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Abstract

Protein separations in capillary zone electrophoresis (CZE) suffer from non-specific adsorption of
analytes to the capillary surface. Semi-permanent phospholipid bilayers (PLBs) have been used to
minimize adsorption, but must be regenerated regularly to ensure reproducibility. We investigated
the formation, characterization, and use of hybrid phospholipid bilayers (HPBs) as more stable
biosurfactant capillary coatings for CZE protein separations. HPBs are formed by covalently
modifying a support with a hydrophobic monolayer onto which a self-assembled lipid monolayer
is deposited. Monolayers prepared in capillaries using 3-cyanopropyldimethylchlorosilane
(CPDCS) or n-octyldimethylchlorosilane (ODCS) yielded hydrophobic surfaces with lowered
surface free energies of 6.0 + 0.3 or 0.2 + 0.1 mJ m~2, respectively, compared to 17 + 1 mJ m=2
for bare silica capillaries. HPBs were formed by subsequently fusing vesicles comprised of 1,2-
dilauroyl-sn-glycero-3-phosphocholine or 1,2-dioleoyl-sn-glycero-3-phosphocholine to CPDCS-
or ODCS-modified capillaries. The resultant HPB coatings shielded the capillary surface and
yielded reduced electroosmotic mobility (1.3 — 1.9 x 1074 cm? V~1s71) compared to CPDCS- and
ODCS-modified or bare capillaries (3.6 + 0.2 x 1074 cm2 V1571 4.8 +0.4 x 1074 cm? V1571
and 6.0 £ 0.2 x 1074 cm? V1571, respectively), with increased stability compared to PLB
coatings. HPB-coated capillaries yielded reproducible protein migration times (RSD < 3.6 %, n =
6) with separation efficiencies as high as 200,000 plates m™1.
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1. Introduction

Capillary zone electrophoresis (CZE) is frequently used to study biological analytes due to
the small sample volume requirements and rapid, high efficiency separations. Yet, charged
analytes, including proteins, readily adsorb to the capillary surface via electrostatic and
hydrophobic interactions [1,2], thereby decreasing efficiency and detection sensitivity, as
well as reducing the migration time repeatability by altering the zeta potential and
electroosmotic mobility (Hegf)-

Non-specific adsorption can be minimized by altering the buffer composition [3-5] or
coating the capillary surface [1,6]. Capillary coatings are separated into three classes:
permanent coatings that are covalently bound to the surface, dynamic coatings that are in
equilibrium with free molecules in solution, and semi-permanent coatings that are adsorbed
to the surface, but removed from the BGE during separation [1,6,7]. Covalent coatings are
expensive, sensitive to sample conditions and often exhibit limited lifetimes. Dynamic
coatings are attractive since they are rapidly generated at low cost using small molecules,
polymers, or surfactants [1,6,8]; however, dynamic coatings necessitate inclusion of the
coating material in the running buffer, which may alter the separation via interactions
between analytes and coating material [1,6,8,9]. Additionally, inclusion of surfactants in the
running buffer complicates coupling of CZE to post-column analyses, such as mass
spectrometry [8,10,11].

Phospholipid bilayers (PLBs) form semi-permanent coatings in capillaries and microchips in
which excess lipid is removed prior to separation [1,8,10-12]. PLB coatings shield the
charged capillary surface, leading to reduced peof and high protein recoveries [9-11]. PLBs
prepared using different phospholipids exhibit varying stabilities as semi-permanent
coatings and typically require regeneration between separations, increasing the total analysis
time and complexity of the separation process [10,11]. Bilayer stability can be increased via
inclusion of cholesterol [13,14] or through polymerization of synthetic, polymerizable lipids
[7,15-17] or monomers partitioned into the lamellar region of the bilayer [18,19].
Incorporating cholesterol at 30 mol % in PLB coatings increased stability when separations
were performed above the phase transition temperature of the lipid, though the utility of
these coatings for minimizing protein adsorption was not examined [14]. Polymerized PLB
coatings were used for protein separations and shown to be stable after drying and
rehydration, though the coating was formed from synthetic lipids that are not commercially
available, minimizing widespread use [7,15].

