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Abstract

The low-molecular weight fraction (LMF) of the human plasma proteome is an
invaluable source of biological information, especially in the context of identifying
plasma-based biomarkers of disease. In this study, a separation and enrichment strategy
based on centrifugal ultrafiltration was developed for the LMF (i.e., < 25K) of plasma
routinely prepared from normal, healthy volunteers. Four commercially-available filter
membranes of similar nominal molecular weight cut-off (NMWC), but differing
membrane chemistries and filter orientations (Microcon®, Millipore; Centrisart®,
Sartorius; Amicon Ultra®, Millipore; Vivaspin®, Sartorius), were evaluated. Of these
filtration devices, only the Sartorius Vivaspin® tangential membrane, NMWC 20K was
effective in the non-retention of M; >50K, and recovery and enrichment of low-M;
components from human plasma. This filter membrane device was further optimized
with respect to plasma buffer composition, centrifugal force, duration and temperature.
Optimal ultrafiltration conditions were obtained using 100 uL of normal plasma in 10%
acetonitrile, and a centrifugation force of 4,000 x g for 35 min at 20°C. In this LMF, 44
proteins (from 266 unique peptides) were identified using a combination of 1D-SDS-
PAGE / nanoLC-MS/MS and a stringent level of identification (FDR <1%). We report
the identification of several proteins (e.g., protein KIAA0649 (Q9Y4D3), rheumatoid

factor D5, serine protease inhibitor A3, and transmembrane adapter protein PAG)



previously not reported in extant high-confidence Human Proteome Organization
(HUPO) Plasma Proteome Project datasets. When compared with the low-M; human
plasma/serum proteome datasets of Zhou et al. (Electrophoresis, 2004. 25, 1289-98),
Gundry et al. (Proteomics Clin. Appl., 2007. 1,73-88) and Villanueva et al. (Anal Chem,
2004. 76,1560-70), 64% of our identifications (28 proteins) were novel; these include
cofilin-1, PPlase A, and the SH3 domain-binding glutamic acid-rich-like protein 3. In
addition to intact proteins, many peptide fragments from high-abundance proteins (e.g.,
fibrinogen, clusterin, Factor Xllla, transferrin, kinogen-1, and inter-alpha-trypsin

inhibitor), presumably derived by ex vivo proteolysis, were observed.

1 Introduction

With 20-25% of all proteins encoded by the genome predicted to be secreted [1], human
plasma is one of the most informative and important proteomes from a clinical
perspective. Hence, the plasma proteome can be considered to be a valuable window of
normal and pathophysiological states. For example, the low-molecular-weight (low-My,
< 25K) plasma or serum proteome has been the focus of recent attempts to identify novel
diagnostic and prognostic cancer biomarkers [2, 3] (reviewed in [4]). Because low-M;
proteins/peptides exhibit far greater tumour and vascular permeability due to their

molecular size range [5-8] they are also useful therapeutic targets.

A key challenge in identifying constituents in the low-molecular weight fraction (LMF)

(i.e.,, My <25K) of plasma is the issue of the high dynamic concentration range of protein



abundance (10 orders of magnitude between the least abundant (1-5 pg/mL - e.g.,
interleukins, cytokines etc) and most-abundant (35-70 x 10° pg/mL - e.g., albumin, 1gG
etc) [9]. Several strategies have been developed to circumnavigate this problem. These
include multidimensional enrichment and separation strategies [10], and depletion of
high-abundance [11] and high-molecular weight proteins [12]. Collectively, these

measures permit identification of low-abundance protein/peptide species.

In 2005, the HUPO Plasma Proteome Project generated a core set of high-confidence 889
proteins (derived from a 3,020 low-confidence dataset) proteins [13, 14]. Interestingly,
the low-M; (i.e., < 25K) component of the blood proteome was under-represented in these
studies [4]. This finding was confirmed by Zhou et al. [15] who identified an aggregate
of 210 low-M proteins and peptides from plasma, of which only 62 were identified in the
3,020 HUPO protein dataset (2.0%), and 26 in the 889 HUPO dataset (2.9%) [13].
Strategies used to overcome the dynamic range of protein concentrations and enrich for
low-M:; proteins and peptides of low-abundance include fractionation of plasma into sub-
proteomes (i.e., LMF, glycoproteome etc), and/or to deplete one or more of the abundant
proteins through immuno-depletion [16, 17]. With the latter strategy, it has been reported
that a range of proteins/peptides may co-purify with highly abundant proteins targeted for
depletion, such as albumin [18]. Using ELISA-based assays it has been reported that the
levels of low-abundance proteins, such as cytokines MIP-1p, IL-4, -6, -8, -10, and -18,
tumour-necrosis factor and growth-related oncogene, GRO can be significantly reduced

following albumin depletion [19, 20].



