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Abstract
Analytical protocol greatly influences measurement of human-serum albumin (HSA) adsorption to
commercial expanded polytetrafluororethylene (ePTFE) exhibiting superhydrophobic wetting
properties. Degassing of buffer solutions and evacuation of ePTFE adsorbent to remove trapped air
immediately prior to contact with protein solutions are shown to be essential. Results obtained with
ePTFE as a prototypical superhydrophobic test material suggest that vacuum degassing should be
applied in the measurement of protein adsorption to any surface exhibiting superhydrophobicity.
Solution depletion quantified using radiometry (I-125 labeled HSA) or electrophoresis yield different
measures of adsorption, with nearly four-fold higher surface concentrations of unlabeled HSA
measured by the electrophoresis method. This outcome is attributed to the influence of the radiolabel
on HSA hydrophilicity which decreases radiolabeled-HSA affinity for a hydrophobic adsorbent in
comparison to unlabeled HSA. These results indicate that radiometry underestimates the actual
amount of protein adsorbed to a particular material. Removal of radiolabeled HSA adsorbed to ePTFE
by 3X serial buffer rinses also shows that the remaining “bound fraction” was about 35% lower than
the amount measured by radiometric depletion. This observation implies that measurement of protein
bound after surface rinsing significantly underestimates the actual amount of protein concentrated
by adsorption into the surface region of a protein-contacting material.
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1.0 Introduction
Surface engineering has had a long and successful role in the development of biomaterials for
a wide variety of medical devices to improve compatibility with blood and tissue.[1-14] A
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recent trend in surface engineering has been texturing surfaces at the micro-to-nanoscale to
influence important interfacial events such as protein adsorption[15,16] and cell adhesion.
[17,18] A particular subgroup of textured materials of interest to this work are poorly-water-
wettable (hydrophobic) materials exhibiting “superhydrophobicity” or ultra-high water
repellency[19-29] (also occasionally termed ultrahydrophobic[19,22] and super anti-wetting
[23] in the literature). The superhydrophobic effect ultimately arises from air trapped within
the interstices of a rugose surface (patterned or random) that water fails to wet or wick into, so
that water is partially riding on a cushion of air, yielding observed water contact angles much
greater than the inherent contact angle of the smooth material; sometimes in excess of 150°.
The superhydrophobic effect is common in nature, accounting for the water-repellent
properties of bird feathers and plant leaves (the “Lotus Effect”)[21,22,30-32] as examples.
Certain materials in widespread biomedical application such as expanded
polytetrafluororethylene (ePTFE) are superhydrophobic as commercially prepared because of
the inherent hydrophobicity of PTFE (advancing water contact angle of about 114 °)[33] and
a fibrillated texture introduced by biaxial stretching (see Figure 1.).[34,35] For example, we
observe an advancing contact angle of about 138° on the ePTFE used in this work. The blood
compatibility of ePTFE vascular grafts[36,37] has stimulated interest in understanding, and
improving upon, biocompatibility of the general class of superhydrophobic materials.

A fundamental aspect of biocompatibility is protein adsorption.[38-43] Consequentially,
protein adsorption to superhydrophobic materials is important to fully characterize. The general
literature on protein adsorption is controversial and inconsistent[44,45], and so it should be of
no particular surprise that there is considerable diversity of opinion regarding protein-
adsorption properties of superhydrophobic materials, with some investigators reporting
protein-adsorbent properties[16,36] and others non-adsorbent properties.[26,32,46]

We have initiated a program investigating a novel jet-blowing method of producing nano-
fibrous PTFE for biomedical applications[47,48] and have interest in relating protein
adsorption to material properties and processing conditions, using commercial ePTFE (Figure
1) as a reference material. Herein, we report that analytical protocol greatly affects
measurement of human serum albumin (HSA) to ePTFE and show that different methods of
calculating amount adsorbed (bound vs. solution depletion) give rise to quite different
impressions of ePTFE adsorbent capacity.

