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Abstract

Biotech Support Group has developed a series of enrichment reagents that offer common features
and key advantages. After separations, the sub-proteomes retain their structural and functional
integrity. All the products are consumable and economical; not being derived from biological sources.
We report here applications for these products to specifically deplete albumin by a voidance strategy -
called AlbuVoid™, which consequently enriches for the low abundance serum protein content. Such a
strategy compares favorably to high abundance immuno-depletion (Agilent column) methods. Also,
we continue to advance simplified workflows that utilize on-bead digestion for LC-MS. Together, these
methods create efficiencies necessary to support high throughput investigations in all areas of
discovery, targeted, functional and top-down proteomics.

Background & Introduction

A significant challenge in proteomics has been to overcome the analytical bias towards the most
abundant proteins, and the complexities of mining the data to a manageable number of biomarker
proteins that can be analyzed in more depth. Therefore, three common goals prior to LC-MS are
often:

1. To enrich specialized sub-proteomics or alternatively - deplete high abundance protein(s)
2. Get efficient and consistent trypsin digestion
3. Streamline workflows to minimize handling, potential for variance and decreased costs.

To assist in all 3 aspects at once, we have developed a platform surface chemistry with derivative
products to support different applications. The surface chemistry platform called NuGel™, is based on
porous silica, a chromatography industry standard and an advantageous matrix suitable for proteome
separations. With NuGel™, non-specific sites have been virtually eliminated making it an ideal
support for proteome enrichment. Based on NuGel™, BSG has developed a chemical library of
general non-specific adsorbents, or stated another way - beads with weak affinity or imperfect fit
interactions. Without the use of antibodies, progressive displacement allows the beads to bias for or
against certain proteins, without compromising protein integrity.
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Background & Introduction (continued)

The NuGel™ consumable product line offers a bead-based platform to either deplete high abundance
proteins through a selective binding strategy, or through a selective voidance strategy!. In the latter
strategy, the high abundance proteins selectively flow through the beads, capturing and enriching the
low abundance proteome on the bead. The products featuring this strategy are described throughout
this poster report. All feature simple bind/wash microfuge protocols requiring no specialized
instruments or HPLC. By binding the low abundance proteome to the beads, efficient new workflows
for digestion, assay and analysis are presented.

Sub-Proteome Analytical Options for NuGel™ Based Low

Abundance Enrichment Products
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On-Bead Digestion

Common methods to digest proteins with trypsin are: in-
solution whereby the steps take place with the sample
proteins in solution; in-gel whereby the sample proteins are
contained within a gel slice after SDS-PAGE; and
immobilized trypsin whereby the sample proteins in
solution are contacted with trypsin covalently immobilized
to a solid support. Nevertheless, with greater interest in the
proteomics community for better workflows and
performance for LC-MS analyses, bead-based separations
have been coupled to direct proteolytic digestion of the
bound protein content. This is commonly called “on-bead
digestion” in the literature3->. In a study reported
previously using AlbuVoid™, we reported several
performance metrics whereby the quality and number of
tryptic peptides after on-bead digestion, was comparable to
those obtained after elution from the beads and in-solution
digestion®.

We continue these investigations here by demonstrating
the speed and efficiency of on-bead digestion for hard-to-
digest proteins, using the composite NuGel™ Mx product.
While trypsin digestion is common and very efficient for
most proteins in support of LC-MS analysis, improvements
in workflow, time, reproducibility and effectiveness for
some hard-to-digest proteins is still desirable. Better
methods to monitor the consistency of digestion,
understanding the mechanisms which impede digestion,
and alternative workflows to work around such
inefficiencies, will contribute to the higher throughput and
reliability required as the field matures.

Material and method:

Myoglobin (MYQ) and Ovalbumin (OVA) from egg whites
were selected as representative hard-to-digest proteins.
Bovine serum albumin (BSA) represented an easy-to-digest
protein. Myoglobin and BSA were purchased (Sigma), while
egg white protein was prepared from a fresh egg. All
protein samples were prepared to 2 mg/ml. In solution
digestions were carried out on soluble protein. On bead
digestions were carried out on 15 mg NRicher™ Mx
surface according to our established protocol; see product
sheet on website for full detailst. Briefly, 100 pls of each
sample were applied to the beads and washed. The bead-
bound proteins were reduced with DTT, alkylated, then
digested with trypsin. The extent of digestion was
quantified using a commercial kit (ProDM™, ITSI-
Biosciences). Using the kit, digestion is monitored by a
colorimetric assay, measured by Nanodrop spectrometry.
The results were further analyzed qualitatively using SDS-
PAGE, which was run at 150 volts for 50 minutes in a 4-

