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2.1 � Introduction to Capillary Coating

Bare fused-silica capillary is so far the most commonly used type of capillary in 
CE-UV analysis. Under the running conditions using high salt buffer and deter-
gents as background electrolytes, bare fused-silica capillaries are great tools for 
separating biological molecules. For example, in the case of reduced monoclo-
nal antibodies, CE-SDS analysis has become a routine assay for the purity test of 
IgG therapeutics [1, 2]. However, for protein CE-MS analysis, coated capillaries 
become necessary—basic proteins tend to be absorbed on the inner surface of bare 
fused silica capillary. This necessitates the use of capillary coating to minimize 
protein absorption [3–6].

2.2 � Types of Capillary Coating

There are hundreds of capillary coating methods being reported in the past two 
decades. A few types of capillaries commonly used for protein CE-MS analysis 
are polyethylenimine (PEI) [3, 7], polyvinyl alcohol (PVA) [8], fluorocarbon (FC), 
polybrene–dextran sulfate–polybrene (PB-DS-PB) and linear polyacrylamide 
(LPA) coated capillaries [5]. Table 2.1 lists out the specific applications of these 
types of coated capillaries in protein CE-MS analysis.
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Besides the permanently coated capillaries shown in Table 2.1, there are also 
dynamic coating methods to modify the capillary surface without putting a per-
manent coat on the capillary [4, 6, 9]. One way of achieving dynamic coating is 
to introduce amine chemicals into the running buffer [6, 10]. For example, 2 mM 
Triethylenetetramine (TETA) can be added to acetic acid buffer to create a layer 
of amine cations on the capillary surface. Another type of dynamic coating can be 
done by coating the capillary with a polymer layer that does not bind covalently 
to the capillary surface silanol groups [9]. At the end of each analysis, sodium 
hydroxide or ammonium hydroxide can be used to rinse off the coating layer. 
After that, the capillary can be coated again with the polymer for the next injec-
tion. The advantage of dynamic coating is that the capillary surface can be regen-
erated, thus minimizing the effect of protein absorption or coating layer being 
damaged during injections [6, 9].

2.3 � Challenges in Coating and the Use of Coated 
Capillaries

Changes on the capillary surface under electrophoresis may result in poor repro-
ducibility. It is not well documented how electrophoresis affects the surface chem-
istry. The stability of capillary coating also depends on the running buffer that has 
been chosen to run the CE-MS experiments. In the case of protein analysis, the 
minute amount of proteins that gets absorbed on the capillary surface can build 
up and gradually affect electroosmotic flow. All these troubles make it difficult 
to select the right types of coated capillaries and optimize running conditions. In 
some cases, the coated capillary consumables can be cost-prohibitive due to the 
process that get involves to make the capillary useful for CE-MS coupling—
this makes it even more challenging to use coated capillaries for routine protein 
analysis.

In our experience, linear polyacrylamide (LPA) capillaries have given consist-
ent CE-MS results. It should be noted that the LPA capillaries need to be con-
ditioned well before one can use it to carry out sample analysis. One of such 

Table 2.1   Commonly used coated capillaries for protein CE-MS analysis

Coating chemistry Charge type

Polyvinyl alcohol (PVA) Neutral

Polyethylenimine (PEI) Cation

Fluorocarbon (FC) Neutral

Linear polyacrylamide (LPA) Neutral

Polybrene-dextran sulfate-polybrene (PB-DS-PB) Cation (triple layer)

Bovine serum albumin (BSA) Cation (protein)
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conditioning steps is to rinse the capillary with 10 % acetic acid thoroughly (usu-
ally rinse under 40 psi overnight). Without adequate aging, sometimes the unpo-
lymerized residue can bleed off the capillary and cause high mass spectrometer 
background for an extended period. Given the fact that many types of commer-
cially available coated capillaries are polymer based, in general we recommend 
that users use the same rinsing procedure to condition the coated capillaries before 
sample analysis. Such rinsing steps can also be done using syringe pumps, if the 
CE instrument is not readily available.

