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Protein Sample Preparation 4: Preparation of  
Proteins in Solution 

 
 
Protein solutions containing very low levels of 
protein (i.e. femtomole or picomole) should be 
prepared and concentrated with techniques that 
result in absolute minimum volume (i.e. uL 
volumes). When possible, protein samples should 
be prepared in concentrations greater than 10 
femtomole/uL. 
 
Do not concentrate the protein from mL volumes 
using lyophilization or speed-vac, this only 
concentrates nonvolatile contaminants. 
 
Protease inhibitors, detergents, PEG and other 
polymers, plasticizers, polymer from Sepharose 
beads, silica, buffers, salts, and other 
contaminants greatly impact the ability to analyze 
proteins in solution by mass spectrometry. (See 
Protein Sample Preparation 3: Protein 
Purification Methods). 
 
In most cases, Ziptip purification will be required 
of protein samples in solution prior to any type of 
mass spectrometry analysis. Samples that 
contain detergents and/or polymers may not be 
accepted for analysis; you may be asked to run 
the sample on a gel instead, for subsequent in-
gel digest and MS analysis. 
 
Phosphate buffers cannot be used in protein 
solutions where identification of phosphorylated 
peptides will be performed using IMAC 
purification. 
 
EDTA, flag-tag peptide, and other acidic 
compounds, should not be used in protein 
solutions where identification of phosphorylated 
peptides will be performed using IMAC 
purification. 
 

For protein ID’s from IP pull-down experiments, 
the best strategy for mass spec analysis (i.e. 
analysis of gel bands vs. solution) will depend on 
the complexity of proteins and relative protein 
concentrations in the sample (e.g. is SCX 
fractionation of the protein digest required?). 
Before deciding to analyze the proteins from a 
solution or from a gel, we will need to know 
exactly what all the constituents are in the 
solution (e.g. any detergents, polymers, buffers, 
tags and elution reagents, etc.).  Running an 
aliquot on a gel first is recommended to get an 
idea of the protein complexity. 
 
Amount of Protein Required for Protein ID 
from a Solution Digest 
 
The amount of protein needed in the sample will 
depend on the purity of the sample, MW of the 
protein(s), complexity of the proteins, and what 
information or type of analysis is being 
requested. From a highly-purified protein 
preparation, protein ID can potentially be 
performed from perhaps 10 to 100 femtomoles of 
protein digest, but is depends on the specific 
proteins. Identification of post-translational 
modifications will usually require more protein, 
sometimes as much as picomole quantities of 
purified protein. 
 
The following components are generally 
acceptable for submission of a protein sample in 
solution (but may require Ziptip purification at the 
MS Facility).  For compatibility of other buffers 
and reagents, talk to the MS Facility personnel. 
 
 Tris or ammonium buffers (<100mM 
 Glycerol (<10%)
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 DTT or BME (<50mM) – must be added fresh 
within 2 days 
 Protease inhibitor (may be partially or entirely 
removed with Ziptip or dialysis prior to analysis) 
 Guanidine HCl or urea (<1 M) 
 Salts (e.g. NaCl, KCl, ammonium salts) (<500 
mM) 
 EDTA 
 Imidizole 
 
Preparation and Submission of Proteins in 
Gels 
 
Thin gels should be used. 0.75mm is preferred, 
but 0.5mm or 1mm is acceptable. 
SDS gels should be cast at least 24 hrs prior to 
use. If the gel is not fully polymerized, the in-gel 
digest, peptide extraction, and nanoLC/MS/MS 
analysis will not be successful. 
Tris, tricine, gradient gels, 2D gels, and 
commercial precast gels can be used. However, 
SDS gels with 8 to 12% acrylamide are preferred. 
 
Stains – 
Coomassie, Colloidal Blue, and similar blue 
stains are preferred and will generally result in 
the best peptide recoveries and protein ID 
results. However, gels will be accepted with the 
following stains: 
 
 Coomassie 
 Colloidal blue 
 Silver* 
 Sypro Ruby 
 
* Special Instructions for Silver Staining 
 
For silver staining, we recommend that you only 
use mass spectrometry-compatible silver stain 
(such as SilverQuest from Invitrogen). 
 
Don’t over-stain the gel; stain for the least 
amount of time possible until you can just see 
your bands of interest. 
 
For submission of gel bands with silver staining, 
you must contact the MS Facility a few days in 
advance of submitting the gel and arrange a time 
to submit the gel. The gel must be delivered to 
the MS Facility as soon as possible (within an 
hour is best) after staining, in order for us to 
successfully destain and analyze proteins from 
the gel. Silver-stained protein gels that have 
been stored for more than 1 day will not be 

accepted for protein ID. 
 
Sypro Ruby-stained gels can be submitted, but 
these gels are difficult to work with, since the gel 
must be handled under UV light to see and 
excise bands. 
 
After staining, gels may be stored at 4C in 
nanopure water or 1% acetic acid in nanopure 
water (except in the case of silver-stained gels, 
see above). 
 
In general, chemical crosslinkers and strong 
oxidizing or reducing agents should be avoided. 
 
