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Introduction

While peptide sequencing by LC-MS/MS has
made great advances over the past years the
analysis of intact proteins has been obstructed
by the lack of efficient analytical tools. For the
separation of proteins, polymeric monolithic
columns have become an attractive
alternative. Especially for the nanoLC-MS
analyses of complex samples they offer high-
efficiency separations due to the absence of
inter-particle mass transfer. On the other hand
ETD enabled ultra-high-resolution (UHR) TOF
mass spectrometer appears to be a very good
tool for the detection and identification of
proteins.

Intact protein LC/MS Data
with UHPLC and UHR-TOF

Automated Processing

e Dissect: extract spectra for all
proteins
e Max Entropy: deconvolution

e SNAP II algorithm: create mono-
isotopic peak list for intact
proteins

Option for proteins of interest: ETD
MS/MS in an offline experiment

Biotools and MASCOT Top-
Down Identification

Fig. 1: Workflow for ultra-high-resolution top-down
proteomics analysis

Methods

LC/MS analysis
HPLC: UltiMate 3000 RSLCnano (Dionex)

MS: maXis UHR-TOF with ETD option (Bruker

Daltonik GmbH)

Software: Compass 1.3 SR2, biotools 3.2

SR2, MASCOT 2.2 (Matrix Science)

Sample: 500 ng bacterial lysis supernatant
(E. coli)

Columns: Dionex PepSwift monolithic PS-
DVB, 100um ID, 25 cm, Trapping column:
200pm ID, 5mm.

Gradient: 7% to 30% B in 27 min, 30% to
50% in 28 min, from 50 to 95% in 30,
minutes, 700nl/min; Solvent B: 0.1% formic
acid in 80% acetonitrile, 20% water; Sample
loading/desalting for 5 minutes with 0.5% TFA
in water at 20ul/min. Column compartment
was kept at 60 °C.

The LC/MS analyses were automatically
processed with the Compass software. The
workflow is described in Figure 1.

ETD MS/MS

Sample: E. coli thioredoxin (Sigma Aldrich),
1pmol/ul was prepared in 50:50 acetonitrile/
water with 0.1% formic acid and ionized by
pneumatic electrospray at a rate of 3ul/min.
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Fig. 2: Experimental setup

LC/MS analysis with UltiMate 3000 RSLCnhano connected to a maXis
UHR TOF with ETD option. LC separation with 25 cm monolithic
columns.

For research use only. Not for use In diagnostic procedures.

Results

LC/MS analysis of intact E. coli lysate

The LC/MS raw data were processed with a
special extraction algorithm (DISSECT) to
generate compounds of similar chromato-
graphic behavior; MaxEnt deconvolution and
SNAP II applied on the resulting spectra gave
the monoisotopic molecular weight of all
proteins per compound. The workflow is
described in Figure 1. In total we have
detected 223 compounds or 1818 features,
representing large peptides and intact proteins
in the mass range from 5,000 to 40,000. The
number of mono-isotopic masses per mass
range is displayed in Table 1.

Chromatographic peak width are typically in
the range of 7.5-20 s.

The resolving power for the intact proteins is
in the range between 45,000 and 65,000. This
allows isotopic resolution for most of the
proteins in the observed mass range.
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Fig. 3: Feature extraction using Dissect

(a) the complete chromatogram, 223 compounds have been
extracted by Dissect; (b) a compound after MaxEnt deconvolution
and SNAP II, every compounds contains multiple features, i.e.
protein or peptide masses, mass resolution is typically > 50,000
allowing isotopic resolution in the observed mass range; (c)
comparison of experimental data and calculated isotopic pattern,
mass accuracy < 1 ppm.
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MW, ono Fange Number of features Summa I‘y
>,000- 10,000 424 The combination of ultra-high-performance
10,000-15,000 555 nanoLC and a fast UHR - TOF mass
15,000-20,000 396 spectrometer with ETD capability enables a
20,000-25,000 219 new approach for top-down proteome analysis,
25,000-30,000 146 even for complex samples. Top-down

> 30,000 78 proteome studies have some important

advantages compared to bottom-up
approaches: direct link between molecular
weight and gene identity; full control over
PTMs, truncation variance and isoforms.