2. Methods and Materials
2.1 Protein Solutions

Fraction V HSA (MW = 66.3 kDa, 96-99%, lyophilized powder) was used as received from
Sigma Aldrich (St. Louis, MO) with no further purification. Solutions were prepared in
phosphate buffer saline PBS (0.01 M PBS, prepared in 18 mΩ water) degassed under reduced
pressure obtained by evacuating the headspace with a rotary vacuum pump (approximately
500 torr) for 5 minutes. HSA was labeled using the Chloramine T method [49-51] for 30
seconds to yield specific activity of 36.4 μCi/μg. We estimated that an average of ~3 iodine
molecules were incorporated into each molecule of HSA (see Appendix A). HSA radioactivity
(counts-per-min, CPM) was measured by gamma counting in a Wallac 1470 Wizard Automatic
Gamma Counter (PerkinElmer). Free Iodine was separated from the labeled protein using a G
50 sephadex column (Sigma Aldrich, St. Louis, MO). Labeled protein was stored at 2°C and
used within 2 weeks, over which time protein degradation was regularly assessed by
chromatography on a G 100 sephadex column (Sigma Aldrich St. Louis, MO) to detect protein
fragments or aggregation. Analysis of chromatographic peak area revealed that less than 10%
of labeled protein was affected by radiolysis over the 2 week storage period. Test protein
solutions were prepared by mixing 3 μL of stock labeled protein solution with 1.5 mL
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unlabelled protein solution at the desired concentration to yield approximately 0.09 μCi in each
200 μL sample.

2.2 ePTFE Adsorbent Preparation
Expanded ePTFE was a gift from Atrium Medical Corp (Hudson, NH). As illustrated in the
left-hand side of Figure 2, 20 mg portions were weighed into glass screw-top glass vials VWR
(West Chester, PA) using a precision microbalance XS 105, Mettler Toledo. Each vial was
fitted with a rubber septum lined with PTFE with an evacuation port. Air was continuously
evacuated from the vial through a syringe needle connected to a rotary vacuum pump
(Precision, 1/8 HP) during subsequent wetting steps in which ePTFE was first pre-wet with 1
mL of 100% ethanol (EtOH, Pharmco) followed by 3X serial rinsing with 1 mL of degassed
PBS. The vacuum pump was double trapped to assure no backflow into the vial. Just before
the vacuum line was removed, 200 μl of test HSA solution injected onto through the septum
to completely cover ePTFE adsorbent using a precision volumetric syringe (700 Series
Hamilton, 250 μl) fitted with a Chaney adapter that assured reproducible volumetrics.

Surface area of the ePTFE used in this work was measured using the BET method on the
Micromeritics ASAP 2000 using nitrogen as the probe gas. SEM images shown in Figure 1
were obtained on the JEOL 6700F field emission scanning electron microscope. ePTFE
samples were mounted on SEM stubs with small amounts of conductive tape and sputter coated
with Iridium. No attempt was made to further interpret surface area measurements in terms of
porosity or size of putative pores.

2.3 Protein-Adsorption Methods
Figure 2 further outlines general aspects of the protocol used to construct HSA adsorption
isotherms. Radiometry was implemented two ways: (1a) radiometric measurement of solution
depletion (counts remaining in solution after contact with ePTFE) for direct comparison with
the electrophoresis method 2 (see further below) and (1b) measurement of “bound” HSA
(counts remaining after 3X serial wash of ePTFE) for comparison of bound HSA to solution
depletion. Radiometric HSA adsorption isotherms were constructed by measuring the amount
of I-125 labeled HSA adsorbed to ePTFE (see further below) from bulk-solution concentrations

 mg/mL prepared in 5 mg/mL increments using degassed PBS. 3 μl of hot trace
of I-125 labeled HSA was mixed into 1.5 mL HSA solution at each concentration.
Measurements at each HSA concentration were made in triplicate using 3 separate samples of
ePTFE and carrying 3 empty vials as blanks. Labeled HSA solutions were equilibrated with
ePTFE for 1 hour during which time total radioactivity was integrated using on the gamma
counter. 200 μl of HSA solution was aspirated from the test vial using a pipette and transferred
into a (VWR, 12 × 75mm) test tube. The pipette transfer tip (VWR 1-200 μl Barrier Tips) was
placed into the test tube along with solution to eliminate possibility of protein loss. ePTFE
remaining in the original vial was serially rinsed 3X with 200 μl of degassed PBS, collecting
wash and tip into separate test tubes (with the tip) for each wash (see Figure 2). Mass balance
was found to be with ± 5 % of the radioactivity in the starting solution, verifying no significant
protein loss through the protocol. Depletion was corrected for background by subtraction of
the average background determined from the triplicate blank vials. Triplicates were averaged
and standard deviation of the mean accepted as an adequate measure of experimental error.
Appendix B details of the calculations used in radiometry.