Several different isolation approaches utilizing ultrafiltration have been reported for
enriching the plasma/serum LMF [21-24]. Centrifugal ultrafiltration is a facile method
which utilizes both centrifugation force and a semi-permeable membrane to retain high-
M; solutes [25]. This method allows low-M; solutes to pass through the membrane
(filtrate) of nominal molecular weight cut-off (NMWC) while high-M; solutes are
retained (retentate). For example, Zheng et al. [23] utilized centrifugal ultrafiltration
(NMWC 10K) to identify endogenous peptides from serum (300 unique peptides with 2
ppm or better mass accuracy). However, few peptides/proteins between 3,000 and
10,000 Da were represented in these data. In another study, Tirumalai et al. [21]
explored the enrichment of the low-M; serum proteome using Centriplus® centrifugal
concentrator membranes (NMWC 30K) before a 2D-LC-MS/MS approach. Although
341 proteins were identified, surprisingly, no albumin and albumin-derived peptides were
reported. Recently, centrifugal ultrafiltration (NMWC 50K) combined with solution-
phase isoelectric focusing and LC-MS/MS resulted in identification of 1,394 unique
peptides (262 proteins) from 100 uL of serum [22]. Further, Jung and co-workers [26]
utilized wvarious organic solvent precipitation procedures and buffer systems, in
combination with centrifugal ultrafiltration (NMWC 30K), to enrich the plasma LMF.
While both studies contain extensive coverage of high-M; abundant proteins, such as
albumin, transferrin, o-1-antitrypsin, and the apoproteins (A-1, A-I1), low-M; proteins
were underrepresented. The occurrence of abundant, high-M; plasma proteins using
centrifugal ultrafiltration may be associated with the heterogeneity in the pore sizes of
filter membranes which influences the ability of filter membranes to effectively

fractionate proteins of a narrow molecular weight range [27]. It should be emphasized



that — (i) the nominal pore-size (NMWC) (and M, cut-off) of any filter membrane is only
an average and that a normal distribution of smaller and larger pores exist, and — (ii) high
concentration protein mixtures (e.g., plasma - 40-60 mg/mL), can result in membrane

polarization or clogging [22, 27].

Here, we describe a rapid, facile strategy for the enrichment of the LMF of human
plasma. We report optimized conditions for usage of Sartorius Vivaspin® tangential
centrifugal ultrafiltration membranes that influence the transmembrane pressure and
permeability.  Plasma buffer composition, and centrifugation force, duration and

temperature were evaluated.

2 Materials and methods

2.1  Plasma collection, preparation and storage

Whole blood was collected from healthy, volunteer blood donors (n=5) at the Australian
Red Cross Blood Service (ARCBS), Melbourne, according to standard procedures
(described therein [28]). All included subjects provided written informed consent for
their blood donation, ethics of which was approved by the ARCBS, Melbourne. Briefly,
whole blood from each donor (450 = 50 mL) was routinely collected into an enclosed,
single-use standard bag system containing 70 mL of citrate—phosphate—dextrose (PL-146,
Fenwal Division, Baxter Healthcare Corp., Deerfield, IL, USA). Blood was obtained

from the cubital vein by clean venipuncture at a single time-point. Plasma was obtained



by centrifugation of whole blood for 10 min at 4,200 x g, 22°C and collection of the
plasma layer by a manual plasma extractor. The plasma from each separate donor (n=5)
was pooled (Serial #9285490, A+ type), rapidly frozen (-30°C) and transported on dry
ice. The plasma pack was thawed vertically for 6 h at room temperature (RT) and a
Complete protease inhibitor cocktail (Roche, Mannheim, Germany) added. Plasma was
centrifuged in 200 mL lots at 5,000 x g for 15 min after which aliquots (35 mL, 10 mL,
and 1 mL) were placed in polypropylene (50 mL, 15 mL, and 1.5 mL) tubes and refrozen
at -80°C. Prior to use plasma samples were thawed at RT to minimize cryoprecipitate
formation [29, 30], and immediately used. The protein concentration of the initial plasma
sample was 67 mg/mL as determined by bicinchoninic (BCA) assay, using BSA as a
standard as described [31]. The LMF recoveries using various centrifugal ultrafiltration
membrane devices (in comparison to the plasma source material) were also determined

by BCA protein assay.