Obtain an image of your gel and bring the image 
with you when you submit the gel for analysis. 
It is preferred that gel bands be excised at the 
MS Facility. Bring your gel (and image of the gel) 
to the MS Facility and discuss which bands/ 
spots you would like analyzed. 
We don’t recommend it, but if you prefer to 
excise your own gel bands, follow these 
guidelines: 
 
First, obtain an image of your gel. Be careful not 
to allow the gel to contact any contaminated 
surface. 
 
Avoid contamination with keratins and other 
proteins. Use extremely clean surfaces (e.g. 
glass cleaned with ethanol or isopropanol) and 
clean, new razor blades or scalpels (rinsed with 
ethanol or isopropanol first). Ideally, this should 
be done in a laminar-flow hood to minimize 
keratin contamination. Wear clean nitrile gloves 
(rinsed with ethanol and nanopure water). 
 
Cut the band out as close as possible; be very 
selective and cut out only the center of the band; 
don’t include any excess gel material. The best 
gel bands are very narrow (<1mm); the smaller, 
the better. Large gel pieces will not be accepted. 
 
Place the gel band in a clean, labeled 1.5mL 
microcentrifuge tube. (The microcentrifuge tube 
should be rinsed in advance with methanol or 
acetonitrile, then nanopure water). Coomassie, 
Colloidal Blue, or Sypro Ruby-stained bands can 
be stored at 4C or frozen until the band is 
submitted for analysis. 
 
A general guideline for the amount of protein 
required for a protein ID is that if you can see the 
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band (even a very faint band), the mass 
spectrometry analysis is likely to be successful 
for identifying the protein(s) in the band or spot. 
For identification of post-translational 
modifications from a gel band, picomole amounts 
may be necessary. 
 
It is highly recommended that a control band or 
appropriate blank part of the gel is included with 
sample submission. Quite often, keratins or other 
proteins are present throughout the gel, although 
they may not appear as a distinct band. 
Intact Protein Analysis 
 
Detergents, polymers, and salts – 
Purity of the intact protein sample is critical for a 
successful analysis of the molecular weight of a 
protein. It is critical that the sample does not 
contain any detergents or polymers (even at 
trace levels). Avoid using Triton, Tween, SDS, or 
PEG during any part of the protein preparation. It 
will be very difficult or impossible to remove 
them. Avoid using glassware that has been 
exposed to detergents or polymers, since this will 
introduce trace contamination into your protein 
sample. Electrospray ionization of intact proteins 
will not be successful with even trace 
contaminants present, and they cannot be 
removed with Ziptip purification. 
 
The protein sample must be free of salt and other 
small-molecule contaminants. These can usually 
be adequately removed with reverse-phase 
purification or Ziptip. Ziptip purification is best 
performed at the MS Facility, just prior to 
analysis of the protein. 
 
Amount of protein required – 
The amount of protein required will depend on 
the purity of the sample, relative hydrophobicity 
of the proteins, complexity or number of proteins, 
and molecular weight of the proteins. Generally, 
a minimum concentration of picomoles/ul is 
required. More is better, if possible, but purity is 
far more important than the amount of protein. 
Analysis of complex protein mixtures is likely not 
to show all the proteins present in the mixture, as 
a result of ion suppression effects during 
electrospray ionization of proteins with different 
hydrophobicities and relative concentrations in 
the mixture (protein samples are usually 
analyzed by ESI/MS with sample introduction by 
infusion). 
 
If the protein sample is extremely pure and in 

nanopure water, the analysis of relatively small, 
hydrophilic proteins (e.g. <30k Da) can be 
successfully done with concentrations as low as 
10 femtomoles/ul, but this is not typical. 
 
Size of proteins that can be analyzed – 
Proteins as large as 150k Da can be successfully 
analyzed if the protein is homogeneous (i.e. the 
molecular species is a single molecule, not a 
population of molecules with small molecular 
weight differences, such as from variants in 
amino-acid sequence or substitution, methylation, 
formylation, or sulfur oxidation).  The protein 
purity must be very high. 
 
Acceptable components in solution for 
sample submission – 
Ideally, submit the purified protein in a solution of 
nanopure water only, or nanopure water and 
acetonitrile (1% formic acid can be added). 
HPLC-purified protein is ideal, when possible. 
However, the following components are 
acceptable for sample submission for intact 
protein analysis from a solution (Ziptip 
purification at the MS Facility will be required 
prior to analysis): 
 
 tris or ammonium buffers (<100mM) 
 glycerol (<10%) 
 DTT or BME (<50mM) – must be added fresh 
within 2 days 
 guanidine HCl or urea (<500mM) 
 salts (e.g. NaCl, KCl, ammonium salts) 
(<200mM) 
 EDTA (<50mM) 
 Imidizole (<50mM) 
 
Reducing agents – 
If the protein has been exposed to DTT, BME, or 
other reducing agents for longer than 1 or 2 days, 
it is likely that cysteine residues in the protein 
have been derivatized from oxidized or degraded 
forms of the reducing agent. Derivatives from 
DTT or BME are recognized by complex mass 
additions of 32 Da or 76 Da in the molecular 
mass spectra.  These modifications can be 
removed by addition of freshly-made 20mM DTT 
for 30 min prior to analysis (disulfide linkages will 
also be reduced). 
 
 
For More information on related products, 
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