The running buffer for using the neutral coated and cation coated capillaries 
can be quite different. However, it is usually recommended to start testing out sep-
aration with 10 % acetic acid. For a 100 cm long, 50 µm ID capillary, the BGE 
with 10 % acetic acid generates a CE current of about 10 µA, which falls into the 
suitable working range for CE-MS hyphenation. On the other hand, the viscosity 
of 10 % acetic acid is such high that it provides sufficient sieving effect on sepa-
rating large protein molecules. The authors have been using acetic acid up to 40 % 
and found that in general higher percentage of acetic acid gives better separation 
resolution. However, some types of coated capillary do not stand long time use 
when soaked in 30–40 % acetic acid while electrified under 30 kV. Therefore it is 
recommended that 10 % acetic acid is used as the initial step for CE-MS method 
development.

In terms of long term storage, after each use, we recommend rinsing the coated 
capillary with water for half an hour, and then store the capillary in water at 4 °C 
to prevent microbial growth. Unlike the conditions for storing bare fused silica 
capillary, drying the coated capillary for long term storage is not recommended.

2.4 � Case Study of Coated Capillaries Used for Protein  
CE-MS Analysis

2.4.1 � Analysis of Recombinant Human Erythropoietin 
(RHuEPO) Using Neutral and Cationic Dynamic 
Coating

Two types of dynamic capillary coatings, UltraTrol™ low normal and high reverse, 
were evaluated for the separation of recombinant human erythropoietin and novel 
erythropoiesis-stimulating protein glycoforms by CE-MS [11]. However, in our 
experience we have observed that the low normal coating tended to bleed off the 
capillary, causing issues for mass spectrometer detection. As previously men-
tioned, this is a common problem associated with dynamic coating methods using 
polymers.
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2.4.2 � Analysis of Recombinant Human Chorionic 
Gonadotropin

For this highly glycosylated protein, the identification of over 20 glycoforms have 
been reported using polyvinyl alcohol (PVA) coated capillary [7, 8]. The PVA 
coated capillaries are commercially available through Agilent Technologies.

2.4.3 � Analysis of Recombinant Human Growth Hormone

The use of polybrene–dextran sulfate–polybrene capillary on recombinant human 
growth hormone analysis is an interesting application of using a triple layer coat-
ing method for the analysis of glycosylated proteins [4].

2.4.4 � Analysis of Reduced Monoclonal Antibody  
Using LPA Capillary

LPA capillary has been used in the industry for capillary electrophoresis for dec-
ades and is well known for its stability under strong electrical field. One of the 
most common analytical tasks in therapeutic monoclonal antibody characterization 
is the CE-SDS assay of reduced monoclonal antibody. Quantitative results of the 
peaks of heavy chain and light chain can be used as the basis for antibody purity 
release assay. It is thus important that a reliable CE-MS workflow for the analy-
sis of reduced monoclonal antibody is established. It has been demonstrated that 
LPA capillaries are suitable for the CE-MS analysis of the intact form and subu-
nits of IgG molecules [5]: heavy chain and light chain of the IgG molecules were 
separated on the LPA capillary by more than three minutes, with peak width of 
about 45 s. This high separation efficiency is allowed for the subsequent detection 
of posttranslational modifications [5].

2.4.5 � Analysis of Interferon—β1 Using Cross-Linked 
Polyethylenimine Coating

Instead of using regular polyethylenimine coated capillary, a cross-linked poly-
ethylenimine coating has been recently reported to be used on the quantitative  
CE-MS analysis of intact Interferon-β1 proteoforms [12].
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2.4.6 � Capillary Coating by Bovine Serum Albumin

Protein coating on the fused silica surface has been reported to generate highly 
reproducible CE-MS analysis [13]. Caution should be taken when applying this 
type of coating, in that protein coatings are usually reversible. The performance of 
protein coated capillary may gradually deteriorate. The electroosmotic flow on the 
capillary thus needs to be frequently monitored in order to minimize protein sam-
ple loss by absorption to capillary surface.
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