1 2 i 4 5 6 7 8 9 10 1 12 13 14 15 1,6 17 18

Bovine Scrum Albumen Ohzlburmin Wyoglabin

%PD: 735 1041 857 528 612 9L8 250 1107 570 964 250 928 647 1118 948 1059 100.0 58.8
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1 OVA- 2 hr digest fin soln) 13 |Mya- 2 hrdigest (in soin)
2 OVA- 2 hr digest on bead) 14 |Myo -2 hrdigest {on bead)
3 BSA - 4 hr digest {in soln] 15 |Myo-4 hrdigest {in soln)
4 |BSA-4 hrdigest {on bead)

5 |BSA-ow. digest {insoln)

§ BSA - ov. digest |

Poster reprint from US HUPO 2014 Conference, April 6-8, 2014

Digestion of Various Proteins

120.0% Over Time
[
-
100.0% |2~ — S 5o
| |
s o < ° (n
80.0% @ / S soluti
o N on)
60.0% e
c ® BSA
Q. (on
40.0% £ bond
3 )
20.0% %
=

0.0%

0O 2 4 6 8 10 12
Time (hours)

Results and Discussion

The digestion efficiency in discovery proteomics is as important as
the digestion repeatability in targeted proteomics. Having control
over the digestion parameters during sample preparation is essential
to correctly identify and quantify proteins, and produce reliable
results.

We found that the in-solution and on-bead digestions follow the
same trend for both Myoglobin and egg white ovalbumin, whereby
BSA serves as the positive control. The most significant finding is
that the on-bead digestions are much more efficient than the in-
solution digestions for all times tested. This was quantified with the
monitoring kit, and is further supported by the SDS-PAGE which
indicates a close alignment of the bands with the percentage of
protein digested (%PD). One possible explanation for these results,
is that after disulfide bonds are broken, the protein interiors are
better exposed, which allows a more efficient digestion by trypsin.
This needs further investigation.

Another significant finding is that all of our model on-bead proteins
appear to fully digested in only 2 hours after onset, compared to the
in-solution samples that took at least 6 to 8 hours for optimal
digestion; and most commonly, are incubated overnight. An
inconclusive result is the downward monitor trend of the overnight
digestions. Having purchased a commercial kit, the chemistry of the
monitoring reagents was unknown to us and its results remain open
to interpretation. However, this may be evidence that the proteins
are in part over-digested when incubated overnight, after most of
the substrate has been hydrolyzed, and trypsin auto-digests. If that
is the case, the excess smaller, non-tryptic specific peptide
sequences would not be correctly inferred from LC-MS
computational protein data-mining. This as well warrants further
investigation. Although the optimal time of digestion was not the
main focus of this experiment, it does appear that on-bead digestion
helps to equalize the digestion of samples that may contain
mixtures of easy and hard to digest proteins.

Numerous reports describe methods to accelerate or improve
digestion efficiency including denaturants, solvents, heat & pressure
cycling and microwaves?’. Our work suggests that on-bead digestion
equalizes the digestion time for easy to hard to digest proteins.
Proteases with alternative peptide production, such as Lys-C, Asp-N,
Glu-C, or other hydrolyzing enzymes, such as glycosidases, offer
still more options. All of these refinements can potentially be
adapted to the basic on-bead procedure described here.

In summary, on-bead digestion provides advantaged speed,
simplicity and efficiency

*Improves workflow

*Less sample handling & manipulations, lowers variance

*No in-gel digests

*No solution digests

*No C18 desalting

*More consistency, better reproducibility



Serum Proteome Annotation Using AlbuVoid™ On-Bead Protocol

The Biological mass spectrometry facility at RWJ Medical School and Rutgers (http://cabm-ms.cabm.rutgers.edu/)
supports client-sponsored research. In the investigation reported here, the facility optimized the method for
enriching glyco-peptides from serum. We compared both AlbuVoid™ protocols, on-bead and in-solution, to other
enrichment methods including a immuno-depletion column and a lectin affinity gel. The starting sample was pooled
rat serum. The investigation considered both the merits of performance and workflows with respect to annotation of
total protein and glycoprotein identifications. Below is an overview of the workflow.