Hybrid phospholipid bilayers (HPBs) provide an alternative to PLBs. In HPBs, moderately
to very hydrophobic monolayers are formed on a substrate by adsorption or through covalent
bonding of monomers [20,21]. A surfactant monolayer, formed from nonionic surfactants or
phospholipids, self-assembles on this layer in a tails-down geometry due to hydrophobic
interactions and van der Waals forces between the hydrophobic tails of the surfactant and
the hydrophobic monolayer on the surface [22,23]. Detailed investigation of HPBs on planar
substrates supports a model wherein the lipids are not intercalating, but rather a uniform
lipid monolayer assembles on top of a low energy alkane or other modified surface
[20,21,24-26]. HPBs formed with nonionic surfactants require the surfactant to be present in
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the aqueous medium to ensure the HPB structure is maintained [23]; however, HPBs
prepared with phospholipids yield enhanced stability, even after exposure to air [27].
Additionally, the presence of zwitterionic phospholipids in HPBs reduces non-specific
protein adsorption [28]. The reduction in non-specific adsorption, coupled with increased
stability presents a potentially useful combination for utilizing HPBs as capillary coatings.
Here, we explored the utility of HPBs for preparing stable, semi-permanent coatings for
CZE separation of proteins. The coatings were characterized with respect to surface energy,
stability, reproducibility, and separation performance.

2. Materials and Methods

2.1 Materials

1,2-dilauroyl-sn-glycero-3-phosphocholine (DLPC, T\, = -1 °C) and 1,2-dioleoyl-sn-
glycero-3-phosphocholine (DOPC, Ty, = =20 °C) were purchased from Avanti Polar Lipids
(Alabaster, AL). 3-cyanopropyldimethylchlorosilane (CPDCS) was purchased from TCI
America (Portland, OR) or Alfa Aesar (Ward Hill, MA). n-octyldimethylchlorosilane
(ODCS) was purchased from Gelest (Morrisville, PA). MOPS, lysozyme (chicken egg
white, Lyso), a-chymotrypsionogen A (bovine pancreas, a-Chymao), and myoglobin (equine
heart, Myo) were purchased from Sigma (St. Louis, MO). All other chemicals were
purchased from Fisher (Pittsburgh, PA) and used as received. Water was obtained from a
Barnstead EasyPure UV/UF purification system.

2.2 Surface modification

CZE capillaries (50 pum i.d.; 360 um o.d.; Polymicro Technologies., Phoenix, AZ) were 35
cm in length and detection windows were prepared 20 cm from the capillary inlet. Contact
angle capillaries (100 pm i.d.; 360 um o.d.) were 18 cm total length. Capillaries were
washed by consecutive rinses of 1.0 M HNO3, H,0, and acetone before drying with He for
30 min. Dry capillaries were filled with 2 % silane (v/v) in dry solvent and sealed. The
reaction proceeded at room temperature for 20 — 24 h. CPDCS or ODCS were dissolved in
dry acetonitrile or toluene, respectively. After modification, capillaries were washed with
consecutive rinses of acetonitrile (CPDCS) or toluene (ODCS), ethanol, and H,O for 5 min
each. CZE capillaries were rinsed with background electrolyte (BGE) (20 mM MOPS, pH
7.4 or 10 mM phosphate, pH 7.4) prior to separations.