Adsorption kinetics were not measured in this work and 1 hour equilibration time was assumed
to be sufficient to reach adsorption steady state based on prior kinetics measurements using
interfacial energetics.[43,52-58] Indeed, recent studies of protein adsorption kinetics reveal
that mass adsorption rates significantly exceed rate-of-change in interfacial energetics due to

Leibner et al. Page 3

Acta Biomater. Author manuscript; available in PMC 2010 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



adsorption [59], leading us to conclude that 1 hour adsorption equilibration time was
conservative by at least 10 fold.

2.4 Protein-Adsorption by Electrophoresis
The lower-right-hand panel of Figure 2 outlines basic steps used in the electrophoretic
implementation of the standard solution-depletion measurement of unlabeled HSA adsorption
(see refs.[60-63] for experimental details and example applications). Briefly, for the purpose
of this report, HSA adsorption isotherms measured by depletion using bulk-solution
concentrations  mg/mL prepared in 5 mg/mL increments in degassed PBS. Sample
preparation was as described in section 2.2 above. Electrophoresis was performed using 26
lane NuPAGE® Novex Tris-Acetate precast gels (Invitrogen; 500 kDa capacity) carried out
for 1 hour at 150 V using an XCell SureLock™ Cell (Invitrogen). Gels were stained with
SimplyBlue™ SafeStain (Invitrogen) for 1 hour and destained with de-ionized (18 MΩ) water
for several hours while mixing on a standard hematology rocker. Band intensity was quantified
using the Gel-doc system (Bio-Rad Laboratories) that employed a highly-sensitive CCD
camera to read optical density (OD). A standard curve was prepared for each gel using the first
6-7 lanes by applying solutions of known (by gravimetry) HSA concentrations. Linear
calibration curves were obtained (R2 > 98%) within the concentration range 1 to 50 mg/mL
for all gels used in this work. Previous work has “certified” this method of measuring protein
adsorption by first studying adsorption of a broad range of single proteins to hydrophobic
[60] surfaces (octyl sepharose and silanized glass) from aqueous-buffer solution, showing that
results comported with thermochemically-measured free energies of adsorption and interfacial
energetics measured by tensiometry (contact angle and wettability methods). Subsequently,
HSA adsorption to silanized-glass adsorbent particles with incrementally-increasing
hydrophilicity was measured,[61] showing here that mass and energy balances for HSA
adsorption were in full agreement. Consistent mass-and-energy balance obtained using very
different analytical methods engendered confidence that this gel-electrophoresis
implementation of the depletion method provided internally-consistent and accurate results; at
least for proteins adsorbing to surfaces from stagnant fluids at steady state. It is important to
emphasize that previous work has shown that periodic or continuous mixing (by agitating tube
contents or using a hematology rocker, respectively) does not influence results.[60]
Furthermore, time-and-concentration interfacial energetics of a wide variety of blood proteins
and mixtures shows that adsorption to stagnant buffer/air or buffer/solid surfaces comes to
steady state within the 1 hour equilibration time utilized in depletion experiments.[43,52-58,
64]

3. Results
3.1 ePTFE Adsorbent

BET surface area measurements and electron microscopy show that ePTFE used in this work
was of very high specific surface area (5.57 ± 0.09 m2/gram) due to the fibular structure that
is a product of biaxial stretching. Close examination of these fibers (Figure 1) indicates
numerous cracks, fissures, and spaces that confer a high degree of porosity. No attempt was
made by this work to further analyze surface area in terms of porosity or measure the size
distribution of pores relative to molecular dimensions of HSA (3.6 nm hydrodynamic radius
[52,65]). However, it is visually evident from Figure 1 that many of the cracks, fissures, and
spaces are much larger than HSA itself, most probably accounting for the high absorbency
reported in the following sections that exceeds the 2-3 mg/m2 typically anticipated for protein
adsorption to smooth surfaces by 10 fold or more (see Table 1). Without detailed porosity
information, it is not possible to fully account for measured adsorbed mass (as measured by
the 3 methods discussed below) in terms of the geometry of adsorbed HSA or possible
formation of adsorbed multilayers.
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3.2 Comparison of Experimental Protocols
Figure 2 depicts general aspects of the experimental protocol applied in this work to measure
HSA adsorption to ePTFE (see also Section 2). PBS solutions containing initial HSA
concentrations  mg/mL were brought into contact with 20 mg of ePTFE either
under ambient conditions or under vacuum to remove air (left-hand side of Figure 2). After 1
hour equilibration, protein solution was separated from the ePTFE by aspiration (right-hand
side of Figure 2). Adsorbed protein was measured one of two ways: (1) radiometry for I-125
labeled HSA (upper quadrant, right-hand side of Figure 2)[66-73] or (2) solution depletion
implemented using electrophoresis for unlabeled HSA (lower quadrant, right-hand side of
Figure 2).[60-63] Radiometry was itself implemented two ways: (1a) radiometric measurement
of solution depletion (counts remaining in solution after contact with ePTFE) for direct
comparison with method (2) and (1b) measurement of “bound” HSA (counts remaining after
3X serial wash of ePTFE) for comparison of bound HSA to solution depletion.