Materials and methods:

Material: Rat serum: kindly provided by Dr. Kunjan Dave (University of Miami)

Method: 100ul of rat Serum samples were subjected to protein reduction by either Multi Affinity Removal Spin
Cartridge Mar3 Mouse-3 (Agilent), AlbuVoid™ kit (Biotech support Group) or HiTrap ConA 4B 1 ml cartridge (GE
Healthcare) based on manufacturer’s instructions. After proteins were collected, 6M Guanadine HCI, 10mM Tris HCI,
pH8, 20mM DTT were added to the samples and incubated at 60°C for 30 min. The samples were cooled to room
temperature prior to addition of 40 mM of iodoacetamide and incubated in the dark at room temperature for 1 hour.
The samples were then dialyzed against 2M Urea, 50 mM NH4HCO3 for 2 hours and then 50mM NH4HCO3 for 4
hours. Trypsin was added to the sample at 1:50 (w:w, trypsin:sample) and incubated at 3700C overnight. The
tryptic digests were vacuum-dried.

For glycol-peptide enrichment, peptides equivalent of 25ul of serum were solubilized in binding buffer (20mM Tris-
HCI, 0.5M NaCl, 1mM MnCl2, 1mM CaCl2, pH7.4), incubated with Con-A 4B (40ul of 50% slurry in binding buffer) for
1 hour, washed 5 times with Washing buffer (10% acetonitrile, 50mM NH4HCO3) then eluted 2 times with 0.5M
mannoside. The glyco-peptides enriched samples were then treated with PNGase F at 37 degree for overnight.
LC-MSMS was done using nanoLC-MS/MS using a RSLC system (Dionex, Sunnyvale CA) interfaced with a LTQ
Orbitrap Velos (ThermoFisher, San Jose, CA). Samples were loaded onto a self-packed 100um x 2cm trap packed
with Magic C18AQ, 5um 200 A (Michrom Bioresources Inc, Aubum, CA) and washed with Buffer A( 0.2% formic acid)
for 5 min with flow rate of 10ul/min. The trap was brought in-line with the homemade analytical column (Magic
C18AQ, 3um 200 A, 75 um x 50cm) and peptides fractionated at 300 nL/min with a multi-stepped gradient (4 to 15%
Buffer B (0.16% formic acid 80% acetonitrile) in 35 min and 15-25%B in 65 min and 25-50%B in 50 min). Mass
spectrometry data was acquired using a data-dependent acquisition procedure with a cyclic series of a full scan
acquired in Orbitrap with resolution of 60,000 followed by MSMS scans (CID 35% of collision energy) of 20 most
intense ions with a repeat count of two and the dynamic exclusion duration of 60 sec.

The LC-MS/MS data was searched against the Rat Ensembl database using X!tandem (thegpm.org) with
carbamidomethylation on cysteine as fixed modification and oxidation of methionine and deamidation on Asparagine
as variable modifications using a 10 ppm precursor ion tolerance and a 0.4 Da fragment ion tolerance. Glyco-
peptides were determined as deamidation at the asparagine where NXS/T motif.
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Albumin depletion impacts glycopeptide enrichment The two methods of AlbuVoid™ digestion and Agilent are of
comparable performance based on the # of glycopeptides or glycoprotein IDs. ConA as a protein-level enrichment step is
not suitable.

. . AlbuVoid-on beads . . .
Albumin depletion digestion AlbuVoid-Elution ConA Agilent
# of proteins 265 272 226 211
# of unique peptides 3195 2870 3093 3409

Comparison between 4 serum depletion method based on number of proteins and peptides identified
The two methods of AlbuVoid™, and Agilent and ConA enrichment of glyco-protein yielded similar results based on
number of proteins and number of unique peptides identified. Equal amount of peptides (equivalent serum volume)
were loaded on the nano-LC-MSMS using a 3 hour gradient.

. AlbuVoid-on [AlbuVoid-elution in
enriciz‘;%gevsit::ﬂeCon A beads digestion | solution digestion (S
# of glycoproteins 145 137 143 139 108 107

Comparison of depletion methods by glycopeptides

The number of glycopeptides and glycoproteins are similar between Agilent and both AlbuVoid™ digestion methods.
AlbuVoid™ on-bead digestion and elution with solution digest produced 70% common glyco-peptides. However, only
about 30% of the glycopeptides are common between Agilent and AlbuVoid™ methods. Which means the two methods
are complementary. Each method has around 150 glycoproteins and 600 glycopeptides, added together, there will be
around 200 (35% more) glycoproteins and 1050 glycopeptides (75% more).