2.2  Centrifugal ultrafiltration

The centrifugal filter membranes were prepared according to manufacturer’s instructions.
Membranes were rinsed firstly in deionized water (Milli-Q water, HPLC grade, 18MQ
from an A10-Synthesis water polishing system, Millipore) followed by each buffer
additive (see below). Various filtration devices were analyzed; Microcon® YM-30 (30K)
(Millipore, Bedford, MA), Centrisart® 20K (Sartorius, Hannover, Germany), Amicon
Ultra-4® 30K (Millipore, Bedford, MA), and Vivaspin-4® 20K (Sartorius, Hannover,

Germany). For preliminary membrane evaluation studies, 100 uL of plasma was diluted



with 900 uL 5% (v/v) aqueous ACN and centrifuged at 2,000 x g for 30 min. For
optimization studies using the Vivaspin-4® 20K device, plasma was diluted with 900 pL
aqueous 25 mM NHsHCOg, pH 7.8 or various concentrations of aqueous ACN (0-30%),
and allowed to stand at RT for 2 min. Each plasma sample was centrifuged at 14,000 x g
for 2 min at RT. The supernatant was applied to the prepared centrifugal filters and
samples were centrifuged using an M4 swing bucket rotor, optimized for g force and
duration, to deplete high-M; proteins (Section 3.1). For SDS-PAGE analyzes, filtrates
were lyophilized to dryness and re-suspended in 20 pL of Laemmli non-reducing sample
buffer (NRSB: 0.2M Tris-HCI, 40% (v/v) aqueous glycerol, 4% SDS, trace bromophenol

blue), heated at 95°C for 5 min then cooled prior to gel loading.

2.3 SDS-PAGE analyzes

One dimensional SDS-PAGE was performed using an Invitrogen Novex Mini-Cell
electrophoresis unit utilizing NuPAGE Bis-Tris precast gels (4-12% gradient
acrylamide), as described [28]. Under non-reducing conditions NUPAGE MES SDS
running buffer (#NP0002) was used as the buffer system at a constant voltage of 150V

for 80 min.

2.4 Protein visualization

Proteins were visualized by staining gels with SilverSNAP® Stain Kit Il gel stain (Pierce,

Rockford, 11l.) according to the manufacturer’s instructions. Briefly, gels were washed



(x2) for 5 min in deionized water, fixed (x2) (30% (v/v) aqueous ethanol containing 10%
(v/v) acetic acid) for 15 min, washed for 10 min first in 10% ethanol, and then in
deionized water for 10 min. Gels were incubated in SilverSNAP® Sensitizer solution for
1 min, stained in SilverSNAP® silver solution for 30 min, washed (x2) in deionized water
for 1 min, developed in SilverSNAP® develop solution for approximately 3-5 min, and
the gels fixed in 5% (v/v) acetic acid. SilverSNAP® stained gels were imaged with a
Personal Densitometer SI (Molecular Dynamics) with 100 um pixel size. For samples
prepared for mass spectrometry (MS)-based protein identification, the gel was incubated
with Coomassie R-250 (Imperial Protein Stain, Pierce Biotechnology). Gels were rinsed
(x3) and washed (x3) for 5 min in deionized water followed by staining in Imperial
Coomassie solution for 3 h on an orbital shaker. Gels were destained in deionized water
for at least 3 h before scanning with a Personal Densitometer SI (Molecular Dynamics)
with 100 um pixel size. All gel images were processed using ImageQuant™ software

(Molecular Dynamics).

2.5 Nano-LC-MS/MS analysis

The LMF of plasma was prepared using the Vivaspin-4® 20K (Sartorius, Hannover,
Germany) cartridge, with the filtrate subjected to nano-LC-MS/MS analysis as follows.
Equivalent amounts of total protein (30 pg) from a single LMF preparation (4,000 x g for
35 min at 20°C) were separated by SDS-PAGE as described. Gel lanes were excised
(2.5-mm gel bands, n=30) and extensively washed with deionized water. Excised gel

bands were individually digested with trypsin (0.05 pg) and generated peptides were



extracted and then concentrated to ~10 UL by centrifugal lyophilization (Savant, U.S.A.)
for nano-electrospray-lon Trap (nESI-IT) tandem mass spectrometry (MS/MS) (LTQ-
Orbitrap, Thermo Fisher Scientific, MA, U.S.A.). Extracted peptides (~10 uL in 1%
(v/v) formic acid) were transferred into 96-well polypropylene plates (ABgene™
Thermo-Fast, Thermo Fisher Scientific) for automated injection and fractionation by
capillary reversed-phase-HPLC (Model 1200, Agilent, Germany) using a hanoAcquity™
(C18) 150 x 1.0 mm I.D. RP-capillary column (nanoAcquity-C18, 1.8 um, Waters Corp,
MA. U.S.A) developed with a linear 60-min gradient from 0-100% B with a flow rate of
0.5 pL/min at 45°C. Solvent A was 0.1% (v/v) aqueous formic acid and Solvent B was
0.1% aqueous formic acid/60% (v/v) ACN. The capillary HPLC was coupled on-line to

the mass spectrometer and subjected to MS/MS as described above.