2.3 HPB formation

Chloroform was removed from phospholipids by evaporation under Ar followed by
overnight vacuum drying. Dried lipids were suspended at 1 mg mL~1 in H,O and sonicated
using either a cup horn (Model W-380, Heat Systems-Ultrasonics, Inc., Newtown, CT) or
bath (Aquasonic Model 75T, VWR, Radnor, PA) sonicator to form small unilamellar
vesicles (SUVs). Using the cup horn sonicator, lipids were sonicated at 25 °C for 0.5 - 1.0 h.
With the bath sonicator, lipids were sonicated for 10 min followed by a 10 min period of rest
at room temperature. This cycle was repeated until the solution was clear, approximately 3 —
4 cycles. To ensure SUV formation, lipids prepared with the bath sonicator were extruded
21 times (Avanti Polar Lipids miniextruder) at room temperature through membranes with
0.05 um pores (Whatman, St. Louis, MO). Using a Malvern Zetasizer Nano-ZS
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(Worcetershire, United Kingdom) the mean SUV diameter was 43 + 15 nm or 34 + 8 nm
(number distributions) when prepared with the cup horn sonicator or after extrusion,
respectively. HPBs were prepared by vesicle fusion [25,26,29]. CPDCS- or ODCS-modified
capillaries were washed with H,O for 5 min, the SUV solution for 1 h, and BGE for 10 min
before usage. All washes were performed at 5 uL min~1 using a syringe pump (PHD 2000,
Harvard Apparatus, Holliston, MA).

Semi-permanent PLB coatings were prepared in bare capillaries by fusing SUVs of DLPC.
Bare capillaries were washed with 0.1 M NaOH and H,O. The SUV solution was then
flushed through the capillary for 45 min, after which, flow was stopped for 20 min to
promote vesicle fusion. Capillaries were rinsed with BGE prior to separation.

2.4 Contact angle measurements and surface free energies

Water contact angles on planar substrates were measured immediately after surface
modification using the sessile droplet method. H,O (2 uL) was manually deposited on each
substrate using a micropipette. Images were acquired with a Pulnix TM-7CN video camera
(JAI Inc., San Jose, CA) and contact angles were measured using a Kruss model DSA 10
Mk2 drop shape analysis system (Palo Alto, CA). For each surface modification, the mean
contact angle was calculated from four measurements made at different locations on each of
three substrates. Surface free energies (SFEs, ys) were calculated for planar substrates using
the Fowkes method (Eqg. (1)) [30,31], where ©, ®, and v, are the contact angle, a correction
factor that can be approximated as unity [32], and the surface energy of water, 72.8 mJ m=2
at 21.5 °C [31], respectively.

c0sO=20 \/vs/v—1 ()

Contact angles were also calculated in 100 um i.d. capillaries. Bare, CPDCS-, and ODCS-
modified capillaries were dried and then positioned vertically. The lower ends of the
capillaries were immersed in H,O, which was drawn into the capillary until it reached an
equilibrium position. The distance the water traveled was measured and images of the
water/air interface were recorded through a 10x stereoscope objective. Contact angles were
measured from printed images using a protractor. SFEs (y) for capillaries were calculated
using the water rise height at its equilibrium position (h), contact angle of the surface (©),
capillary radius (r), gravitational constant (g), and density of water (p) according to Eq. (2)
[33].

_ _pgrh
= 2c0s6

@

2.5 Separations and capillary storage

The peor Of bare, silane-modified (CPDCS and ODCS), and HPB-coated capillaries was
measured with a neutral marker in 20 mM MOPS, pH 7.4. Mesityl oxide was diluted to 1
mM in BGE and injected hydrodynamically at 5 cm for 5 s. Separation and detection were
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performed using a lab-built instrument with ultraviolet absorbance detection (Model 500
Detector, ChromTech, Apple Valley, MN) at 254 nm. Signal from the detector was collected
using an A/D converter (NI USB-6221, National Instruments) and software written in
LabVIEW (National Instruments, Austin, TX). Electric fields (571 V cm™1) were applied
using a 30 kV power supply (CZE-1000, Spellman High Voltage Corporation, Hauppauge,
NY). For all CZE separations, surface coatings were generated before positioning the
capillary in the instrument. CZE was performed without regeneration of the coating between
separations, though buffer was replaced in each vial after 30 min of cumulative applied high
voltage.

Protein separations were performed in 10 mM phosphate buffer, pH 7.4 with an electric field
of 514 V cm~! and detection at 214 nm with 0.005 AUFS. Phosphate buffer was used as the
BGE for protein separations since the MOPS buffer had impurities that were detected at 214
nm and interfered with detection and analysis of the protein peaks. Protein mixtures
containing 100 uM Lyso, a-Chymo, and Myo were prepared daily in10 mM phosphate, pH
7.4.