Therefore top-down analysis could become an
important complement to bottom-up proteome
studies, possible on the same platform.

Table 1: Number of detected proteins and large
peptides as function of the mass range.

ETD of intact Thioredoxin (11.7 kDa)

E. Coli thioredoxin could be identified by ETD
fragmentation of the thioredoxin 15+ charge
state as shown in Figure 3 (a). The high
charge states of the fragments (up to 12+)
require high resolution in MS/MS too. SNAP II
gives in this case also the monoisotopic mass
of the fragments that can be used for the
MASCOT data base search.

[Rasa +HE_ PE_AT-31_B5a S43-57)
= a0F—
1 A3+
J EOE oo
a4
E34_FOTE
A2
oF3 FOZE
5
A+
54
a Fro . A2 ADAE
10
A0+
ER L SE TR
oS [: 23 o
T O Orl-40
oo i —rJi T T T T |' —
Foo oo L= R oo 200 00 -
||||||| =
-
=
00000 -
=
S . t - d t t . I . t t
=
=
= ]
= n m m
S r r
200 mJz
[ ]
=T
1 |
Gt Hiiagfa ] I
| D a
Help -
e v
E I
PPN § Shewr subsees [0
e e = Sm oassramea [Deeeery S ] Becmie batireal & =]
rror tolerane | Suchie Sepen | 0 0 0
S ®
FE=1 mwmz
semawe Depooe
= = T — P
G [ a EHITHLTOE .S
ez [P p— a BHITHLTOE . %
106 T e M.SDKITHL TODSEDT -5 — [ ] [ [
1 s a 1 ML SEHITHLTBBSEDE. B
1 - 1 ML SEKITHLTEBSFB TSN A
az M [P — 1 ELSEKITHL TOOSED BV A
L EE .4 174 5. A L) ! - THT THL TH S E DT WL A0 &
= 14 - s B 1TE S ae-oad 1 ML SEKITHL TBBSEDEEA G A
= 2o wmasm aeus_a 16,5863 -o.LL%S @ 17 2. 8evoos 1 L KM EEVRAR TR GAL SEOG01 ICEFL DML .
= 2y STAW I U & FAW . SWVE - -a o S ] - o a - BHITHL TODSEDT S G, T W EA
= 24 —— p—— D10, SerE 0.6 6 41703 1. se-oa3 1 L SEETTHL T BSE DT B SO A TL B e |
= 2T oo FL A OF0 . BWLE - - o 160 1. LEE a - DEITHL TODSFDTOVL KATGATL VEFHMAEWCSFCK M + F Cxym-H 4C3)
= 2 LOEa . - OFo.aNLE e o 160 1. W LET 1 - EHITHL TODSEBTEVIL KATGATL VEFUMAEWCGFCR M + * Cys-H {C3
= 43 G903 4200  S90% 4137 G909 8013 0. SSSE @ 42000 1.5 006 3 . SOETTHL TOOSEDTBAL SO G TV A EWC G0 R AR T B LABEY ) GRL TUARE
= 44 0w . S0E0 R ST L L EE] o e o B 1. W L i ! - DT THL T D DS D T L B G, T W E WA W D G o RO AP LB LA E Y 1) G L TV .
Abs. Int. - 1000
e [IKFFIHHILITIDIDISIE ADITID VIL 1K AIDCAHAL VIDFE £ AFE B i BRI ILIDIE +1 ADFEFV 1 T [T vEL
= 1K1 AWFE GHIK FFALIL | c @VIKI 1TG  10IDHANILIKE 1T rarveEs et
1.6
1.2
12

® Sensitive and information-rich
ETD data from intact proteins
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Fig. 4: ETD MS/MS of intact thioredoxin m/z 779.2 (z=15+)

(a) shows the different charge states; (b) multiply charged fragments;
(c) MASCOT search results; (d) annotated sequence in Biotools

ETD MS/MS-UHR-TOF