Positive ion mode was used for data-dependent acquisition on the LTQ-Orbitrap. Survey
MS scans were acquired with the resolution set to a value of 30,000. Each scan was
recalibrated in real time by co-injecting an internal standard from ambient air into the C-
trap [32]. Up to five of the most intense ions per cycle were fragmented and analyzed in
the linear trap. Target ions already selected for MS/MS were dynamically excluded for

180 s to optimize peptide coverage.

The parameters used to generate the peak lists, using extract-msn, were as follows:

minimum mass 700; maximum mass 5,000; grouping tolerance 0.01 Da; intermediate

scans 200; minimum group count 1; 10 peaks minimum and TIC of 100. Peak lists for

10



each LC-MS/MS run were merged into a single MGF file for MASCOT searches.

Charge state of the selected ions was automatically determined from the survey scan.

2.6 Data processing and analysis

Protein/peptide identifications were obtained using the MASCOT search algorithm (v2.2,
Matrix Science, U.K.) [33]. All acquired MS/MS spectra were searched against the
generated LudwigNR_subset database (created January 2008;
URL.:ftp://ftp.ch.embnet.org/pub/databases/nr_prot/) [34]. Database search parameters
were as follows: fixed modification, carboxymethylation of cysteine (+58 Da); variable
modifications, NH-terminal acetylation (+42 Da), methionine oxidation (+16 Da).
Peptide mass tolerance was + 20 ppm and #13C defined as 1 with the allowance for up to
three missed tryptic cleavage sites. In this study, for a peptide to be considered a
potentially positive identification, the acceptance criteria required that the ProteinScore to
be > 42 (<1% FDR) (described therein [34]). Additionally, manual verification of the
spectra (Java™ spectrum applet) was performed in accordance with previously
established guidelines for inclusion of true peptide identifications [35]. Proteins were
then submitted to BLAST http://www.ncbi.nlm.nih.gov/BLAST/) with a cut-off of 95% to
remove redundancy. Different resources were used in order to classify identified proteins
based on several predictive algorithms (SignalP (3.0), TMHMM (2.0)), and Gene

Ontology (GO) and the UniProt database [36-38].

3 Results & discussion
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3.1  Evaluation of centrifugal ultrafiltration for enrichment of the LMF

Four commercially-available centrifugal ultrafiltration devices with differing membrane
chemistries and membrane orientation (flat-based or tangential) were evaluated:
membrane A - Microcon® YM-30, regenerated cellulose membrane (flat-based);
membrane B - Centrisart®, polyethersulfone membrane (flat-based); membrane C -
Amicon Ultra-4®, polyethersulfone membrane (tangential); and membrane D - Vivaspin-
4®, cellulose triacetate membrane (tangential). The separation efficiency of these four
filtration devices were assessed by 1D-SDS-PAGE using a starting volume of 100 uL of
human plasma. It can be seen in Figure 1 that significant amounts of high-M; proteins
are not retained by ultrafiltration membrane devices A, B and C, and appear in the
corresponding filtrates (< 30K). In contrast, for membrane D all high-M; proteins were

retained by the membrane using identical conditions.

The recovery of the LMF for each filter was quantitated using the BCA protein assay as
described (Section 2.2). The assay indicated that ~0.2 — 2.9 mg of the LMF from each
membrane filtrate was obtained from ~6.7 mg of proteinaceous material contained in a
human plasma sample using each of the membrane filter units (relative to a standard,
BSA) (Table 1). The corresponding retentate recoveries from each corresponding filter
membrane are also provided (ranging from 3.4 — 6.1 mg). The filtrate LMF recovery
from membrane devices A-C were compromised by the presence of high-M; proteins as

demonstrated (Figure 1). In this current analysis, membrane D was selected for further
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optimization of low-M; protein/peptide enrichment due to both the selectivity in

fractionating the plasma LMF, and recovery of the plasma filtrate.