Figure 3 compares radiometric measurement of surface-bound HSA (open circles) to the
amount depleted from solution depletion (open diamonds) obtained by either bringing protein
solutions into contact with ePTFE under vacuum (Panel A) or under ambient conditions (Panel
B). Comparison of Panel A with Panel B clearly reveals that removal of air from the surface
was essential to measuring HSA adsorption to ePTFE at any solution concentration.
Comparison of different experimental strategies optionally combining solution degassing with
evacuation revealed that reliable results could be obtained only when HSA solutions prepared
in degassed PBS were brought into contact with ePTFE under vacuum. If either of these two
steps were not applied, results were erratic; sometimes leading to measurable adsorption and
sometimes not (not shown). If neither PBS degassing nor evacuation were used, typically no
adsorption was measurable, except for an occasional spurious adsorption event at higher-
solution concentrations (Figure 3B).

3.3 Adsorption Isotherms of I-125 Labeled HSA
Data of Figure 3A constitute adsorption isotherms comparing “total” radiolabeled HSA
adsorbed (by solution depletion) and “bound” HSA (remaining on ePTFE after 3X rinsing).
Both radiometric methods revealed that the amount of HSA adsorbed increased in proportion
to solution concentration, up to an apparent surface saturation that occurred at a statistically-

identical solution concentration  (mg/mL; see Table 1 and Figure 3A annotations).
Lines drawn through the data of Figure 3A (best fit lines through the linear regions) nominally
suggest that the total amount of HSA adsorbed was greater than bound HSA at any 
mg/mL. Table 1 compares quantitative parameters derived from statistical treatment of data of
Figure 2A (see Section 2) under the heading “Radiometry”, where Γmax measured maximum
bound HSA and Dmax maximum total adsorbed (see Figure 3A annotations). Note that Dmax

in Table 1 is expressed both in terms of surface concentration mg/m2 and mg/mL bulk solution
(maximal solution depletion). Slopes S of total and bound adsorption isotherms were
statistically different at the 1σ (65%) confidence interval (Table 1) but not at 2σ (95%)
confidence.

Figure 4 shows the distribution of radioactivity among total (depletion), bound, and 3X serial
rinses for one of triplicate radiometric adsorption experiments performed at  mg/
mL solution concentrations. Inspection reveals that third-rinse solutions contained little
radioactivity. We thus concluded that additional PBS rinsing would have little impact on the
measured bound fraction and, further, that the bound fraction was between 38.5% to 50.8 %
(corresponding to 10 and 30 mg/mL solution concentration, respectively) of the total for these
particular experiments. However, experimental error represented by 1σ error bars of Figure
3A (standard deviation of triplicates, see Section 2) clearly showed considerable variation
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among triplicates, even though > 95% mass balance was obtained for each experiment involved
in the triplicate trial (no loss of radioactivity). We thus concluded that an uncontrolled variable
was responsible for experimental irreproducibility but that experimental precision was
adequate to support the conclusions drawn in this paper.

