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Introduction
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Proteomics has advanced significantly over the past decade [1], and it is being applied in
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many laboratories for protein characterization, biomarker discovery/verification and complex = =
disease research [2]. The central objective of shotgun proteomics is to identify as many = -
individual proteins as possible in a single run. The more the number of proteins identified in a 60 60
sample the higher the possibility of elucidating biologically-relevant mechanisms and -4 -
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pathways associated with the condition under study.
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A critical pre-analytical step in sample preparation which can directly affect the success of

shotgun proteomics is the digestion of proteins into peptides prior to the mass spectrometry
step. Like all enzymes, the specific activity of trypsin towards a protein substrate and — 0Hours — SHours >4 Hours O Hours 8 Hours 24 Hours
completion of digestion will depend on the type of protein substrate, the buffer system used,
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oH of the buffer, incubation temperature and the overall duration of incubation. Thus, the Figure 1A: Agilent Blc?analyzgr Protein 80 traces sh0\.N|.ng the prof!le of gndlgested Figure 1B: Agilent B.loanaly-zer Protein 80 traces shgvymg the prqflle of undigested
4diti £t 0t tei it , ‘ tee that the t , i1l ad el plasma and plasma digested in a buffer system containing ammonium bicarbonate Serum and Serum digested in a buffer system containing ammonium bicarbonate
a. ition © rypsm. O a protein mixture 15 Not a guarantee that the .rypsm W'. daequately (AMBIC) and Trifluoroethanol (TFE). The presence of visible peaks in Plasma suggests (AMBIC) and Trifluoroethanol (TFE). The presence of visible peaks in Serum suggests
digest every protein present and a useful MS sequence coverage will be obtained. the presence of undigested proteins. the presence of undigested proteins.
The main objective of the study was therefore to identify a simple, sensitive and practical o , , _ , o ,
hod th 1d b d inel h I f ic di : Alth h th Table 1: Percentage (%) of total proteins digested in 8h and 24h in Plasma and Serum Table 2: Total number of unique peptides, proteins identified and albumin sequence coverage
method t .at cou € used routinely to assess t e_ quality O. trthIC. Igestion. Although there measured with the ProDM Kkit. in Plasma and Serum after tryptic digestion for 8h and 24h at 37°C.
are established methods that can be used to monitor protein digestion, the methods Plasma Serum
reported, including HPLC, circular dichroism, SDS-PAGE, MS and real-time monitoring with a Incubation % Protein Digested 3h 2ah  |% Change| 8h 2ah  |% Change
fluorescent dye [3] are either time and sample consuming or expensive to perform. Time (hr) Plasma Serum Number of Proteins 125 118 5.93 127 107 18.69
0 0 0 Number of Peptides 991 733 35.20 897 693 29.44
Our report shows that ProDM can be used to precisely determine the degree of protein
: . .. .. : . : . : 3 46.5 46.2 Serum Albumin Coverage 79 74 6.76 77 66 16.67
digestion and hence optimize the trypsin digestion step. Optimizing the digestion step will
help save time and reduce sample wastage and ultimately increase the success rate of 24 >6.1 >0.2

t . . to i laboratori . _ . Remarkably, fewer numbers of peptides were identified after 24h compared to 8h
proteomic experiments in many laboratories. Table 1 shows that about 46% of proteins were digested in plasma and serum after in both plasma and serum. Similarly albumin sequence coverage is also reduced

8h incubation with trypsin, and this percentage increased to 56% in plasma and 50% when 8h and 24h incubation is compared.

in serum after 24h incubation.