With our experience using these filtration devices for a variety of protein purification and
fractionation procedures, we believe that it is the specific membrane chemistry and
orientation (flat or angular) of the filter unit which directly influences the transmembrane
pressure and permeability of each membrane, and subsequently, the selectivity of protein
separation through the pores in the membrane. Vertical or angular membrane
configuration reduces concentration polarization (membrane fouling) and allows
continuous flow rates even with high proteinaceous solutions such as plasma. It is for
this reason why membrane D, with its low-protein binding cellulose triacetate membrane,
and angular filter orientation, is so effective in the reproducible fractionation of LMW
components in human plasma. We have further attempted to optimize the other filter
membrane units (A-C) over a variety of operating conditions using human plasma,

although with low separation effectiveness.

We optimized the Vivaspin-4® 20K ultrafiltration device with respect to centrifugation
force (1,000 — 5,000 x @), operating temperature, and sample buffer additives (e.g.,
acetonitrile, ammonium bicarbonate etc). It can be seen in Figure 1 (Panel D, lane F,
filtrate) that the optimal conditions for protein fractionation occur at 10% acetonitrile,
centrifuged 4,000 x g for 35 min at 20°C. Under these conditions there is slight leakage

of ~50K protein(s), but not enough to confound the analysis of the enriched LMF. (The
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presence of small amount of ~50K protein could be obviated by reducing the sample load

in the filtrate).

3.2  Application of centrifugal ultrafiltration to study the LMF of plasma

To demonstrate the applicability of this method, we analyzed the LMF of normal human
plasma using the optimized Vivaspin-4® 20K ultrafiltration conditions. The LMF filtrate
(NMWC 20K) from plasma was collected (950 uL), lyophilized to dryness and re-
suspended in 20 puL of Laemmli non-reducing sample buffer and applied to a 1D-SDS-
PAGE gel. Following electrophoresis the gel lane was excised into 1.5-mm gel bands
(n=30), the individual fractions trypsinized and the extracted peptides subjected to
nanoLC-MS/MS, as previously described [34]. Using this approach, 44 low-M; plasma
proteins (from 266 unique peptides) were identified (Table 2). (The Protein Score, amino
acid sequence, peptide charge state and reported ion and homology scores
(http://www.matrixscience.com/) are given in Supplementary Table 1). Of these, 24
proteins showed a good correlation with the < 25K theoretical molecular weight (based
on UniProt annotation). The remaining proteins identified were derived from proteolytic
fragments of abundant plasma proteins such as albumin and IgG (albumin, 18% sequence

coverage).

The efficiency of the method is demonstrated by the identification of the low-abundance

classically-secreted proteins cystatin-C (plasma concentration 0.62-1.02 ug/mL [39])
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(Figure 2), CXCL7, serine protease inhibitor A3, and cystatin-M. In all, 48% of the

proteins identified in the plasma LMF (Table 2) are known secreted proteins.

3.3  Comparison with plasma/serum proteome studies

The LMF was compared with published plasma proteomic datasets including - (i) a
detailed human blood plasma protein reference set by Mann and colleagues [40], - (ii) a
high-confidence HUPO plasma proteome collaborative study by Hanash and colleagues
[13], and - (iii) a high-confidence HUPO reference plasma proteome reported by
Greening et al. [34] (Figure 3A). In the human plasma proteome study by Schenk et al.
[40], these authors utilized a series of depletion (HSA / HSA, transferrin, haptoglobin,
alpha-1-antitrypsin, IgA and I1gG) and fractionation procedures (1D-SDS, off-gel
electrophoresis (OGE), 2-D gel electrophoresis). The later two studies analyzed data
previously reported by Omenn et al. [14], in which a wide variety of methods, including
multiple LC-MS/MS instruments, MALDI-MS, and FT-ICR-MS; depletion of abundant
proteins; fractionation of intact proteins on 2-D gels or with LC or IEF methods; protein
enrichment or labeling methods; immunoassays or antibody arrays; and direct (SELDI)
MS were utilized. In this study, 13 proteins were co-identified in the global plasma
proteome analyzes including Apo-Al, fibrinopeptide A, kininogen-1, prostaglandin-H2
D-isomerase, and transthyretin (Figure 3A, Table 2). Several other co-identified proteins
(e.g., fibronectin and platelet basic protein) have reported functions throughout the
coagulation system including cell adhesion, cell motility, and wound healing. We report

the identification of several proteins (e.g., desmocollin-3, hypothetical protein (Q6P5S8),
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myosin-reactive immunoglobulin kappa-chain variable region, protein KIAA0649
(Q9Y4D3), rheumatoid factor D5, serine protease inhibitor A3, and transmembrane
adapter protein (PAG) not reported in previous global studies of the human plasma

proteome (Figure 3A, Table 2).

