

error bars.

74

>
N
o
[=3
s)
)

|

30,000

25,000

20,000

15,000

Unique peptide IDs

10,000

5,000

B 5,500
5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500
0-

Protein group IDs

LT = SPAN S«
Q7P pr v 9 @ o

&
o ¢
Acetonitrile (%) @

C 100

80

Peptides (%)
in overlapping fractions

0— I I T T T
1 2 3 4 5 6 7 8

Number of fractions

Figure 57. High-pH reversed-phase fractionation profile of

100 ug Hela cell lysate tryptic digest labeled with TMT reagent.
(A) Unique peptides and (B) protein groups identified in each elution
fraction compared to the total number of identifications from a combined
search of all elution fractions and a single injection of unfractionated
sample. Over 100% more unique peptides and over 50% more protein
groups are identified in the sample upon high-pH reversed-phase
fractionation compared to analysis of a no-fractionation sample. (C)
Excellent fractional resolution is attained, with only ~30% fractionation
overlap. The analysis, performed using triplicate sample sets, shows
exceptional reproducibility, as indicated by the very narrow error bars.



Peptide clean-up

After isolation of peptides, salts
and buffers can be removed using
either C18 reversed-phase (RP) or
graphite resin,

The peptides bind to reversed-phase columns in high-
aqueous mobile phase; the salts and buffers are then
washed off, and the peptides are eluted using a high-
organic mobile phase. In RP, HPLC compounds are
separated based on their hydrophobic character. As very
hydophilic peptides, including phosphopeptides, may bind
to C18 resins poorly, graphite spin columns may provide
better peptide recovery.

However, C18 and graphite resins do not efficiently remove
contaminants such as detergents. Detergent removal from
peptide samples is a challenge, especially for MS analysis
in which even low detergent concentrations contaminate
instruments and interfere with column binding, elution,

and ionization.

Table 39. Peptide clean-up selection guide.

C18

Spin Tips

C18 Tips

Sample preparation

Detergent removal can be attempted in a number of
ways. Acetone or acid precipitation can be used for
proteins (not peptides) and generally has poor recovery.
lon exchange chromatography can be used to bind and
remove selective detergents, but only if they are anionic
or cationic detergents, such as SDS. These methods
can be somewhat labor- and/or time-intensive or

detergent-specific.

The Thermo Scientific” Pierce™ detergent removal products
contain a proprietary resin that specifically bind a wide
variety of detergents. The spin-column format provides

a convenient and rapid method for removing detergents
before downstream analysis.

C18
Spin Columns

Graphite
Spin Columns

Detergent Removal
Products

Primary application Concentrate, Concentrate,
desalt peptides desalt peptides

Format(s) Spin tip Tip

Resin bed volume 20 yL 100 pL

Binding capacity 10 pg 80 pg

or loading volume

Processing time 5-10 min 5 min

Concentrate,
desalt peptides
Spin column
8 mg
30 g

25 min

Concentrate, desalt
phosphopeptides
Spin column
10 mg (in 0.5 mL
of slurry)

100 pg

10 min

Remove detergents
Spin columns, spin
plates, loose resin
125 pl—4 mL slurry
0.1-1,000 mL

15 min
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Pierce C18 Spin Tips

Easy-to-use C18 spin tips for fast and efficient
clean-up of peptides for MS analysis

Thermo Scientific” Pierce™ C18 Spin Tips enable fast and
efficient capture, concentration, desalting, and elution of up
to 10 ug peptides per 20 pL sample for MS analysis.

Pierce C18 Spin Tips are 20 pl-capacity pipette tips

with accompanying adaptors for microcentrifuge sample
processing. The tips contain a C18 reversed-phase
sorbent that minimizes flow resistance and provides
excellent binding and recovery characteristics at a wide
range of peptide concentrations, upstream of MALDI or
nanoelectrospray ionization techniques. Sample clean-up
with C18 resin significantly improves protein analysis results
by removing urea, salts, and other contaminants before
MS. Each Pierce C18 Spin Tip has a 20 pL volume capacity
with a 10 ug peptide-binding capacity.

Highlights:

e Rapid—C18 fast-flow tips have low resistance and
improved flow characteristics compared to other
commercially available tips

¢ High capacity—up to 10 pg peptide per 20 pL solution

e Convenient—spin tips come with tip adaptors for
easy centrifugation

e Cleaner sample—device design filters out particulates
that can cause autosampler and column clogging
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Pierce C18 Spin Tips offer excellent flow properties with

a high-efficiency C18 sorbent for fast wetting, loading,
washing, and eluting. Sample is simply loaded in prepared
tip and washed and eluted using multiple centrifugation
steps. The procedure is simple and typically requires

less than 5 min to process protein digests, strong cation-
exchange fractions, and other protein and peptide samples
for mass spectrometric analyses. The unique tip design
also removes any particulates in the sample, eliminating
clogging of the auto sampler or column upstream of

the MS.

Pierce C18 Spin Tips
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Figure 58. Pierce C18 Spin Tips outperform other popular C18 tips.
BSA tryptic digests were analyzed on a Thermo Scientific” LTQ Orbitrap”
XL ETD Mass Spectrometer after processing 10 pg aliquots of the same
digest with Pierce C18 Spin Tips or ZipTip" Pipette Tips (10 pL tips with

0.6 pL C18 resin; EMD Millipore). Base peak chromatograms of the peptide
elution were extracted from the data sets to evaluate sample complexity
and chromatographic resolution. MS results were analyzed using the
SEQUEST" search engine and the SwissProt” database to determine
protein sequence coverage.



Pierce C18 Tips

Monolithic C18 sorbent in a pipette tip for fast
sample desalting and concentrating

Thermo Scientific” Pierce™ C18 Tips enable efficient
purification of peptides and small proteins before MS.
They provide a reproducible method for capturing,
concentrating, desalting, and eluting femtomole to
nanomole quantities of peptides for improved data
generation and analysis. The Pierce C18 Tips have unique
monolithic C18 sorbent technology and offer superior

flow and exceptional binding capacity, delivering uniform
flow and strong analyte-to-surface interactions. They

are designed to consistently achieve better sequence
coverage, higher peak intensities, and improved peptide
capture for accurate protein identification. With the quick
and easy-to-use protocol, peptides and small proteins bind
to the C18 resin while contaminants are washed away. The
target peptides are then recovered in their concentrated
and purified form with an aqueous, organic solvent blend.

Highlights:
e Better sequence coverage—obtain high sequence
coverage for more reliable protein identification

e Higher peak intensities—assure correct protein
identification with significant signal improvements

¢ Increased recoveries—isolate more peptides using
superior binding capacity of Pierce C18 Tips

¢ Flexible tip formats—available in 10 and 100 pL
bed volumes for processing up to 8 or 80 pg of
samples, respectively

e Expandable—our design conveniently adapts to a
variety of automated liquid-handling systems with
pipetting stations for maximum performance, speed, and
hands-off convenience

Improve protein analysis results with Pierce C18 Tips
by removing urea, salts, and other contaminants before
MS analysis (Figures 59 and 60). The tips are ideal for
matrix-assisted laser desorption ionization (MALDI) or
nanoelectrospray ionization techniques.

Sample preparation
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Figure 59. Removing urea and NaCl eliminates interference in MS
chromatograms. A bovine serum albumin (BSA) tryptic digest was
analyzed on a Thermo Scientific” MALDI-Orbitrap™ XL Hybrid Mass
Spectrometer. Digests and samples containing 150 mM NaCl and 4 M urea
were analyzed with or without processing with Pierce C18 Tips (10 pL).
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Figure 60. Pierce C18 Tips outperform other suppliers’ tips.

BSA tryptic digests were analyzed either directly on a Thermo

Scientific” LTQ XL" lon Trap Mass Spectrometer or after processing with
Pierce C18 Tips (100 pL) or supplier X tips. Base peak chromatograms of
the peptide elution were extracted from the data sets to evaluate sample
complexity and chromatographic resolution. MS results were analyzed with
Matrix Science Mascot software and the SwissProt Release 52 database
to determine protein sequence coverage.
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Pierce C18 Spin Columns

Purify and/or concentrate multiple peptide
samples in less than 30 min

Peptide samples can be purified and concentrated for a
variety of applications using Pierce C18 Spin Columns.
Each spin column contains a porous C18 reversed-phase
resin with excellent binding and recovery characteristics
for a wide range of peptide concentrations. The spin
column format allows simultaneous processing of multiple
samples (10150 pL) in approximately 30 min without
laborious repeat pipetting or specialized equipment.
Pierce C18 Spin Columns can be used effectively for

processing peptides derived from 10 ng to 30 g of protein.

Sensitivity and detection limits are dependent on the
downstream application.

Highlights:

¢ Removes MS-interfering contaminants—helps to
reduce signal suppression and improves signal-to-noise
ratios and sequence coverage; works on a variety of
reversed-phase—compatible contaminants

e Robust—works with a wide variety of load volumes
(10150 pL) and concentrations; no need to reduce
sample volume before application

1. Activate resin 2. Equilibrate resin

Wet resin with 200 pL
50% methanol or 50% ACN.
Centrifuge and repeat.
3-5min

Equilibrate resin with
200 pL 5% ACN, 0.5% TFA.
Centrifuge and repeat.
3-5min

Figure 61. Thermo Scientific Pierce C18 Spin Column protocol summary.
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3. Bind sample

Load 10-150 pL of
sample to wetted resin.
Centrifuge and repeat.

3-5min

e Convenient—easy to handle and requires no
special equipment for processing multiple samples
simultaneously (unlike tip-driven systems that require
samples to be processed one at a time)

e Sensitive—special C18 resin allows for excellent
recovery percentages, even at low (sub-picomole)
sample loads
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Figure 62. Effective clean-up of MS sample with Pierce C18 Spin
Columns. (A) MALDI-TOF MS analysis of an unknown protein isolated
from a mitochondrial extract separated by 2D electrophoresis and
subjected to in-gel tryptic digestion followed by processing with Pierce
(C18 Spin Columns. (B) MALDI-TOF MS analysis of an identical digest that
has not been C18 processed.

5. Elute

6. Dry and
=» resuspend for
MS analysis

Wash resin with 200 pL
0.5% TFA in 5% ACN. 20 pL. 70% ACN.
Centrifuge and repeat. Centrifuge and repeat.
1-2 additional times. 3 min
5 min

Elute sample using



Pierce Graphite Spin Columns

Graphite spin columns efficiently purify and
concentrate hydrophilic phosphopeptides

™ ™

The Thermo Scientific” Pierce™ Graphite Spin Columns
enable fast and efficient capture, concentration,

desalting, and elution of hydrophilic peptides. The five-
step procedure is simple and requires less than 10 min

to process. These columns are ideal for improving mass
spectrometric analyses of samples from protein digests
(Figure 63), strong-cation exchange fractions, and enriched
phosphopeptides eluted from TiO, and immobilized metal
affinity chromatography (IMAC) columns and tips.

Highlights:
e Convenient—spin format enables parallel processing of
multiple samples

¢ High-binding capacity—excellent recovery of up to
100 pg of hydrophilic peptides per column

e Efficient—porous graphite resin enables efficient clean-
up of phosphopeptide samples before MS analysis

C18 resins and tips, commonly used to desalt peptides,
do not efficiently capture hydrophilic peptides, like
phosphopeptides. The Pierce Graphite Spin Columns
improve phosphopeptide analysis by efficiently binding
hydrophilic peptides and efficiently removing urea, salts,
and other contaminants before MS analysis (Figure 64).
The spin columns are ideal for MALDI or nanoelectrospray
ionization techniques.

Sample preparation
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Figure 63. Graphite clean-up enables phosphopeptide identification.
U20S human osteosarcoma cells synchronized at the G,/M boundary with
nocodazole (200 ng/mL, 36 hr) were lysed with 6 M guanidine-HCI. After
enzymatic protein digestion (100 ug), phosphopeptides were enriched

with IMAC and desalted with Pierce Graphite Spin Columns or C18 tips
before LC-MS/MS analysis on an LTQ Orbitrap XL Mass Spectrometer.
Representative spectra is shown for a phosphopeptide not observed after
C18 clean-up. A novel doubly phosphorylated peptide was identified within
the putative ATP-binding site of cyclin dependent kinase cdc2 (CDK1). This
phosphopeptide is not present in Phospho.ELM version 8.2 database.
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Figure 64. Improved recovery of representative hydrophilic
phosphopeptides using graphite spin columns. Stable isotope-labeled
A3 and B9 peptides (10 pmol) were acidified with 1% trifluoroacetic acid,
processed according to instructions for C18 tips or the Pierce Graphite
Spin Columns, and eluted with 50% acetonitrile/0.1% formic acid. The
corresponding heavy isotope—labeled peptides (5 pmol) were spiked in
the eluate, dried, and resuspended in 0.1% formic acid. Samples were
analyzed by targeted LC-MS/MS with the Orbitrap XL Mass Spectrometer
to quantitate percent recovery. Peptides: A3= RPRAAPTFPFR’,

B9 = RTPKDpSPGIPPFR”.

*Position of heavy isotope-labeled amino acid used for absolute MS quantitation.

Learn more at thermofisher.com/peptidecleanup
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Detergent removal products Highlights:
¢ High performance—removes detergent with >90%
The Thermo Scientific” Pierce™ Detergent Removal Resins recovery and no sample dilution

are provided in convenient spin-column or plate formats
that quickly and efficiently remove ionic, nonionic, and/or
zwitterionic detergents from protein or peptide samples
to improve compatibility with downstream applications. e Optimized—separate formulations for samples with
Two formulations are available that are optimized to peptide concentrations < or >100 ug/mL

remove detergents from peptide samples with different
concentration ranges. The Thermo Scientific” HIPPR™ (high
protein and peptide recovery) products are recommended
for peptide samples </= 100 ug/mL. The standard Pierce e Convenient—simple method that helps to improve MS
Detergent Removal Resin products are ideal for peptide peptide coverage

samples >100 pyg/mL.

¢ Versatile—effectively removes a wide variety of
detergents from peptide or protein samples

¢ Flexible—available in various formats, including spin
columns, 96-well spin plates, and loose resin

Table 40. Detergent removal product selection guide.

HiPPR HiPPR HiPPR Pierce Pierce
Detergent Detergent Detergent Detergent Pierce Detergent

Removal Spin Removal Spin Removal Spin Removal Spin Detergent Removal Spin
Columns Kit Plates Columns Removal Resin Plates

L)
Sample 100 pL 25-200 pL 100 pL 10-25 pL 10-2,500 pL 20-100 pL
volume 25-100 pL
range(s) 150-500 pL
500-1,000 pL
Recommended 1-100 pg/mL 1-100 pg/mL 1-100 pg/mL >100 pg >100 pg >100 pg
peptide sample
concentration
range
Format Pre-filled spin 5 mL resin + 96-well pre-filled Pre-filled spin 10 mL resin 96-well pre-filled
columns 0.8 mL empty spin plate columns spin plate
spin columns
Resin bed 0.1 mL 0.025-0.2 mL 0.1 mL 0.125 mL 0.125 mL=10 mL 0.55 mL
volume(s) 0.5 mL
2mL
4 mL
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Spin columns, loose resin, and kits

™

The Thermo Scientific” HIPPR"™ Detergent Removal Resin is
available in a predispensed 0.1 mL format or as a kit with
bulk resin and empty spin columns for customizing filling
and processing. The Pierce Detergent Removal Resin is
available in four convenient prepacked column sizes for

Discard Discard

1. Centrifuge for 1 min
at 1,500 x g to remove
the storage buffer.

2.Add 0.4 mL equilibration buffer,
centrifuge at 1,500 x g for 1 min
and discard the flow-through.
Repeat two additional times.

Sample preparation

quick and easy sample processing; simply remove storage
buffer, wash resin with equilibration buffer, add sample,
incubate, and obtain detergent free sample upon final
centrifugation. The resin is also available in a loose resin
(10 mL pack size) for customized applications or columns.

s

3. Add detergent-containing
sample (25-100 pL) and
incubate for 2 min at
room temperature.

4. Centrifuge at 1,500 x g for 2 min
to collect the detergent-free sample
for downstream applications.

Figure 65. Protocol summary for Pierce Detergent Removal Spin Columns (0.5 mL).

96-well spin plates

The prepacked Thermo Scientific” HIPPR™ and Pierce™
96-Well Detergent Removal Spin Plates do not require resin
hydration or dispensing, and offer the same high protein

e

. Remove the bottom seal and stack
the detergent removal plate on top
of a wash plate. Remove the top seal
and centrifuge.*

centrifuge. Discard the flow-through.
Repeat this step two times.

*Centrifugations are performed for 2 min at 1,000 x g.

Figure 66. Protocol summary for Pierce Detergent Removal Spin Plates.

2. Add 300 pL of buffer to each well and 3. Stack the detergent removal plate on top

and peptide recovery as the spin-column format. Each
plate can process up to 96 samples simultaneously, using
25-100 pL of sample per well.

4. Recover the detergent-free sample
of a sample collection plate. Apply sample for downstream analysis.
and incubate at room temperature for

2 min. Centrifuge to remove detergent.

Learn more at thermofisher.com/detergentremoval
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Protein sample preparation

Peptide clean-up

Table 41. Results using HiPPR Detergent Removal Resin. Each
column and well plate contained ~550 pL of detergent-removal resin
slurry and 0.1 mL of sample. Similar results were obtained with both
process formats.

BSA
recovery

Detergent

Detergent

Process concentration removal

Table 42. Results using the standard Thermo Scientific” Pierce”
Detergent Removal Spin Column, 0.5 mL. Detergent removal efficiency
and protein recovery. BSA sample (25-200 pL) + detergent in 0.15 M
NaCl, 0.05% sodium azide was mixed with an equal volume of detergent
removal resin (2x volume for CHAPS removal) and processed

as shown in the protocol (page 81).

format’ Detergent (%) (%) (%) Sample Protein Detergent Protein
0.5 mL Sodium volume quantity removal recovery
spin deoxycholate 9 99 100 Detergent (WL) (ng) (%) (VO]
column gty 5 99 90 SDS (1%) 25 0.375 >99 98
go'ufcl’s'de 50 0.75 >99 97
Cty
thioglucoside = . 100 1.5 >99 100
Laury! ; o8 9 200 3.0 >99 100
maltoside Triton 25 0.375 >95 82
Triton X-114 2 95 100 X-100 (1%) 50 0.75 505 86
Brij-35 1 99 97 100 1.5 >95 86
Tween 20 0.25 €fe) 87 200 3.0 ~95 93
ggi-:'e" SDS 5 99 89 NP-40 25 0.375 95 90
. 3 o
plate Triton X-100 4 99 100 (0.75%) 50 0.75 % 04
NP-40 1 95 100 100 15 97 o1
CHAPS 5 99 100 '
200 3.0 97 97
CHAPS 25 0.375 95 64
0,
e 50 0.75 97 70
100 1.5 98 78
200 3.0 98 5]
6.65
123 575 090 ;49
: No detergent unprocessed
60 520 9.08
416 914
:g 252 2.61 409 1655
3% 1018 1263 1463 1684 1976
S 100 1572 16.00 100 1.57
° 0.5% SDS d . 9T 2,99
E Zg +0.5% Triton X-100 unprocessed 11661_§3 Zg * unprocesse 8558.66 9.;;'33
: 40 771 1695 16.71 40 13.15 16.60 18.74
2 0 o a0 500 810 651 g4 951 1029 e - 17.22 1770 203 147 188 288 o0 s 521 710 1988 07
© odc™ : - : 0 -
B 100 679 802 100 676
2 649  7.76 0.5% SDS d
80 589 637 789 9.73 +0.5% Triton X-100 processed 80 563 ! processe
60 5.36 920 60 5.06 9.15
:g 2.60 3.03 39 16.79 40 4.19 068
03026 : 9.98 11.78 1400 1660 17.09  19.82 203 45 201 409 ' 9'171‘;4 1267 1393 1630 O°° 1680 19.96

Figure 67. Results using HiPPR Detergent Removal Resin. BSA
(100 pg/mL) tryptic digests were prepared without detergent, in the
presence of 0.5% Triton” X-100 or spiked with 0.5% SDS following
enzymatic digestion. Samples (0.1 mL) containing detergent were

82

processed with the HIPPR Detergent Removal Resin and compared
to unprocessed or detergent-free samples by LC-MS/MS. Results
demonstrate that detergent removal is effective and produces results
similar to those observed for samples containing no detergent.



No detergent, unprocessed

No detergent, unprocessed

+ 1% lauryl maltoside, unprocessed

+ 1% lauryl maltoside, unprocessed

Lauryl maltoside, processed

Lauryl maltoside, processed

Sample preparation

+1% NP:

+ 1% NP-40, unprocessed NP-40, processed

-40, unprocessed NP-40, processed

Base peak LC-MS Figure 68. Results using the standard Pierce Detergent Removal Spin Column, 0.5 mL. Tryptic digests (0.1 mL,

chromatograms

100 pg) containing detergent were each processed through 0.5 mL of Pierce Detergent Removal Resin and subjected

to LC-MS/MS analysis. Top row: Base peak LC-MS chromatograms. Bottom row: Integrated mass spectra. Similar
Integrated results were produced for Thermo Scientific” Brij"-35 detergent, octyl glucoside, octyl thioglucoside, and SDS (data
mass spectra not shown).
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Figure 69. Results using HiPPR Detergent Removal Resin. BSA

(25 and 100 pg/mL) was digested in the presence and absence of
detergents, and the samples were processed for LC-MS/MS analysis.
Effective detergent removal resulted in greater peptide identification and

high Mascot scores.
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SDS-processed
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Figure 70. Results using Pierce Detergent Removal Spin Columns,
0.5 mL. A tryptic digest of HelLa cell lysate (0.1 mL, 100 pg) containing

1% SDS was processed through 0.5 mL of Pierce Detergent Removal
Resin and subjected to LC-MS/MS analysis. The processed sample

allowed similar numbers of identified peptides as digests containing no
SDS. Peptide identification is greatly reduced in sample containing SDS.
Effective detergent removal enables greater peptide identification.
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Protein sample preparation

Peptide quantitation assays

For workflows utilizing isobaric labeling
or label-free protein quantitation
protocals, it is important to measure
peptide concentration following protein
digestion, enrichment, and/or C18
clean-up steps in order to normalize
sample-to-sample variation.

In particular, for experiments utilizing isobaric labeling, it is
critical to ensure that equal amounts of sample are labeled
before mixing in order to have accurate results.

Similar to protein assay methods, different methods

are available for determining peptide concentration.
Historically, UV-Vis (A,,,) or colorimetric, reagent-based
protein assay techniques have been employed to measure
peptide concentrations. BCA and micro-BCA have often
been used, and although these work well for protein
samples, these reagents are not designed for accurately
detecting peptides.

Table 42. Peptide quantitation assay selection guide.

Colorimetric Peptide Assay

Recently, two powerful assays have been developed: the
Thermo Scientific” Pierce™ Quantitative Peptide Assays
(colorimetric or fluorometric microplate assay), both of
which are easy-to-use kits designed specifically for the
quantitation of peptide mixtures.

When choosing between the two assay kits, there are
several important criteria to consider:

e Compatibility with the sample type, components,
and workflows

e Assay range and required sample volume

e Speed and convenience for the number of samples to
be tested

¢ Availability of the spectrophotometer or fluorometer
needed to measure the output of the assay

Fluorometric Peptide Assay

Measurement

Linear range

Sensitivity 15 pg/mL
Minimum sample volume required 20 uL

Amount detected at minimum sample volume
Assay time
Key feature

30 min

Colorimetric (480 nm)
15-1,000 pg/mL

300 ng peptide

Recommended for peptides labeled

Fluorescent (Ex/Em 390/475 nm)
5-1,000 pg/mL

5 pg/mL

10 pL

50 ng peptide

5 min

Recommended for single peptides

with TMT reagents
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Pierce Quantitative Peptide Assays

Novel colorimetric or fluorometric assays for
simple, sensitive peptide quantitation

The Pierce Quantitative Peptide Assays are easy-to-use,
colorimetric, or fluorometric microplate assay designed
specifically for the quantitation of peptide mixtures.

Highlights:

¢ Sensitive—accurately detect as low as 5 pg/mL
(fluorometric assay) or 25 ug/mL (colorimetric assay) of
peptide mixtures

¢ Robust—assay performance rigorously tested using
peptide digest mixtures

e Validated standard—each kit includes a validated
peptide digest standard for improved reproducibility
of quantitation

e Compatible—can be used directly with most MS sample
preparation reagents (Table 1); colorimetric assay is ideal
for normalizing peptides labeled with TMT reagents

e Convenient—easy mix-and-read-format; signal is stable
and may be read within 5 min (fluorometric assay) or
15 min (colorimetric assay)

The Pierce Quantitative Colorimetric Peptide Assay
provides modified BCA reagents for the reduction of

Cu* to Cu' and a proprietary chelator optimized for the
quantitation of peptide mixtures. In this reaction, the
copper is first reduced by the amide backbone of peptides
under alkaline conditions (Biuret reaction), followed by the
proprietary chelator coupling with the reduced copper to
form a bright red complex with absorbance at 480 nm.
The signal produced from this reaction is 3- to 4-fold more
sensitive than the Thermo Scientific” Pierce™ Micro BCA
Protein Assay for peptide analysis. This colorimetric peptide
assay requires a small amount of sample (20 uL) and has a
working peptide concentration range of 25—1,000 pug/mL.
The assay’s sensitivity, low sample assay volume, and
included reference standard enable accurate and robust
measurement of peptide digest samples, especially for

MS applications.

The Pierce Quantitative Fluorometric Peptide Assay

Sample preparation

reagents include peptide assay buffer, fluorescent peptide
labeling reagent, and a peptide digest assay standard for
the quantitative measurement of peptide concentrations.
In this assay, peptides are specifically labeled at the amino
terminus using an amine-reactive fluorescent reagent, and
the fluorescently labeled peptides are detected at Ex/Em
390/475 nm. Because of the labeling mechanism of the
fluorescent assay reagent, this assay is suitable for the
quantitative measurement of synthetic peptides as well

as peptide digest mixtures. This sensitive assay requires
only 10 pL of sample, produces a linear response with
increasing peptide concentrations (5—1,000 pg/mL), and
results in a stable final fluorescence that can be detected in

as quickly as 5 min.