Methods

IRD_2011_7_Plasma_8hrs_1Xirypsin_022712 RT: 0.00- 18001 Mass: 100.00- 200000 ML 7 16E6 @ A Plasma 8 hours Plasma 24 hours
Blood collection and sample preparation S
Blood sample was collected using Proteomics Grade Plasma and Serum Tubes (PGPT/PGST, -1
ITSI-Biosciences). Plasma w/Serum was isolated from the PGPT /PGST tube according to jjzz
standard plasma/serum isolation protocol, aliquoted in 1 ml amounts to avoid repeated - S e : : S
freeze/thaw of the same aliquot and stored at -80°C until required. Prior to analysis, samples : TR 35, SR —— ;DUU £
were thawed on ice and total protein content determined for all samples using the ToPA Kit = = o = = L0
(ITSI-Biosciences). All experiments were performed in duplicate and all results presented are e P o ¥ i Fo00
averages of two separate readings. : ' 400 M e Comages=0 (74.15%) Y s Cloage-2 2340 s Clomage-0 (95.45%) ¥ s Comage2 (0.75%)
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Tryptic digestion of plasma proteins . “ | ” Y ey m . . b B Serum 8 hours Serum 24 hours
Digestion of plasma proteins were performed in a buffer system containing Trifluoroethanol IRD_2011_7_Flasma_2dfrs_1Anypsin 022512 KT 0.00- 18001 Mass: 10000200000 L 71650 o0
(TFE). Briefly, 50 ul of diluted plasma or serum was mixed with 50 ul of TFE. Sample was §1soo
reduced with DTT (10 mM) and alkylated with IAA (20 mM). Incubation was for 8h and 24hrs - 1600
at 37°C. At the end of the incubation period, 5 % (v/v) Formic acid was added to stop the : ¥ S
digestion and the extent of protein digestion was monitored. 3 =5 = L l :EEE .
£ e = B =F"
Tryptic Digestion Monitoring s R = = —_— _zzz
Undigested plasma sample and samples digested for 8h and 24h at 37°C were analyzed with s 400
a) ProDM and b) Agilent Bioanalyzer. e | - 00 D # Missed Cleavages=0 (52.00%) ¥ Missed Cleavages=2 (0.00%) D Hissod Cloavages=0 (53.13%) ¥ Missed Cloavages=2 (1.53%)
------------------ T v (0% Missed Cleavages-1 (6.40%) ¥ Missed Cleavages-3 (0.50% [0 Mineod Clonvagorct (4.5%) EER# Miseod Clomvages=3 (0.76%
ProDM Time i Figure 3: Number of misses cleavages in plasma and serum proteins digested for 8h and 24h
Samples Were analyZEd according to the manufacturers’ prOtOCOL The ProDM Kit contains Figure 2 2D-density plot consisting of time (X-axis) vs. m/z (Y-axis) vs. relative abundance (Z- 'v;f:t: :]Lyr?]skl)r;.r of peptides with zero missed cleavages in Plasma (A) or Serum (B)
ready-to-use reagents including a Standard Buffer (Urea-Tris Buffer pH 8.5), Reaction Buffer axis). Figure 2 A (upper figure) and B (lower figure) shows only subtle differences between 8h increased after 24 h compared to 8h indicating the progression of digestion.
(Tris-Buffer pH 8.5), Reaction Quencher (Buffered Phosphoric acid) and Colorimetric Reagent. and 24h samples indicating good reproducibility between the mass spectrometry runs. However, the number of proteins identified decreased in 24 h (Table 2).
Samples without trypsin (time zero) and samples digested for 8h and 24h were processed.
The colorimetric reagent was added and absorbance was read at 595nm within 1 min of _ _
adding the color reagent. Plasma Tryptic 8h Plasma Tryptic 24h Table 3: Charge State Distribution at 8h and 24 h digestion
% Protein Digested (%PD) = [(Ayro, - Ayr, )/ Aygro, 11*100, ;";8';@@0;@1““ G e Rl Plasma Serum
B ey R R Bgegggo % in 8h % in 8h
where Ay 1,  is the absorbance of the first aliquot at time zero and A, | is the absorbance of S ‘3‘88 éggéégggééﬁﬁmﬂ% S : %ggégégggfégagﬁggﬂ Csr:‘:gee Incubatio In::/:ui:tli\on C:taa:gee Incubatio lnzligtl:on
the second aliquot after 8h or 24h digestion. : ﬂégﬁ“ EEEE @@g BT 58“5% Egémmﬂ n n
Agilent BioAnalyzer 1 S S S S| I o I ) 7> 43 c816 > - 2> 4
50ul of undigested and digested samples were processed using a Agilent Protein 80 chip Peptide Lendth 1 Peptide Lengin 1 3 26.64 | 29.85 3 13.74 14.4
according to manufactures recommendations. 24h shows more +3 charged peptides compared to 8h and +3 charged peptides
o o show relatively lower Xcorr compared to +2 charged peptides on a LTQ-XL

Protein identification by LC/MS/MS Serum Tryptic 8h Serum Tryptic 24h machine (Figure 4).
After digestion with trypsin, the peptides were acidified with 5 % Formic acid and dried down S
ina Speedvac. The dried sample was reconstituted in 2 % Acetonitrile / 0.1 % Formic acid IR E R A SERRNR R - SE R ,
and loaded onto a PicoFrit C18 nanospray column using a Thermo Scientific Surveyor K ggooggzgégﬁoa _______________________________________ . :ogggogogéoo Conclusions
Autosampler operated in no waste injection mode. Peptides were eluted from the column 3 j'fffffiﬁf; gggé ggjﬁgﬁs‘.';.ﬁ:g;;fffjffff;f[fj]fﬁjf; S + .. oggg"@zgozgga
using a linear Acetonitrile gradient from 2 to 40% over 60 minutes into a LTQ XL mass ; Eé géégégé Wiz, . : géég?@é@%@é@é@é@aggﬂ%aaw - Our results demonstrates that ProDM can be used to precisely monitor protein
spectrometer (Thermo Scientific) via a nanospray source with the spray voltage set to 1.8kV f"agaggg“;’cf,aéiﬁif faﬂggg digestion prior to mass spectrometry.
and the ion transfer capillary set at 180°C. A data-dependent Top 5 method was used were a T m m w w I P S I * The result is important because it shows that the duration of trypsin digestion
full MS scan from m/z 400-1500 was followed by MS/MS scans on the five most abundant Peptide Length | Peptide Length | apparently affects a) the total number of proteins identified and b) protein
ions [4] sequence coverage.

Figure 4 : Distribution of peptide length vs. Xcorr. +3 and +1 charged peptides had

. e L. _ , _ relatively lower Xcorr scores compared to +2 charged peptides. 24 h trypsin
Protein identification and the number of missed cleavages were determined with the incubation produces more +1 and +3 charged peptides compared to +8h digestion

Proteome Discoverer 1.3 software as previously described [4]. Trypsin was the selected time. Peptides with 8 — 20 amino acids seems to offer high Xcorr scores and 24 h * Optimizing the trypsin digestion step will ensure that sample and equipment
enzyme and we allowed for up to three missed cleavages per peptide. Carbamidomethyl digestions seems to produce peptides longer than 20 AA compared to 8h leading to tlme are not wasted because of the need to repeat experiments or the inability
Cysteine was used as a fixed modification. Precursor and fragment ion peaks were searched less confident peptide identifications [5]. to interpret results.

with a mass tolerance of 5000 ppm and 2 Da, respectively. Proteins were identified when

* This is particularly critical for applications like quantitation and biomarker
identification, where reproducibility is critical.

unique peptides had X-correlation scores greater than 1.5, 2.0, and 2.5 for respective charge

states of +1, +2, and +3 [4]. References
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