Modified capillaries were stored in 20 mM acetate buffer, pH 4.0, to minimize degradation
of the covalent modification [6]. All HPB-coated capillaries were washed with methanol to
remove lipids before storage.

2.6 Data presentation and statistical evaluation

All data is presented as the mean + standard deviation (graphically represented by error
bars). In all cases, a minimum of 3 replicate measurements was obtained. Statistical
comparison of data was performed using the Student’s t-test at the 95 % confidence interval.

3. Results and Discussion

The general process for in situ preparation of HPBs within enclosed, fused silica capillaries
is outlined in Figure 1. Briefly, fused silica capillaries were modified with CPDCS or ODCS
to provide a hominally hydrophobic surface upon which lipid fusion could occur. Fusion of
lipids to hydrophilic surfaces yields planar supported PLB coatings, whereas fusion to
hydrophobic surfaces generates a lipid monolayer assembled in a tails-down orientation
[29]. To better explore the formation and utility of HPB capillary coatings, HPBs were
prepared using two surface modifiers and two different lipids.

3.1 HPB formation and characterization

Hydrophobicity of the modified silica surfaces was assessed using the SFE values
determined by water contact angles on planar glass supports or within fused silica
capillaries. SFEs for bare, CPDCS-, and ODCS-maodified planar substrates were quantified
to provide a baseline for in-capillary measurements. Images of droplets on planar surfaces
and contact angles are shown in the Supporting Information (Figure SI-1 and Table SI-1).
Calculated SFE values for bare, CPDCS- and ODCS-maodified coverslips are presented in
Table 1. The reduced SFE for CPDCS- and ODCS-modified planar substrates compared to
bare planar substrates supports the increased hydrophobicity associated with the presence of

Electrophoresis. Author manuscript; available in PMC 2015 April 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Gallagher et al.

Page 6

organic modifiers on the surfaces. The reduced SFE for ODCS-modification compared to
CPDCS-maodification likely results from poorer wettability of the long hydrocarbon chain.

While planar substrates provide a good first approximation, the surface of coverslips may
present some differences compared to curved fused silica capillaries. Thus, SFEs for silane-
modified capillaries were measured and compared to the planar supports (Table 1, Figure
SI-1, and Table SI-1). Though the absolute values of these measurements differ from the
planar supports, the underlying trend is the same, demonstrating increased hydrophobicity
upon modification with CPDCS and ODCS. Unfortunately, it was not possible to obtain
similar measurements directly on HPBs and PLBs. Lipid membranes are held together by
relatively weak non-covalent interactions. Removal of water disrupts these interactions
leading to catastrophic breakdown of the membrane in both vesicle and supported lipid
membrane geometries. Thus, alternate methods were required to assess the resultant
coatings.

Heof Can be used to indirectly monitor chemical changes on the capillary surface. Table 1
lists the average Lgof for bare, modified, and HPB-coated capillaries (n = 4 capillaries for
each coating). Heof in CPDCS- and ODCS- modified capillaries is reduced by 20 — 40 %
compared to et in bare capillaries. During capillary modification, CPDCS and ODCS react
with surface silanols, decreasing the number of free silanols and thus, the negative surface
charge and peof. Both modifications result in eof reductions, indicating that the surfaces
have been functionalized. Interestingly, though ODCS-modification yields more
hydrophobic surfaces than CPDCS-modification (Table 1), higher pgos Was observed in
ODCsS-modified capillaries. At low surface densities, including the initial time during
surface modification, alkyl chains are predicted to be bent and reside parallel to silica
surfaces [34]. Longer alkyl chains (such as the n-octyl-chain) can cover more surface
silanols than shorter chains (the propyl chain of CPDCS), preventing additional reactions of
silanes at neighboring sites and resulting in lower surface coverage and an associated higher
Heof @S observed in these measurements.