Glycopeptide AlbuVoid-on é:g:‘;g'ﬂ;
enrichment with beads Common| Combined solution Common [Combined
ConA digestion digestion
# of 544 174 1032 568 182 1048
| glycopeptides
# of
lycoproteins 151 95 209 150 97 236

Reproducibility

As the AlbuVoid™ on-bead method produced similar results to its in-solution method, on-bead was chosen for
additional tests due to its much simpler protocol. Multiple different samples were then evaluated using both the
Agilent and the AlbuVoid™ methods.

In the table below, the AlbuVoid™ method consistently produced 20-30% more protein IDs.

Agilent method - shown in |AlbuVoid on-bead method -
# of samples shown in # of samples

One | Two |Three| Four | One | Two |Three| Four
i °.f 240 198 184 163 330 254 235 217
proteins
# of
peptides 4103 | 3008 | 2338 ( 1734 | 3935 | 2896 | 2481 | 2162
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Albumin Depletion, Low Abundance Enrichment and On-Bead Digestion

We have demonstrated that for annotating the serum proteome, AlbuVoid™ selectively voids albumin and
enriches the low abundance proteome providing a suitable alternative to other depletion strategies. Furthermore,
the on-bead digestion protocol provides comparable annotation and better workflow.

eUnlike immuno-affinity, it is a consumable, one-time use product with no potential for cross-contamination or
reduced performance upon regeneration.

¢20-30% more protein/peptide identifications than immuno-affinity depletion.

eOn-Bead digestion, decreases digest time to as little as 2 hours, and improves workflow efficiency

*No in-gel digests, no solution digests, no C18 desalting, more consistent, reproducible results.

In this assessment, it would appear that strategies to annotate serum glycoproteins is better suited at the
peptide level than at the protein level. Others have reported that a significant percentage of tryptic N-
glycopeptides is not in the preferred detection mass range of shotgun proteomics, that is, from 800 to 3500 Da.
Potentially, the large size of glycan groups may block trypsin access resulting in glycopeptides not suitable to
computational data-mining. Thus many glycoproteins may not be annotated effectively, if only trypsin is used to
digest proteins®. Our results suggest the same as only a very few (about 10-14) glycoproteins were annotated
prior to ConA peptide level enrichment in all cases. From our preliminary LC-MS operating parameters,
approximately 150 additional proteins were annotated after glycopeptide enrichment/de-glycosylation,
supporting a total annotation in the range of 350-580 protein identifications from the AlbuVoid™ depletion
method. Finally, we conclude that a series strategy of albumin depletion/low-abundance enrichment, followed by
glycopeptide enrichment/de-glycosylation is an effective and efficient workflow strategy to annotate glycoproteins
from serum.

Conclusions & Future Directions

The NuGel™ surface chemistry has provided a platform for products with efficient proteomic workflows:

eLow abundance enrichment

*On-bead utility, enzyme digestion and assay

*No loss of functional or structural integrity, suitable for functional proteomics

eNo requirement for specialized instruments or HPLC

eSimple bind/wash/elute protocols, adaptability to multiwell formats,

eConsumable, no potential for cross contamination, no regeneration.

eSubstantially reduced cost, no bio-engineered ligands

eTissue and species agnostic

eNo bias to sample size or molecular weight

eCompatibility with quantitative LC-MS, both targeted label and label-free methods

In this report, only N-linked glycoproteins were considered. Another NuGel™ product, NuGel™ PBA Kit,
features immobilized Phenyl-Boronic Acid. This chemical ligand has lectin-like character as it binds to cis-diols of
carbohydrates. In principle, Phenyl-Boronic Acid will bind heterogeneous sets of both N-linked and O-linked
glycoproteins and glycopeptides. Alternatively, enzymatic de-glysosylation prior to trypsin digestion may turn
out to be a viable approach for basic sequence annotation and quantification of the serum proteome, and merits
further investigation. Likewise, we anticipate the diversity of NuGel™ proteome fractionation products, along
with their unique features, will find utility serving all facets of proteomics.
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