Both kits contain a high-quality peptide digest reference
standard to generate linear standard curves and

calibration controls.

Table 43. Compatibility of Pierce Quantitative Peptide Assays with
commonly used reagents in MS.

Acetone
Acetonitrile

Ammonium acetate

Ammonium
bicarbonate

DMSO

DTT (dithiothreitol)
EDTA

Formic acid
Guanidine
lodoacetamide
Methanol

SDS

Sodium azide
TCEP

TEA acetate

TEA bicarbonate
Trifluoroacetic acid
Tris

Urea

Compatible concentration

Colorimetric assay

50%
50%
Not compatible

50 mM

50%

Not compatible
5 mM
0.50%

0.25 mM
1M
25%
1%
1%

Not compatible
5mM
5mM
0.50%

100 mM
1M

Fluorometric assay

25%
50%
100 mM

50 mM

50%
10 mM
25 mM
0.10%
1mM

100 mM

25%

1%
1%
10 mM
100 mM
100 mM
0.20%
Not compatible
1M
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Peptide quantitation assays
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Figure 66. Sensitivity of the Pierce Quantitative Colorimetric Peptide Assay. (A) Sensitivity of Pierce Quantitative Colorimetric Peptide Assay
compared to the Pierce Micro BCA Assay using BSA Digest. (B) Quantitation comparison between Pierce Quantitative Peptide Assays using 12 different
cultured mammalian cell lysates.
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Figure 72. Standard curves for Pierce Fluorometric Peptide Assay. (A) Pierce Peptide Digest Assay Standard curves using the Pierce Quantitative
Fluorometric Peptide Assay. (B) Quantitation of individual peptides using the Pierce Quantitative Fluorometric Peptide Assay.
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Ordering information

Sample preparation

Product Quantity Cat. No. Product Quantity Cat. No.
Sample lysis and protein extraction Protein enrichment using IP (IP-MS)
Pierce Mass Spec Sample Prep Kit for 20-rxn kit 84840 Pierce Antibody Biotinylation Kit for IP 1 unit 90407
Cultured Cells Pierce MS-Compatible Magnetic IP Kit 40 reactions 90408
Mem-PER Plus Membrane Protein Kit 89842 (Streptavidin)
Extraction Kit Pierce MS-Compatible Magnetic IP Kit 40 reactions 90409
Subcellular Protein Fractionation Kit Kit 78840 (Protein A/G)
for Cultured Cells Dynabeads Antibody Coupling Kit Kit 14311D
I}? VIew ?_dﬁltlonal p?‘* S'Zei and ptrodutgts, goto Dynabeads Co-Immunoprecipitation Kit 40 reactions  14321D

ermofisher.com/msproteinextraction Low Protein Binding Microcentrifuge 250 tubes 90410

— . Tubes, 1.5 mL
Inhibitor cocktails and tablets Low Protein Binding Microcentrifuge 10 x 250 90411
Halt Protease Inhibitor Cocktail (100X) 1mL 87786 Tubes, 1.5 mL tubes
Halt Protease Inhibitor Cocktail (100X), 1 mL 87785 To view additional pack sizes and products, go to
EDTA-free thermofisher.com/ipms
Pierce Protease Inhibitor Mini Tablets 30 tablets A32953
Pierce Protease Inhibitor Tablets 20 tablets A32963 Active site probes labeling and enrichment
Pierce Protease Inhibitor Mini Tablets, 30 tablets A32955 Pierce Kinase Enrichment Kit 16-rxn kit 88310
EDTA-free with ATP Probe
Pierce Protease Inhibitor Tablets, EDTA-free 20 tablets A32965 ActivX Desthiobiotin-ATP Probe 16x12.6 ug 88311
Halt Phosphatase Inhibitor Cocktail (100X) 1mL 78420 Pierce Kinase Enrichment Kit 16-rxn kit 88312
Pierce Phosphatase Inhibitor Mini Tablets 20 tablets A32957 with ADP Probe
Halt Protease and Phosphatase Inhibitor 1mL 78440 ActivX Desthiobiotin-ADP Probe 16x99pug 88313
Cocktail (100X) Pierce GTPase Enrichment Kit 16-rxn kit 88314
Halt Protease and Phosphatase Inhibitor 1mL 78441 with GTP Probe
Cocktail (100X), EDTA-free ActivX Desthiobiotin-GTP Probe 16x129ug 88315
Pierce Protease and Phosphatase Inhibitor 30 tablets A32959 ActivX Azido-FP Serine Hydrolase Probe 3.5 ug 88316
Mini Tablets ActivX Desthiobiotin-FP Serine 4.6 ug 88317
Pierce Protease and Phosphatase Inhibitor 30 tablets A32961 Hydrolase Probe
Mini Tablets, EDTA-free ActivX TAMRA-FP Serine Hydrolase Probe 6.8 g 88318
To view additional pack sizes and products, go to t ActivX Desthiobiotin-ATP, -ADP, and -GTP Probes are exclusively licensed from Activk
thermofisher.com/inhibitorcocktails Biosciences Inc. to Thermo Fisher Scientific for research use only.
To view additional pack sizes and products, go to
Protein assay kits thermofisher.com/activesiteprobes
Pierce BCA Protein Assay Kit 500 mL kit 23227
Pierce Micro BCA Protein Assay Kit Kit 23235 Crosslinkers
To view additional pack sizes and products, go to Rii\%’suﬁc&cﬂﬁyl suberate), 8x2mg 21658
thermofisher.com/bca .g —
BS3 (bis(sulfosuccinimidyl) suberate), 8x2mg 21585

Abundant protein depletion No-Weigh Format

, U Lo : BS3-d, BS3-d, (bis(sulfosuccinimidyl) 10 mg 21595
Pierce Albumin Depletion Kit 24-rxn kit 85160 2,2,7,7-suberate-d,)
Pierce Top 2 Abundant Protein 6 columns 85161 DSG (disuccinimidyl glutarate) 50 mg 20593
Depletion Spin Columns BS2G-d, (bis(sulfosuccinimidyl) glutarate) 10 mg 21610
PleroelTop 2Abundant Protein 24 columns 85162 BS2G-d, (BS2G-d_ (bis(sulfosuccinimidyl) 10 mg 21615
Depletion Spin Columns 4 4
Pierce Top 12 Abundant Protei 6 col 85164 2.244-gltarate-d,

ierce Top undant Protein columns ; P .
Depletion Spin Columns DSSQ (dlsuclzcl:lmmldyl SU|fIOXIde) 10x1mg A33545
Pierce Top 12 Abundant Protein 24 columns 85165 To view additional pack sizes and MWCOs, go to

Depletion Spin Columns

To view additional pack sizes and products, go to
thermofisher.com/msdepletion

thermofisher.com/mscrosslinkers
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Protein sample preparation

Ordering information

Product Quantity Cat. No.
Protein gels

NUPAGE Bis-Tris Mini Gels Multiple Multiple
NUuPAGE Bis-Tris Midi Gels Multiple Multiple
NUPAGE Tris-Acetate Mini Gels Multiple Multiple
NUPAGE Tris-Acetate Midi Gels Multiple Multiple
Bolt Bis-Tris Plus Gels Multiple Multiple
To view additional products, go to

thermofisher.com/proteingels

Protein standards

PageRuler Unstained Low Range 2 x 250 pL 26632
Protein Ladder

PageRuler Unstained Protein Ladder 2 x 250 yL 26614
NativeMark Unstained Protein Standard 5 x50 pL LC0O725
PageRuler Prestained Protein Ladder 2 x 250 L 26616
PageRuler Plus Prestained Protein Ladder 2 x 250 pL 26619
HiMark Prestained Protein Standard 250 pL LC5699
Spectra Multicolor Broad Range 2 x 250 yL 26634
Protein Ladder

Spectra Multicolor High Range 2 x 250 pL 26625
Protein Ladder

MagicMark XP Western Protein Standard 250 pL LC5602

Product Quantity Cat. No.
Dialysis devices, cassettes, and flasks

Slide-A-Lyzer MINI Dialysis Devices, 50 devices 69570
10K MWCO, 0.1 mL

Slide-A-Lyzer MINI Dialysis Devices, 25 devices 88401
10K MWCO, 0.5 mL

Slide-A-Lyzer MINI Dialysis Devices, 25 devices 88404
10K MWCO, 2 mL

Slide-A-Lyzer G2 Dialysis Cassettes, 10 cassettes 87727
7K MWCO, 0.5 mL

Slide-A-Lyzer G2 Dialysis Cassettes, 10 cassettes 87728
7TKMWCO, 3 mL

Slide-A-Lyzer G2 Dialysis Cassettes, 8 cassettes 87729
0.5K MWCO, 0.5 mL

Slide-A-Lyzer G2 Dialysis Cassettes, 6 cassettes 87730
3K MWCO, 3 mL

Slide-A-Lyzer G2 Dialysis Cassettes, 6 cassettes 87731
15K MWCO, 15 mL

Slide-A-Lyzer G2 Dialysis Flask, 4 flasks 87762
10K MWCO, 250 mL

To view additional pack sizes and MWCOs, go to
thermofisher.com/dialysis

Desalting products

Zeba Spin Desalting Columns, 25 columns 89877
7K MWCO, 75 pL

Zeba Spin Desalting Columns, 25 columns 89882
7K MWCO, 0.5 mL

Zeba Spin Desalting Columns, 25 columns 89890
7K MWCO, 2 mL

Zeba Spin Desalting Columns, 25 columns 89892
7K MWCO, 5 mL

Zeba Spin Desalting Columns, 25 columns 89894
7K MWCO, 10 mL

Zeba 96-well Spin Desalting Plates, 2 plates 89807
7K MWCO

Zeba Chromatography Cartridges, 5 cartridges 89934
7K MWCO, 1 mL

Zeba Chromatography Cartridges, 5 cartridges 89935
7K MWCO, 5 mL

Zeba Spin Desalting Columns, 25 columns 87764
40K MWCO, 75 pL

To view additional pack sizes and MWCOs, go to
thermofisher.com/desalting

Protein concentrators

Pierce Protein Concentrators PES, 25/pkg 88513
10K MWCO, 0.5 mL

Pierce Protein Concentrator PES, 24/pkg 88517
10K MWCO, 2-6 mL

Pierce Protein Concentrator PES, 24/pkg 88528
10K MWCO, 5-20 mL

Pierce Protein Concentrator PES, 4/pkg 88535

10K MWCO, 20-100 mL

To view additional pack sizes and MWCOs, go to

thermofisher.com/concentrators
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Sample preparation

Product Quantity Cat. No. Product Quantity Cat. No.
Stains Peptide clean-up
Pierce Silver Stain for Mass Spectrometry 1 L kit 24600 Pierce C18 Spin Tips 96 tips 84850
Imperial Protein Stain 1L 24615 Pierce C18 Tips, 10 pL bed 8 tips 87781
To view additional pack sizes and products, go to Pierce C18 Tips, 10 pL bed 96 tips 87782
thermofisher.com/proteinstains Pierce C18 Tips, 100 pL bed 8 tips 87783

o . Pierce C18 Tips, 100 yL bed 96 tips 87784
Protein digestion Pierce C18 Spin Columns 25 columns 89870
Pierce Trypsin Protease, MS Grade, Frozen 100 pg 90305 Pierce C18 Spin Columns 50 columns 30873
Pierce Trypsin Protease, MS Grade 5x20 ug 90057 Pierce Graphite Spin Columns 30 columns 88302
Pierce Trypsin Protease, MS Grade 5x 100 ug 90058 Pierce 96-Well Detergent 2 plates 88304
Pierce Trypsin Protease, MS Grade 1mg 90059 Removal Spin Plates
Lys-C Protease, MS Grade 20 ug 90051 Pierce Detergent Removal 25 columns 87776
Pierce LysN Protease, MS Grade 20 g 90300 Spin Column, 125 pL
Pierce LysN Protease, MS Grade 5 x 20 pg 90301 Pigrce Detergent Removal 25 columns 87777
Asp-N Protease, MS Grade 2 ug 90053 Epln C%Iutmn, OI?FTL I 5 ool 57778

ierce Detergent Removal columns
Glu-C Protegse, MS Grade 5x10 ug 90054 Spin Column, 2 mL
Chymotrypsin Protease, MS Grade 4 x25 g 90056 Pierce Detergent Removal 5 columns 87779
In-Gel Tryptic Digestion Kit Kit 89871 Spin Column, 4 mL
In-Solution Tryptic Digestion and Kit 89895 Pierce Detergent Removal Resin 10 mL 87780
Guanidination Kit HiPPR Detergent Removal 54 columns 88305
Bond-Breaker TCEP Solution, Neutral pH 5mL 77720 Spin Column
Pierce DTT (Dlthlothreﬁol), NO—Weigh Format 48 x 7.7 mg 20291 HiPPR Detergent Removal 24 columns 88306
Pierce lodoacetic Acid 500 mg 35603 Spin Columns, 0.1 mL
Pierce lodoacetamide, Single-Use 24 x 9.3 mg 90034 HiPPR Detergent Removal 2 plates 88307
Pierce MMTS 200 mg 23011 96-Well Spin Plates, 0.1 mL
Pierce N-Ethylmalemide (NEM) 25 g 23030 To view a.ddltlonal pack sizes and products, go to
] . - thermofisher.com/peptidecleanup
To view additional pack sizes and products, go to
thermofisher.com/msdigestion
Peptide quantitation assays

Peptide enrichment and fractionation Pierce Quantitative Colorimetric Kit 23275
High-Select Fe-NTA Phosphopeptide Kit A32992 Peptide Assay
Enrichment Kit ngtide Digelst Assay Standarq 1.5 mL 23295
High—SeleCt TIO2 PhOSphOpeptide Kit A32993 Plerge Quantitative Fluorometric 500 assays 23290
Enrichment Kit Peptide Assay
Pierce TiO, Phosphopeptide Enrichment 96 tips 88303 96-Well Black Plate 25 pack 88378
Spin Tips To view additional pack sizes and products, go to
Pierce Magnetic TiO, Phosphopeptide 96-rxn kit 88811 thermofisher.com/peptideassays
Enrichment Kit
Pierce Magnetic TiO, Phosphopeptide 24-rxn kit 88812
Enrichment Kit, Trial Size
Pierce High pH Reversed-Phase Peptide 12 columns 84868
Fractionation Kit
Low Protein Binding Microcentrifuge 250 tubes 88379
Tubes, 2.0 mL
Low Protein Binding Microcentrifuge 10 x 250 tubes 88380
Tubes, 2.0 mL

To view additional pack sizes and products, go to
thermofisher.com/peptidekits
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Protein quantitation

Introduction

T

The most
successful

Differences in protein expression can be studied both
globally (discovery proteomics) or within a specific subset
of proteins (targeted proteomics). Most quantitative
proteomic analyses utilize the isotopic labeling of proteins

P

proteomics
labs and or peptides in the experimental groups, which can then be
companies differentiated by mass spectrometry. Relative quantitation

methods are used to compare protein or peptide
abundance between samples, while spiking unlabeled
samples with known concentrations of isotopically labeled
synthetic peptides can help to enable absolute quantitation
of target peptides via selected reaction monitoring (SRM).

\

Relative quantitation strategies include stable isotope

Software ) ) ) o
labeling using amino acids in cell culture (SILAC) and
labeling using tandem mass tag (TMT) reagents.
Quantitative pr@teomiCS * SILAC-based quantitation is a powerful and widely used
. technique for identifying and quantifying relative changes
IS a DOWGI’]CL,” tool used to in complex protein samples. The SILAC technique can
, } : be applied to complex biomarker discovery and systems
analyze differences in prOJ[elﬂ biology studies, as well as to isolated proteins and protein
. complexes, and involves labeling protein samples in
eXpreSS|Oﬂ betV\/een COﬂtl’O' cultured mammalian cells with a heavy isotope—labeled

form of an amino acid. Inclusion of the labeled amino
acid in cell or tissue culture media results in replacement

and experimental samples.

Table 1. Overview of Thermo Scientific" protein quantitation reagents.

Isobaric tags Peptides for SRM

Sample type Cultured mammalian cells Cultured mammealian cells, Cultured mammalian cells,
tissue, biofluids tissue, biofluids
Quantitation mode MS' MS? or SPS* MS* MS?

* SPS = synchronous precursor selection



of the natural light amino acid with the heavy form in
newly synthesized proteins. Cells grown under differing
experimental conditions (and in heavy or light media) can
be mixed and all subsequent processing steps can be
performed on the combined sample. Metabolic labeling
serves to greatly reduce sample handling variability,
resulting in more accurate quantitation. Additionally,

the labeled peptides do not require any specific
fragmentation modality, meaning the samples can be
analyzed by CID, ETD, and/or HCD fragmentation, which
leads to the identification of more peptides.

Protein quantitation

tags facilitate the simultaneous analysis of up to ten
samples and consist of an MS/MS reporter group, a
spacer arm, and a reactive group. Amine-reactive groups
covalently bind to peptide N termini or to lysine residues.
Each tag fragments during MS/MS, producing unique
reporter ions. Protein quantitation is accomplished by
comparing the intensities of the reporter ions. Isobaric
tags with alternative reactive groups (e.g., sulfhydryl
(cysteine)- or carbonyl-reactive) are also available for
other labeling strategies.

Absolute quantitation is performed in targeted proteomic
experiments and increases the sensitivity of detection for
a limited number of target analytes. These approaches
require spiking a sample with known amounts of synthetic
peptides containing heavy stable isotopes, which act as
internal quantitative standards for absolute quantitation of
the corresponding natural peptides in the sample.

e |sobaric chemical tags are a more universal alternative
to SILAC. In a single analysis, they can be used to
identify and quantify relative changes in complex protein
samples across multiple experimental conditions. They
can be used with a wide variety of samples including
cells, tissues, and biological fluids. Isobaric chemical

Table 2. Overview of Thermo Scientific” mass spectrometers used for quantitative proteomics.

SILAC/ Selective reaction Discovery proteomics
(data-dependent
mass spectrometry-

protein identification)

ICAT*/ monitoring
tandem

Isobaric
mass tags

(targeted

Instrument Resolution mass tags quantitation)

LTQ Orbitrap Velos, LTQ Orbitrap-XL

ETD, LTQ Orbitrap XL High Yes

Yes (PQD and HCD) Yes (but limited) Excellent

Yes (PQD only)
no HCD cell

LTQ Orbitrap Discovery High Yes Yes (but limited) Excellent

LTQ Orbitrap Elite Very high Yes Yes Yes (but limited) Excellent

Q Exactive, Q Exactive Plus,

Q Exactive HF Excellent

Very high Yes Yes Yes

*|CAT = isotope-coded affinity tag
**PQD = pulsed-Q dissociation



Protein quantitation

Discovery quantitation

Discovery proteomics experiments are
intended to identify as many proteins
as possible across a broad dynamic
range. This often requires depletion of
high-albbundance proteins, enrichment
of relevant proteins (e.g., protein
Immunoprecipitation), and fractionation
(e.g., SDS-PAGE or chromatography)
to decrease sample complexity,

These strategies reduce the dynamic range between
components in an individual sample and reduce the
competition between proteins or peptides for ionization
and mass spectrometry (MS) duty cycle time. Quantitative
discovery proteomics experiments add a further challenge
because they seek to identify and quantify protein levels
across multiple samples. Quantitative discovery proteomics

experiments utilize label-free or stable isotope labeling
methods to quantify proteins.

Label-free strategies require highly reproducible peptide
separation, increased instrumentation time and alignment
of peptides across LC-MS/MS experiments to compare
spectral counts or ion intensities. Stable isotope protein
labeling strategies (e.g., SILAC and labeling with Thermo
Scientific” Tandem Mass Tag (TMT)" reagents) incorporate
*H, “C, *N, or O isotopes into proteins and peptides,
resulting in distinct mass shifts but otherwise identical
chemical properties. This allows 2 to 10 samples to be
labeled and combined prior to processing and LC-MS/
MS analysis. Multiplexing reduces sample processing
variability, improves specificity by quantifying the proteins
from each condition simultaneously, and reduces
turnaround time for multiple samples.

Quantitative proteomic studies are typically performed
on high-resolution hybrid mass spectrometers, such as
the Thermo Scientific” Orbitrap Fusion™ Lumos”,
Orbitrap Elite”, and Q Exactive” Mass Spectrometers.

The Thermo Scientific” Proteome Discoverer” 2.1 and
ProteinCenter” software enable the extraction and analysis
of high-quality data from the experimental results.

Table 3. Overview of Thermo Scientific” quantitation reagents for discovery proteomics.

SILAC
metabolic labeling

iodoTMT" aminoxyTMT™

reagents

TMT labeling reagents

labeling reagents labeling reagents

Cultured mammalian cells,
tissue, biofluids

Cultured mammalian cells,
tissue, biofluids

Cultured mammalian cells,
tissue, biofluids

Sample type Cultured mammalian cells

Quantitation mode MS! MS? or SPS MS® MS? or SPS MS® MS? or SPS MS®



SILAC protein quantitation kits
and reagents

Complete kits for stable isotope labeling with
amino acids in cell culture (SILAC)

SILAC is a powerful method to identify and quantify relative
differential changes in complex protein samples. The
SILAC method uses metabolic incorporation of “heavy”
*C- or *N-labeled amino acids into proteins followed by
MS analysis for accelerated, comprehensive identification,
characterization, and quantitation of proteins.

Sample 1 \t'- )
Sample 2 s
Sample 3 == Harvest, Mix lysates
lyse,
quantitate
protein

Protein quantitation

Highlights:
e Efficient—100% label incorporation into proteins of
living cells

¢ Reproducible—minimizes intra-experimental variability
caused by differential sample preparation

¢ Flexible—choose between complete kits or stand-alone
reagents, including light and heavy amino acids, media,
and FBS

e Versatile—extensive portfolio of liquid and powdered
SILAC media based on classical formulations

e Compatible—label proteins expressed in a wide variety
of mammalian cell lines, including HelLa, 293T, COS-7,
U20S, A549, NIH 3T3, Jurkat, and others

In-gel workflow

Excise bands,
digest, clean up

Load gel

SDS-PAGE

Digest,
fractionate,
clean up

Perform LC-MS/MS
analysis

v

3
.

Light

In-solution workflow

Ratio
determination

Relative intensity

m/z

Heavy

Figure 1. Procedure summary for MS experiments using Thermo Scientific” Pierce™ SILAC reagents. Normalized protein extracts isolated from cells
are combined, reduced, alkylated, and digested overnight. For the in-gel workflow, samples are run on an SDS-PAGE gel, excised, digested, and cleaned
up; for the in-solution workflow, samples are digested, fractionated, and cleaned up. Samples are then analyzed by high-resolution Orbitrap LC-MS/MS.
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Discovery quantitation

General applications:
e Quantitative analysis of relative changes in protein
abundance from different cell treatments

e Quantitative analysis of proteins for which there are no
antibodies available

¢ Protein expression profiling of normal cells vs.
abnormal cells

e |dentification and quantification of hundreds to thousands
of proteins in a single experiment

e Simultaneous immunoprecipitation of labeled, native
proteins and protein complexes from multiple conditions

SILAC requires growing mammalian cells in specialized
media supplemented with light or heavy forms of essential
amino acids, e.g., “Cy and “Cq L-lysine, respectively. A
typical experiment involves growing one cell population in
a medium containing light amino acids (control), while the
other population is grown in the presence of heavy amino
acids (experimental). The heavy and light amino acids are
incorporated into proteins through natural cellular protein
synthesis. After alteration of the proteome in one sample

1,041.017
100 Soeeemeeeees 1,041.518
90 |
80 |
g 70 SILAC ratio
s 1,038.508 H:L =21
2 604 1,038.007,
=]
2 5. 1,042.020
©
£ 401
E 1,039.010
S 304
o« 1,042,521
20 4 1,039.512
104 A 1,043.023
0 d— A P ! f A ! I[ TR Y
1,036 1,037 1,038 1,039 1,040 1041 1042 1,043 1,044 1,045
Light (L) M/Z Heavy (H)

Figure 2. Representative MS spectra generated using SILAC. Light
and heavy (“Cy) L-lysine—containing peptides (AEDNADTLALVFEAPNQEK)
from proliferating cell nuclear antigen (PCNA) were analyzed by MS. Mass
spectra of heavy peptides containing “C4 L-lysine have an increased mass
of 6 Da and are shifted to the right of light peptide spectra by a mass-to-
charge ratio (m/z) of 3, caused by a +2 ionization of peptides.
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through chemical treatment or genetic manipulation, equal
amounts of protein from both cell populations are then
combined, separated by SDS-PAGE, and digested with
trypsin before MS analysis. Because peptides labeled with
heavy and light amino acids are chemically identical, they
coelute during reversed-phase column prefractionation
and, therefore, are detected simultaneously during

MS analysis. The relative peak intensities of multiple,
isotopically distinct peptides from each protein are

then used to determine the average change in protein
abundance in the treated sample (Figure 2).

Multiple SILAC kits are available, providing media that are
compatible with different mammalian cell lines. Each kit
includes all necessary reagents to isotopically label cells,
including media, heavy and light amino acid pairs, and
dialyzed serum. A wide range of isotopes of lysine and
arginine are available separately, enabling multiplexed
experiments and analysis. In addition, dialyzed fetal bovine
serum (FBS) and other stand-alone media are available
for additional mammealian cell lines. When combined with
Thermo Scientific” protein or peptide enrichment kits, the
Thermo Scientific” Pierce™ SILAC Protein Quantitation
Kits enable MS analysis of low-abundance proteins such
as cell surface proteins, organelle-specific proteins, and
proteins with post-translational modifications such as
phosphorylation or glycosylation.