Though the peos for CPDCS- and ODCS-modified capillaries suggest that the surfaces have
been chemically altered, the true test is whether these surfaces can be used to form HPBs.
HPBs were prepared by fusing DLPC or DOPC vesicles with CPDCS- or ODCS-modified
capillaries. The pgof Values for CPDCS/DOPC, CPDCS/DLPC, ODCS/DOPC, and ODCS/
DLPC capillaries are shown in Table 1. In all HPB-coated capillaries, e Was reduced
compared to CPDCS- or ODCS-modified capillaries, indicating that a lipid layer had
formed, which shielded the capillary surface. Fluorescence microscopy of HPB coated glass
substrates verified that the lipid structure was a monolayer formed on the hydrophobic
surface (Figure SI-2 and Table SI-2). Additionally, HPB coatings represent peof reductions
of 78 % (CPDCS/DOPC), 68 % (CPDCS/DLPC), 77 % (ODCS/DOPC), and 71 % (ODCS/
DLPC) compared to bare capillaries. Direct measurement of zeta-potentials for silica
nanoparticles demonstrated similar trends with respect to surface coatings (Table SI-3).

Additionally, the fluorescence intensity of bare, CPDCS-modified, and CPDCS/DOPC
capillaries was measured and normalized after staining with a membrane indicator, FM1-43
(Figure SI-3). CPDCS/DOPC-coated capillaries yielded the highest fluorescence intensity,
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indicating a high lipid density on the capillary surface. Bare capillaries had the lowest
fluorescence intensity due to the absence of lipids. CPDCS-modified capillaries exhibited
approximately 20 % of the fluorescence intensity of the CPDCS/DOPC capillaries,
suggesting that FM1-43 may interact with the moderately hydrophobic cyanopropyl-
monolayer, though the intensity was significantly lower than that of CPDCS/DOPC
capillaries. Prior studies with FM1-43 have shown high levels of fluorescence when PLB-
coated capillaries were prepared [7].

Combined, these data support the formation of HPB coatings in fused silica separation
capillaries that have been modified with either CPDCS or ODCS followed by lipid fusion
and that the resultant HPBs reduce EOF similarly to PLBs. Unmaodified capillaries coated
with DOPC or DLPC to form PLBs yielded lower pigof, 1.0 x 1074 cm? V1571 [11] or 0.22 x
10~ em? V1571 [10], respectively, representing peof reductions of approximately 80 %
(DOPC) and 95 % (DLPC) compared to bare capillaries (4.6 x 1074 cm? V-1s71) [11].
These data support that HPB and PLB coatings formed with DOPC result in similar
reductions of pgof; however, HPB coatings prepared with DLPC exhibit less eof SUppression
compared to PLBs formed with the same lipid. Since DLPC has fully saturated carbon tails,
the difference in eor reduction may be due to different packing densities of DLPC lipids in
PLBs and HPBs, resulting in differential shielding of the charged capillary surface.

3.2 Coating stability and reproducibility

A primary drawback of semi-permanent PLB coatings is the limited and varying stability.
Capillaries coated with DLPC bilayers were stable for 105 min of applied voltage [10];
however, DOPC bilayers started to degrade immediately upon application of an electrical
field as evidenced by the increasing peos [11]. Since, HPBs formed on planar substrates
exhibit enhanced stability relative to PLBs [27], we tested the stability of HPB capillary
coatings by monitoring Heos Over 100 min of applied high voltage without coating
regeneration within the same capillary. RSDs of mesityl oxide t., were 1.6 % (n = 55) and
2.6 % (n = 20) for CPDCS-modified and CPDCS/DOPC-coated capillaries, respectively
(Table SI-4). Within 100 min of run time, the peof reduction in CPDCS/DOPC-coated
capillaries decreased by 4 %, whereas in DOPC PLB-coated capillaries the pgof reduction
decreased by 15 % [11], illustrating enhanced stability of HPBs compared to PLB coatings.