3.4 Adsorption Isotherms of Unlabelled HSA
Figure 5 is an HSA adsorption isotherm for unlabelled HSA adsorption to ePTFE measured
by the electrophoresis method (see Section 2), where the amount adsorbed was measured by
the decrease in (depletion of) solution concentration (D, mg/mL) caused by contact with
adsorbent, consistent with previous reports by this group.[60-63] This isotherm followed the
same general trends obtained by radiometry (Figure 3A), except that the curve slope S was
approximately 5X greater than obtained by radiometry (on a consistent mg/m2 basis; compare
row 3 column 4 Table 1 under the heading “Radiometry” to row 5 column 4 under
“Electrophoresis”). Moreover, the estimated solution depletion at surface saturation Dmax

obtained by electrophoresis was about 4X greater than that obtained by radiometry (on a
consistent mg/m2 basis; compare row 3 column 2 Table 1 under the heading “Radiometry” to
row 5 column 2 under “Electrophoresis”). Interestingly, the solution concentrations

corresponding to surface saturation (  obtained by electrophoresis and radiometry were
not statistically different (on a consistent mg/mL basis; compare entries in column 5 of Table
1 under “Radiometry” and “Electrophoresis” headings; see also Figure 3A).

4. Discussion
4.1 Effect of Trapped Air in Superhydrophobic Materials

Comparison of results obtained by experimental protocols outlined in Figure 2 shows that
elimination of air from ePTFE adsorbent and degassing of solutions is essential to obtaining
reliable measures of HSA adsorption. Significant HSA adsorption was measured if evacuation
and degassing steps were included in the protocol (Figure 3A) whereas no adsorption was
measured under ambient conditions (Figure 3B). Erratic results were obtained when either of
these steps were not used (not shown). We attribute this outcome to the variable presence of
air trapped within the interstices of the fibular ePTFE structure that prevented intimate contact
with HSA solutions with the solid phase. Given that trapped air gives rise to superhydrophobic
wetting properties, we speculate that the evacuation/degassing protocol is a necessary step for
reliable measurement of protein adsorption to any superhydrophobic material. We further
speculate that the erratic results obtained when evacuation/degassing is not rigorously followed
accounts for conflicting literature reports of protein adsorption to materials exhibiting
superhydrophobic wetting properties.

4.2 Radiometric Assessment of Solution Depletion and Bound Protein
Solution depletion is a venerable method of measuring the total amount of protein adsorbed to
a material immersed in a protein solution. This mass-balance method is, for the most part,
unambiguous because no surface-rinsing steps are involved that might perturb the “interphase”
region separating the physical surface from the bulk solution or lead to artifacts related to drying
between rinses.[60-63] However, solution depletion does not resolve adsorbed protein into
strongly-and-loosely adsorbed fractions, reporting only the total amount removed from the
solution phase by contact with adsorbent. Rinsing is frequently applied to eliminate
contribution from the bulk solution, assuming that only the bound fraction that resists rinsing
from the surface is important and that the loosely-adsorbed fraction is either irrelevant or
negligible. Figs. 3A and 4 together show that rinsing does remove a significant portion of
adsorbed protein and that the bound fraction is, in fact, only between 30 and 50% of the total
ascertained by radiometric depletion, depending on solution concentrations employed. This
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work does not attempt to measure the activity or biological importance of bound HSA in
comparison that fraction that can be rinsed from the surface, but it is clear that this loosely-
adsorbed fraction is certainly not negligible in quantitative terms. Thus, although rinsing is
commonly applied in measurement of protein adsorption, especially in radiometric assays,
accurate assessment and interpretation of adsorption must take into account both adsorbed
fractions. Caution is especially warranted when two-or-more proteins are involved in
adsorption competition to the same surface because it is not known how rinsing might affect
the relative amounts of bound protein. We speculate that failure to account for total and bound
fractions is a significant contributor to the notorious controversy that surrounds mechanistic
studies of protein adsorption, and certainly a factor that complicates inter-comparison of results
from different measures of protein adsorption (see ref. [44] and citations therein). Furthermore,
the fact that the substantial portion of HSA adsorbed to ePTFE can be rinsed from the adsorbent
shows that protein adsorption is not inherently irreversible as proposed by different theories,
such as the Random Sequential Adsorption (RSA) model (see refs. [58,61] and citations
therein). Future work may well prove that the bound fraction is practically irreversible, but the
majority of adsorbed HSA is easily displaced from ePTFE.