Application using SILAC for global protein
quantitation

Using a Pierce SILAC Protein Quantitation Kit, A549 cells
adapted to grow in Thermo Scientific” Dulbecco’s Modified
Eagle Medium (DMEM) for SILAC were labeled with “Cq
L-lysine to >98% isotope incorporation. Heavy isotope—
labeled cells treated with camptothecin were lysed,

mixed with control lysates, separated by SDS-PAGE, and
digested with trypsin before MS analysis. More than 350
proteins were successfully identified and quantified using a
Thermo Scientific” LTQ Orbitrap™ mass spectrometer.



Most of the proteins identified had no change in abundance
level after camptothecin treatment; however, 20% of
proteins quantified in heavy isotope—labeled cells had
protein levels (SILAC ratios) 1.5-fold higher than the control
cells. One protein that was identified as being upregulated
2.1-fold in response to camptothecin treatment was
proliferating cell nuclear antigen (PCNA), a protein with
involvement in DNA repair (Figure 2). To verify SILAC data,
protein levels were separately quantitated by western blot

HL
PCNA 1.9
p53 5.9

_Bractin 1.2

“SGAPDH 11

Light (L) Heavy (H)
+

5 pyM camptothecin

Figure 3. Comparison of A549 protein levels detected by western
blotting after camptothecin treatment. Ten micrograms of each light (L)
and heavy (H) sample were analyzed by 4-20% SDS-PAGE and western
blotting using specific antibodies.

Protein quantitation

(Figure 3). The abundance ratios determined by western
blot were comparable to those determined by SILAC.

Application using SILAC for verification of co-IP
protein complexes

A major bottleneck in the proteomic characterization of
signaling pathway targets is the lack of methods and/or
reagents to quantify medium to low levels of proteins

of interest in human samples. Immunoprecipitation
followed by mass spectrometry (IP-MS) enables the
simultaneous analysis of protein expression, protein—
protein interactions, and post-translational modifications
(PTMs). Immunoprecipitation provides both enrichment
and increased sensitivity while the MS provides specific
identification, high selectivity, and multiplex possibility.

However, when comparing proteins enriched from
different immunoprecipitation experiments, it is sometimes
difficult to determine if proteins identified by MS in the
samples are co-immunoprecipating with the antigen or
are nonspecifically binding to the beads or antibodies.

Table 4. IP enrichment of SILAC-labeled samples facilitates the identification of key pathway targets and demonstrates the upregulation
of phospho-AKT and phospho-GSK3a/p in response to insulin-like growth factor (IGF) stimulation. The heavy-to-light ratios with greater
than a 2-fold difference indicate the upregulation (H:L >2) upon IGF stimulation. Slight increases in phospho-mTOR levels were also observed.
Relevant phosphopeptides were identified for AKT, mTOR, and GSK3a/B. AKT is activated by phosphorylation while GSK3a/B is inactivated by
phosphorylation, both leading to glycogen synthesis, cytoskeletal rearrangement, translation initiation, and cell growth. The total number of proteins

identified was less than 250 for each IP sample.

Average
heavy:light ratio

Relevant
phosphopeptide ID

Average no. of
unique peptides

0.75 32 NA

IP antibody Target ID
IGF-1R IGF-1R
PIBK 110 PIBK 110
Pan AKT AKTT
AKT2

1.08 9 NA
0.86 i@ NA
0.84 9 NA

mTOR mTOR 0.88 96 NA

3.50 9
2.57 10

GSK3a
GSK3B

Yes (S21)

Phospho-GSK3a/B
Yes (S9)

Learn more at thermofisher.com/silac
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One method to distinguish these distinct protein groups is
to use SILAC to isotopically label cells for antigen-specific
immunoprecipiations, and use unlabeled cells for control
immunoprecipitations with non-antigen—-specific antibodies
(e.g., rabbit IgG or a different antibody). In this method,
both specific and control samples are enriched separately
and combined before LC-MS analysis. This allows for
direct comparison of specific protein enrichment and
facilitates identification of true interacting proteins as they
will be isotopically labeled (i.e., increased SILAC ratio) vs.
nonspecific background proteins (i.e., SILAC ratio ~1).

Dysregulation of IGF1R-PIBK-AKT-mTOR signaling is a
pivotal driver for many cancers, making this pathway an
attractive potential therapeutic target for cancer therapy
development. To investigate the IGF1R-PIBK-AKT-

mTOR signaling pathway, the SILAC method was used

to differentially label proteins for quantification in insulin
growth factor (IGF)—stimulated vs. unstimulated A549
and HCT116 cells. Targets were immunoprecipitated from
the cell lysates, captured on streptavidin or protein A/G
magnetic beads, and eluted from the beads for direct
in-solution tryptic digestion. Quantitative changes in total
and phosphorylated forms of AKT-mTOR pathway targets

were evaluated by LC-MS on a Thermo Scientific” Orbitrap

Fusion™ platform.

SILAC, combined with the improved IP-MS method
permits relative quantification of specific and functional
protein—protein interactions and PTMs in the IGF1R-PISK-
AKT-mTOR pathway, which can ultimately lead to future
characterization studies and monitoring of cancer.

IP:

1P:

Lysate a-AKT Lysate a-mTOR
ko\ \o\
oc;\"“x\c")‘ Control +IGF Qoéx\éf Control +IGF
WB: WB:
a-AKT a-mTOR
IP: IP:
Lysate a-phospho-AKT Lysate a-phospho-mTOR
A A
&L L
00«\‘ X\é‘ Control +IGF o°°\ x\é‘ Control +IGF
WB: WB:
a-phospho- a-phospho-
AKT mTOR

Figure 4. AKT and mTOR western blot results correlate with
SILAC/LC-MS results. Immunoprecipitations were performed on control
and stimulated (+IGF) lysates. Upon IGF stimulation, more phospho-

AKT and phospho-mTOR are observed in the lysates as well as in the IP
eluates, while the total protein levels remain the same.

Table 5. Relevant protein interactions are preserved during co-immunoprecipitation of pathway targets. The optimized IP kit and protocol
enable isolation of interacting proteins, and SILAC labeling helps to distinguish relevant protein IDs from potential background. PISK interaction with
IRS1 increased significantly upon IGF stimulation. The number of unique peptides for each target is listed as an average of triplicates.

Co-IP
target ID

IP antibody

Average
heavy:light ratio

Average no.

of unique peptides

IGF-1R IR

0.85

PIBK 110

PI3K 85a
PI3K 85b

Phospho-mTOR GBL (MLST8)
Rictor
SIN1

PRR5

0.63
0.82

1.68
1.22
1.47
1.36

W N o ©



Isobaric mass tagging overview

Simultaneously identify and quantify protein
expression from multiple samples in a
single analysis

Isobaric chemical tags are powerful tools that enable
concurrent identification and quantitation of proteins

in different samples using tandem mass spectrometry
(MS/MS). These tags contain reactive groups that
covalently label peptide amino termini, cysteine side chains,
or glycopeptides, depending on the chemistry used. During
MS/MS, the isobaric tag produces a unique reporter ion
signature that makes quantitation possible. In the first MS
analysis, the labeled peptides are indistinguishable from
each other; however, in the tandem MS mode, during
which peptides are isolated and fragmented, the tag
generates a unique reporter ion. Protein quantitation is then
accomplished by comparing the intensities of the reporter
ions in the MS/MS spectra.

The ability to generate low-m/z reporter ions and to
distinguish them from isobaric interferences is essential
for consistent, precise quantitation with tandem mass
tag reagents. This is best accomplished using HCD
fragmentation combined with the high-resolution,
low-m/z detection that is available on Orbitrap
technology-based systems.

Protein quantitation

A Amine-reactive

Mass Mass Amine-reactive
reporter normalizer group
B sulfhydryl-reactive
~--CD
10 e} H
1
NJ 1 N
126 D '\')I\ N N/\/ \f(\ !
a N H
ETD o
—_— —_—
Mass Mass Sulfhydryl-reactive
reporter normalizer group
C carbonyl-reactive
r - ~HCD
10 o
1
N */\J\ /\)I\ Ao o NH2
126 Da N N o
ETD
Mass Mass Carbonyl-reactive

reporter normalizer group

Figure 5. Structural design of TMT reagents. Mass reporter: has a
unigue mass and reports sample-specific abundance of a labeled peptide
during MS/MS analysis. The cleavable linker (indicated by the dashed
line), preferably fragments under typical MS/MS conditions to release

the mass reporter. Mass normalizer: has a unique mass that balances

the mass reporter, ensuring the same overall mass for all tags in a set.
Reactive groups: (A) Reactive NHS ester provides high-efficiency, amine-
specific labeling of proteins or peptides. (B) Reactive iodoacetyl functional
group provides covalent, irreversible labeling of sulfhydryl (-SH) groups.
(C) Reactive alkoxyamine functional group provides covalent labeling of
carbonyl-containing compounds.

Learn more at thermofisher.com/tmtreagents
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Amine-reactive tandem mass
tag reagents

Amine-reactive 6-plex and 10-plex isobaric
tag reagents

The TMT reagents are designed to enable identification
and quantitation of proteins in different samples

using MS/MS. Thermo Scientific” TMT10plex” label
reagents share an identical structure with TMTzero",
TMTduplex”, and TMTsixplex” reagents but contain
different numbers and combinations of *C and "N
isotopes in the mass reporter. The different isotopes
result in a 10-plex set of tags that have mass
differences in the reporter that can be detected using
high-resolution Orbitrap mass spectrometers.

Highlights:

e Powerful—concurrent MS analysis of multiple samples
increases sample throughput and enables relative
quantitation of up to 10 different samples derived from
cells, tissues, or biological fluids

e Consistent—identical reagent structure and
performance among TMTzero, TMTduplex, TMTsixplex,
and TMT10plex reagents allow efficient transition from
method development to multiplex quantitation

e Robust—increased multiplex capability results in fewer
missing quantitative values

e Efficient—amine-reactive, NHS ester—activated reagents

enable efficient labeling of all peptides regardless of
protein sequence or proteolytic enzyme specificity

e Compatible—optimized for use with high-resolution
MS/MS platforms, such as Thermo Scientific” Orbitrap

Fusion Lumos, Velos Pro, Orbitrap Elite, and Q Exactive

instruments with data analysis fully supported by
Proteome Discoverer 2.1 software
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The TMT10plex reagent set contains 10 different isobaric
compounds with the same mass and chemical structure
(i.e., isotopomeric) composed of an amine-reactive NHS
ester group, a spacer arm and a mass reporter. The
reagent set enables up to 10 different peptide samples
prepared from cells or tissues to be labeled in parallel and
then combined for analysis. For each sample, a unique
reporter mass (i.e., TMT10plex reagent that is 126-131 Da)
in the low-mass region of the high-resolution MS/MS
spectrum is used to measure relative protein expression
levels during peptide fragmentation and MS/MS.

Applications:
e Protein identification and quantitation from multiple
samples of cells, tissues, or biological fluids

e Protein expression profiling of normal vs. abnormal
states, or control vs. treated cells

e Quantitative analysis of proteins for which no antibodies
are available

e |dentification and quantitation of membrane and post-
translationally modified proteins

e |dentification and quantification of hundreds to thousands
of proteins in a single experiment

r77TTHCD o
1 0 (e}
NJ\/JI\N/\)I\O/N
126 Da g
ETD S

Mass Mass Amine-reactive
reporter normalizer group

Figure 6. Functional regions of the TMT reagent chemical structure,
including MS/MS fragmentation sites by HCD and ETD.
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Figure 7. Chemical structures of TMT reagents. (A) Structures of
TMT10plex reagents with “C and *N heavy-isotope positions (red
asterisks). (B) TMTsixplex reagent structures with “C and “N heavy-isotope
positions (red asterisks).
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Figure 8. Procedure summary for MS
experiments with TMT10plex Isobaric Mass
Tagging Reagents. Protein extracts isolated
from cells or tissues are reduced, alkylated, and
digested overnight. Samples are labeled with the
TMT reagents, and then mixed before sample
fractionation and clean-up. Labeled samples are
analyzed by high-resolution Orbitrap LC-MS/MS
mass spectrometer before data analysis to
identify peptides and quantify reporter ion
relative abundance.
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Figure 9. Example of relative quantitation using TMT10plex reagents.
BSA tryptic digests labeled with TMT10plex reagents (TMT10 reagent that
is 126—131 Da) were mixed 16:8:4:2:1:1:2:4:8:16 and analyzed by high-
resolution Orbitrap LC-MS. The relative abundance of the target protein or
peptide fragment in 10 different samples is easily measured by comparing
the reporter ions generated by MS/MS fragmentation of the different
mass tags.

A
40,000+ Unlabeled B TMTS
35,000 T™T6 B TVT10
30,000 No

decrease
in #PSMs

J
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n
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o
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Total Quantified Total
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Q Exactive MS Orbitrap Elite MS Orbitrap Fusion MS

4,500+ Unlabeled

4,000 + TMT6

B TMT8
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2,500
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Protein groups

1,500+
1,000+

5004
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Q Exactive MS Orbitrap Elite MS Orbitrap Fusion MS

Figure 10. Benchmarking Orbitrap MS instruments using TMT
reagents with higher multiplexing. Numbers of (A) total peptide
identifications and (B) protein groups are shown at 1% FDR for 500 ng of
Thermo Scientific” Pierce” HelLa Protein Digest Standard. The numbers
of quantifiable peptides and protein groups are also shown. Results
represent averages of two replicate runs for each sample.

100

Application showing relative quantitation of protein
abundance using TMT10plex reagents

TMT10plex reagents enabled the simultaneous comparison
of relative protein abundance in response to epidermal
growth factor (EGF) stimulation, exposure to erlotinib,

or both. Using the Orbitrap Fusion mass spectrometer,
approximately 7,800 protein groups and 90,000 unique
peptides were identified from samples, with a quantitation
rate exceeding 90% at the peptide level employing

HCD MS? quantitation and fragmentation (Figure 11).
High-pH reversed-phase fractionation of unenriched

and phosphopeptide enriched sample increased the
number of quantified proteins almost 3-fold compared

to unfractionated samples. Hierarchical cluster analysis
revealed numerous changes in relative protein abundance
between parental and resistant cell lines (Figure 12).

Protein expression profiling studies of H358 erlotinib-
resistance (ER) and SU11274-resistance (SR) cells using
SILAC have shown that B-catenin was downregulated in
H358 ER cells but upregulated in H2170 cells. Quantitation
of TMT10plex reagents in this study also showed ~2-fold
lower expression of B-catenin (Figure 13). Epidermal
growth factor receptor (EGFR, Erb2) and SHC-transforming
protein 1 (SHC1) were both phosphorylated after EGF and
hepatocyte growth factor (HGF) treatment, but showed
partial inhibition to erlotinib treatment in ER cells. Both
staphylococcal nuclease domain—containing protein 1
(SND1) and glucosamine 6-phosphate N-acetyltransferase
(GNA1) were phosphorylated in ER cells compared to
parental and SR cells (Figure 14).

100,000
90,000 —
80,000
70,000
60,000
50,000
40,000
30,000
20,000 I
10,000 -
0 — -
Load (1) ei'fiﬁizg‘?b) fr:;?ig;g-('L) fr:c‘gz;g'—(lP) (uTnciJ(;ile)
Protein groups (ID) 3,770 1,399 7,865 4,493 8,689
B Protein groups (Quan) 3,553 1,220 7,528 3,692 8,328
Total peptides (ID) 24,897 2,734 83,626 17,017 92,099
W Total peptides (Quan) 22,796 2,252 80,091 13,987 84,287

Figure 11. Number of quantifiable proteins and peptides using MS?
HCD fragmentation on the Orbitrap Fusion mass spectrometer after
high-pH fractionation and phosphopeptide enrichment. Results are
the MUDPIT search of two replicate files.
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Figure 12. Cluster analysis based on quantitation of TMT reagents
showing changes in relative protein expression for 5,485 proteins
with a minimum of 2 unique peptides identified per protein for H358
parental and erlotinib-resistant cells under different treatment
conditions. Data is normalized to untreated H358 parental cells.

Extracted from: R:\Ryan\Fusion TMT phospho\TMT10 AACR Puri\TMT10_L_MS2_25.raw #44393 RT:134.84
FTMS, HCD@35.00, z=+3, Mono m/z=710.04175 Da, MH+=2128.11069 Da, Match Tol.=0.6 Da

Protein quantitation

Diluent EGF EGF + F+ HGF + Diluent EGF EGF + Diluent HGF
erlotinib erlotinib Su11274 erlotinib
H358 parental H358 ER H358 SR
EGFR Y1173
S sos GSHQISLDNPDyQQDFFPK
2% :
X 8 7,570
‘; 7
6
-'% 5
S s
22
£
° 126 127.N 127.¢ 128 N 128.C 129N 129.C 130N 130_C 131
Diluent EGF EGF + HGF HGF + Diluent EGF EGF + Diluent HGF
erlotinib Su11274 erlotinib
H358 parental H358 ER H358 SR
e SHC1 Y427
- ELFDDPSyVNVQNLDK
x
~ 12.
> 10, 9,590
2
£
c 6
Q9 4
c 2
o
126 127.N 127.C 128 N 128.C 129N 129.C 130N 130.C 131
Diluent EGF EGF + HGF HGF + Diluent EGF EGF + Diluent HGF
erlotinib sut1274 erlotinib
H358 parental H358 ER H358 SR

Figure 14. Differential expression of key proteins in H358 cell line.
Phosphotyrosine signaling was shown to be upregulated with EGF
stimulation for specific phosphorylation sites of EGFR and SHC1. However,
unlike parental cells, ER cells showed persistent phosphorylation even in
the presence of erlotinib. TMT reporter ion quantitation was determined
using the Orbitrap Fusion mass spectrometer.
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Figure 13. Differential expression of B-catenin in H358 cell lines. Phosphopeptide signals were
normalized to relative protein abundance. B-catenin was identified as a key protein, downregulated
~2-fold in H358 erlotinib-resistant (ER) cells compared to a parental wild-type cell line, by quantitation
of TMT reagents and western blot. TMT reporter ion quantitation was determined using the Orbitrap

Fusion mass spectrometer.

Learn more at thermofisher.com/tmtreagents

101



Protein quantitation

Discovery quantitation

Cysteine-reactive tandem Highlights:
Mmass tag reagents e Specific—only reacts with reduced sulfhydryl groups

For protein expression analysis of sulfhydryl
groups by mass spectrometry

¢ Irreversible—labeled proteins and peptides are not
susceptible to reducing agents

¢ Flexible—options for duplex isotopic (MS) or sixplex
isobaric (MS/MS) quantitation

e Complete—workflow combines efficient labeling,
enrichment, and elution for identification and quantitation
of cysteine-containing peptides

Applications:

e |dentify and quantify low-abundance, cysteine-containing
The Thermo Scientific” iodoTMT" reagents enable peptide subproteome
concurrent identification and multiplexed quantitation
of proteins in different samples using tandem mass
spectrometry. These labeling reagents are sets of

e Combine up to six different samples or experimental
conditions in a single LC-MS analysis

isobaric isomers (i.e., same mass and structure) that e Determine sites of cysteine post-translational
contain iodoacetyl functional groups for covalent, modifications (e.g., S-nitrosylation, oxidation, and
irreversible labeling of sulfhydryl (-SH) groups. Similar disulfide bonds)

to iodoacetamide, iodoTMT reagents react specifically
with reduced cysteines in peptides and proteins. The
iodoTMT reagents can be differentiated by tandem
mass spectrometry (MS/MS), enabling identification and
relative quantitation of cysteine modifications, such as
S-nitrosylation, oxidation, and disulfide bond formation,
across different samples or experimental conditions.

e Measure cysteine post-translational modification
occupancy across different samples or
experimental conditions

iodoTMTzero reagent Conjugation reaction
~ - -c
10 O s
\)J\ /\)J\ H Cysteine R
NJ 1 N
™~ N NN | |
126 Da , H H NH
ETD (0] HS
\ - AN —~ , [ — * Figure 15. Mechanism of Thermo Scientific”
Mass Mass Cysteine-reactive R 0 iodoTMTzero" reaction with cysteine-
reporter normalizer group containing proteins or peptides.

o
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Figure 16. Structure of Thermo Scientific” iodoTMTsixplex" reagents for cysteine labeling,
enrichment, and isobaric MS quantitation.
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Figure 17. Schematic of the iodoTMTsixplex reagent workflow. Six different sample
conditions can be prepared for iodoTMT reagent labeling. Labeled proteins are combined before
iodoTMT-labeled peptide enrichment using immobilized anti-TMT antibody resin and subsequent
LC-MS/MS analysis of isobaric reporter ions.

Protein quantitation
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Figure 18. Enrichment of iodoTMT-labeled peptides. (A) Percent of iodoTMT-labeled peptide modifications from A549 cell
lysate proteins identified before and after enrichment using acidic and TMT elution buffers. (B) Comparison of total number
of unique peptides and proteins identified before and after anti-TMT antibody resin enrichment. (C) Venn diagram of unique
proteins identified before and after anti-TMT antibody resin enrichment.
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Figure 19. Measured induction of S-nitrosylation in phosphoglycerate kinase 1 peptide. BV-2 glioma cells were

either untreated or treated with lipopolysaccharide (LPS) or S-nitrosocysteine (SNOC) for 20 hr to induce S-nitrosylation,

and were selectively labeled with iodoTMTsixplex reagents using the S-nitrosylation switch assay. MS spectrum includes
phosphoglycerate kinase 1 peptide (GCITIGGGDTATCCAK, inset) showing localization of the iodoTMT-modified cysteine

(red). Inserted graph shows an increase in S-nitrosylation of phosphoglycerate kinase 1 peptide in response to
S-nitrosylation—-inducing agents lipopolysaccharide (LPS, 127 and 130) and S-nitrosocysteine (SNOC, 128 and 131) determined
by relative quantitation of TMT reporter ions in duplicate samples.

Learn more at thermofisher.com/iodotmt
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Carbonyl-reactive tandem

mass tag reagents

Enable characterization and multiplex quantitation
of carbonyl-containing biomolecules

The Thermo Scientific” aminoxyTMT™ Mass Tag Labeling
Reagents enable multiplexed relative quantitation of
carbonyl-containing compounds by mass spectrometry
(MS). The six compounds of the Thermo Scientific”
aminoxyTMTsixplex” Reagent Set have the same nominal
mass (i.e., isobaric) and chemical structure (carbonyl-
reactive aminoxy group, spacer arm, and mass reporter).
However, the specific distribution of “C and N isotopes
on either side of the HCD or ETD MS/MS fragmentation
site in each reagent results in a unique reporter mass
(126—131 Da) in the low—mass region. This distribution of
reporter masses is used to measure the relative abundance
of labeled molecules in a combined (multiplexed) MS
sample representing six different experimental conditions.
The aminoxyTMT reagents may be used to quantify a
broad range of biologically important molecules, including
carbohydrates, steroids, or oxidized proteins.

Protein quantitation

For glycobiology MS applications, native glycans are
difficult to study by mass spectrometry because of their
poor ionization efficiency. Quantitation of glycans is
particularly challenging due to the lack of standards for all
naturally occurring glycans and difficulties with reproducibly
quantifying multiple samples. The aminoxy group has
better reactivity with carbonyls and better stability of the
labeled product compared to hydrazide groups. Labeling
with the aminoxyTMT reagents improves ionization of
glycans, thus improving sensitivity, and enables relative
quantitation of glycans for up to six samples concurrently.

Highlights:

e Quantitative—enables relative quantitation of glycans or
other carbonyl-reactive proteins from multiple samples of
cells, tissues, or biological fluids

e Stable—stable product formed after labeling reaction

¢ Efficient—achieve labeling efficiency greater than 90%
in1hr

e Sensitive—improved signal-to-noise ratio of labeled
glycan by greater than 20-fold when compared to
native glycan

e Multiplex—identify and characterize up to six
samples concurrently

e Optimized—procedure and reagents optimized for
excellent labeling efficiency and recovery of glycans

Applications:
¢ Relative quantitation of glycans

e Study of structural diversity of protein glycosylation
e Study of glycosylation in cell signaling and regulation

e Study of cancer progression, biomarker discovery, and
analysis of biotherapeutics development

e Study of protein oxidation
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Figure 20. Chemical structures of aminoxyTMT reagent. (A) Functional
regions of the aminoxyTMTzero" reagent structure including MS/MS
fragmentation sites by HCD and ETD. (B) Reaction scheme for labeling of
reducing-end sugars with aminoxyTMT reagent.
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Figure 21. Structures and isotope positions (*) of
aminoxyTMTsixplex reagent.
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Figure 22. Relative quantitation of glycans from monoclonal
antibodies. N-glycans were released from three different mouse
monoclonal antibodies (approximately 100 pg each) using PNGase F
glycosidase. Each of the three glycan samples was split into two equal
parts and labeled with a different mass tag, indicated in the figure. After
labeling, quenching and clean-up, the samples were mixed and analyzed
by direct infusion ESI-MS in the positive ion mode on a Velos Pro Mass
Spectrometer. Glycoforms of interest were identified in the MS spectra
and were subjected to HCD MS/MS. Relative peak intensities of reporter
ion provide information on relative glycoform abundance in the three
samples (insets).
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Figure 23. Positive ion mode electrospray ionization (ESI) of native unlabeled and aminoxyTMT-labeled maltoheptaose (Glc7) standard. (A) MS
spectrum of native unlabeled Glc7. (B) MS spectrum of aminoxyTMT-labeled Gic7 standard. A 50-fold lower concentration of the aminoxyTMT-labeled
sample solution produced a similar base peak intensity as the unlabeled sample. Residual aminoxyTMT reagent or unlabeled Glc7 were not detected after
labeling and sample clean-up (B).

Learn more at thermofisher.com/aminoxytmt
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Targeted quantitation

Discovery proteomics globally profiles
and identifies thousands of proteins,
whereas targeted proteomics focuses
on the guantitation of selected proteins
and peptides. The end goal of targeted
assay development is to quantify
selected proteins with high precision,
sensitivity, selectivity, and throughput.
Synthetic peptides are an integral part
of targeted assay development,

Crude peptide libraries are used as a screening tool, while
heavy peptides are utilized for absolute quantitation with
selective reaction monitoring (SRM), multiple reaction
monitoring (MRM), or parallel reaction monitoring (PRM).