To validate that the reduced eor and increased stability resulted from the HPB, the
reproducibility of each capillary modification was evaluated as a function of gos. In Figure
2, mean Lgof is plotted for the first 10 runs in capillaries prepared with the indicated surface
modification (n = 3 capillaries for each coating condition). Similar to Table 1, bare
capillaries (diamonds) had the highest oo, While CPDCS- (Figure 2A) and ODCS-maodified
(Figure 2B) capillaries (squares) showed Lot reductions. Finally, HPB coatings prepared
using either of two common lipids, DLPC (triangle) or DOPC (circles), yielded the lowest
Ueof and thus the highest shielding of capillary surface charges. The stable gof Values
demonstrate the increased stability of the HPB coatings for at least 10 runs (approximately 1
hour of applied high voltage for HPB capillaries) without regeneration.
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3.3 Protein separations

Non-specific adsorption to bare capillaries presents a number of challenges that are often
overcome using PLB coatings, though at the expense of coating stability. To validate the
overall functional utility of HPB coatings, protein mixtures were analyzed. Figure 3 shows
three electropherograms for each HPB coating without regeneration between separations.
All HPB coatings yielded peaks corresponding to Lyso, a-Chymo, and Myo, compared to
bare capillaries, where only a single peak was observed (Figure 3E,i). Lyso and a-Chymo
were also separated in a DLPC PLB capillary (Figure 3F). PLBs of DLPC were prepared
since literature showed that these coatings were more stable than DOPC PLBs [10,11]. The
EOF in the DLPC PLB-coated capillary was more reduced than the EOF of the HPB
capillaries; thus, Myo was not included in the protein mixture since long run times would be
required to detect the ty, of the anionic protein (Myo pl = 7.2). The protein peaks for all
HPB- and DLPC PLB-coated capillaries exhibited varying degrees of peak asymmetry,
perhaps due to interactions between the analytes and possible domains of poor coating, e.g.
near the ends of the capillary where lipid coatings may be destroyed upon exposure to air or
drying. However, in spite of this, all proteins were resolved and readily detected using all
four HPB coatings.

For comparison, Figure 3E shows a single electropherogram for the protein mixture in a bare
(i), CPDCS-maodified (ii), and ODCS-modified (iii) capillary. In each electropherogram,
broad, unresolved peaks are detected. The Jgof for CPDCS- and ODCS-modified capillaries
suggest that a fraction of the silanols are unreacted after surface modification (Table 1);
therefore, protein adsorption is still possible in bare and silane-modified capillaries. This
conclusion is supported by fluorescence imaging studies with six-histidine-tagged enhanced
green fluorescent protein (6xHis-EGFP), a highly fluorescent protein (Figure SI-4). 6xHis-
EGPF was incubated in bare, CPDCS-modified, DOPC PLB-coated, and CPDCS/DOPC-
coated capillaries. After rinsing the capillaries, intense fluorescence was observed in bare
and CPDCS-maodified capillaries, indicating non-specific adsorption of the protein to the
capillary surfaces. However, the fluorescence intensity was diminished by more than 90 %
with a DOPC bilayer or CPDCS/DOPC coating, demonstrating that DOPC bilayers and
CPDCS/DOPC-coated capillaries decrease non-specific adsorption to a similar extent in
regions of good coating uniformity. Hydrated phosphorylcholine headgroups are inherently
resistant to non-specific protein adsorption [7,35], a property that is retained in both PLB
and HPB capillary coatings, likely due to similar arrangements of lipid headgroups within
the coating.

The ty, repeatability for all three proteins are presented in Table 2 (n = 6) where RSD values
ranging from 0.7 to 3.6 % were obtained in each HPB, without coating regeneration. The
CPDCS/DLPC capillary had one run in which the migration times varied more than the
other runs, though statistically the migration times appeared to be part of the data set.
However, if the protein migration times were removed for that single run, the RSD values
for protein t,, ranged from 0.7 — 2.0 % for HPB-coated capillaries. For the DLPC PLB
capillary, the t, repeatability for Lyso and a-Chymo were 1.6 % and 5.3 % RSD,
respectively. The RSD for a-Chymo in PLB capillaries was larger than the RSD calculated
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in any of the HPB capillaries, likely because the semi-permanent PLB was not regenerated
between runs, indicating the lower stability of PLBs compared to HPBs.