Our plasma LMF dataset was further compared with several low-M; human plasma/serum
studies, including the serum peptidome by Tempst and colleagues (molecular mass range
of 1-15K) [41], proteins and peptides bound and co-purified with albumin during
depletion (i.e., the albuminome) [18], and the low-M; proteins/peptides associated with
abundant serum proteins (i.e., aloumin, transferrin, IgA, IgM, apolipoprotein A-1) [42]
(Figure 3B, Table 2). Apolipoprotein A-l, fibrinogen alpha chain, and transthyretin were
co-identified between each of these datasets, while ITI heavy chain H4, kininogen-1, and
platelet basic protein were co-identified in two of these studies (Table 2). Interestingly,
28 proteins we identified in our LMF study (64%) were not previously reported in each
of these low-M; studies (Table 2). These include lysozyme C, plasma retinol-binding

protein, PPlase A, profilin-1, SH3 domain- binding protein 1, and transgelin-2.

The efficacy of our plasma LMF study was revealed by the identification, for the first
time, of 12 plasma proteins (25% of identifications) not observed in previous plasma
proteome studies (Table 2). Of these, Ig kappa chain V-1 region AG, Ig kappa chain V-I
region DEE, myosin-reactive immunoglobulin kappa chain variable region (fragment),
peptidyl-prolyl cis-trans isomerase A (PPlase A) and rheumatoid factor D5 light chain

(fragment) were < 25K theoretical molecular weight (based on UniProt annotation).
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In summary, optimal conditions were developed for the Vivaspin® tangential membrane
filtration device for the purpose of fractionating the low-M; component (LMF) of human
plasma. In this study 12 low-M; proteins not previously reported in high-confidence
global plasma proteome analyzes, proteomic studies investigating interacting proteins
with the high-M; plasma proteins, or LMF/peptidome studies, demonstrating the efficacy
of the method. This facile, one-step strategy for enriching the low-M; plasma proteome
provides a rapid (less than 1 h fractionation procedure), cost-effective (does not require
sophisticated separation technology) and reproducible method for the enrichment of the

LMF of human plasma.
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Figure Legends

Figure 1 - Evaluation of four centrifugal ultrafiltration devices for enriching the
plasma LMF

Four membrane filter devices were compared for their ability to fractionate the plasma
LMF: membrane A - Microcon® YM-30, regenerated cellulose membrane (flat-based);
membrane B - Centrisart®, polyethersulfone membrane (flat-based); membrane C -
Amicon Ultra-4®, polyethersulfone membrane (tangential); and membrane D - Vivaspin-
4®, cellulose triacetate membrane (tangential). The separation efficiency of these four
filtration devices were assessed by 1D-SDS-PAGE using a starting volume of 100 puL.
Sample load on gel, 30 ug total protein. Proteins were visualized by silver staining using
SilverSNAP® 111. Lane P, unfractionated plasma; lane R, retentate (retained volume)
lyophilized and reconstituted to 20 puL in Laemmli non-reducing sample buffer; lane F,
filtrate (volume passed through membrane) lyophilized and reconstituted in non-reducing
sample buffer (Section 2.2). The < 30K fraction of the gel is indicated by a dashed line

(--). Analyzes shown are representative of triplicate experiments.

Figure 2 - Full MS scan and MS/MS spectrum of peptide R ALDFAVGEYNK.A

from cystatin-C (cystatin-3) (neuroendocrine basic polypeptide)

In the LMF, many peptides were singly charged species, often presenting issues during
identification and sequence annotation. Specifically, 10 proteins correlated with a single
peptide (22%), 9 from two peptides (20%), and 5 from three peptides (11%). An

example of a singly charged peptide was identified in cystatin-C, where full MS scan (the
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insert is a magnified view of the precursor ion showing relative molecular mass of
1226.61 Da) is shown (A). MS/MS spectrum of this singly charged peptide (+1) is
indicated (B). The ProteinScore for the protein and lonScore for the peptide are

provided. The identified peptide sequence is ALDFAVGEYNK with terminal peptides R

and A.

Figure 3 - Comparison of plasma LMF with human plasma/serum proteome studies
The plasma LMF (44 proteins) was compared with the global plasma proteome datasets
(A) and low-M; plasma/serum studies and proteins/peptides associated with abundant
serum proteins (i.e., albuminome) (B). For the high-confidence HUPO Plasma Proteome
Project dataset of States et al. [13], 16 proteins were co-identified, in comparison to
plasma proteome dataset of Schenk et al. [40], in which 30 proteins were co-identified. In
the high-confidence plasma proteome dataset of Greening et al. [34] 17 proteins were co-
identified in comparison to the plasma LMF. The plasma LMF dataset was further
compared with several low-M; plasma/serum studies, including the serum peptidome
study by Villanueva et al. [43] (6 proteins co-identified), the low-M;, interactome study by
Zhou et al. [15] (11 proteins co-identified), and the investigation of interacting low-M;
proteins/peptides with albumin by Gundry et al. [18] (8 proteins co-identified). All
proteins were compared between each of these datasets based on a common identifier

(Entrez GenelD).
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Table 1 — Plasma LMF recoveries using various centrifugal ultrafiltration devices.