Pharmaceutical and diagnostic research applications
increasingly rely on quantitative proteomic experiments to
quantify proteins in complex samples. Experimental design
begins with software-assisted selection of proteotypic
peptide candidates. After synthesis, crude peptides or
peptide libraries are screened to identify the best peptide
candidates and to optimize the quantitative LC-MS

assay. After optimal peptide sequence selection, highly
pure heavy peptides from the best candidates are then
synthesized for target quantitation. The heavy peptides
serve as internal quantitative standards for absolute
quantification of the corresponding natural peptides in a
biological sample. We offer products that enable assay
development from verification to quantitation, including
Thermo Scientific” SRM Peptide Libraries and Thermo
Scientific” HeavyPeptide” AQUA peptides for quantitation.

Targeted protein quantitation is commonly analyzed with
triple quadrupole mass spectrometers, such as the Thermo
Scientific” TSQ Quantiva” triple-stage quadrupole mass
spectrometer. A triple quadrupole mass spectrometer
measures peptides by serially monitoring specific mass
windows for peptides of interest, isolating the peptides,
fragmenting, and then quantifying several fragment ions
specific for each peptide of interest. This selective reaction
monitoring (SRM) strategy for targeted quantitation, along
with chromatographic retention time information, provides
high sensitivity and specificity. Alternatively, high-resolution
and accurate-mass instruments, such as the Q Exactive
mass spectrometer, are being used to quantify proteins
with even greater selectivity for PRM.

Specialized software such as Pinpoint 1.4 software
ensures the maximum acquisition of high-quality data and
extraction of valuable information.

Thousands of peptides .

Solutions PEPotec SRM peptides (3 grades)

Hundreds of peptidi

Tens of peptides .

HeavyPeptide AQUA standards (Basic,
QuantPro, and Ultimate grades)

Figure 24. Overview of Thermo Scientific” products for targeted quantitation.
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Custom peptide synthesis service
for targeted proteomics
High-quality peptides tailored to meet your needs

The Thermo Scientific” Custom Peptide Synthesis Service
offers multiple options to meet your targeted proteomics
needs during every step of the process, from discovery
through confirmation and verification. We offer both
standard and heavy peptides in various grades and formats
to meet budget, throughput, and timeline goals.

Targeted quantitation workflow

Targeted assay SRM/MRM SRM/MRM
design assay verification assay quantitation
Proteotypic peptide library HeavyPeptide AQUA Samples spiked with
heavy or light standards HeavyPeptide standards

LC-MS/MS
SRM setup

PEPotec SRM
custom peptide library

~—~7

TSQ Quantiva triple-stage
quadrupole mass
spectrometer

(

LC-MS/MS

Pinpoint software o
quantitation

Peptide sequence selection Peptide verification

Hundreds to thousands of peptides Up to tens of peptides Target quantitation
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HeavyPeptide AQUA standards

High-quality isotopically labeled peptides for
absolute quantitation

The HeavyPeptide AQUA Custom Synthesis Service
provides isotopically labeled, AQUA (“Absolute
QUAnNtitation”)-grade peptides for the relative and absolute
quantitation of proteins at very low concentrations in
complex protein mixtures.

HeavyPeptide standards up to 30 amino acids in length
are synthesized using the latest Fmoc solid-phase peptide
synthesis technology, purified by HPLC, and analyzed

by mass spectrometry. Purity of AQUA, Ultimate, and
QuantPro grade peptides is confirmed using stringent
analytical HPLC to assure high-quality peptides for
absolute quantitation. We offer advanced heavy peptide
synthesis capabilities with a wide range of labels,
modifications, scales, and purities to help meet your
research needs.

HeavyPeptide standards are packaged using our
ArgonGuard service, in which peptides are packaged

in argon gas to minimize amino acid oxidation during
shipping and storage. This standard service helps
maintain biological activity of custom peptides and reduce
experimental variation.

Highlights:
e Accurate—peptide concentration precision for
quantitative application needs

e Multiplexed—up to hundreds of peptides possible

e Sensitive—enables the absolute quantification of
low-abundance proteins (fmol)

e Specific—100% peptide sequence specificity
¢ Flexible—variety of modification and

formatting options
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Applications:

e Biomarker discovery, verification, and
analytical confirmation

e Functional quantitative proteomics

e Quantitation of posttranslational modifications

e Confirmation of RNA interference (RNAI)

e Pharmacokinetics

e ADME toxicology studies

e Anti-doping testing

Table 6. HeavyPeptide AQUA grades.

Description

AQUA Fully solubilized; concentration precision 10-25%;*
QuantPro ideal for biomarker verification

* Depending on sequence composition.

EGFR peptide

80.0 1 y = 0.0559x-0.0099
R?=0.999

0.0 2000 400.0 600.0 800.0 1,000.0 1,200.0 1,400.0 1,600.0
Quantity (fmol)

50 AKT2 peptide

7.0 y = 0.005x-0.0036

2
60 R?=10.999

5.0
< 40
3.0
2.0
1.0
0.0

ratio

Avg H/

00 200.0 400.0 600.0 800.0 1,000.0 1,200.0 1,400.0 1,600.0
Quantity (fmol)

Target LOD (fmol) LLOQ (fmol) ULOQ (fmol) Linearity (R?)

0e1eee)

0.9969

Figure 25. HeavyPeptide analysis. Heavy peptides were selected from
discovery MS data. HeavyPeptide AQUA peptides were analyzed in a BSA
matrix using a Thermo Scientific” EASY-nLC" 1200 System (300 nL/min,
(C18 reversed-phase column) and Thermo Scientific” TSQ Vantage™

mass spectrometer. Three transitions were monitored per peptide using
the scheduled SRM method and the results are summarized in the table.
Data was analyzed using Pinpoint and Skyline software.
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Table 7. Specifications of HeavyPeptide AQUA-grade standards.
Parameters AQUA Ultimate grade AQUA QuantPro grade AQUA Basic-grade

Actual concentration Measured by gAAA* Measured by gAAA* Measured by gAAA*

Peptide purity >97% >97% >95%

Peptide length Up to 30 amino acids Up to 30 amino acids Up to 30 amino acids

Quality control MS and analytical HPLC, AAA (z5-10%) MS and analytical HPLC, AAA (£10-25%) MS and analytical HPLC

Shipment In solution on wet ice In solution on wet ice Lyophilized at room temperature

Peptide ¢ Single or double phosphorylation (pY, pT, or pS)
modifications * Cysteine carbamidomethylation (CAM)*

e Chloro-L-tyrosine

® Pyroglutamic acid

e Methionine oxidation [Met(O)]

e Other modifications available on request

* Quantitative amino acid analysis.
** Depending on sequence composition.

130 nmol is valid for peptides 615 amino acids in length. For shorter or longer peptides, the amount might decrease to as little as 15 nmol.
11 These production times are estimates that vary based on the number of peptides ordered.

+ CAM tends to cause cyclization at the N terminus. Fully cyclized form can be provided upon request.

Table 8. Heavy amino acids offered with HeavyPeptide Custom Synthesis.*

Amino acid Mass difference Isotope Isotopic enrichment

Arginine R +10 Da UrCs, *N >99%

Leucine L +7 Da U*Cq, "N >99%

Phenylalanine F +10 Da U*Cq, *N >99%

Valine Vv +6 Da U”Cs, "N >99%

* Other amino acids on request.

Learn more at thermofisher.com/heavypeptide
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PEPotec SRM Peptide Libraries

Fully synthetic, crude peptides customized for the
development of mid- to high-throughput SRM and
MRM assays

The study of proteomes, subproteomes, and protein
pathways often requires quantitative MS analysis that
depends on the development and verification of SRM
and MRM assays. The Thermo Scientific” PEPotec” SRM
Peptide Libraries offer great convenience and flexibility
for the development of quantitative MS with many
customizable options.

The standard service supplies a suspension of at least

0.1 mg of each crude peptide housed in individual tubes
in a 96-well plate format with either arginine (R) or lysine
(K) as the C-terminal amino acid (other C-terminal amino

acids are available as well; contact us for more information).

Three quality-control grades are available, and optional
services and peptide modifications are offered to give you
the peptide libraries that fit your experimental needs.

Highlights:
e Traceable—peptides are provided in individual, 2D-
barcoded tubes in 96-tube plates

e Customized—libraries available in various grades with
optional services available

e Convenient—standard libraries are delivered
solubilized in 0.1% TFA in 50% (v/v) acetonitrile/water

¢ Flexible—extensive list of available modifications

Applications:
e Mid- to high-throughput development of SRM and
MRM assays

e MS workflows with relative and absolute
quantitation strategies

Includes:
e Fully synthetic, crude (as synthesized) peptides

e Multiple grades of QC analysis and optional services
and modifications

e Provided in individual Thermo Scientific” Matrix™
96-tube plates

Table 9. PEPotec SRM Peptide Libraries—three grades to fit your experimental needs.

Grade 1
Fast and easy

Parameters

Grade 3
Maximum assurance

Grade 2
Greater analysis

Length*

6 to 25 amino acids. Up to 35 amino acids are available for an additional fee

Formulation*

Suspended in 0.1% TFA in 50% (v/v) acetonitrile/water

C-terminal residue*

RorK

Quality control (QC) MS check of 5% of peptides

MS check of 100% of peptides

MS analysis of 100% of peptides

You pay only for peptides
successfully synthesized

You pay only for peptides
successfully synthesized

Failed synthesis policy You pay for entire set of

peptides ordered

Minimum order’ 4 peptides 4 peptides

* Changes to the standard length restrictions, formulation, and C-terminal residues are available as optional services.
** Peptides not detected during MS analysis will be resynthesized (depending on the grade selected).
T Orders for fewer than 48 peptides incur a plate fee.

24 peptides
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Table 10. PEPotec SRM Peptide Library optional services.

QC: LC-MS of 100% of samples*

Individually labeled tubes

* Only for grade 3.

Table 11. PEPotec SRM Peptide optional modifications—available
with all grades on a per-peptide basis.

Internal heavy labeling at A, R, I, L, K, F, P, or V

Alternative light amino acid at C terminus

All cysteines protected by carbamidomethylation (CAM)

Methionine sulfoxide [Met(O)]

Methylation at side chain of lysine [Lys(Me)] and arginine [Arg(Me)]

3-chloro-tyrosine

Isoaspartic acid

Carboxymethylcysteine (CMC) at cysteine

Others available on request.

Contact us using these email addresses, or to send the
quote form.

e Europe, Middle East, and Africa:
europeservicespeptides@thermofisher.com

e Rest of world (incl. North America):
peps@thermofisher.com

Protein quantitation

General guidelines for solubilizing peptides:
Because of the unique solubility of each peptide, we
recommend first testing the solubilization of each peptide
with a small amount of product.
1. Always use sterile water or buffer [phosphate-
buffered saline (PBS), Tris or phosphate, pH 7] to
solubilize peptides.

2. Oxygen-free solvents should be used to solubilize
peptides containing cysteine, methionine, or tryptophan,
which are susceptible to rapid oxidation.

3. Allow the peptide to warm to room temperature
(preferably in a desiccator) prior to adding the solvent
of choice.

4. Solubilization can be improved by warming (<40°C) or
sonicating the solution.

5. If the pH of the solution needs to be increased, use only
very weak bases to prevent immediate inactivation
or racemization.

Guidelines for solubilizing hydrophobic peptides:

1. If the product proves to be insoluble in aqueous buffers
due to high hydrophobicity, dissolve a small amount of
product in the smallest possible volume of a 50% (V/v)
dimethylsulfoxide (DMSQO)/water mixture. Then add the
desired aqueous solution until the target concentration
is achieved.

2. If the product precipitates during this process and cannot
be redissolved by adding DMSO, then lyophilize the
peptide and try again, adding a little more 50% DMSO
than in the previous attempt.

3. If DMSO interferes with your experimental system,
dimethylformamide (DMF) or acetonitrile can serve as
alternate solvents.

Learn more or download a quote form at thermofisher.com/pepotec
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Protein quantitation

Ordering information

Product Quantity Cat. No. Product Quantity Cat. No.
Pierce SILAC Protein Kit A33971
Quantitation Kit (LysC) - RPMI 1640 TMT10plex Isobaric Label Reagent Set, 10-rxn set 90110
Pierce SILAC Protein Kit A33969 1x0.8mg
Quantitation Kit (LysC) - DMEM TMT10plex Isobaric Labeling Reagent Set, ~ 30-rxn set 90111
Pierce SILAC Protein Kit A33970 3x0.8 mg
Quantitation Kit (LysC) - DMEM:F-12 TMT10plex Isobaric Mass Tag Kit 30-rxn kit 90113
L-Arginine-HCI 50 mg 89989 TMT10plex Isobaric Label Reagent Set 60-rxn set 90406
L-Arginine-HCI 500 mg 88427 TMT10plex Isobaric Label Reagent Set, 80-rxn set 90309
“Cgq L-Arginine-HCI 50 mg 88210 8x 0.2 mg
“C, L-Arginine-HCl 500 mg 88433 TMTsixplex Isobaric Label Reagent Set, 6-rxn set 90061
_Gs N, LArginine HC S0 mg 89990 ll\>/(ITO 5 Tg Isobaric Label R t Set 12 t 90062
G, *N, L-Arginine-HClI 500 mg 88434 oy OS'SX%%X sobaric Label Reagent Set, rxn se
t'tysfne'g:g: 58(;ng ggigg TMTsixplex Isobaric Mass Tagging Kit 35-rxn set 90064
—ysnes 00 mg TMTsixplex Isobaric Label Reagent Set, 30-rxnset 90066
Cq L-Lyane-ZHCI 50 mg 89988 5x0.8mg
"Ce L-Lysine-2HCI 500 mg 88431 TMTsixplex Isobaric Label Reagent Set, 72-rxn set 90068
“Cg "N, L-Lysine-2HCI 50 mg 88209 2x5mg
“Cg "N, L-Lysine-2HCI 500 mg 88432 TMTsixplex Isobaric Label Reagent Set, 96-rxn set 90308
4,4,5,5-D4 L-Lysine-2HCI 50 mg 88437 16 x 0.2 mg
4,4,5,5-D4 L-Lysine-2HCI 500 mg 88438 TMTduplex Isobaric Mass Tagging Kit 15-rxn kit 90063
NeuCode™ Lysine-080 50 mg A33613 TMTduplex Isobaric Label 10-rxn set 90065
(3,3,4,4,5,5,6,6-D8 L-Lysine-2HCI) Reagent Set, 5 x 0.8 mg
NeuCode" Lysine-080 500mg A33614 TMTduplex Isotopic Label 10-rxn set 90060
(3,3,4,4,5,5,6,6-D8 L-Lysine-2HCI) Reagent Set, 5 x 0.8 mg
L-Leucine 500 mg 88428 TMTzero Isobaric Label Reagent Set, 5-rxn set 90067
“C, L-Leucine 50 mg 88435 5x0.8mg
“C, L-Leucine 500 mg 88436 To view additional pack sizes and products, go to
L-Proline 115 mg 88211 thermofisher.com/tmtreagents
RPMI Media for SILAC 500 mL 88365
RPMI Media for SILAC 6x500mL  A33823 iodoTMTzero Isobaric Label Reagent Set, 5-rxn set 90100
Powdered RPMI Media for SILAC 104 g 88426 5x0.2mg
DMEM for SILAC 500 mL 88364 iodoTMTsixplex Isobaric Label 6-rxn set 90101
Reagent Set, 1 x 0.2 mg
DMEM for SILAC 6x500mL  A33822 . - .
- iodoTMTsixplex Isobaric Label 30-rxn set 90102
Powdered DMEM Media for SILAC 1359 88425 Reagent Set, 5 x 0.2 mg
MEM for SILAC 500 mL 88368 iodoTMTsixplex Isobaric Mass Tag 30-rxn kit 90103
DMEM:F12 (1:1) Media for SILAC 500 mL 88370 Labeling Kit
IMDM for SILAC 500 mL 88367 To view additional pack sizes and products, go to
Fetal Bovine Serum, dialyzed 100 mL 26400036 thermofisher.com/iodotmt
Fetal Bovine Serum, dialyzed 500 mL 26400044

To view additional pack sizes and products, go to
thermofisher.com/silac

aminoxyTMTzero Isobaric Label Reagent 6-rxn set 90400
Set, 6 x 0.2 mg
aminoxyTMTsixplex Isobaric Label Reagent  6-rxn set 90401
Set, 1 x0.2 mg
aminoxyTMTsixplex Isobaric Label Reagent ~ 30-rxn set 90402
Set, 5x 0.2 mg

To view additional pack sizes and products, go to
thermofisher.com/aminoxytmt

HENS Buffer 100 mL 90106
Anti-TMT Antibody 0.1 mL 90075
Immobilized Anti-TMT Antibody Resin 6 mL 90076
TMT Elution Buffer 20 mL 90104
1M Triethylammonium Bicarbonate (TEAB) 50 mL 90114
50% Hydroxylamine 5mL 90115
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Instrument calibration and ancillary reagents

Introduction

(@)
%,
/b
$ %
& &
& )
g 2
4 Calibration compounds or mixtures are used to adjust the
The most mass spectrometer calibration scale, as well as the relative
successful intensities of the ions, to match that of known molecules.
proteomics
labs and g )
companies 2 Standards are also recommended prior to sample
) ;:j analysis to provide control for variability in sample
0 ¢ 5 preparation, chromatographic retention time, and
%o \é"? ionization response in a mass spectrometer. Spiking
6,0, 690(’ with internal standards is critical for accurate protein
% Wfﬁ quantitation in targeted proteomics applications,
as described in Section 2 (pp. 108-114).
\(]
Softwa The proper choice of mobile phases and acidic ion-pairing
agents is essential for achieving effective and reproducible
. . . liquid chromatography (LC) separation of peptides for
ROUJUH@ Ca“bratlon Of Mass electrospray ionization (ESI) MS. The most commonly used
: - solvents or solvent blends include LC-MS grade water and
SpeCJ[romeJ[erS IS re(:{UH’ed for acetonitrile, with ion-pairing agents. For matrix-assisted
Optlmal performance because laser desorption ionization (MALDI), peptides are combined

with specific crystalline matrices of energy-absorbing dyes.

minor changes in lab conditions,
electronics, or surface contamination
can affect reproducibility.

Table 1. Overview of Thermo Scientific” reagents for instrument calibration and LC.

Calibration solutions Standards Solvents/pairing reagents

Recommended for: Thermo Scientific” LC-MS systems Any LC-MS system Any LC-MS system
Primary purpose Instrument calibration Control for sample variability Maximize peptide separation
# of different formulations available 5 6 1

Format Ready-to-use liquid formulations  Lyophilized solid or frozen solution Solvent or solvent blends
Storage Room temp or 2-8°C -20°C-80°C Room temp
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Instrument calibration

Calibration solutions

Key features of Thermo Scientific Pierce calibration

solutions:

e Strong peaks—premixed highly ionizable components in
an MS-compatible solvent

Thermo Scientific” Pierce™ calibration
solutions for mass spectrometry are

ready-to-use liquid formulations for
* Ready to use—load the mass reference standard into a

syringe and inject into the instrument

convenient calibration of Thermo

™

e High purity—mass spectrometry—grade reagents in a
non-leachable container

Scientific” LC-MS instrumentation.
These mixtures are designed to evaluate various mass
spectrometry features including low resolution, high
resolution, electron impact, chemical ionization, and
positive- or negative-ion mass spectrometry. The high-
quality Pierce calibration solutions are ideal for busy
laboratories that opt to avoid time-consuming reagent
preparation. Reagents are provided in high-purity Teflon-

e Stable—minimum 1 year shelf life as liquid solution when
stored at the recommended temperature

coated containers tested rigorously to provide the highest
batch-to-batch reproducibility. All standards are fully
verified using our LC-MS systems.

Table 2. Overview of Pierce calibration solutions for mass spectrometry.

LTQ ESI

Positive lon

Calibration Solution

LTQ Velos ESI
Positive lon

Calibration Solution

ESI
Negative lon
Calibration
Solution

Triple
Quadrupole
Calibration Solution

Triple
Quadrupole
Calibration Solution,
Extended Mass Range

Recommended
for these Thermo
Scientific* mass
spec instrument
series

Components

Mass range (Da)

Calibration mode
Storage

LTQ, LTQ Orbitrap,
LXQ, LCQ Fleet,
Exactive

Caffeine, MRFA,
Ultramark 1621

195-1,522

Positive
Room temp

LTQ Velos/Velos Pro,
LTQ Orbitrap Velos/
Orbitrap Velos Pro,

Orbitrap Elite,

Q Exactive, Orbitrap
Fusion Tribrid/
Fusion Lumos

Caffeine, MRFA,

Ultramark 1621,

n-butyl-amine
74-1,5622

Positive
2-8°C

LTQ, LTQ Velos,
LTQ Orbitrap,
Exactive

SDS, sodium
taurocholate,
Ultramark 1621

265-1,680

Negative
2-8°C

TSQ Quantum,
TSQ Discovery,
TSQ Quantum Access,
TSQ Vantage,
TSQ Endura,
TSQ Quantiva

Tyrosinel, Tyrosine3,
Tyrosine6

182-997

Positive
2-8°C

TSQ Quantum,
TSQ Discovery,
TSQ Quantum Access,
TSQ Vantage,
TSQ Endura,
TSQ Quantiva,

Q Exactive

17 components*

69-2,722 (Pos)
69-2,934 (Neg)

Positive and negative
2-8°C

17



Instrument calibration and ancillary reagents

Calibration solutions

Table 3. Recommended calibration solutions and standards for Thermo Scientific” mass spectrometers.

LXQ,
LCQ Fleet,
LTQ XL ETD, TSQ Access
LTQ Orbitrap Exactive Plus, Max, TSQ
Discovery, LTQ Velos, Q Exactive, Quantum

LTQ Orbitrap Orbitrap MALDI Q Exactive Ultra, TSQ
Calibration XL, Orbitrap XL Fusion Tribrid, LTQ Velos LTQ XL, Plus, Vantage, TSQ
solution or ETD, LTQFT Orbitrap Pro, Orbitrap MALDI LTQ Q Exactive Endura, TSQ
standard Cat. No. Ultra Fusion Lumos Elite Orbitrap XL Exactive HF Quantiva
LTQ ESI
Positive lon
Calsifon 88322 Va4 NR NR NR Va4 NR NR
Solution
LTQ Velos ESI
Positive lon
Calibration 88323 NR S a4 NR NR S NR
Solution
ESI Negative
lon Calibration 88324 VA4 S a4 NR VA4 S NR
Solution
Triple
Quadrupole
Calibration 88325 NR NR NR NR NR NR Va4
Solution
Triple
Quadrupole
Calibration
Solution, 88340 NR NR NR NR NR NR S
Extended Mass
Range
Reserpine
Standard for 88326 V4 S V4 NR v/ v/ a4
LC-MS
Peptide
Retention Time 88320,
Calibration 88321 a4 a4 a4 a4 S S a4
Mixture
Digestion
Indicator
for Mass 84841 S S a4 a4 a4 a4 a4
Spectrometry
BSA Digest
Standard 88341 a4 a4 S S a4 a4 S
6-Protein
Mixture 88342 a4 a4 VA4 VA4 S a4 a4
Standard
HelLa Protein 88328,

Digest Standard ~ 88329 I I x4 x4 I a4 x4

NR = Not recommended.
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Instrument calibration

Pierce LTQ ESI Positive lon
Calibration Solution

Convenient, verified solution for the calibration
of Thermo Scientific” lon Trap and Orbitrap
instruments in the positive mode

The Thermo Scientific” Pierce™ LTQ ESI Positive lon
Calibration Solution is a mixture of highly purified,
ionizable molecules (caffeine, MRFA, and Ultramark 1621)
in an acetonitrile/methanol/acetic acid solution, and is
specifically designed for positive-mode calibration of

LTQ Series, LTQ Orbitrap Series, LXQ, LCQ Fleet, and
Exactive™ (classic) mass spectrometer instruments.

The Pierce LTQ ESI Positive lon Calibration Solution is a
ready-to-use liquid formulation, ideal for quickly performing
the routine calibration required to maintain robust
performance of our mass spectrometers. The LTQ ESI
Positive lon Calibration Solution is manufactured at an ISO
9001—certified facility, and each lot is quality-controlled with
strict specifications. The solution is provided in a leakproof,
high-purity polytetrafluoroethylene (PTFE) bottle and is
stable for up to 1 year when stored at room temperature.

#136778 IT: 0.137 ST:0.37 US:3 CS:1 AUUU: 19.08 ML: 2.1886
F: ms + p H ESI Fu ms [150.00-2000.00]

100 1%
95
903
85
804
75
70
653
603
553
503
453
403
353
30 1322.08
53 g6 122194 14229 1501 96
20 112202

153

104 5226 1022.02

3 3933 1821.9
53 M35 g5 O
03

Relative intensity

1621.87

611.01 73201 gqq 40 92202 192188

200 400 600 800 1000 1200 1400 1600 1800 2060
m/z
Figure 1. Pierce LTQ ESI Positive lon Calibration Solution spectra.
Formulation: Caffeine (20 ug/mL), MRFA (1 ug/mL) and Ultramark 1621
(0.001%) in an aqueous solution of acetonitrile (50%), methanol (25%), and
acetic acid (1%).

Pierce LTQ Velos ESI Positive lon
Calibration Solution

Convenient, verified solution for the calibration
of Thermo Scientific” LTQ Velos™ series mass
spectrometer instruments in the positive mode

The Thermo Scientific” Pierce™ LTQ Velos ESI Positive
lon Calibration Solution is a mixture of highly purified,
ionizable molecules (caffeine, MRFA, Ultramark 1621,
and n-butylamine) in an acetonitrile/methanol/acetic acid
solution, and is specifically designed for positive-mode
calibration of LTQ Velos series, LTQ Orbitrap Velos,

Q Exactive series, and Exactive Plus mass
spectrometer instruments.

The Pierce LTQ Velos ESI Positive lon Calibration Solution
is a ready-to-use liquid formulation ideal for quickly
performing the routine calibration required to maintain

the robust performance of our mass spectrometers.