4.3 Effect of Radiolabeling
Covalent attachment of 3-4 iodine atoms per HSA molecule (see Appendix A) certainly affects
protein structure and hydrophilicity to some extent.[70, 74-79] For examples, Desbuquois and
Aurbach [75] showed that incorporation of more than one iodine atom per insulin molecule
caused a significant change in protein solubility and Hunter et al [79] suggested that lysozyme
hydrophilicity was affected by radiolabeling. However, in spite of persistent reports of
radiolabeling artifacts, such effects are typically construed to be negligible for large proteins
or simply ignored altogether, and radiometry has hence enjoyed widespread application in the
measurement of protein adsorption. Comparison of results obtained by radiometric and
electrophoretic depletion methods (Figure 3A and 5, respectively; see also Table 1) shows that
I-125 radiolabeling of HSA reduces adsorption by nearly four fold. Labeled and un-labeled
HSA adsorption isotherms were qualitatively similar in that each were adequately described
by a simple Henry isotherm (adsorbed amount increases in direct proportion to bulk-solution
concentration), corroborating previously published work from this group measuring adsorption
of diverse proteins to surfaces spanning the full range of observable water wettability.[60-63]
But lower adsorption of radiolabeled HSA to the same ePTFE adsorbent under identical
conditions strongly suggest that significantly altered adsorption characteristics. Given that
isotherm slopes S that measure protein-adsorption affinity were also sevenfold higher for
unlabelled HSA (Table 1, leading to nearly four-fold difference in absolute amounts adsorbed),
it is evident that the difference between radiometric (labeled) and electrophoretic (unlabeled)
depletion assays increases linearly with solution concentration up to surface saturation. Thus,
the discrepancy between adsorption measurements of labeled an unlabelled protein increases
with solution concentration. Interestingly, however, the solution concentration corresponding

to surface saturation (  was not statistically different for the different analytical protocols
employed herein (see annotations on Figure 3A and Table 1). We interpret this latter
observation to mean that presence of a few tracer molecules among an overwhelming number
of unlabelled proteins did not measurably affect protein packing at the ePTFE surface that leads
to surface saturation (more specifically stated, protein packing within the interphase region
separating the physical ePTFE surface from bulk solution was not affected by the presence of
a minority of tracer molecules). Apparently, a fixed proportion of the protein adsorbed within
this interphase actually contacts the physical surface and engages in protein-surface
interactions with sufficient strength to resist 3X PBS rinses. Based on data of Fig 3A. and
section 3.2, we estimate that between 38.5% to 50.8% of adsorbed molecules actually contact
the surface and become bound.
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Thus, although radiometry has been widely applied in measurement of protein adsorption, the
effect of the radiolabel on quantitation has apparently been under estimated, at least as
measured here for HSA adsorption to ePTFE. The systematic effect of solution concentration
on the measured difference between labeled and unlabelled results is of particular concern since
this introduces yet another factor that complicates comparison of experiment from different
laboratories. We speculate that failure to account for labeling artifacts is yet another significant
contributor to the notorious controversy that surrounds mechanistic studies of protein
adsorption.

5. Conclusions
Analytical protocol greatly affects measurement of human-serum albumin (HSA) adsorption
to commercial expanded polytetrafluororethylene (ePTFE). Specifically, it was found that
consistent adsorption results could be obtained only when ePTFE adsorbent was brought into
contact with degassed protein solutions under vacuum (reduced air pressure). These
observations strongly suggest that air trapped within the interstices of the fibular ePTFE
structure that gives rise to superhydrophobic wetting properties prevents intimate contact with
HSA solutions which, in turn, strongly influences protein-adsorption outcomes. Given that
trapped air is the underlying cause of the superhydrophobic effect, results obtained with ePTFE
imply that the trapped-air effect on protein adsorption is general and that removal of trapped
air is essential to measuring protein adsorption to any material exhibiting superhydrophobicity.

Comparison of two methods of measuring adsorption, standard radiometry and solution
depletion of unlabelled protein, showed that I-125 radiolabeling reduced the amount of HSA
adsorbed to ePTFE by about four fold. Furthermore, the amount of bound HSA (that portion
remaining on the adsorbent after 3X buffer rinsing) was found to be systematically lower than
the total adsorbed from solution (quantified by solution depletion) and varied as a function of
initial HSA solution concentration, up-toand-including surface saturation. Thus, I-125
radiolabeling of HSA appears to significantly alter protein adsorption properties and
measurement of bound protein significantly underestimates the total protein actually adsorbed
from solution.
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Appendix