Protein recoveries®

Centrifugal ultrafiltration

membrane Filtrate Retentate Overall recovery
(mg, %) (mg, %) (mg, %)
Membrane A 0.20 5.6 5.8
Microcon®, Millipore (30K) (3.0%) (83.6%) (86.6%)
Membrane B 2.9 3.4 6.3
Centrisart’, Sartorius (20K) (43.3%) (50.7%) (94.0%)
Membrane C 1.4 4.8 6.2
Amicon Ultra’, Millipore (20.9%) (71.6%) (92.5%)
(30K)
Membrane D 0.3 6.1 6.3
Vivaspin®, Sartorius (20K) (4.0%) (91.0%) (94.0%)
a 100 pL plasma (67 mg/mL; 6.7 mg) was diluted to 1000 uL (various buffers utilized, refer Materials and methods) and

loaded onto each prepared filtration device. Amount of protein recovered in the filtrate and retentate is expressed as a
percentage of the initial plasma protein concentration loaded onto each filtration device. The volume of the filtrates and
retentates have been adjusted to a total volume of 1000 pL, refer Materials and methods; values shown in parentheses
represent the percentage of the initial plasma protein volume loaded onto each filtration device. Overall recovery represents
the summation of protein recovery in both the filtrate and retentate for each membrane; values shown in parentheses
represent the summation of filtrate and retentate recoveries expressed as a percentile. Each value is representative of

experiments performed in triplicate.
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Table 2 - The plasma LMF. Proteins identified from the human plasma LMF, with corresponding subcellular localization and unique

peptides identified for each protein. Each protein was classified according to SignalP V2.0, with 20 proteins classically secreted

according to their signal peptide — these have been corrected for loss of signal peptide (as indicated®). Further a comparison with other

human plasma/serum proteomic studies is provided. Shaded proteins indicate calculated molecular weights < 25 kDa. For detailed

peptide information, refer Supplementary Table 1.

Plasma

HUPO PPP

Accession Unique (r:::(l)CI:Icautl(::l:'| Subcellular HUPO PPP Proteome Greening, i/?IrI:rr:JIe-vMaF Albuminome Int:::tr:me
Protein description® .q . . States, 2006  Schenk, 2008 2008 ’ Gundry, 2007
number? peptides*c weight localization® . 2004 i Zhou, 2004
4 889 Proteins’ 697 647 . 35 Proteins sk
(kDa) . .y 16 Proteins 210 Proteins'
Proteins? Proteins'
Apolipoprotein A-I (Apo-Al) 30.7
P02647 (ApoA-I) 5 (28.7)" Secreted. Y Y Y Y Y Y
P19341 EeiapZiictslaunin 2 4.8 Secreted.
(Fragment).
- . 13.6
P61769 Beta-2-microglobulin 6 (11.4) Secreted. Y Y
CDNA FLJ13244 fis, clone
OVARC1000679, highly
Q9H8T5 similar to Homo sapiens 1 61.1 Unknown
myosin-IXa mRNA.
(Fragment).
- - Nucleus matrix.
P23528 Cofilin-1 (Cofilin, non- 3 18.4 Cytoplasm, Y Y
muscle isoform).
cytoskeleton.
POCOLS Complement C4-B precursor 12 192.7 Secreted. Y

(Basic complement C4)
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P00746

P01034

Q15828

Q14574

P15924

P02671

P02751

Q6P5S8

P01857

P01593
P01597

P01619

Complement factor D
precursor (EC 3.4.21.46) (C3
convertase activator)

Cystatin-C precursor
(Cystatin-3)

Cystatin-M precursor

Desmocollin-3 precursor
(Desmocollin-4)

Desmoplakin (DP)

Fibrinogen alpha chain

Fibronectin

Hypothetical protein.

Ig gamma-1 chain C region.

Ig kappa chain V-I region AG.
Ig kappa chain V-I region
DEE.

Ig kappa chain V-IIl region
B6.

29

14

26.9
(24.8)"

15.7
(13.0)"

16.4
(13.4)

99.9
(96.9)"

331.7

94.9
(92.9)"

262.5

25.7
(22.7)"

36.0

11.9
11.6

11.6

Secreted.

Secreted.

Secreted.