The LTQ Velos ESI Positive lon Calibration Solution is
manufactured at an ISO 9001-certified facility, and each lot
is quality-controlled with strict specifications. The solution
is provided in a leakproof, high-purity PTFE bottle and is
stable for up to 1 year when stored at 2-8°C.

PIERCEVELOSCALMX #2 RT:0.01 AV:1 NL:1.9586
T: ITMS + pESIFu ms [150.00-2000.00]

100 1322.00

904 1422.00
1222.00

1522.00
195.06

1122.00
1622.00

524.25 172200
26267

Relative abundance
@
3

1022.00
207 182200

393.33
107 1921.92

2.00

537.63 o
2633 453 a0 7358 gsso

20‘0 40‘0 6(‘10 8(‘]0 1 0‘00 1 2(‘)0 14(‘)0 16;)0 1 8‘00 2060
m/z

Figure 2. Pierce LTQ Velos ESI Positive lon Calibration Solution

spectra. Formulation: Caffeine (2 ug/mL), MRFA (1 ug/mL). Ultramark 1621

and n-butylamine (0.0005%) (0.001%) in an aqueous solution of acetonitrile

(60%), methanol (25%) and acetic acid (1%).
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Calibration solutions

Pierce ESI Negative lon
Calibration Solution

Convenient, verified solution for the calibration
of Thermo Scientific” LTQ Series mass
spectrometers in the negative mode

The Thermo Scientific” Pierce™ ESI Negative lon Calibration
Solution is a mixture of highly purified, ionizable molecules
(SDS, sodium taurocholate, and Ultramark 1621) in an
acetonitrile/methanol/acetic acid solution, and is specifically
designed for the negative mode calibration of LTQ, LTQ
Velos, and the LTQ Orbitrap series, and Exactive mass
spectrometer instruments.

The Pierce ESI Negative lon Calibration Solution is a
ready-to-use liquid formulation ideal for quickly performing
the routine calibration required to maintain the robust
performance of our mass spectrometers. The Pierce ESI
Negative lon Calibration Solution is manufactured at an
ISO 9001-certified facility, and each lot is quality-controlled
with strict specifications. The solution is provided in a leak-
proof, high-purity PTFE bottle and is stable for up to 1 year
when stored at 2-8°C.

Methodtest_10130142718#1-429 RT: 0.00-1-9.99 AV: 143 NL: 5.74E5

T: ITMS + pESIFull ms [75.00-2000.00]

100, 1908
954
904
85

80
75 1422.00

0 1322.08
65 1622.00

1522.00

60

gg 122208 12200
45
40
35 1822.00
30 12208

25 524.42

20

15
10 1022.08

Relative abundance

1922.00

5 HRET 0925 5083 92247 408.00
0l1mm 33125 453,95 > 637.33 73150 g31.00 7= 1408.00 1500.92 160108 170092 1800.75 183092 1981.83
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Figure 3. Pierce ESI Negative Calibration Solution spectra.
Formulation: sodium dodecyl sulfate (2.9 pg/mL), sodium taurocholate
(5.4 pg/mL), and Ultramark 1621 (0.001%) in an aqueous solution of
acetonitrile (50%), methanol (25%), and acetic acid (1%).
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Pierce Triple Quadrupole
Calibration Solution

Convenient, verified solution for the calibration of
Thermo Scientific” triple-stage quadrupole mass
spectrometers in the positive mode

The Thermo Scientific” Pierce™ Triple Quadrupole
Calibration Solution is a mixture of high purity, ionizable
components (three tyrosine polymers) in methanol/formic
acid solution, and is specifically designed for the positive
mode calibration of Thermo Scientific” TSQ Quantum™, TSQ
Discovery”, TSQ Quantum Ultra”, TSQ Quantum™ Access,
TSQ Vantage™, TSQ Endura”, and TSQ Quantiva™ series.

The Pierce Triple Quadrupole Calibration Solution is a
ready-to-use liquid formulation ideal for quickly performing
the required routine calibration to maintain the robust
performance of our mass spectrometers. The Pierce Triple
Quadrupole Calibration Solution is manufactured at an ISO
9001-certified facility, and each lot is quality-controlled
with strict specifications. The solution is provided in a leak-
proof, high-purity PTFE bottle and is stable for up to 1 year
when stored at 2-8°C.

MMR Gold Standard Spectrum #1-100 RT: 0.01-1.74 AV: 100 NL:6.57E7
T: + p ESIQ1MS [150.070-1050.000]
100 508.18

90 18213 997.32

Relative abundance
3

499.43

518.40, 985.49
209.09 e 653.14 R 101657
o 217.06 249.05 3451537112 4p5.03 49348 54612 050855314670 18 743,03 77200  834.30856.41894.42 979.33 .
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050

m/7

Figure 4. Pierce Triple Quadrupole Calibration Solution. Formulation:
25 pM Tyr1, 25 uM Tyr3, and 25 uM Tyr6, in an aqueous solution of
methanol (50%) and formic acid (0.1%).



Pierce Triple Quadrupole Calibration
Solution, Extended Mass Range

Verified, extended mass range calibration solution
that can be used in both positive and negative
ionization modes for triple quadrupole instruments

The Thermo Scientific” Pierce™ Triple Quadrupole
Calibration Solution, Extended Mass Range is a mixture
of 14 highly pure, ionizable components (mass ranges
69 m/z to 2,800 m/z) designed for both positive and
negative ionization calibration of Thermo Scientific™
triple-stage quadrupole instruments.

The Pierce Triple Quadrupole Calibration Solution is a
ready-to-use formulation that has been optimized for both
positive and negative ionization instrument calibration. The
extended mass range (69 to 2,800 m/z) calibration has
been specifically optimized to improve sensitivity and mass
accuracy of the TSQ Quantiva and TSQ Endura series triple
quadrupole mass spectrometers and is also compatible
with the TSQ Quantum, Thermo Scientific TSQ Discovery,
Thermo Scientific TSQ Quantum Ultra, TSQ Quantum
Access, and TSQ Vantage series instruments using the

list of recommended masses. This calibration solution is
manufactured at an ISO 9001-certified facility and each lot
is quality-controlled with strict specifications. The stable
solution is provided in a leakproof, high-purity PTFE bottle.

Instrument calibration

Highlights:
¢ Improved mass accuracy—extended mass range
improves mass accuracy of instrumentation

¢ Positive and negative mode calibration—single
formulation with extended mass ranges for both
calibration modes

¢ Highly verified—high-quality, rigorously tested
formulation with lot-specific Certificates of Analysis

e Ready to use—reference standard may be directly
loaded into a syringe and injected into the instrument

e Stable—store at 2-8°C for up to 1 year

¢ Positive mode (m/z): 69.0447, 142.1590, 322.0481,
622.0289, 922.0098

¢ Negative mode (m/z): 59.0128, 112.9845, 301.9970,
601.9779, 1,033.9870

For the calibration procedure, use:
TSQ Series Getting Started Guide (70111-97152)
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Calibration solutions

Table 4. Accurate mass and specifications of Pierce Triple Quadrupole Calibration Solution, Extended Mass Range.

Components Accurate mass (m/z) Specification (neat)
*LC-MS grade acetonitrile (92% v/v) - Purity 99.9%
*LC-MS grade water (4% v/v) - LC-MS grade
*LC-MS grade 2-propanol (4% v/v) - Purity 99.9%
LC-MS grade acetic acid 59.0139* Purity 99.7%
Imidazole 69.0447+ Purity 99.0%
Triethylamine 1021277 Purity 99.5%
Trifluoroacetic acid (TFA) 112.9856"" Purity 99.5%
Tetramethylpiperidine 1421590 Purity 97.5%
1,8-Bis(dimethylamino)naphthalene 215.15643* Purity 98.5%
2,4,6-Tris(trifluoromethyl)-1,3,5-triazine 301.9981" Purity >97.0%
Hexamethoxyphosphazene 322.0481*" Purity 99.0%
2,4,6-Tris(heptafluoropropyl)-1,3,5-triazine 601.9779 Purity 95.0%
Hexakis(2,2-difluoroethoxy)phosphazene 622.0290*" Purity 97.0%
Hexakis(2,2,3,3-tetrafluoropropoxy)phosphazene 922.0098*", 1,033.9881 Purity 95.0%
Hexakis(1H,1H,5H-octafluoropentoxy)phosphazene 1,5621.9715%, 1,633.9498 Purity 95.0%
Hexakis(1H,1H,7H-perfluoroheptoxy)phosphazene 2,121.9331°, 2,233.9115 Purity 95.0%
Hexakis(1H,1H,9H-perfluorononyloxy)phosphazene 2,721.8948%, 2,833.8731%" Purity 95.0%

'IM+H]"; °[IM=H] ; “[M+0H]" ; ‘[M+TFA]
* Combined concentration of all other components listed is less than 1% w/v.

100 69.00 Positive ion mode (50-400 m/z) 100 620.02 922.11 Positive ion mode (400-3,000 m/z)
90 322.11 90
80 142.11 80
70 70
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0 83.0 50 1,522.11
40 215.22 40 2122.1 2,722.00
30 84.00 30
20 20
10 10
0 o e 0
L o 2,234.00
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40 0 034,
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0 L 0 e | | )
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- 2,234.00
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Learn more at thermofisher.com/mscalibration

122



Instrument calibration

Standards

Thermo Scientific” Pierce” standards
for mass spectrometry are offered

as either liquid formulations or

lyophilized mixtures that can help

accurately monitor or help to

optimize LC-MS instrumentation.

We offer a full range of standards for sensitivity

assessment, chromatographic performance, determination
of digestion efficiency, or as a control for simple to complex
sample analysis.

Table 5. Overview of Pierce standards for mass spectrometry.

Reserpine

Standard for
LC-MS

Peptide
Retention Time
Calibration
Mixture

Digestion

Indicator

for Mass
Spectrometry

BSA
Protein Digest
Standard

6 Protein
Digest
Standard

HelLa
Protein Digest
Standard

Components

Format
Primary
application
Complexity of
standard
Recommended
storage

Reserpine
molecule

Liquid
Sensitivity
assessment
+

4°C

15 heavy tryptic
peptides (yeast)

Frozen liquid

Chromatography
assessment

++

-80°C

Unique,
non-mammalian
protein

Frozen liquid

Monitor digestion
efficiency

++

-80°C

BSA tryptic
peptides

Lyophilized

Protein sample
control

++

-20°C

Lysozyme, BSA,
cytochrome c, alcohol
dehyrogenase,
B-galactosidase,
apotransferrin
(multispecies)
Lyophilized

Chromatography
assessment

+++

-20°C

Hel a lysate
peptides

Lyophilized

Complex sample
control
++4++

-20°C
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Instrument calibration and ancillary reagents

Standards

Pierce Reserpine Standard
for LC-MS

High purity solution for sensitivity performance
evaluation for MS instruments

The Thermo Scientific” Pierce™ Reserpine Standard for
LC-MS is a precise concentration of reserpine, specifically
designed for sensitivity performance evaluation of mass
spectrometers, including the lon Trap and TSQ Series

of instruments.

The Pierce Reserpine Standard for LC-MS is a prediluted
liquid formulation that is ideal for performing installation
tests of Thermo Fisher Scientific and other suppliers’ mass
spectrometers. The standard is provided at a concentration
of 100 pg/uL in 50% isopropyl alcohol and requires minimal
additional dilutions. The product is provided as a pack of

5 x 1 mL glass amber vials with PTFE-lined screw caps.
The Pierce Reserpine Standard for LC-MS is manufactured
at an ISO 9001—certified facility and each lot is quality-
controlled with strict specifications.

Highlights:

e Convenient—provided at a concentration of 100 pg/ulL
in 50% isopropy! alcohol, requiring minimal additional
dilutions to reach target concentration for injection

e Safe handling—unlike glass ampules, cap can be easily
removed and replaced when withdrawing solution

e High purity—mass spectrometry—grade reagent in
non-leachable screw-cap vials

e Stable—store at 4°C for up to 1 year
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Reserpine

MW: 608.68
Exact mass: 608.27

Figure 6. Chemical structure of reserpine. The Pierce Reserpine
Standard for LC-MS consists of high-purity reserpine at 100 pg/uL in
50% isopropy! alcohol.
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Figure 7. Example of SRM of 500 fg reserpine on a TSQ Vantage triple
quadrupole mass spectrometer. Chromatogram of three 5 pL loop
injections of 100 fg/uL Pierce Reserpine on a Thermo Scientific” Hypersil
GOLD" aQ 2.1 x 20 mm Javelin column with isocratic 300 pL/min flow of
70% methanol: 30% water: 0.05% formic acid (upper panel). The SRM
transitions monitored were 609.3-195.1 and 609.3-448.2 m/z with a 0.2 full
width at half maximum (FWHM) Q1 peak width (lower panel).



Instrument calibration

Pierce Peptide Retention Time
Calibration Mixture

Convenient solution for chromatographic
performance assessment

The Thermo Scientific” Pierce™ Peptide Retention Time
Calibration Mixture can be used for optimization and
regular assessment of chromatographic performance and
for rapid development of multiplexed, scheduled, targeted
MS assays for the quantification of dozens to hundreds
of peptide targets per run on Thermo Scientific™ Triple
Quadrupole, Exactive™ Orbitrap™, Exactive and ion trap
mass spectrometers.

Highlights:

e Convenient—assess chromatography and MS
instrument performance and predict peptide retention
across multiple instrument platforms

e Powerful—predict peptide retention time from sequence
using calculated hydrophobicity factor and optimize
the scheduled MS acquisition windows for improved
quantification and increased multiplexing

e Improved performance—serves as an internal standard
to normalize for variation in retention times and peak
intensities between runs

Relative abundance Relative abundance

Figure 8. Chromatographic analysis of the Pierce Peptide Retention
Time Calibration Mixture. The Pierce Retention Time Calibration Mixture
was also analyzed on a TSQ Vantage Mass Spectrometer using a Thermo
Scientific” Hypersil GOLD" C18 column (1.0 x 150 mm, Cat. No. 25005-
150165) with a 1.0% per min gradient at 120 yL per min. Numbered peaks
correspond to the calibrant peptides described above.

The Pierce Peptide Retention Time Calibration Mixture
contains 15 synthetic heavy peptides mixed at an
equimolar ratio that elute across the chromatographic
gradient. The peptide sequences and chromatographic
results are used to assess LC performance. In addition,
the observed retention times and hydrophobicity factors
(HFs) for these calibrants are fit to a linear equation to
determine the slope of the retention time/HF relationship.
This equation and the HF of uncharacterized peptides are
then used to predict retention time.

Table 6. Pierce Peptide Retention Time Calibration Mixture
components and properties. The peptide sequences, peptide
masses, and chromatographic behavior of each component of the
Pierce Peptide Retention Time Calibration Mixture are given below. The
position and identity of the heavy isotope—labeled amino acid in each
sequence is indicated in bold.

Mass Hydrophobicity

Peptide sequence (pF:)] factor (HF)
1 SSAAPPPPPR 985.5220 7.56

2 GISNEGQNASIK 1,224.6189 15.50

3 HVLTSIGEK 990.5589 156.52

4 DIPVPKPK 900.5524 17.65

5 |IGDYAGIK 843.4582 19.15

6 TASEFDSAIAQDK 1,389.6503 25.88

7 SAAGAFGPELSR 1,171.5861 25.24

8 ELGQSGVDTYLQTK 1,5645.7766 28.37

9 GLILVGGYGTR 1,114.6374 32.18
10 GILFVGSGVSGGEEGAR 1,600.8084 34.50

11 SFANQPLEVVYSK 1,488.7704 34.96

12 LTILEELR 995.5890 37.30
13 NGFILDGFPR 1,144.5905 40.42
14 ELASGLSFPVGFK 1,358.7326 4118
15 LSSEAPALFQFDLK 1,672.8279 46.66
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Instrument calibration and ancillary reagents

Standards

Pierce Digestion Indicator

Convenient solution to assess protein digestion
for LC-MS

The Thermo Scientific” Pierce™ Digestion Indicator is a
unigue non-mammalian protein (26 kDa) that can be
spiked into cell lysates and carried through the sample
preparation procedure, resulting in five distinct peptides
that can be quantified. The Pierce Digestion Indicator is
provided as a frozen liquid (10 pg) and an aliquot of 0.5 ug
is recommended per 100 ug sample of lysate. The Pierce
Digestion Indicator is also provided as a component of the
Thermo Scientific” Pierce™ Mass Spec Sample Prep Kit for
Cultured Cells (Cat. No. 84840).

Highlights:

¢ Non-mammalian—Pierce Digestion Indicator
peptides can be easily distinguished from endogenous
mammalian peptides

¢ Ready to use—just thaw and spike into lysate

e Verified—contains 5 distinct peptides that can be
quantitated to assess digestion efficiency

The Pierce Digestion Indicator serves as an internal
digestion control standard protein to assure protocol
performance and to quantify sample preparation
processing and digestion efficiency across samples. The
properties of the signature peptides following digestion are
shown in Table 7.

To test the reproducibility of the Pierce Mass Spec Sample
Prep Kit for Cultured Cells, triplicate samples of a Hela
cell culture were processed and analyzed using the Pierce
Digestion Indicator protocol by spiking the Pierce Digestion
Indicator into each lysate after the initial lysis step. The
samples were analyzed by LC-MS/MS on a Velos Pro

ion trap mass spectrometer. Digestion indicator peptides
were quantified with Pinpoint 1.2 software, which is
preprogrammed to quantify the Pierce Digestion Indicator
peptides and MS’ transitions. The coefficients of variation
(CV) for replicates of the five peptides were 6% to 16%
(Table 8).

Table 7. Properties of the five Pierce Digestion Indicator peptide sequences.

Digestion indicator Observed Observed Hydrophobicity
peptide sequence mass/charge charge factor (HF)
ITGTLNGVEFELVGGGEGTPEQGR 1,209.1007 +2 40.59
VMGTGFPEDSVIFTDK 871.9189 +2 40.24
DGGYYSSVVDSHMHFK 610.2701 +3 27.24
SAIHPSILONGGPMFAFR 648.3367 +3 42.42
VEEDHSNTELGIVEYQHAFK 587.0315 +4 35.13

Table 8. Pierce Digestion Indicator peptides and example assessment of reproducibility.
Sequences of the five peptides that result from the Pierce Digestion Indicator, and CV for triplicate
samples processed using the product protocol.

Coefficients
of variation (CV)

Observed
mass/charge

Digestion indicator

peptide sequence

[TGTLNGVEFELVGGGEGTPEQGR 1,209.1010 16
VMGTGFPEDSVIFTDK 871.9189 13
DGGYYSSVVDSHMHFK 610.2701 6
SAIHPSILANGGPMFAFR 648.3367 13
VEEDHSNTELGIVEYQHAFK 587.0315 13
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Pierce BSA Protein Digest

Standard, LC-MS Grade

High-quality, verified BSA protein digest standard
for LC-MS applications

The Thermo Scientific” Pierce™ BSA Protein Digest
Standard is produced using high-quality bovine serum
albumin (BSA) and MS-grade trypsin. The BSA is fully
reduced, alkylated (iodoacetamide), and desalted (C18)
after trypsin digestion to provide a quality LC-MS grade
standard that is free of intact protein. The peptide digest
provides excellent sequence coverage with minimal
overalkylation and missed cleavages. This digest has been
robustly tested for peptide quality, digestion efficiency
and lot-to-lot uniformity, and is suitable for LC and
LC-MS applications.

Highlights:

¢ Positive control sample—BSA protein
digest optimized and verified as a quality
control standard for MS applications

e Excellent sequence coverage—greater than
70% sequence coverage

¢ Verified peptide quality—digestion procedure optimized
for minimal missed cleavages and overalkylation

¢ Rigorously tested—high-quality, consistent BSA protein
digest documented via lot-specific Certificates of Analysis

e Stable—provided in a stable lyophilized format

Instrument calibration

The Pierce BSA Protein Digest Standard is a lyophilized
tryptic peptide mixture that can be used as a quality control
standard for LC separation, MS method development, and
MS performance benchmarking. The digest is specifically
formulated for LC-MS experiments and does not contain
salts or detergents. Using the digest standard routinely
before analysis of samples with similar complexity makes
it possible to monitor and normalize LC-MS performance
between samples and over time. Moreover, unlike other
commercially available protein digests for MS, the Pierce
BSA Protein Digest Standard must meet stringent quality
testing specifications including peptide quality, digestion
efficiency, and lot-to-lot digest uniformity.
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Figure 9. Pierce BSA Protein Digest Standard base peak
chromatogram. Base peak chromatogram of 1 pmol Pierce BSA
Protein Digest Standard separated using a Thermo Scientific™ Acclaim™
PepMap™ 100 Column, 3 um x 75 pm x 15 cm (Cat. No. 160321)

with a 2-35% gradient (A: 0.1% FA in water, B: 0.1% FA in 100%
acetonitrile) at 300 nL/min for 60 min and detected on a LTQ Orbitrap XL
mass spectrometer.

127



Instrument calibration and ancillary reagents

Standards

Pierce 6 Protein Digest Standard,
Equimolar, LC-MS Grade

High-quality, verified six-protein digest mixture for
the standardization of LC-MS applications

The Thermo Scientific” Pierce™ 6 Protein Digest Standard,
Equimolar, LC-MS Grade is a verified protein digest
optimized for use as a quality control sample for LC and
MS analysis of proteomic samples.

The Pierce 6 Protein Digest Standard contains an
equimolar mixture of highly pure bovine cytochrome c,
lysozyme, alcohol dehydrogenase, bovine serum albumin,
apo-transferrin, and 3-galactosidase. The proteins are
reduced, alkylated (iodoacetic acid), digested (MS-grade
trypsin), and desalted (C18) after trypsin digestion to
provide a high-quality, LC-MS grade standard, free of
intact protein. The peptide digest provides excellent
sequence coverage with minimal overalkylation and missed
cleavages. This digest has been robustly tested for peptide
quality, digestion efficiency, and lot-to-lot uniformity, and is
suitable for LC and LC-MS applications.

Highlights:

e Positive control sample—6-protein standard
optimized and verified as a quality control standard for
MS applications

e Excellent sequence coverage—greater than 85%
sequence coverage
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¢ Verified peptide quality—digestion procedure optimized
for minimal missed cleavages and overalkylation

¢ Rigorously tested—high-quality, consistent BSA protein
digest documented via lot-specific Certificates of Analysis

e Stable—provided in a stable lyophilized format

The Pierce 6 Protein Digest Standard has been optimized
as a medium-complexity, quality control standard for
LC-MS applications. It has been optimized to have maximal
sequence coverage with minimal missed cleavages

and overalkylation. The digest is specifically formulated

for LC-MS experiments and does not contain salts or
detergents. Using the digest standard routinely before
analysis of samples with similar complexity makes it
possible to monitor and normalize LC-MS performance
between samples and over time. Moreover, unlike other
commercially available protein digests for MS, the Pierce 6
Protein Digest Standard must meet stringent quality testing
specifications including peptide quality, digestion efficiency,
and lot-to-lot digest uniformity.
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Figure 10. Pierce 6 Protein Digest Standard base peak
chromatogram. Base peak chromatogram of 500 fmol Pierce 6 Protein
Digest Standard separated using an Acclaim PepMap 100 Column,

3 um x 75 pm x 15 cm (Cat. No. 160321) with a 2-35% gradient (A: 0.1%
FA in water, B: 0.1% FA in 100% acetonitrile) at 300 nL/min for 120 min and
detected on an LTQ Orbitrap XL mass spectrometer.



Instrument calibration

Pierce Hela Protein
Digest Standard

High-quality, verified, complex mammalian
protein digest for the standardization of
LC-MS applications

The Thermo Scientific” Pierce™ HelLa Protein Digest
Standard is a highly verified mammalian protein digest that
may be used as a quality control sample for MS analysis of
complex proteomic samples.

Highlights:
¢ Positive control sample—complex mammalian
proteome sample protein digest (>15,000 proteins)

¢ High digestion efficiency—less than 10% missed
cleavages using trypsin and Lys-C

e Superior peptide quality—less than 10% methionine
oxidation and less than 10% lysine carbamylation

¢ Rigorously tested—high-quality, efficient protein digest
with lot-to-lot digest uniformity

e Stable—provided in a stable, lyophilized format

The Pierce Hela Protein Digest Standard is a lyophilized
tryptic peptide mixture that can be used as a quality control
standard for LC separation, MS method development, and
MS performance benchmarking. The digest is specifically
formulated for LC-MS experiments and does not contain
salts or detergents. Using the digest standard routinely
before analysis of complex samples makes it possible

to monitor and normalize LC-MS performance between
samples and over time.

The protein digest is derived from a well-established
adenocarcinoma (HelLa) reference cell line, which
expresses over 15,000 proteins with relevant post-
translational modifications, making it an ideal standard for
complex proteome MS applications. The protein lysate
has been digested with both Lys-C and trypsin to reduce
tryptic missed cleavages and improve protein sequence
coverage. Moreover, unlike other commercially available
protein digests for MS, the Pierce Hela Protein Digest
Standard must meet stringent quality testing specifications
including peptide quality, digestion efficiency, and lot-to-lot
digest uniformity.
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Figure 11. Pierce HelLa Protein Digest Standard base peak
chromatogram. Chromatogram of 200 ng Pierce Hela Protein Digest
Standard separated using an Acclaim PepMap 100 Column, 3 pm x 75 ym
x 15 cm (Cat. No. 160321) with a 2-35% gradient (A: 0.1% FA in water, B:
0.1% FA in 100% acetonitrile) at 300 nL/min for 120 min and detected on a
LTQ Orbitrap XL Mass Spectrometer.

Table 9. Pierce HelLa Protein Digest Standard quality testing
specifications.

Specification

Asgo =1.0 £ 01
LC-MS chromatogram conforms
to reference

Ratio of peptide area to
reference = 0.75-1.25

Analysis

UV absorbance
LC-MS chromatogram

Reference
peptide area
Peptide missed Tryptic peptide missed cleavage <10%
cleavage* -

Cysteine carbamidomethyl
modification >98%

Methionine oxidation <10%

Peptide alkylation*

Peptide oxidation*
Other peptide
modification*

* Peptide missed cleavage, alkylation, oxidation and modification determined by Preview" Software
(Protein Metrics)" using a human protein Swiss-Prot database.