Appendix A: Estimate of Iodine Incorporation
Artifacts associated with radiolabeling presumable increase with the number of Iodine atoms
incorporated per protein molecule, (see section 4.3). We estimate incorporation of 3 atoms of
Iodine 125 per HSA molecule used in this work in the following way. 25 μg of HSA
(2.26×1020 molecules at MW= 66.5KDa) was iodinated with 1mCi of Iodine 125
(6.53×1020atoms, MW =53 g/mol) at a specific activity of 17.4 Ci/mg resulting in a solution
of HSA with a specific activity of 36.4 μCi/μg. Trichloroacetic acid precipitation showed that
that 93% of the 125I was attached to HSA, implying  or about 3 iodine
atoms per HSA. This suggests that of the 19 tyrosine residues on each HSA molecule [80], of
which 12 are on the solvent-exposed surface of the molecule and easily attacked [76], there is
an average of 0.2 iodine atoms per surface tyrosine.
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Appendix B: Radiometry
The basic idea behind the depletion method is to measure the amount of protein in solution
before and after contact with adsorbent. If CT is the counts/min (CPM) of the originating
solution and CL is CPM of the solution separated from adsorbent (see Figure 5), then depletion
is ΔC = (CT - CR) CPM and the total mass of protein remaining in solution is

; where m T the total mass (mg) of protein in solution. Mass depletion is then
Δm = mT - mR. Background is assumed to be the radioactivity depleted out of solution on to
an empty glass vial controls (no ePTFE) . Thus the background corrected depletion

, normalized to surface area of the ePTFE S a (m2) or volume of the protein
solution V (mL) is given by:

(1)

Bound protein is the amount of protein that is remaining on the ePTFE surface after coming
in contact with the protein solution and 3X PBS rinses (see Figure 5). If CT is the counts/min
(CPM) of the originating solution and CA is CPM of the ePTFE surface after being separated

from adsorbent, then the total mass of protein remaining on the surface is ,
where mT is the total mass (mg) of protein in solution. Background is assumed to be the
radioactivity remaining on an empty glass vial controls (no ePTFE) . Thus the

background corrected adsorption , normalized to surface area of the ePTFE
Sa (m2 or volume of the protein solution V (mL) is then:

(2)
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Figure 1.
Field Emission Scanning Electron Microscopy (FESEM) images of ePTFE at 5,000X (Panel
A) and 20,000X (Panel B) showing fibular structure of the expanded PTFE matrix. ePTFE
exhibits superhydrophobic wetting properties with water contact angles in excess of 150°.
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Figure 2.
Experimental flow chart outlining the procedures used to measure HSA adsorption to
superhydrophobic ePTFE using either radiometry or electrophoresis as methods of protein
quantification. Left-hand side illustrates critical steps of air removal and pre-wetting that
assures intimate contact of the fibular ePTFE structure with protein solution. Protein molecules
(*, with radiolabel for radiometry and without radiolabel for electrophoresis) adsorb to ePTFE
and are distributed between surface and solution at steady state (1 hour). Solution depletion is
quantified by either radiometry (upper left panel) or by electrophoresis (lower left panel, see
Section 2). Radiolabeled HSA bound to ePTFE was measured after 3X serial rinse of adsorbent
with PBS.
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Figure 3.
Radiometric adsorption isotherms measured with (Panel A) and without (Panel B) solution
degassing and removal of air from ePTFE adsorbent (see Figure 5), comparing amounts of
HSA bound to the surface (open circles) to the amount depleted from solution (diamonds).
Nearly no adsorbed HSA was measured without removal of air and results were erratic at higher
solution concentrations. Error bars represent mean and standard deviation of triplicate trials at
each solution concentration. Lines through the data of Panel A represent statistical treatment
of isotherm data as described in Section 2 that identify the maximal amount of protein adsorbed
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Γmax (bound HSA) and Dmax (depletion) that occurs at the solution concentration 
indicated by horizontal line annotations.
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Figure 4.
Distribution of radiolabeled HSA in a single adsorption trial at three different solution
concentrations (see Figure 5). The total amount of HSA adsorbed measured by depletion was
greater than the amount remaining (bound fraction) after 3X serial PBS rinses of the ePTFE
adsorbent. Third rinse contained negligible quantities of HSA.
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Figure 5.
HSA adsorption to ePTFE measured by solution depletion quantified by electrophoresis. Lines
through the data represent statistical treatment of isotherm data as described in Section 2 that
identifies the maximal amount of protein adsorbed Dmax that occurs at the solution

concentration  indicated by the horizontal line annotation. Comparison to depletion
results of Figure 2A shows that the more unlabelled HSA adsorbs to the same surface area of
ePTFE than labeled HSA.
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