HPB coating performance was further evaluated as a function of separation efficiency
(Table 2). The efficiency of Myo was 74,000 — 200,000 plates m~1 in HPB capillaries. Of
the separated proteins, Myo was closest to neutrally charged, yielded the highest separation
efficiencies, and showed little peak asymmetry in the electropherograms, indicating the
protein had little interaction with the HPB-coated capillary surfaces. Lyso yielded
efficiencies between 28,000 and 91,000 plates m~2, while a-Chymo had efficiencies
between 17,000 and 66,000 plates m™L. The lowest efficiencies for Lyso and a-Chymo were
observed in ODCS/DLPC capillaries, whereas the highest efficiencies were measured in the
CPDCS/DLPC capillaries. When proteins were separated using a DLPC PLB capillary,
efficiencies of 110,000 plates m™1 (Lyso) and 60,000 plates m™! (a-Chymo) were measured.
Thus, proteins separated in HPB-coated capillaries had similar efficiencies to PLB-coated
capillaries when using the same conditions, high migration time repeatability, and the HPB-
coated capillaries can be used without regular coating regeneration.

4 Concluding Remarks

HPBs formed with either CPDCS- or ODCS-madified surfaces and either of two lipids
resulted in stable coatings for CZE separations. Covalent modification of the capillary
surface decreased the SFE, allowing lipids to self-assemble to form a coating that exhibited
similar reduction to non-specific adsorption compared to PLB coatings, yet with higher
stability. Protein separation in HPB-coated capillaries facilitated reproducible migration and
detection of Lyso, a-Chymo, and Myo, which were not resolved in bare capillaries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Scheme illustrating formation of HPB coatings. Bare silica (A) is reacted with CPDCS or

ODCS to generate a covalently-bound, hydrophobic monolayer (B) onto which DLPC or
DOPC can self-assemble, resulting in a HPB (C). Schematics not to scale.
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Figure 2.

Stability and reproducibility of HPB coatings. Coating reproducibility for CPDCS-(A) and
ODCs-modified (B) capillaries in the presence and absence of the HPB. Each plot shows the
mean Lo Of 10 consecutive runs in bare (diamonds), CPDCS- or ODCS-modified (squares),
DLPC HPB (triangles), and DOPC HPB (circles) capillaries (n = 3 capillaries). Coatings
were not regenerated between separations.
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Figure 3.

Protein separations in HPB-coated capillaries. Electropherograms showing multiple
separations of Lyso, a-Chymo, and Myo in capillaries with HPBs formed from CPDCS/
DOPC (A), CPDCS/DLPC (B), ODCS/DOPC (C), and ODCS/DLPC (D). (E) Protein
separations in bare silica (i), CPDCS-maodified (ii), and ODCS-modified (iii) capillaries
show broad peaks that are not resolved. (F) Separations of Lyso and a-Chymo in capillaries
coated with a DLPC PLB are presented for comparison of protein peak symmetry and
efficiency. Coatings were not regenerated between any protein separations.
Electropherograms offset for clarity.
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Table 2

Quantitative characterization of protein separations in HPB capillaries

Coating Parameters Lyso a-Chymo Myo
CPDCS/DOPC Tirrxln ?pflsezt’e(s[%r)nr\"?)D ) 3;,20%8 ioéf,sg())o 44,20%%21(116?())00 74,20%%5;(114?())00
CPDCS/DLPC Tim Eé,ffg{e(sly;i?)t) ) 911,336241(25',00)00 eez,ggbzi(%,zo)oo 200?83611(3556,)000
opesipore | T ?p(lsgt’e(so/:\i?)D ' | se00 = 15200 | 600025000 | 1500004 11000

ODCS/DLPC Tilrxln Pip(ls;;\)t'e(so/?nR-?)D ) 2&%%(? 4(50217,3())0 172%%8 J(_rog,g())o 833,3863; 17',%:))00
DLPC bilayer Tirrxln ?pflsezt’e(s[yronr\"?)D ) 115})%3 iléét))oo 60%%%1(56%00
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