Carbamylation <10%

Learn more at thermofisher.com/ms-standards
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Ancillary reagents and accessories

The most commonly used solvents

or solvent blends include LC-MS
grade water and acetonitrile, with ion-
pairing agents such as trifluoroacetic
acid (TFA), formic acid (FA), or
heptafluorobutyric acid (HFBA). Thermo
Scientific” Pierce” solvents and blends
are available as single-component
formulations or convenient blends.

Table 10. Overview of Pierce solvents and blends (LC-MS grade).

0.1% TFA
0.1% TFA

Trifluoroacetic in

Formic

Solvents are manufactured in an ISO 9001—-certified
facility and are provided with a Certificate of Analysis.
Solvents and blends have been verified using our mass
spectrometers. All Thermo Scientific” MALDI matrices,
including alpha-cyano-4-hydroxy-cinnamic acid (CHCA),
sinapinic acid (SA), and 2,5-dihydroxybenzoic acid (DHB),
are available in a convenient single-use format.

The proper choice of mobile phases and acidic ion-pairing
agents is essential for achieving effective and reproducible
LC separation of peptides for ESI-MS. The most commonly
used solvents or solvent blends include LC-MS grade
water and acetonitrile, with ion-pairing agents such as
TFA, FA, or HFBA. For MALDI, peptides are combined with
specific crystalline matrices of energy-absorbing dyes.

All of our MALDI matrices are available in a convenient
single-use format.

0.1% FA in 0.1% FA

acid (TFA) acetonitrile in water

Formulation Solvent Solvent blend  Solvent blend
Formats Liquid Liquid Liquid
(in ampules (bottles) (bottles)
or bottles)
Specifications >10 >20 >20
measured
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acid (FA)

acetonitrile in water Acetonitrile

Solvent Solvent blend  Solvent blend Solvent Solvent
Liquid Liquid Liquid Liquid Liquid
(in ampules (bottles) (bottles) (bottles) (bottles)
or bottles)
7-20 >20 >20 >20 >20




Pierce Trifluoroacetic Acid (TFA)

High-quality ion-pairing reagent for
LC-MS applications

Thermo Scientific” Pierce™ Trifluoroacetic Acid (TFA) is
manufactured and tested to meet strict specifications that
help ensure superior performance for use as an ion-pairing
agent in reversed-phase peptide separations. TFA is the
most commonly used ion-pairing agent for use in reversed-
phase HPLC peptide separations because it sharpens
peaks and improves resolution, is volatile and easily
removed, has low absorption within detection wavelengths,
and has a proven history of use.

Highlights:

e High purity and exceptional clarity—allows sensitive,
nondestructive peptide detection at low UV wavelengths
in reversed-phase HPLC protein and peptide
separation systems

¢ High-performance packaging—TFA packaged
under nitrogen in amber glass ampules or bottles with
protective PTFE-lined fluorocarbon caps to enable
TFA integrity

e Economical convenience—choose the TFA format that
works best for your application; in just a few seconds,
1 mL ampules can be used to prepare 1 L of fresh
0.1% v/v trifluoroacetic acid solution for the mobile phase
in reversed-phase chromatography

Instrument calibration

Applications:
¢ lon-pairing reagent for reversed-phase HPLC

e Protein and peptide sequencing

e Protein and peptide solubilizing agent
e Solid-phase peptide synthesis

e Amino acid analysis

e Making 0.1% solutions of trifluoroacetic acid (w/v vs. v/v)

0
F
E OH
F
TFA
MW 114.02

Table 11. General properties of TFA.

Alternative names Perfluoroacetic acid, trifluoroethanoic acid,

trifluoracetic acid

Molecular formula CF,COOH
Molecular weight 114.02

Density 1.63 g/mL, 20°C
Melting/boiling point -15°C/72°C
CAS number 76-05-01

Table 12. Specifications of Pierce TFA.

TFA purity >99.5%

Water content <0.1%

Chain length <99.5% C2

Ninhydrin positives As7o £0.02 above blank
Tollen’s test (aldehydes) Negative

UV absorbance (0.1% aqueous)

UV absorbance (neat)

References

Asgo M <0.001
Ass, N <0.003
Aoz M <0.064

Azpo M <0.02
A,;s nm <Passes test
Cut-off <259 nm

1. Che FY etal. (2011). Mol Cell Proteomics 10:M110.000745.
2. Agnes JT et al. (2011). Infect Immun 79:1311-1318.

3. Warner AH et al. (2010). J Biochem 148:581-592.

4. Blouin CM et al. (2010). J Lipid Res 51:945-956.
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Ancillary reagents and accessories

Pierce 0.1% Trifluoroacetic Acid (v/v)
in Acetonitrile, LC-MS Grade

Convenient, pre-diluted solvent blend for
LC-MS applications

Thermo Scientific” Pierce™ 0.1% Trifluoroacetic Acid (v/v)
in Acetonitrile is an LC-MS grade preparation with high
purity and low UV absorptivity that is ideal for HPLC and
MS applications.

Pierce 0.1% TFA in Acetonitrile is specially purified by a
proprietary method and tested to help ensure lot-to-lot
consistency with a low UV absorbance, providing the most
sensitive detection across wavelengths and prolonging
equipment life. The chromatography- and spectrometry-
grade 0.1% TFA in acetonitrile is 0.2 pm-filtered, packaged
in solvent-rinsed amber glass bottles, and sealed

under nitrogen with PTFE-lined fluorocarbon caps for
ultimate protection.

Highlights:
e Verified—tested more than 20 ways to enable maximal
LC-MS sensitivity

e Purified—processed, filtered, and sealed to extend
LC-MS column life

e Convenient—packaged to eliminate variability and
reduce handling
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For complex peptide separations, the key to success can
be to vary selectivity. Varying mobile phase composition
on the same column can change selectivity enough to
resolve peptides that would otherwise overlap. TFA is the
most frequently used modifier for peptide separations in
reversed-phase HPLC. The TFA concentration usually
specified is 0.1%. For reproducible separations from

run to run or from lab to lab, it is essential to make TFA
concentrations the same.

o)
F
H
. o
F
TFA
MW 114.02

Table 13. General properties of TFA.

Alternative names Perfluoroacetic acid, trifluoroethanoic acid,

trifluoracetic acid

Molecular formula CF,COOH
Molecular weight 114.02

Density 1.68 g/mL, 20°C
Melting/boiling point -15°C/72°C
CAS number 76-05-01

Table 14. Specifications of Pierce 0.1% Trifluoroacetic Acid (v/v)
in Acetonitrile.

Trifluoroacetic acid content  0.095 to 0.105%

Water content <0.01%

Residue after evaporation <1 ppm

Color <10 ALPHA

LC-MS gradient suitability Passes

Identification Passes

UV absorbance (au) 210 nm <0.6
220 nm <0.55
230 nm <0.4
254 nm <0.03

Trace ionic impurities Aluminum (Al) <25 ppb
Calcium (Ca) <50 ppb
Copper (Cu) <10 ppb

Iron (Fe) <10 ppb

Lead (Pb) <10 ppb
Magnesium (Mg) <10 ppb
Manganese (Mn) <10 ppb
Nickel (Ni) <10 ppb
Potassium (K) <20 ppb
Silver (Ag) <10 ppb
Sodium (Na) <50 ppb
Zinc (Zn) <20 ppb



Pierce 0.1% Trifluoroacetic Acid (v/V)
in Water, LC-MS Grade

Convenient, prediluted solvent blend for
LC-MS applications

Thermo Scientific” Pierce™ 0.1% Trifluoroacetic Acid (v/v)
in Water is an LC-MS grade preparation with high purity
and low UV absorptivity that is ideal for HPLC and

MS applications.

Pierce 0.1% TFA in Water is specially purified by a
proprietary method and tested to help ensure lot-to-lot
consistency with a low UV absorbance, providing the most
sensitive detection across wavelengths and prolonging
equipment life. The chromatography- and spectrometry-
grade 0.1% TFA in water is 0.2 pm-filtered, packaged

in solvent-rinsed amber glass bottles, and sealed

under nitrogen with PTFE-lined fluorocarbon caps for
ultimate protection.

Highlights:
e Verified—tested more than 20 ways to enable maximal
LC-MS sensitivity

e Purified—processed, filtered, and sealed to extend
LC-MS column life

e Convenient—packaged to eliminate variability and
reduce handling

Instrument calibration

For complex peptide separations, the key to success can
be to vary selectivity. Varying the composition of the mobile
phase on the same column can change selectivity enough
to resolve peptides that would otherwise overlap. TFA is
the most frequently used modifier for peptide separations
in reversed-phase HPLC. The TFA concentration usually
specified is 0.1%. For reproducible separations from

run to run or from lab to lab, it is essential to make TFA
concentrations the same.
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Table 15. General properties of TFA.

Alternative names Perfluoroacetic acid, trifluoroethanoic acid,

trifluoracetic acid

Molecular formula CF,COOH
Molecular weight 114.02

Density 1.563 g/mL, 20°C
Melting/boiling point -15°C/72°C
CAS number 76-05-01

Table 16. Specifications of Pierce 0.1% Trifluoroacetic Acid (v/v)
in Water.

Protease Not detected

Trifluoroacetic acid content

Residue after evaporation
Color

LC-MS gradient suitability
Identification

Trace ionic impurities

0.095-0.105%

<1 ppm
<10 ALPHA
Passes
Passes

Aluminum (Al) <20 ppb
Calcium (Ca) <50 ppb
Copper (Cu) <10 ppb

Iron (Fe) <10 ppb

Lead (Pb) <10 ppb
Magnesium (Mg) <10 ppb
Manganese (Mn) <10 ppb
Nickel (Ni) <10 ppb
Potassium (K) <20 ppb
Silver (Ag) <10 ppb
Sodium (Na) <50 ppb
Zinc (Zn) <20 ppb

133



Instrument calibration and ancillary reagents

Ancillary reagents and accessories

Pierce Formic ACid, LC-MS Grade Formic acid is a common component of reversed-phase

mobile phases that provide protons for LC-MS analysis.
The presence of a low concentration of formic acid in the
mobile phase is also known to improve the peak shapes of
the resulting separation. Unlike TFA, formic acid is not an
ion-pairing reagent, and it does not suppress MS ionization
of polypeptides when used as a mobile phase component.

High-quality reagent for LC-MS applications

0
Thermo Scientific” Pierce” Formic Acid is a high-purity H )KOH
solvent supplied in bottles or ampules as a convenient, Formic acid
MW 46.025

contamination-free alternative for preparing elution solvents
for HPLC separations of protein and peptides.

Pierce Formic Acid is sealed in amber glass ampules under ~ Table 17. General properties of formic acid.

a dry nitrogen atmosphere. A premeasured aliquot of acid L DA e HEOOR{CH:02)
reatly simplifies preparation of liter quantities of mobile Molecular weight 46025
9 Y P brep . a . : Density 1.22 g/mL
phases at the standard 0.1% formic acid concentration. GRS mulleEr 64-18-6
The quality of this formic acid coupled with either glass- Refractive index 1.3701-1.3721 (20°C)
ampule or bottle packaging provides reliability and Flash point 69°C
Freezing point 8°C

convenience that adds value to both the chromatographic
and MS results.
Table 18. Specifications of Pierce Formic Acid.
Highlights: Visual Clear liquid, free of particulate matter
e >99% pure formic acid—consistent LC baselines, with Identity (IR) ’\QUST show Orgy peaks characteristic for
) ) i ) ) ) the compoun
less signal suppression of peptide in LC-MS applications Purity ~99%

. . Refractive index  1.3701-1.3721 (20°C, 589 nm
¢ High-performance packaging—choose bottles ( )

or amber glass, prescored, nitrogen-flushed
ampules to protect formic acid from light, moisture,
and contamination

e Convenient format—ampule packaging simplifies the
preparation of gradient and isocratic mobile phases
containing 0.1% (v/v) formic acid in water or acetonitrile;
the contents of a single vial in a final volume of 1 L of
solvent yields a mobile phase of the most common
formic acid concentration
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Pierce 0.1% Formic Acid
(v/v) in Acetonitrile, LC-MS Grade

Convenient, optimized solvent blend for
LC-MS applications

Thermo Scientific” Pierce™ 0.1% Formic Acid (v/v) in
Acetonitrile is an LC-MS grade preparation with high
purity and low UV absorptivity that is ideal for HPLC and
MS applications.

Pierce 0.1% Formic Acid in Acetonitrile is specially purified
by a proprietary method and tested to help ensure lot-to-lot
consistency with a low UV absorbance, providing the most
sensitive detection across wavelengths and prolonging
equipment life. The chromatography- and spectrometry-
grade 0.1% formic acid in acetonitrile is 0.2 pm-filtered,
packaged in solvent-rinsed amber glass bottles, and
sealed under nitrogen with PTFE-lined fluorocarbon caps
for ultimate protection.

Highlights:
e Verified—tested more than 20 ways to enable maximal
LC-MS sensitivity

e Purified—processed, filtered, and sealed to extend
LC-MS column life

e Convenient—packaged to eliminate variability and
reduce handling

Instrument calibration

Formic acid is a common component of reversed-phase
mobile phases that provide protons for LC-MS analysis.
The presence of a low concentration of formic acid in the
mobile phase is also known to improve the peak shapes

of the resulting separation. Unlike TFA, formic acid is not an
ion-pairing agent and it does not suppress MS ionization of
polypeptides when used as a mobile-phase component.

0]

N

H OH

Formic acid
MW 46.025

Table 19. General properties of formic acid.

Molecular formula HCOOH (CH,0,)

Molecular weight 46.025

Density 1.22 g/mL

CAS number 64-18-6

Refractive index 1.8701-1.3721 (20°C)
Flash point 69°C

Freezing point 8°C

Table 20. Specifications of Pierce 0.1% Formic Acid (v/v)
in Acetonitrile.

Formic acid content
Water content

Residue after evaporation
Color

LC-MS gradient suitability
Identification

UV absorbance (au)

Trace ionic impurities

0.095-0.105%
<0.01%

<1 ppm

<10 ALPHA
Passes
Passes

210 nm <1.30
220 nm <1.25
230 nm <0.75
254 nm <0.03

Aluminum (Al) <25 ppb
Calcium (Ca) <50 ppb
Copper (Cu) <10 ppb

Iron (Fe) <10 ppb

Lead (Pb) <10 ppb
Magnesium (Mg) <10 ppb
Manganese (Mn) <10 ppb
Nickel (Ni) <10 ppb
Potassium (K) <20 ppb
Silver (Ag) <10 ppb
Sodium (Na) <50 ppb
Zinc (Zn) <20 ppb
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Ancillary reagents and accessories

Pierce 0.1% Formic Acid (v/v) in
Water, LC-MS Grade

Convenient, optimized solvent blend for
LC-MS applications

Formic acid is a common component of reversed-phase
mobile phases that provide protons for LC-MS analysis.
The presence of a low concentration of formic acid in the
mobile phase is also known to improve the peak shapes of
the resulting separation. Unlike TFA, formic acid is not an
ion-pairing agent and it does not suppress MS ionization of
polypeptides when used as a mobile-phase component.

0]

N

H OH

Formic acid
MW 46.025

Thermo Scientific” Pierce™ 0.1% Formic Acid (v/v) in Water
is an LC-MS grade preparation with high purity and low UV
absorptivity that is ideal for HPLC and MS applications. Table 21. General properties of formic acid.

Molecular formula HCOOH (CH,0,)

Pierce 0.1% Formic Acid in Water is specially purified by ideleet ERvelaht YRS

. Density 1.22 g/mL
a proprietary method and tested to help ensure lot-to-lot CAS number 54-18-6
consistency with a low UV absorbance, providing the most R e 1.3701-1.3721 (20°C)
sensitive detection across wavelengths and prolonging Flash point 69°C
equipment life. The chromatography- and spectrometry- Freezing point 8°C

grade 0.1% formic acid in water is 0.2 ym-filtered,
packaged in solvent-rinsed amber glass bottles, and

. . . Table 22. Specifications of Pierce 0.1% Formic Acid (v/v) in Water.
sealed under nitrogen with PTFE-lined fluorocarbon caps

for ultimate protection.

Highlights:
e Verified—tested more than 20 ways to enable maximal
LC-MS sensitivity

e Purified—processed, filtered, and sealed to extend
LC-MS column life

e Convenient—packaged to eliminate variability and
reduce handling
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Protease

Formic acid content
Residue after evaporation
Color

LC-MS gradient suitability
Identification

UV absorbance (au)

Trace ionic impurities

Not detected
0.095-0.105%
<1 ppm

<10 ALPHA
Passes
Passes

210 nm <1.25
220 nm <0.85
230 nm <0.55
254 nm <0.01

Aluminum (Al) <20 ppb
Calcium (Ca) <50 ppb
Copper (Cu) <10 ppb

Iron (Fe) <10 ppb

Lead (Pb) <10 ppb
Magnesium (Mg) <10 ppb
Manganese (Mn) <10 ppb
Nickel (Ni) <10 ppb
Potassium (K) <20 ppb
Silver (Ag) <10 ppb
Sodium (Na) <50 ppb
Zinc (Zn) <20 ppb
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Pierce Acetonitrile, LC-MS Grade
High-quality formulation for LC-MS applications

Thermo Scientific” Pierce™ Acetonitrile (ACN) is an
LC-MS grade preparation with high purity and low UV
absorptivity that makes it suitable for HPLC and

MS applications.

Pierce LC-MS Grade Acetonitrile is specially purified using
a proprietary method and tested to help ensure lot-to-

lot consistency with a low UV absorbance to provide the
most sensitive detection across all wavelengths. Pierce
Acetonitrile is 0.2 um—filtered, packaged in solvent-

rinsed amber glass bottles, and sealed under a nitrogen
atmosphere with PTFE-lined fluorocarbon caps for
ultimate protection.

Highlights:
e Verified—37 quality tests enable low, stable baselines
and lot-to-lot consistency

e Sensitive—low UV absorbance yields low baselines and
high detection sensitivity

e Purified—low impurity protects columns and simplifies
analysis by eliminating extraneous peaks

Pierce LC-MS Grade Acetonitrile is specially purified
and tested to the highest specifications to help ensure
the integrity of your data, to maximize sensitivity in your
assay, and to prolong the life of your equipment. These
specifications also meet ACS standards.

N=C—CHs

Acetonitrile
MW 41.05

Table 23. General properties of acetonitrile.

Alternative names

Methyl cyanide, cyanomethane, ethanenitrile

Molecular formula CH,CN
Molecular weight 41.05
Density 0.780 g/mL
CAS number 75-05-8

Table 24. Specifications of Pierce Acetonitrile.

Purity (by GC)

Water content

Residue after evaporation
Titratable acid, mEQ/g
Titratable base, mEQ/g
LC-MS gradient suitability

LC-MS at positive mode as
reserpine

LCMS at negative mode as
aldicarb

LC gradient suitability at
254 and 210 nm

Optical absorbance (au)

Trace ionic impurities

>99.9%
<0.01%
<0.8 ppm
<0.008
<0.0006
Passes
<50 ppb

<50 ppb
Passes

190 nm <1.00
195 nm <0.15
200 nm <0.05
205 nm <0.04
210 nm <0.03
215 nm <0.025
220 nm <0.015
225 nm <0.015
230 nm <0.01
254 nm <0.005
280 nm <0.005

Aluminum (Al) <25 ppb
Barium (Ba) <5 ppb
Cadmium (Cd) <5 ppb
Calcium (Ca) <25 ppb
Chromium (Cr) <5 ppb
Cobalt (Co) <5 ppb
Copper (Cu) <5 ppb

Iron (Fe) <5 ppb

Lead (Pb) <5 ppb
Magnesium (Mg) <10 ppb
Manganese (Mn) <5 ppb
Nickel (Ni) <5 ppb
Potassium (K) <10 ppb
Silver (Ag) <5 ppb
Sodium (Na) <50 ppb
Tin (Sn) <5 ppb

Zinc (Zn) <10 ppb
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Ancillary reagents and accessories

Pierce Water, LC-MS Grade

Ultrapure water for formulation of solvents
for LC-MS

Thermo Scientific” Pierce™ Water is an ultrapure,
LC-MS grade preparation with low UV absorptivity that
makes it suitable and trustworthy for use in HPLC and
MS applications.

Pierce LC-MS Grade Water is specially purified by a
proprietary method and tested to help ensure lot-to-lot
consistency with a low UV absorbance to provide you with
the most sensitive detection across all wavelengths. Pierce
Water is 0.2 pm-filtered, packaged in solvent-rinsed amber
glass bottles, and sealed under a nitrogen atmosphere with
TFE-lined fluorocarbon caps for ultimate protection.

Highlights:
e Verified—30 tests to enable purity and quality for use in
LC-MS applications

¢ High-performance packaging—0.2 pm-filtered, packed
in solvent-rinsed amber glass bottles, and sealed under
nitrogen atmosphere to eliminate absorption of unknown
atmospheric gases

e High purity—helps ensure high lot-to-lot consistency
and reliability
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Table 25. General properties of water.
Molecular formula H,O
Molecular weight 18.015
7732-18-5

CAS number

Protease

Total halogens (as chloride)
Residue after evaporation
LC-MS gradient suitability

LC-MS at positive mode
as reserpine

LC-MS at negative mode

as aldicarb

LC gradient suitability at
254 and 205 nm

Optical absorbance (au)

Trace ionic impurities

Table 26. Specifications of Pierce Water.

Not detected
Not detected
<1 ppm
Passes

<50 ppb

<50 ppb
Passes

210 nm <0.01
220 nm <0.01
230 nm <0.01
240 nm <0.01
254 nm <0.005
260 nm <0.005
280 nm <0.005

Aluminum (Al) <10 ppb
Barium (Ba) <10 ppb
Cadmium (Cd) <10 ppb
Calcium (Ca) <20 ppb
Chromium (Cr) <10 ppb
Cobalt (Co) <10 ppb
Copper (Cu) <10 ppb

Iron (Fe) <10 ppb

Lead (Pb) <10 ppb
Magnesium (Mg) <10 ppb
Manganese (Mn) <10 ppb
Nickel (Ni) <10 ppb
Potassium (K) <10 ppb
Silver (Ag) <10 ppb
Sodium (Na) <20 ppb

Tin (Sn) <10 ppb

Zinc (Zn) <10 ppb
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Pierce Heptaﬂuorobutyric Applications:
ACId (H FBA) Sequencing Grade ¢ |on-pairing reagent for reversed-phase HPLC

iy e Protein and peptide sequencin
lon-pairing reagent for the reversed-phase HPLC Pep . d

separation of proteins and peptides * Protein and peptide solubilizing agent
e Solid-phase peptide synthesis

e Amino acid analysis

HFBA
Heptafluorobutyric acid
(2,2,3,3,4,4,4-heptafluorobutanoic acid)
MW 214.04

Thermo Scientific” Pierce™ Heptafluorobutyric Acid (HFBA)
is manufactured and tested to meet strict specifications

that help ensure superior performance for use as an ion- Table 27. Properties of heptafluorobutyric acid.
pairing agent in reversed-phase peptide separations. Molecular formula  C,HF,0,

Molecular weight 214.04
Pierce HFBA is highly purified and stably packaged HFBA Dl LECEReTs

CAS number 375-22-4

that is tested and prepared for use as an ion-pairing
reagent in HPLC methods and similar applications. The

solution is tested for overall purity, chain length purity, Table 28. Specifications of Pierce HFBA.
water content, sulfate content, and absorptivity at three Purity >99.5%
different UV wavelengths. The liquid reagent is offered in Water content <0.1%
. Chain length >99.5% C4
convenient 1 mL ampules and 100 mL bottles. UV (neat) Ao N <0.004
Asss N <0.006
Highlights: A230 nm <0.150
. . Sulfat Negati
e Greater than 99.5% purity—allows sensitive, —— e
nondestructive peptide detection at low
UV wavelengths in reversed-phase HPLC
References

protein and peptide separation systems 1. Hermann PM et al. (2000). J Neurosci 20:6355-6364.

2. Hearn MTW, Hancock WS. (1979). Trends in Biochem Sci 4:N58—-N62.
3. Bennett HPJ et al. (1980). J Liquid Chromatogr 3:1353-1365.
4. Bennett HPJ et al. (1981). Biochem 20:4530-4538.

¢ High-performance packaging—HFBA packaged under
nitrogen in amber glass ampules or bottles

e Economical convenience—in just a few seconds, a
1 mL ampule can be used to prepare 1 L of fresh
0.1% HFBA solution for the mobile phase in
reversed-phase chromatography

Learn more at thermofisher.com/ms-solvents
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Ancillary reagents and accessories

Single-Use MALDI Matrices
Ready-to-use, high-quality MS reagents

Thermo Scientific” Single-Use MALDI Matrices are highly
purified, recrystallized reagents supplied in a convenient
single-use microtube format for use in MS. Three different
popular matrices—alpha-cyano-4-hydroxy-cinnamic acid
(CHCA), sinapinic acid (SA), and 2,5-dihydroxybenzoic acid
(DHB) are offered individually as packages of 24 single-use
microtubes and as a sample pack containing 8 single-use
microtubes of each matrix.

Pierce_080808_2 # 1-10 RT: 0.06-0.40 AV:10 NL:
7.09 ES T: FTMS+p MALDI Full ms [300.00-2004.23]

100 57938
95
90
85
80
75
70 597.39

65

60 1283.71

637.39
55

50

45

1121.47
40

927.49

Relative absorbance
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984.52 1295.71

1340731 419 69

1351.69

25

1149.47
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651.31 871.43
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997.591107 51 1234.61

1051.41
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830.41
5 715.45 773.38
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m/z

1400

MALDI matrices provide the cleanest MS spectra when
recrystallized and prepared in 60% acetonitrile/0.1%

TFA. Traditional recrystallization and preparation of
milligram amounts of matrix produces significant waste
and is inconvenient. Our exclusive packaging technology
provides purified, recrystallized CHCA, SA, and DHB
MALDI matrices in just the right amounts for individual
experiments, making it easy to prepare high-quality MALDI
reagents in minutes with decreased waste.