Cell membrane;
Single-pass type |
membrane
protein. Cell
junction,
desmosome.
Note=Innermost
portion of the
desmosomal
plaque.

Secreted.

Secreted,
extracellular
space,
extracellular
matrix.

Unknown

Secreted.

Unknown

Unknown

Unknown
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P01625

P01717

Q56919

Q6NS95

Q8N355

Q14624

P01042

P61626

Q9ouUL85

000151

P62937

QONWQ8

Ig kappa chain V-IV region
Len.
Ig lambda chain V-IV region
Hil.
IGKC protein.

IGL@ protein.

IGL@ protein.

Inter-alpha-trypsin inhibitor
heavy chain H4

Kininogen-1 precursor
(Alpha-2-thiol proteinase
inhibitor)

Lysozyme C

Myosin-reactive
immunoglobulin kappa
chain variable region
(Fragment).

PDZ and LIM domain protein
1 (Elfin

Peptidyl-prolyl cis-trans
isomerase A (EC 5.2.1.8)
(PPlase A)

Phosphoprotein associated
with glycosphingolipid-
enriched microdomains 1

12

25.3
25.1
(23.0)

24.7
(22.6)"

103.3
(100.2)"

71.9
(69.9)"

16.5
(14.5)"

11.7

36.0

17.9

46.9

Unknown Y Y
Unknown Y
Unknown Y
Unknown
Unknown Y Y
Secreted. Y Y
Secreted,

extracellular Y Y

space.

Unknown Y Y
Unknown

Cytoplasm (By
similarity).
Cytoplasm, Y
cytoskeleton (By
similarity).

Cytoplasm.

Cell membrane;
Single-pass type IlI
membrane
protein.
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P02753

P02775

P07737

P41222

Q9Y4D3

AON5G5

P01011

P02787

P02768

Q9H299

075368

Plasma retinol-binding
protein precursor (PRBP)
(RBP)

Platelet basic protein

precursor (PBP) (Small

inducible cytokine B7)
(CXCL7)

Profilin-I

Prostaglandin-H2 D-
isomerase precursor (EC
5.3.99.2) (Lipocalin-type

prostaglandin-D synthase)

Protein KIAA0649
(Fragment).

Rheumatoid factor D5 light
chain (Fragment).

Serine protease inhibitor A3
(Serpin A3) (Alpha-1-
antichymotrypsin)

Serotransferrin precursor
(Transferrin)

Serum albumin.

SH3 domain-binding
glutamic acid-rich-like
protein 3 (SH3 domain-

binding protein 1)

SH3 domain-binding
glutamic acid-rich-like
protein.

19

10

12

41

22.9
(20.9)!

13.8
(10.2)"

15.0

21.01
(18.6)"

126.8

476
@s5.1)"

77.0
(74.9)

69.3
(67.3)"

10.4

Secreted.

Secreted.

Unknown
Rough
endoplasmic
reticulum. Nucleus
membrane. Golgi
apparatus.
Cytoplasm,
perinuclear
region. Secreted.
Nucleus,
nucleolus.

Unknown

Secreted.

Secreted.

Secreted.

Cytoplasm.
Nucleus.

Unknown
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Transgelin-2 (SM22-alpha

P37802 6 223 Unknown Y
homolog).
P62988 Ubiquitin. 2 8.5 Cytoplasm. Y
Nucleus.
: : 15.8
P02766 Transthyretin (Prealbumin) 10 (13.7)" Secreted. Y Y

* Proteins were observed having a Protein Score >42 and all peptides manually validated.

a Protein accession numbers were from the Uniprot database, http://www.ebi.uniprot.org/index.shtm.

b Proteins listed in each functional group according to their description, derived from GOSIlim.

c Number of unique peptides for each protein — refer to Supplementary Table 1 for detailed information.

d The calculated molecular mass of each protein (kDa), from Swiss-Prot database, http://au.expasy.org/sprot/

e The subcellular localization of each protein, from Swiss-Prot database, http://au.expasy.org/sprot/

f Comparison of proteins described previously in the HUPO Plasma Proteome Project by States et al. [13].

g Comparison of proteins described previously in the Plasma Proteome Reference Dataset by Schenk et al. [40].

h Comparison of proteins described previously in the HUPO Plasma Proteome Project (HUPO 647) by Greening et al. [34].
i Comparison of proteins described previously in the serum peptidome by Villanueva et al. [41].

j Comparison of proteins described previously in albumin-enriched human serum (albuminome) by Gundry et al. [18].

k Comparison of proteins described previously in the human serum interactome, studying low-M;, serum proteome by Zhou et al. [15].
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