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Whole Protein Separation on C8-silica with 1000Å pores
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Introduction
The Asia Oceania Human Proteome Organization (AOHUPO) started an initiative to 
analyze the membrane-associated part of the proteome. In the initial phase of the 
Membrane Proteomics Initiative (MPI), a protein standard was developed in the l
aboratories of Bill Jordan at the Victoria University in Wellington, NZ, and distributed 
to participating laboratories in order to develop and optimize a separation protocol 
that would be applicable to other proteomics samples. The sample was prepared from 
the large lobe of the liver of male C57BL/6J mice.

Membrane associated proteins perform very important functions in disease markers and 
cell recognition, signaling and traffi cking. They also form a particularly challenging 
sample for RPLC separation due to their nature. Membrane proteins usually contain relatively hydrophilic sections forming the  
 intra- or extracellular domains and very
 hydrophobic membrane spanning domains. 
 However, because of their exposure to the
 cell surface they form interesting commercial 
 targets for both diagnostic and therapeutic 
 purposes.

 The columns employed were specifi cally 
 developed for protein separation, utilizing
 a 3μm C8-modifi ed silica with 1000Å pore 
 size (Figure 1). 

Figure 1

Schematic cross-section of a ProteCol capillary column
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ProteCol Columns

Column Length - 50, 100 or 150mm
IDs - 75, 150, 300 or 530 μm
Frit design - Deactivated gold-plated woven stainless steel mesh 0.5μm porosity, 140μm thickness
Integrated connection tubing: PEEKsil (PEEK coated fused silica) with 25 or 50μm ID, 1/32” OD
Standard inlet length - 200mm
Standard outlet length - 100m
Encapsulated: stainless steel tube for added protection
Capillary ends: precision cut and polished to allow true zero-volume butt connections

Figure 2 - Relative sizes of proteins and pores

The 5 most abundant proteins in serum:
Serum albumin - shown in red
IgG - shown in orange
IgA - shown in yellow
Transferrin - shown in green
Antitrypsin - shown in blue

The pore size is of importance for the protein separation. While most 
proteins would theoretically fi t into a 300Å pore, a large and late-eluting 
protein that coincidentally gets adsorbed at the pore entrance can effec-
tively block the pore for most of the analysis time and, thus, prevent all 
sample components trapped inside the pore from eluting (Figure 2).



Experimental Outline

• Perform analytical separation on a 300μm ID capillary column
• Collect fractions from 3 separations on a 2mm ID glass lined column
• Freeze-dry fractions and perform a tryptic digest on all fractions
• Analyze digested fractions on a capillary C18 column with 300Å pore size

Sample Preparation

1. Dilute the MPI mouse liver microsomal membrane protein (11.3mg/ml) to 5mg/ml with Milli-Q. i.e. Aliquot 110μL Milli-Q to the 
 bottom of Eppendorf tube (1.7mL) and 90 μL of liver microsomal protein is added to the tube and the solution is mixed by 
 pipetting up-and-down several times.
2. Aliquot 100 μL of the diluted protein solution to the bottom of a separate Eppendorf tube (1.7mL). So, each tube will have 
 100 μL protein solution.
3. Dry samples in a centrifugal vacuum concentrator (Speed-Vac).
4. Add 200 μL of 80% formic acid/Milli-Q to each dried sample and sonicate in a water bath for 30 seconds.
5. Dry samples in a centrifugal vacuum concentrator (Speed-Vac).
6. Add 500 μL of 80% formic acid/Milli-Q to each dried sample and sonicate in a water bath for 30 seconds or until a clear 
 solution results.
7. Centrifuge the sample in a bench top centrifuge at 13000rpm for 5min.

Note: The fi nal sample protein concentration would be approximately 1.0 mg/mL in 80% formic acid/Milli-Q.

Chromatographic Conditions for Analytical Separation

System:  Agilent 1100 CapLC with Agilent MSD-iontrap MS
Column:  ProteCol-C8 3μm; 1000Å 150mm x 300μm ID
Sample: 3μL AOHUPO-MPI standard
Flow rate: 5.0 μL/min
Temperature: 80°C
Mobile Phase A: 0.1% formic acid in water
Mobile Phase B: 0.09% formic acid in acetonitrile

Base peak chromatogram of membrane proteins on a 
capillary column

Chromatographic Conditions for Preparative Separation
HPLC separation of proteins is performed on an automated Agilent 
1200 LC system equipped with a quaternary pump, an autosampler, a 
multiple wavelength detector and a fraction collector.

Column: C8 silica, 2.0 mm id x 150mm, 1000Å, 3.0μm.
Flow rate: 0.2 mL/min
Temperature: 80°C
UV detection: 214 & 280nm
Fraction size: 1min (0.2mL/fraction)
Injection volume: 200μL
Sample: 0.8mg/mL in 80% formic acid/Milli-Q.
Solvent A: 0.1% TFA in Milli-Q
Solvent B: 0.08% TFA in acetonitrile (ACN)
Solvent C: 20% Formic acid in acetonitrile
Solvent D: 100% isopropanol

UV chromatogram of membrane proteins on a 2mm ID 
column (lines represent collected fractions)
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Analysis of Protein Fractions

Sample preparation
The dried fractions were reconstituted in 100mM NH4HCO3 and 
digested with trypsin overnight, acidifi ed with 1% formic acid 
(FA), concentrated and rediluted to 10μL with 1% FA.

Chromatographic conditions
System: TSP4000 pump, Surveyor autosampler, 
 LCQ Deca ion trap
Column: SGE ProteCol-C18 3μm 300Å 
 150μm ID x 100mm
Sample volume: 10μL
Mobile Phase A: 0.1% FA in 5% acetonitrile
Mobile Phase B: 0.1% FA in 90% acetonitrile
MS: 400-1500 mass range; top 3 ions fragmented
 with 39% collision energy

Data analysis
Raw data fi les were converted to mzXML and searched against 
the ENSEMBL mouse database using Xtandem algorithm 
(GPM-XE software). Parent ion mass accuracy 4Da, fragment 
ion mass accuracy 0.4Da.

Having a protein expectation cutoff value of 10-8, 122 proteins 
were identifi ed with 1.6% false positive - 111 proteins when 
contaminants are excluded (Figure on right). 
Having a minimum of 3 peptides per protein 118 proteins were 
identifi ed with 0.8% false positive (109 proteins after the exclu-
sion of contaminants). The full results are listed in Figure 6 (see 
last two pages)

Number of protein and false positive portion in relation 
to fi ltering criteria

The authors
SGE Analytical Science, 7 Argent Place, Ringwood, Vic 3134, Australia
Department of Biochemistry and Molecular Biology, Monash University, Clayton 3800
APAF, Building F7B, Macquarie University, Sydney, NSW 2109, Australia
Department of Chemistry and Biomolecular Sciences, Macquarie University, Sydney, NSW 2109, Australia



 
Figure 6 – List of identified proteins with at least 3 positive peptides per protein 
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