Highlights:
e Cost-effective—single-use packaging saves time and
reduces waste

e Accurate—preweighed aliquot minimizes handling errors

e Convenient—just add solvent and use

DAFLGSFLYEYSR

11 ppm error

LKPDPNTLCDEFK
2 ppm error

1479.80

1439.81

1676.83

567.74
1496.83
1511.84

1749.67
1639.94

1724.841761 66 188092

1806.69

1585.82
1937.94
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1956.97
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Figure 12. Single-Use MALDI Matrices produce better spectra. MALDI-MS spectra from a MALDI-LTQ Orbitrap XL Mass
Spectrometer of a tryptic digest of BSA co-crystallized with typical reagent quality and single-use CHCA or DHB-recrystallized

MALDI matrices.
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Ordering information

Product Quantity Cat. No. Product Quantity Cat. No.
Calibration solutions LC-MS solvents and ion-pairing reagents (continued)
Pierce LTQ ESI Positive lon 10 mL 88322 Pierce 0.1% Trifluoroacetic Acid (v/v) 4x1L 85177
Calibration Solution in Acetonitrile, LC-MS Grade
Pierce LTQ Velos ESI Positive 10 mL 88323 Pierce 0.1% Trifluoroacetic Acid (v/v) 1L 85172
lon Calibration Solution in Water, LC-MS Grade
Pierce ESI Negative lon Calibration Solution 10 mL 88324 Pierce 0.1% Trifluoroacetic Acid (v/v) 4x1L 85173
Pierce Triple Quadrupole Calibration Solution 10 mL 88325 in Water, LC-MS Grade
Pierce Triple Quadrupole Calibration 10 mL 88340 Pierce Formic Acid, LC-MS Grade 10x1mL 28905
Solution, Extended Mass Range Pierce Formic Acid, LC-MS Grade 50 mL 85178
Learn more at thermofisher.com/mscalibration Pierce 0.1% Formic Acid (v/v) in Acetonitrile, 1L 85174
LC-MS Grade
Controls and standards Pierce 0.1% Formic Acid (v/v) in Acetonitrile, 4 x 1L 85175
Pierce Reserpine Standard for LC-MS 5x1mL 88326 ;C’MS G1r0ad§ g - 1
Pierce Peptide Retention Time Calibration 50 pL 88320 lerce 0.1% Formic Acid (/) in Water, 8170
. LC-MS Grade
Mixture, 0.5 pmol/pL o 01% F o Acid (T W C 5
Pierce Peptide Retention Time 200 L 88321 lerce 0.1% Formic Acid (v/v) in Water, 4x o1
! ) ) LC-MS Grade
Calibration Mixture, 5 pmol/uL o A s (ACN. LC-MS Grad C
Pierce Digestion Indicator 10 g 84841 ?eroe oeton!tr! el ), LC-MS Crade ! 51101
for Mass Spectrometry Pierce Acetonitrile (ACN), LC-MS Grade 4x1L 85188
Pierce BSA Protein Digest Standard, 1 nmol 88341 Pierce Water, LC-MS Grade 1L 51140
LC-MS Grade Pierce Water, LC-MS Grade 4x1L 85189
Pierce 6 Protein Digest Standard, 1 pmol 88342 Pierce Heptafluorobutyric Acid (HFBA), 100 mL 25003
Equimolar, LC-MS Grade Sequencing Grade
Pierce Hela Protein Digest Standard 20 ug 88328 Pierce Heptafluorobutyric Acid (HFBA), 10x1mL 53104
Pierce HelLa Protein Digest Standard 5 x 20 ug 88329 HPLC Grade
Learn more at thermofisher.com/ms-standards CHCA MALDI Matrix, Single-Use 24 x1mg 90031
(alpha-cyano-4-hydroxy-cinnamic acid)
LC-MS solvents and ion-pairing reagents (DHB MALDIlgA)atrix, Single-Use 24x1mg 90032
- : - - sinapinic aci
qoree Tioroacetic Acld (TFA), 10xaml 28904 DHB MALDI Matrix, Single-Use 24x4mg 90033
equencing S (2,5-dihydroxybenzoic acid)
gfrzzxiﬂ“(’éﬁg@“c Acid (TFA), 10x1g 28902 MALDI Matrix Sampler Pack, Single-Use 8 microtubes 90035
- 9 - g - - Contains CHCA, SA, and DHB matrices of ea. matrix
Pierce Trifluoroacetic Acid (TFA), 50 mL 85183 To view additional pack sizes and products, go to
LC-MS Grade .
- - - - thermofisher.com/Icms-solvents
Pierce Trifluoroacetic Acid (TFA), 100 g 28903
Sequencing Grade
Pierce Trifluoroacetic Acid (TFA), 500 mL 28901
Sequencing Grade
Pierce Trifluoroacetic Acid (TFA), Custom 28904B
Sequencing Grade
Pierce 0.1% Trifluoroacetic Acid (v/v) 1L 85176

in Acetonitrile, LC-MS Grade
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High-performance liquid
chromatography (HPLC)
evolved from traditional liquid
chromatography (LC) when it
was shown that the separation
of molecules within a mixture
could be improved using higher
pressures and smaller-diameter
matrix particles.
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Introduction

HPLC hardware and instrumentation was introduced in
the 1970s as scientists began using pumps, injectors,

and specialized columns to make the first prototypes of
these systems. Equally important was the evolution of the
particles and stationary phases for the efficient separation
of molecules. Most frequently, reversed-phase HPLC
(RP-HPLC) is used, which utilizes a nonpolar stationary
phase (e.g., surface-modified silica) and a mobile phase
comprising water and organic solvent (e.g., acetonitrile or
methonol). In gradient separation mode, the proportion

of organic solvent is adjusted in a step or linear process
starting with low organic concentration. This results in
separation of molecules (such as peptides) by their polarity.
HPLC has enabled the separation (or fractionation) of
complex peptide mixtures, ultimately allowing identification
and quantification of several thousands of peptides by
mass spectrometry (MS) in a single experiment.

HPLC has become an integral tool in proteomics research,
providing rapid, sensitive, and high-resolution separation of
peptides. Modern HPLC systems have been improved to
work at much higher pressures, and therefore are able to
use much smaller particle sizes in the columns. These are
called “Ultra-High—Performance Liquid Chromatography” or
UHPLC systems.



HPLC instruments and columns

HPLC instrumentation

The Thermo Scientific” low-flow
systems are ideal for use as an
integrated part of the proteomics
workflow and seamlessly combine
with our MS systems.

Table 1. HPLC system selection guide.

These HPLC instruments provide solutions that enable
you to achieve more throughput, sensitivity, and
separation power with confidence, and to produce the
best-quality data as you move from sample to result. The
Thermo Scientific” EASY-nLC™ 1200 System is designed
for operational simplicity and high performance; the
Thermo Scientific UltiMate™ 3000 RSLCnano System offers
versatility and unsurpassed precision.

Both systems use splitless flow delivery which means that
solvent waste is minimized. They feature zero-loss sample
pick-up and allow for multiple setups, such as direct
injection and preconcentration onto trap columns. The
EASY-nLC 1200 System is dedicated to nanoflow ranges,
while the UltiMate 3000 RSLCnano System can operate
from nano to analytical flow ranges.

EASY-nLC 1200 System UltiMate 3000 RSLCnano System

Performance System pressure
Retention time precision
System features Space saving

Design

Column compartment
Sample capacity

Nanoflow pump

Microflow pump

Application range Preconcentration

2D salt steps
Offline fractionation
Tandem nano-LC
Integrated PC
Audit trail

* Not applicable, built-in heating for Thermo Scientific” EASY-Spray” Columns.
** May require an additional nano pump and corresponding application kit.

Software

+++
++

+++

Integrated

NA*

+

High-pressure, binary syringe pump

NA
Vented column setup

++
+++

++
Modular
v

+++

High-pressure, binary continuous-
flow pump

Low-pressure, ternary gradient pump

Continuous direct flow by integrated
microflow pump

v
v
o

4
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HPLC instrumentation

EASY‘H LC 1 200 SyStem Table 2. Specifications.

A AL ; Maximum system Up to 1,200 bar

Optimized, easy-to-operate integrated pressure

HPLC system Solvent delivery Binary syringe pump
Flow range Recommended: 100 nL/min—1 pL/min
Flow type Direct flow
Gradient delay <1 L
volume
Retention time 0.1-0.4% RSD
precision
Injection linearity R>0.9985 for 0.5-10 pL

R>0.9995 for 0.3-1.6 pL

Injection volume 100 nL=18 pL (20 uL loop)
range 18 ul=48 pL (50 pL loop)
Injection precision <0.2% RSD at 5 pL pickup
Carryover <0.05% (caffeine)
Possible Direct injection; trap and elute
configurations (vented setup)

Retention time (min)

The EASY-nLC 1200 System is optimized, fully integrated,

&
>
and designed for users at any level of expertise. A pressure > .
. . . ‘© > 6.
rating of 1,200 bar provides reduced cycle times and § %
. . . ©
increased throughput. New maintenance-free ceramic M .
. . AP o .
valves and tool-free connections (Thermo Scientific g N ) RY
T . . . o o B BT, B
nanoViper” Fingertight Fittings) result in less system g By, o ¢ C
. . . [] .
downtime, lower cost of ownership, and reliable, fast 2
. . . o
system setup. New software features give you intelligent
system maintenance. Its new features lead to a robust,

. . . . . Proteins/run 3 runs Proteins/run 3 runs
easily serviceable system ultimately delivering better 120 min 240 min --
MS data. 120 min 240 min

Gradient time Gradient time
Highlights: Figure 1. High performance of the EASY-nLC 1200 System translates
¢ All-in-one design—optimized and integrated for into high protein identification rates. Using the EASY-nLC 1200 System,

50 cm and even 75 cm EASY-Spray Columns can be operated at standard

proteomics, fully compatible with Thermo Scientific ’ , , , -
flow rates (300 nL/min). This results in outstanding peak capacitites for

mass spectrometers 120 min and 240 min gradients. As a consequence, more than 4,000
o ) proteins can be identified in each run. Combining triplicate runs on a 75 cm
* Easy to use—intuitive system operations for every level column results in nearly 6,500 protein identifications.

of expertise

¢ Highest pressure rating available—ideal for ultralong
column applications

e Small footprint—saves on valuable lab space

e Easy maintenance—automated built-in check routines
and fast troubleshooting

144



HPLC instruments and columns

UltiMate 3000 RSLCnano System
High-performing and versatile HPLC system

The UltiMate 3000 RSLCnano System offers outstanding
performance and workflow versatility. In nanoflow
configuration, this liquid chromatography system features
Thermo Scientific” ProFlow™ technology, which further
improves nanoflow-rate control and results in high
retention-time precision and higher-quality data. The
system can also be adapted to capillary- and micro-flow
rates when higher throughput is required. The integrated
micro-flow ternary pump increases system versatility.
Whether you preconcentrate your sample on a trapping
column, set up two-dimensional workflows, or tailor

the system to your needs with our application kits, the
UltiMate 3000 RSLCnano System is capable of handling all
low-flow workflows.

Highlights:
e Versatile—one system for all low-flow workflows
e Easy to use—fast and simple startup and operation

¢ High performance—improved retention time precision
enables more confident identification

e Accurate—improved run-to-run reproducibility enables
better quantification

e Convenient—straightforward integration with
mass spectrometers

Table 3. Specifications.

860 bar (nano)
800 bar (cap)
800 bar (micro)

Binary gradient pump
Ternary microflow pump

Maximum system
pressure

Solvent delivery

Flow range Recommended:

Nano: 50 nL/min—1.5 pL/min

Cap: 0.5-15 yL./min

Micro: 5-50 pL/min

Ternary microflow pump: 5-2,500 pL/min
Flow type Direct flow
Gradient delay <25 nL (for pump)
volume <300 nL/min in preconcentration configuration
Retention time <0.2% or <0.1 SD, whichever is greater in
precision 30 min gradient

Injection linearity

Injection volume
range

Injection
precision

Carryover

Possible
configurations

R > 0.9995 for 0.1-0.5 pL

20 nL=20 pL (20 yL loop)
Up to 125 pL with upgrade kit

<0.4% RSD at 1 pL full loop

<0.02% (caffeine)

Direct injection
Preconcentration (continuous flow)

2D applications

4.E+09
3.E+09

3.E+09
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Figure 2. Retention time precision using ProFlow technology.

Seven consecutive replicates of Thermo Scientific” Pierce™ HelLa Protein
Digest Standard (Cat. No. 88329) were run using a 50 cm EASY-Spray
Column with a gradient duration of 90 min. Due to outstanding retention-
time precision, ProFlow technology enables more confident identification
and more accurate quantitation.

Learn more or get a quote at thermofisher.com/nanolcms
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HPLC columns

Thermo Scientific” LC columns are This extensive family of products offers a variety of particle

sizes and column designs to meet all separation needs,
including improved resolution, enhanced sensitivity, faster

available in an array of chemistries

10 optimize Separations and provide analysis, and consistent performance. Thermo Scientific”
. . HPLC and UHPLC columns are backed by over 40 years
enhanced retention or Changes N of experience and are supported by extensive resources

and expertise.

elution order. Reversed-phase columns
are one of the most popular matrices
for bottom-up proteomics.

Table 4. Overview of Thermo Scientific” LC columns recommended for bottom-up proteomics applications.

Acclaim PepMap 100 C18
LC column

PepSwift LC column EASY-Spray LC column

e
Key advantage High loading capacity Speed Ease of use
Packing material Spherical, fully porous ultrapure silica Monolithic polymer Spherical, fully porous ultrapure silica
or monolithic polymer
Particle size 2,3,0r5um Monolithic polymer 2, 3, or 5 um or monolithic
Formats Analytical column, trap cartridge, Analytical column, trap cartridge, Analytical column
trap column trap column
Column diameters 0.05, 0.075, 0.1, 0.2, 0.3, 0.75, 1 mm 0.1, 0.2, 0.5 mm 0.05, 0.075, 0.2 mm
Column lengths 5, 10, 50, 250, 500, 750 mm 5, 50, 250 mm 150, 250, 500, 750 mm
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Acclaim PepMap 100 C18
LC Columns

High loading capacity ideal for detection of
low-abundance proteins

The Thermo Scientific” Acclaim™ PepMap™ 100 C18 LC
Columns generate high-resolution analyses of natural

and synthetic tryptic peptides. These columns are ideal
for peptide mapping for protein identification, biomarker
discovery, and systems biology. Acclaim PepMap 100 C18
Columns have high loading capacity and are exceptionally
suitable for the analysis of low-abundance peptides

in complex proteomics samples. These C18 columns

are preassembled with Thermo Scientific” nanoViper”
Fingertight Fittings for easy installation.

Highlights:

¢ High loading capacity—ideal for the analysis of
low-abundance peptides often found in complex
proteomics samples

¢ More choices—multiple column lengths and I.D. to
select from based on throughput, sensitivity, and sample
amount requirements

¢ High performance—outstanding separation efficiency
and excellent resolution and recovery

Acclaim PepMap 100 C18 LC Columns are available in
50, 150, 250, and 500 mm lengths, and 50, 75, 300, and
1000 pm I.D. They are compatible with TFA-free LC-MS,
which minimizes suppression effects for enhanced

MS sensitivity.

Learn more or place an order at
thermofisher.com/pepmap

HPLC instruments and columns

PepSwift Monolithic Capillary

LC Columns
|deal for fast, high-resolution LC/MS applications

Thermo Scientific” PepSwift” Monolithic Capillary LC
Columns offer fast, high-resolution LC-MS separations

for bottom-up protein identification, biomarker discovery,
and systems biology applications. Based on a polystyrene
divinylbenzene copolymer, the monolithic structure offers
a high-quality alternative to traditional microparticulate
sorbents, providing important advantages to the
chromatographic separation. High-sensitivity proteomics
and biotech applications are easily performed using

these columns.

Highlights:
e Fast—high-speed peptide and protein separations
(<15 min)

e High performance—excellent sensitivity, column-to-
column reproducibility, and life span

e More choices—wide range of column I.D. and lengths
available; precolumns available to preconcentrate and
desalt samples

e Convenient—easy column installation using nanoViper
Fingertight Fittings

Learn more or place an order at
thermofisher.com/pepswift
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HPLC columns

EASY-Spray C18 LC Columns

Unique design offers improved ease of use and
robust performance

" ’

U

Thermo Scientific” EASY-Spray™ C18 LC Columns

provide robust and reproducible nanoflow LC-MS. The
unique design provides uncompromised performance
and ease of use. The integrated column-emitter design
eliminates dead volumes and is temperature-controlled for
maximum reliability and performance. The highest-quality
chromatographic media and device components enable
high precision and robustness for routine operation. The
columns are rigorously tested to help ensure excellent

reproducibility, and are compatible for use up to 1,200 bar.

Highlights:

¢ Higher peak capacity—enables enhanced
separation of complex mixtures for
comprehensive proteome characterization

* Longer gradients—maximizes sequence coverage

Excellent resolution—improves protein identification

Compatible—designed for TFA-free LC-MS analysis,
minimizing ion suppression effects

High pressure capability—allows for fast loading
and equilibration

EASY-Spray C18 LC Column design features:

4

* Precision positioned glass emitter—quality-controlled
and polished, fused silica emitter with a uniform inner
diameter of 7 um delivers an exceptionally stable spray.

¢ |[ntegrated design—column-to-emitter connection
with zero dead volume delivers narrower peaks
and maximized peak capacity, leading to improved
sequence coverage.

* nanoViper fitting—easy-to-use, fingertight fitting
to 1,200 bar eliminates column damage due to
overtightening, and failure of experiments due to
bad connections.

e Column with integrated temperature control—
temperature control increases run-to-run reproducibility
and allows the use of even longer columns and/or
smaller particle sizes since elevated temperatures lower
eluent viscosity and reduce the overall backpressure.
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Peak width at half height (Intensity)

m/z 745.3924

m/z 422.7363

m/z 558.3259

M 75 cm column Il 50 cm column

Figure 3. The peak width at half height (PWHH) values for the three
peptides on two column types. Three peptides from the Pierce Peptide
Retention Calibration Mixture (Cat. No. 88321) were directly compared
between the 50 cm and 75 cm EASY-Spray C18 LC Column using a
EASY-nLC 1200 System. Comparing results from a 75 cm column with
the 50 cm column showed that for the three peptides, the PWHH values
on the 75 cm column were significantly less than the same peptides on
the 50 cm column.

Learn more or place an order at thermofisher.com/easyspray
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Mass spectrometry instrumentation

Introduction &

C/)’o
4 I\ %
Mass spectrometry (MS)-based G
. . AN ot
proteomics continues to evolve, _hemost
. . . . proteomics
delivering higher levels of sensitivity abs and
companies \
and throughput, and deeper and '
(I
broader coverage of the proteome., %
Q,
Y

As such, MS-based proteomics is
now considered a major contributor
to the discovery of fundamental
biO|OgiC3| DFOCGSSGS aﬂd r@C@ﬂﬂy, Development of macromolecule ionization methods,
' ' including electrospray ionization (ESI) and matrix-assisted
lt haS devebped H’T[O an aSSay laser desorption/ionization (MALDI), enabled the study of
' protein structure by MS. This allowed scientists to obtain
p'ﬁtform Capab|e Of measurlﬂg peptide mass “fingerprints” that could be matched to
hUﬂdredS J[O thOUS&ﬂdS Of prOJ[eiﬂS proteins and peptides in databases to predict the identity
. . . of unknown proteins.
In any biological system.

Software

While proteomic analyses can be used to qualitatively
Mass spectrometry is a sensitive technique used to detect, identify thousands of proteins in cells or other biological

identify, and quantitate molecules based on their mass- samples, there is also a need to quantitate these proteins.
to-charge ratio (m/z). Originally developed almost 100 Because of the dynamic and interactive nature of proteins,
years ago to measure elemental atomic weights and the quantitative proteomics is considerably more complex
natural abundance of specific isotopes, mass spectrometry  than simply identifying proteins in a sample. But due to
was first used in the biological sciences to trace heavy the considerable amount of data that one can acquire
isotopes through biological systems; later on, it was used from quantitative proteomics, this approach is critical for
to sequence oligonucleotides and peptides, and analyze our understanding of global protein kinetics and molecular
nucleotide structure. mechanisms of biological processes.
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Mass spectrometry instrumentation

Accurate, sensitive, robust quantitation of proteins and
peptides in complex biological systems is one of the most
challenging areas of proteomics. Liquid chromatography
coupled to mass spectrometry (LC-MS) has become the
dominant technique in this area due to its unparalleled
ability to acquire relevant, quantitative biological information
from highly complex and diverse sample types. It can be
used for both discovery-based (untargeted) and targeted
determination of changes in protein abundance.

Discovery-based analyses

With discovery-based quantitative analyses, the
goal is to both identify proteins and measure their
abundance changes across multiple sample sets.
Several discovery-based techniques have been
developed, including stable isotope labeling by
amino acids in cell culture (SILAC), chemical labeling
with isobaric mass tags, and label-free analysis.

Targeted analyses

Targeted analyses can be performed once candidate
proteins are identified by either discovery-based MS
experiments or based on prior information. Targeted
analyses provide improved selectivity, quantitation
sensitivity (LOQ), increased speed of analyses, and

analysis of expanded sample sets to assess the validity
of the candidate proteins. Spiking biological samples with
proteotypic, isotopically labeled peptide standards makes
possible the absolute quantitation of each protein or
posttranslational modification of interest.

Quantitative proteomic studies are typically performed on
high-resolution hybrid mass spectrometers. The Orbitrap™
mass analyzer is found in an array of high-resolution
accurate-mass instruments, starting with the Q Exactive
benchtop mass spectrometers, to the Orbitrap Elite Hybrid
lon Trap-Orbitrap MS, to the most transformative mass
spectrometers to date: the Thermo Scientific” Orbitrap
Fusion™ Tribrid™ and Orbitrap Fusion™ Lumos™ Tribrid” Mass
Spectrometers. The sensitivity of high-resolution, accurate-
mass spectrometers allows scientists to detect analytes at
concentrations in the attomolar range (10™*M). In addition,
targeted quantitation of proteins that require robust,
reproducible assays with ultimate sensitivity for detection
of certain representative peptides, such as proteotypic
peptides, can be accomplished by selected reaction
monitoring (SRM) using a TSQ Quantiva triple quadrupole
mass spectrometer (Table 1).

Discovery proteomics Targeted proteomics

Thousands of proteins

Fusion Lumos Tribrid MS

Orbitrap platform

Q Exactive MS

One to hundreds of proteins

TSQ Quantiva MS

TSAQ triple quadrupole platform

Figure 1. Protein quantitation strategies and recommended platforms.
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Table 1. Overview of discovery-based and targeted quantitation techniques and recommended mass spectrometer platforms.

Technique

# samples/

Type run

Precision
(% CV)

Benefits

Drawbacks

Mass spectrometers

Instruments

Discovery-based (untargeted quantitative analysis coupling protein identification with quantitation)

Label-free

TMT

SILAC

Relative 1

Relative 21010

Relative 2o0r3

<20

<20

<20

e Applicable to any sample type
e Cost-efficient sample preparation
* Minimal sample handling

e Applicable to any sample type

* Multiplexing increases
MS throughput

e | east susceptible to inter-sample
variations in sample handling
and preparation

e Multiplexing increases
MS throughput

Targeted (analysis of predetermined peptides from discovery-based experiments or literature)

e Fach sample runs
individually (low throughput)

® Requires extremely
reproducible LC
separations

* Requires multiple technical
replicates

® Requires extensive
fractionation or long
chromatographic gradients

* Only readily applicable to
cell cultures

e Increases MS spectral
complexity

Orbitrap

Orbitrap with
HCD

Orbitrap

HRAM-SIM

internal
standard
selected
reaction
monitoring
(iISRM)

Parallel
reaction
monitoring
(PRM)

Data
independent
acquisition
(DIA)

Relative 1
or
absolute

Relative 1
or
absolute

Relative 1
or
absolute

Relative 1
or
absolute

<20

<20

<20

<20

® Uses the same MS system as
discovery quantitation

e Fasy method development using
Pinpoint software

e Up to 15,000 SRM transitions
per run

e Simultaneous protein quantitation
and confirmation of identity

e Suitable for determining the absolute
quantity of a protein in a complex
biological matrix

e Fasy method development using
Pinpoint software

¢ Eliminates most interferences,
providing attomole-level limits of
detection and quantification

e Confident peptide identity
confirmation with spectral
library matching

* Reduced assay development time

e UHPLC-compatible data acquisition
speeds with spectrum multiplexing
and advanced signal processing

® | arge-scale targeted proteomics
studies with qualitative confirmation

e Simple and universal acquisition and
method development

e Increases coverage and
reproducibility with a complete
record of quantitative data

e Facilitates retrospective mining of
additional analytes

® Requires reproducible
LLC separations

* Requires reproducible
LLC separations

e | imited number of targets

e Requires spectral library, so
DDA experiments need to
be done

e Dynamic range (2-3 orders
of magnitude)

e Limited sample complexity

Orbitrap

TSQ triple
quadrupole

Orbitrap

Orbitrap
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Mass spectrometry instrumentation

HRAM Orbitrap mass spectrometry ?
Innovative platform enables high resolution and 100 RT: 26.91
improved mass accuracy SRM

60

40

Relative abundance

?
20 RT: 26.62

0 T T T T 1
24 25 26 27 28 29

Time (min)

v

RT: 26.61
The high resolving power of the Orbitrap mass analyzer 100 7

enables selective and sensitive HRAM quantitative assays
for precise targeted and untargeted protein quantification
in complex matrices. These instruments provide high
resolving power and mass accuracy in both MS and MS"
to speed up research. Benefits of an HRAM Orbitrap
approach include:

HRAM
80

60

40

Relative abundance

20

Highlights:
* High selectivity—resolves peptides differing in mass by 0 25 26 A8 28 29

as little as tens of parts per million (ppm) Time (min)

Figure 2. Quantification of the heavy peptide GISNEGQNASIK spiked

¢ High sensitivity—detects low-abundance targets in
g y etects low-abundance targets in an E. coli digest mixture at a 10 aM range.

complex samples

¢ High accuracy—quantifies targets accurately over a
broad dynamic range

¢ High confidence—confirms sequences with HRAM MS
and MS/MS spectra

¢ High productivity—eliminates time-consuming selection
of transitions and optimization of parameters

¢ High flexibility—targets any detectable peptide
of interest
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Table 2. Overview of Orbitrap LC-MS instrumentation platforms.

Orbitrap Fusion

Attributes Q Exactive Q Exactive Plus Q Exactive HF Orbitrap Elite Orbitrap Fusion Lumos

Max resolution 140K 140K 120K 240K 500K 500K
(FWHM) at m/z 200 (280K with (240K with
enhanced enhanced

resolution option)  resolution option)

Mass accuracy, ppm <1 <1 <1 <1 <1 <1

(internal call)

Mass range 50-6,000 m/z 50-6,000 m/z 50-6,000 m/z 50-2,000 m/z 50-6,000 m/z 50-6,000 m/z
Scan rate (Hz) 12 12 20 4 20 20

Polarity switch(s) Yes Yes Yes Yes Yes Yes

Parallel reaction Yes Yes Yes Yes Yes Yes

monitoring (PRM)

Selected ion Yes Yes Yes Yes Yes Yes
monitoring (SIM)

Data independent Yes Yes Yes No Yes Yes
acquisition (DIA)

Multiplex Yes Yes Yes = Yes Yes
(precursor/scan)

MS" (n=10) - - - Yes Yes Yes
ETD option (EThcD)* - - - - Yes Yes
Decision-tree = = = Yes Yes Yes
(CID/HCD/EDT/

EThcD)

Synchronous MS? - - - - Yes Yes
(20 precursors per

MS? scan)

ETD HD - - - - - - Yes
(provides high

dynamic range ETD)

* Electron-transfer and higher-energy collision dissociation

Learn more or request a quote at thermofisher.com/orbitrap
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HRAM Orbitrap mass spectrometry

Q Exactive HF mass spectrometer

Flexible MS systems that offer accuracy,
resolution, and speed

The Q Exactive instruments have several key features,
including high-resolution precursor measurements, high-
resolution fragment measurements, efficient precursor
window isolation, and multiplexing capabilities. Multiple
approaches to quantitation are supported by this platform,
including selected ion monitoring (SIM), parallel reaction
monitoring (PRM), and data-independent acquisition (DIA).

The state-of-the-art Thermo Scientific” Q Exactive” HF
hybrid quadrupole-Orbitrap mass spectrometer features
an ultra-high-field Orbitrap analyzer which doubles its
speed and resolution relative to previous generation Q
Exactive instruments, enabling shorter analysis time

for the same number of peptides identified. Based on

the Q Exactive Plus platform, the Q Exactive HF mass
spectrometer utilizes the same active beam guide
technology and advanced quadrupole design for very
stable system operation and exceptional analytical
performance. The system delivers mass accuracy and
resolution and provides far greater speed than ever before,
enabling protein identification that is faster than ever, while
maintaining the resolution and accuracy required for high
confidence results (Figure 3).
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Highlights:
e Ultra-high-field orbitrap (HF) mass analyzer—faster
scan speed and higher resolution

e Advanced quadrupole technology (AQT)—improves
precursor selection and transmission for more
accurate quantitation of low-abundance analytes in
complex matrices

¢ Data-independent acquisition (DIA) and parallel
reaction monitoring (PRM)—deliver reproducible
quantitation with complete qualitative confidence

e Advanced active beam guide (AABG)—reduces noise
and improves instrument robustness

e Optional intact protein mode —provides superior
trapping of large molecules for improved analysis of
intact proteins

Advanced active beam

ide (AABG
Quadrupole mass filter with guide ( ) RF lens

advanced quadrupole
technology (AQT)

Ultra-high-field Orbitrap (HF)
mass analyzer

HCD cell

Figure 3. Q Exactive HF ion options.

Q Exactive Plus MS, 120 min gradient
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Figure 4. Comparable number of protein IDs in half the time. Base
peak chromatogram (BPC) of a 120 min gradient on the Q Exactive Plus
MS (red) and a 60 min gradient on the Q Exactive HF MS (blue) showing
one half the analysis time.
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A B
1005 Full Scan: (m/z 300-1000) 558.3256 sy SIM Scan
Scan #: 5809 (SN-1) 'y Scan #: 5810
g 8o 100- 558.8287
S E| (S/N=22)
k] E L 4
c 60 ) E|
> 558.4 558.6 558.8 559.0 g 80i ﬂ
: » i
2 40 -360, B L mnm I AAM
= 3 558.3 558.5 558.7 558.9
© S E
©
& 2 L0
®
L Lh'xl i Mu L. " m ‘L‘ “ 1 E’ 201
300 400 500 600 700 800 900 1000
m/z REV I bt AT -
557.0 558.0 559.0 560.0
m/z
C Full Scan
m/z = 558.3233-558.3289
[9]
o
c
(]
kel
=
>
e}
] SIM Scan
_g m/z = 556.5235-558.3289 Figure 5. Lower detection limit with targeted SIM (tSIM) scan. Detection of
S a heavy peptide standard (GLILVGGYGTR*, m/z = 558.326) at 100 amol load in
o the presence of a 1 pg yeast tryptic digest with both (A) full scan 300-100 amu,
| ‘ ’ ’ AGC target: 1E6 and (B) tSIM scan, m/z 571.3-575.3, AGC target: 2E5 that were
32.6 32.8 33.0 acquired sequentially. (C) Extracted ion chromatogram of the target with 5 ppm
Time (min) tolerance is shown for both full scan and SIM scan.

PRM with the Q Exactive mass spectrometer
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Figure 6. PRM for high selectivity. PRM methodology uses the quadrupole of the Q Exactive MS to isolate a target precursor ion, fragments the
targeted precursor ion in the collision cell, and then detects the resulting product ions in the Orbitrap mass analyzer. Quantification is carried out after
data acquisition by extracting one or more fragment ions with 5-10 ppm mass windows.

Learn more or request a quote at thermofisher.com/orbitrap
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HRAM Orbitrap mass spectrometry

Orbitrap Fusion and Orbitrap Fusion

Lumos Tribrid systems

Highly versatile, sensitive, and fast MS systems for
maximum proteome coverage

The most difficult analyses, including multiplexed
quantitation of low-abundance peptides in complex
matrices, characterization of positional isoforms of intact
proteins, protein structure characterization using chemical
crosslinking, and the deepest mining of challenging post-
translational modifications may be performed on the highly
sensitive and versatile Orbitrap Fusion family of mass
spectrometers. These instruments are intended to push the
limits of detection, characterization, and quantitation, and
are able to achieve proteome-wide coverage, by combining
the versatility of a Tribrid system with the selectivity of
Orbitrap technology and the sensitivity and speed rivaling
that of a triple quadrupole instrument.

Highlights of established Tribrid MS:
e Tribrid architecture—includes quadrupole mass filter,
linear ion trap, and Orbitrap mass analyzers

¢ High resolution—up to 500,000 full width at half
maximum (FWHM), with isotopic fidelity up to 240,000
FWHM at m/z 200

e Fast—acquisition rates up to 20 Hz for both Orbitrap and
linear ion trap MS" analyses

e Full parallelization of MS and MS" analyses with
intelligent ADAPT™ (All Dynamically Available Parallelizable
Time) technology
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¢ Improved identifications and quantitation—
Synchronous precursor selection (SPS) significantly
increases the number of peptides and proteins identified
and improves quantitative accuracy when using isobaric
mass tags

¢ Flexibility of fragmentation—CID, HCD, and optional
ETD and EThcD (electron-transfer and higher-energy
collision dissociation) available at any stage of MS" with
detection in either the Orbitrap or linear ion trap detector
improves peptide sequence coverage and localize
PTM sites

e Universal method—provides maximal peptide
identifications without method optimization for samples
of unknown concentration, reducing sample and
instrument time requirements for routine peptide
identification experiments

¢ Intuitive and flexible drag-and-drop user interface—
simplifies method development and enables unique and
complex workflows

Highlights of new Orbitrap Fusion Lumos MS:
¢ Brightest ion source—up to five times improvement in
limits of quantitation for peptides and small molecules

e Segmented quadrupole mass filter powered
by advanced quadrupole technology—increase
in selectivity of the analysis by improving isolation
resolution, ion transmission, and peak shape

e Advanced vacuum technology—enhancement in
detection limits by improving transmission of ions to the
Orbitrap mass analyzer

¢ High-definition electron-transfer dissociation
(ETD HD)—improvements in dynamic range and
detection limits by performing ETD reaction on a larger
precursor ion population, enabling greater sequence
coverage in less time

e ADAPT technology—adjusts key parameters
“on-the-fly” without prior knowledge of sample amount,
enabling maximum protein identifications from samples
of unknown concentration in a single run, and saving the
user time and sample



e Goal:
e Approach:
e Duration:

¢ Results:

e Throughput:
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Figure 7. The SPS method begins with selection of the parent ion

Comprehensive quantitative proteome
maps of 32 breast cancer cell lines

4 experiments with TMT10plex™ reagents
using SPS TMT3 workflow

6 days

9,196 quantified proteins across the
experiments, more than 7,600 proteins
in each experiment

4.5 hr for a comprehensive
proteome map per cell line

in the MS scan, followed by its isolation in the quadrupole and

fragmentation by collisionally induced dissociation (CID) in the ion
trap. Following fragmentation, SPS enables simultaneous isolation of up
to 20 MS’ fragment ions. A select group of MS? fragment ions are then
transferred back into the ion routing multipole (IRM) where they undergo
higher energy collisional dissociation (HCD) fragmentation, with the MS®

fragments then detected in the Orbitrap analyzer.

Mass spectrometers
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Figure 8. Confident low-attomole limit peptide quantitation using
parallel reaction monitoring. Fifteen (15) peptide retention time calibration
(PRTC) peptides were spiked into 200 ng of Hela digest and analyzed by
LC-MS (30 min run). The Orbitrap Fusion Lumos MS provides accurate
quantitation of all 15 PRTC peptides, with some down to 1 low-attomole
levels. Average CV% for each LOQ level is shown.

Learn more or request a quote at thermofisher.com/lumos
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TSQ Quantiva Triple Quadrupole
Mass Spectrometer

User-friendly MS system with ultimate sensitivity,
speed, and dynamic range

The continuously evolving challenges in research
requirements drive the need for higher sensitivity in the
detection and quantitation of proteins. A modern triple
quadrupole LC-MS system must be capable of achieving
the lowest LODs and LOQs for every assay—and every
day, and regardless of sample type or matrix. The

TSQ Quantiva triple-stage quadrupole mass spectrometer
uses active ion management to exceed even the most
stringent analytical requirements with superb sensitivity,
speed, and dynamic range. It does so with an ease of
operation—from method development through routine
maintenance—that allows users of all levels of expertise to
address their analytical challenges with ease, and to spend
more time thinking about their research and less time
worrying about instrument setup and operation.

Highlights:

e Attomole sensitivity—increased signal and selectivity,
decreased noise, boosted dynamic range and scan
speed enables fast, sensitive, reproducible quantitation
of your precious samples

e Selectivity—high-resolution selected reaction monitoring
(H-SRM) allows the narrowing of Q1 resolution to
0.2 FWHM, which can minimize co-isolation of
interferences and improve signal-to-noise ratio in
complex sample matrices
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e Speed—500 SRMs/sec allows for monitoring of
hundreds of peptides with multiple product ions for
greater confidence in peptide identification

¢ Linear range—6 orders of magnitude of linear range
allow for simultaneous quantitation of both abundant and
trace levels of proteins and peptides

e Robustness—even when using nano-LC, where
complex matrices are sprayed directly into the high-
capacity ion transfer tube (for ultimate sensitivity), the ion
beam guide with neutral blocker allows for continuous
use without loss of performance (Figure 9)

¢ Improved usability—software and hardware innovations
make operation simple and intuitive; an easy-to-use
method editor, integrated with application-specific
software that enables maximum productivity, and a plug-
and-play ion source make operation straightforward for
experts and non-experts alike

e Sensitive, robust peptide quantitation—in combination
with the Thermo Scientific” EASY-Spray NG" source
and Thermo Scientific” TraceFinder” software, the TSQ
Quantiva MS enables detection and sensitive quantitation
of low-abundance proteins and targeted SRM methods
(Figures 10 and 11)

Figure 9. TSQ Quantiva ion optics. Thermo Scientific” active ion
management (AIM™) technology — electrodynamic ion funnel, ion beam
guide with neutral blocker, Thermo Scientific” HyperQuad™ quadrupole
mass filter, and active collision cell — enables attogram-level sensitivity.



Research samples are precious and are frequently limited
in volume. The TSQ Quantiva mass spectrometer makes
the most of every sample, with innovations that enable
quantification of even the most complex and challenging
samples with extreme sensitivity and reproducibility. The
TSQ Quantiva MS offers improved analytical performance
while addressing the complexity of samples. In addition,
a combination of user-friendly software and hardware
innovations make operation simple and intuitive, helping
research laboratories to achieve their quantitation
challenges with greater ease. An entirely new drag-and-
drop method editor simplifies method development, while
integration with application-specific software enables
maximum productivity. A plug-and-play ion source
eliminates manual gas and electrical connections and is
automatically detected on installation.

Putative biomarkers and other proteins of scientific interest
are frequently obscured by common high-abundance
proteins. The TSQ Quantiva MS and EASY-Spray NG ion
source offer the sensitivity, precision, and dynamic range
needed to screen for, verify, and quantitate such elusive
research targets. The TraceFinder software enables rapid
data processing and statistical analyses of SRM data.

Mass spectrometers

Figure 10. (A) Response curve for PRTC peptide GISNEGQNASIK
in digested plasma (1 pug/uL), as plotted in TraceFinder software.

(A) The concentration range spanned from 25 amol/uL to 100 fmol/pL
on column, using nanoflow LC. The zoomed plot shows the linearity of
the low-end response. (B) Extracted ion chromatograms (XICs) for the
low end of the PRTC curve in digested plasma matrix.
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Figure 11. Peak area CV for a heavy PRTC peptide response curve in
digested plasma. The data represent the peak area coefficient of variation
(CV) for replicate injections (n = 3) of light PRTC peptides (2.5 fmol/uL) and
varying concentration of heavy PRTC peptides (25 amol/uL-=100 fmol/uL)
spiked into digested plasma (1 pg/uL). A total of 130 transitions were
monitored (13 light and heavy peptides, with 5 SRMs each) continuously
throughout the nanoflow method.

LLearn more or request a quote at thermofisher.com/quantiva
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Thermo Scientific™ software
platforms offer unique solutions for
analyzing proteins and peptides,
enabling a seamless transition
from discovery 1o targeted protein
guantitation using in-depth high-
resolution, accurate-mass (HRAM)
and MS/MS analysis.

Create targeted protein
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Pinpoint Software and TraceFinder Software

’ \ Convert data sets to

v K .
- meaningful biology

\ , ProteinCenter Software

Identify, quantify, and characterize
Proteome Discoverer

Biological
experiment

Figure 1. Software tools for discovery to targeted proteomics workflows.
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Introduction

Proteome Discoverer” software simplifies a wide range

of proteomics workflows, from peptide and protein
identification to post-translational modification (PTM)
analysis to quantitation. It supports multiple database
search algorithms (SEQUEST™, Mascot”, Byonic™ software,
etc.) and multiple dissociation techniques (CID, HCD, ETD
and EThcD) for more comprehensive analyses.

ProteinCenter” software is a web-based tool that enables
scientists to compare and interpret proteomics data sets

in minutes and overcomes the hurdle of proteins existing
under different names and accession keys in different
databases. This software is regularly updated from all major
protein databases and provides a consolidated, biologically
annotated protein sequence database to enable filtering,
clustering, and statistical bioinformatic analysis from single,
combined, or comparison data sets.

ProteinCenter software can reveal the biological context
of each data set, in quantitative studies and for a single
protein. ProteinCenter software serves as a bioinformatics
tool, which supports the critical, final step involving data
interpretation, while Proteome Discoverer and Pinpoint™
software packages serve as tools for the discovery and
targeted steps along the proteomic workflow.

Pinpoint and TraceFinder” software enable the transition
from initial proteomic discovery to verification of proteins
and biomarkers of interest.



Proteome Discoverer software

Powerful tool to enable analysis of bottom-up
proteomics results

Proteome Discoverer software supports a wide range

of proteomics workflows, from protein and peptide
identification to PTM analysis to quantitation, such as label-
free, SILAC, and isobaric mass tagging approaches.

Proteome Discoverer software supports multiple database
search algorithms (SEQUEST, Mascot, Byonic) and multiple
dissociation techniques (CID, HCD, ETD, EThcD) for more
comprehensive analyses. Additionally, it supports third-
party nodes for data processing.

Proteome Discoverer software is a comprehensive and
expandable software platform for the analysis of qualitative
and quantitative proteomics data.

Highlights:

e Compatible—identifies proteins from the mass spectra
generated from all Thermo Scientific mass spectrometers
and others for bottom-up proteomics

* Powerful—enables deep data mining using multiple
search engines, spectral libraries, and verification
tools for the number of true positive peptide spectrum
matches for peptides and proteins

e Convenient—ready-to-use, optimized workflows
as well as the flexibility to create custom workflows
for processing complex data sets with optimum
search parameters

e Multiplex analysis—easily determine relative protein
expression changes from large-scale, hyperplexed
proteome studies using the “Study Management” feature

e Fast and robust—optimized algorithms for peak-picking
and peptide quantification to extract the maximum
information from quantitative proteomics studies

Proteome Discoverer software helps to obtain reliable
statistics and verify quantification results visually. In
addition, ptmRS (post-translational modification resources)
helps to enable confident PTM identification and

site localization.

Proteome Discoverer software enables users to:

¢ Retrieve gene ontology (GO) and protein family
annotations to illuminate the biological context of the
proteins identified

e Obtain comprehensive and interactive visualization
of results

e Process raw files automatically after data acquisition with
user-defined workflows using the “Discoverer Daemon”
application and view the results on any computer

e Create persistent and filtered results
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Software

Figure 2. “Study Management” enables file and fraction grouping for easy replicate data analysis and visualization
for multiplex quantitation experiments. Proteome Discoverer software provides flexible file annotation and protein grouping
options of different LC-MS data files and search results to enable label-free, SILAC, and TMT reagent quantitation.

Figure 3. Proteome Discoverer software enables accurate and sensitive quantification of glycopeptides. This report
shows the combined results with peptide sequence, glycosylation site, glycan composition, and annotated spectra from Byonic
software combined with the quantitative results coming from Proteome Discoverer software.

Learn more or request a quote at thermofisher.com/proteome-discoverer
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ProteinCenter software

Powerful tool to extract meaningful biology from
proteomics data

ProteinCenter software reduces complexity and adds
biological meaning to proteomics experiments. It helps
to enable visualization of protein identification data by
providing statistics on detected proteins (e.g., domains,
annotation, gene ontology, pathways). The heat map
interface allows users to quickly view their quantitative
proteomic data either as individual peptides or proteins,
or by group of proteins or functional category. The user
can quickly go from thousands to tens or hundreds

of proteins that demonstrate quantitative profiles with
significant correlation. Proteins that are correlated may
have common biological functions or interact. Analysis
by ProteinCenter software will enable researchers to

find proteins that respond similarly to experimental
conditions, as well as calculate statistics and view data
in the context of annotations and ontologies that are
overrepresented, indicating pathways and protein functions
that are of biological significance in the sample analyzed.
ProteinCenter software is deployed in the cloud so results
can be accessed and viewed by collaborators instantly
using their favorite web browser.

Highlights:
e Fast—extract meaningful biology from complex data sets
in minutes

e Comprehensive—access a single database
consolidated from >20 public databases and including all
historical data

® Powerful—produces meaningful results by removing
redundancy, seamlessly comparing data sets identified at
different times and in different databases, and clustering
proteins by protein sequence, shared peptides, or
peptide-indistinguishable protein groups

Key features of ProteinCenter software:
e \/isualization of protein quantitation data
— Profiling of time course events
— Colored heat maps for pathways
— Projection of quantitative data onto pathways
e \/isualization of information on protein level
— Post-translational processing
— Structural domains
e Visualization of information on biological pathway level
— Pathway coverage
— Time course profiling

— Up-/downregulation mapping
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Software

Figure 4. Automated GO annotation provides specific biological context about complex protein mixtures. Proteome
Discoverer and ProteinCenter software provide critical annotation information for protein cellular locations and family and
function, in addition to data analysis tools such as Venn diagrams, clustering analysis, and comparison charts.

Figure 5. Representative heat map using Proteome Discoverer

and ProteinCenter software. The heat map interface allows users to
quickly view their quantitative proteomic data either as individual peptides
or proteins, or by group of proteins or functional category, such as

gene ontology, enzyme codes, KEGG pathways, reactome pathways,
UniProt pathways, Wiki pathways, PFAM domains, InterPro domains,

and keywords.

Learn more or request a quote at thermofisher.com/proteincenter
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Pinpoint software

Flexible tool to enable a seamless transition from

discovery to targeted proteomics

Pinpoint software facilitates the transition from proteomic
discovery experiments to verification of putative
biomarkers and general quantitative proteomics. Pinpoint
software simplifies development and refinement of
targeted quantitative methods. It uses data from previous
discovery experiments to predict proteotypic peptides
and determine the best transitions for selected reaction
monitoring (SRM) experiments. Pinpoint software

can also process targeted quantitation experiments
performed on HRAM Orbitrap instruments.

Highlights:

e Compatible—imports and processes panels
of targeted proteins and peptides selected from
discovery experiments

e Powerful—automates searching of user-
created and public (e.g., Peptide Atlas) MS/MS
spectral libraries, or in silico prediction of target
peptides for hypothesis-driven experiments

e Robust—automates selection of the most
abundant precursor and product ions, with
highly accurate, automated determination of
optimal collision energies for SRM transitions

e Convenient—provides flexible method design that
can integrate high-resolution precursor selection,
timed acquisition, and full MS/MS scans (QED) into
SRM assays

Software

e Accurate—matches experimental and library spectra,
providing correlation analysis with probability scoring for
high-confidence targeted peptide verification

e Customizable—integrates discovery results with relative
and absolute quantitation, resulting in customizable
reports; easily exports results for use in refining
the method

Figure 6. Pinpoint software refines targeted proteomics methods. The
software provides many strategies for extracting ideal peptide candidates
from one experiment and applying them to the next experiment. Information
such as retention time windows, precursor charge states, and product

jons can be used to create libraries. Additional verification tools such as
peptide-based hydrophobicity factors can relate measured retention times
to predicted retention times. Refined methods can be stored as libraries

or transferred back into the “Main Workbook” for a more accurate data
acquisition and/or processing method.

LLearn more or request a quote at thermofisher.com/pinpoint
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TraceFinder software

Flexible software for targeted peptide screening
and quantitation

TraceFinder™ 4.0

Optimized for Quantitation

cccccccccc

TraceFinder software offers increased flexibility and an
array of capabilities in performing targeted screening and
routine quantitation with either high-resolution, accurate-
mass (HRAM) and/or triple-stage quadrupole (TSQ) mass
spectrometers. TraceFinder software provides method
development tools for all molecule types, including
peptides. When used with Thermo Scientific” Q Exactive™
HRAM or TSQ mass spectrometry systems, TraceFinder
software offers the most comprehensive and quantitative
workflows that help you address critical challenges in your
routine or advanced quantitation assays.

Highlights:
e Convenient—streamlined quantitation of peptides, with
easy access to all necessary information in seconds

e Powerful—simple workflow-driven method setup for
data acquisition, data processing, and reporting

¢ Robust—automates data acquisition with intelligent
sequencing, allowing users to specify protocols for
a variety of fault conditions for confidence during
unattended operation

e Efficient—facilitates data review with multipeak review
capabilities, automatic retention time and ion ratio
adjustment, configurable layouts, extensive flagging
options, and custom reporting

¢ Flexible—provides quantitative, semiquantitative, and
screening workflows

Figure 7. TraceFinder 4.1 software enables LC-MS quantitation
and screening. The software streamlines your workflows, and provides
customizable reports and an “Intelligent Sequencing” standard. Other new
features include a Peptide Predictor Tool, amino acid support, enhanced
data displays, and a Thermo Scientific” mzVault” library search. Peptide
and mass lists can be imported from Pinpoint software or any .csv file.

Learn more or request a quote at thermofisher.com/tracefinder
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Resources and rewards program

New mass spectrometry digital resources

Improve your mass spectrometry results by accessing helpful white papers and
late-breaking posters for specific applications like subcellular fractionation,
peptide fractionation, isobaric labeling, and more. Increase your knowledge of
sample preparation and protein quantitation through our free,

on-demand webinars.

Register now at thermofisher.com/msresources

Mass spec rewards program

Save up to 40% on a single order up to $2,500 through the Thermo Scientific”

t,; o - Mass Spec Rewards Program. Save even more if you purchase one or more
Tl Thermo Scientific” mass spectrometers in 2017.
)

Reward levels

Eligible customers Purchase amount Promo code Discount Save up to
Have a mass spectrometer $2,500 MSReward1 40% $1,000
Purchased one new Thermo Scientific ~ $3,500 MSReward?2 40% $1,400
mass spectrometer in 2017

Purchased two or more new Thermo $3,500 + $500 for each additional MSReward3 40% $2,000

Scientific mass spectrometers in 2017 instrument up to $5,000

Contact your local sales representative with any questions regarding this program. This offer is limited to one order per facility per calendar year and cannot be combined with other offers. This offer is good
through December 31, 2017.

Learn more on how to make a purchase through this program, obtain a list of
eligible products, or register to be contacted by your local sales representative at
thermofisher.com/msrewards
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