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Summary

The adsorption of a varicty of proteins to different pharmaceutical container surfaces was investigated. No corrclation wis
found between the amount adsorbed and molecular mass or isoelectric point, although glass surfaces appeared to bhind more

protein under the experimental conditions examined.

The interaction of proteins with the surfaces of
their storage containers is a potentially significant
problem in biotechnology. The amphipathic na-
ture of protein molecules results in their adsorp-
tion to a wide variety of surfaces and can result in
both their loss and destabilization (Felgner and
Wilson, 1976; Andrade, 1985; Stella, 1986: Van
der Octelaar et al., 1989; Wu and Chen, 1989).
This problem can be acute at low protein concen-
tration where a substantial portion of what is
usually assumed to be solution state protein may
actually be adsorbed to container walls. We
therefore examined the amount of surface ad-
sorption of a number of proteins ranging in
molecular mass from 6.5 to 670 kDa and isoelec-
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tric point (p/) from 4.3 to 10.5
monly used container surfaces.
Protein solutions containing 6.2 mM sodium
phosphate, 0.15 M NaCl, pH 7.2. were stored at
concentrations of 1, 5, 10, and 20 wg /ml for 24 h
at 4°C in 15-ml 2-cm diameter cylindrical vials.
All proteins were obtained from Sigma Chemical
Co., except for acidic fibroblast growth factor and
transtorming growth factor a-Pseudomonas exo-
toxin conjugate which were obtained from Merck
and Co. (West Point, PA)Y. The two latter protcins
are highly homogeneous as determined from pre-
vious isolation procedures (Heimbrook et ai..
1990; Volkin et al., 1992). The glass vials are
either untreated, siliconed, sulfur-treated or
Purcoat“-treated. The plastic wvials used are
polyester + 0.3%, polyester 5 X 0, polypropylene,
and nylon. All vials were supplicd by the West
Company (Phoenixville, PA) and washed and

to several com-
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Fig. 1. Binding isotherms of four container surfaces. Data for six proteins are displaved: aleohol dehydrogenase (+), fB-amylase
( &), lactate dehydrogenase {0), e-chymotrypsinogen A { O ), thyroglobulin (4 ), and immunoglobulin G ¢ 7). Each data point is an
average of three determinations.

solution was added to each vial. vielding a sur- sure to the solution contact region. Adsorption
face /volume ratio of 2.4 cm® ml~'. Solutions was allowed to proceed for only 24 h to minimize
were not mixed or inverted to limit surface expo- any effect of changes in protein stability on the

Fig. 2, Extent of protein binding to containers. The maximum amount of protein adsorbed at an initial concentration of 20 pg /ml
to the surfaces of eight containers after 24 h at 4°C is represented. The amount bound was determined by averaging three
measurements of protein concentration from each vial and calculating the amount bound from the difference in protein in solution
before and after incubation. The proteins {with molecular mass and pfoay indicated) examined are as follows: AL acidic fihroblast
growth factor (15.9 kDa, 7.0); B, aicohol dehydrogenase (141 kDa, 5.4)% C. apoferritin (443 kDa, 4.3); D. aprotinin (6.5 kDa, 10.5);
E, B-amylase (200 kDa. 4.8); F, bovine serum albumin (66 kDa, 4.9); G, a-chymotrypsinogen A (25 kDa, 9.1); H, conalbumin (30
kDa, 5.6} 1, cytochrome ¢ (2.4 kDa, HL3) 1. mmunoglobulin G (150 kDa, 7.5); K, v-lactic dehydrogenase (228 kDa, 8.3)% 1.
lysozyme (14.3 kDa, 10); M, thyroglobulin {669 kDa, 4.5); N, covalent conjugate of transforming growth factor o with a 4 kDa
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results. The time dependence of the binding of

several of the proteing wags examined and binding
was complete within 1 h. The isotherms thus
appcar to represent a steady state (and probably
equilibrium) process over the time course of the
measurements. The amount of adsorbed protein
was determined by sampling three aliquots of
cach vial through the flow cell of a SpectraFO-
CUS detector (Spectra Physics. Inc.) and record-
ing the absorbance of the peptide bond at 215 nm
with the detector and sampling line at ambicnt
temperature. Bound protein was calculated from
the difference between initial protcin concentra-
tion and that present n solution after the 24 h
incubation. Protcin concentrations were deter-
mincd from individual standard curves tor cach
protein. Standards were prepared immediately
prior to analysis at a lower surtace /volume ratio
of 1.5 em® ml " in polypropylene and measured
immediately to minimize adsorption. Standards
were also remeasured after all the vials were
analyzed and generally were superimposeable. No
correction was madc for protein adsorption to the
inner surfaces of the flow cell, but the flow cell
was washed between proteins to ensure no resid-
ual protein was retained in the flow cell. Four
point direct binding isotherms were employed to
estimate the amount of protein on a surface (scc
Fig. 1).

Typical binding isotherms for six proteins in
four containers are illustrated in Fig. 1. The
complete binding isotherms for 20 proteins as
well as plots of protein molecular mass and p/ vs
various binding parameters of surface adsorption
arc available upon request from the authors. Most

of the 20 proteins examined manifest evidence of

evenlual saturation on all cight containers tested
like the examples shown in Fig. 1. In many cases,
proteins appear to saturate at approx. 5 g /mi of
protein, a level similar to that previously observed
for several proteins on different surfaces (Elgers-
ma ct al., 1990; Lucy ct al., 1991} In a few
instances. however, saturation s clearly not
achicved al the highest protein concentration
tested (20 pg/ml). Nevertheless. even in the
worse cases, only 10-15% of the protein is ad-
sorhcd The dcgrcc of hlndlng appeara to })L
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themselves since proteins such as lactate dehy
drogenase which display increased surfuce inter-
action do so on all surfaces examined. The prop-
ertics of the surface itselt clearly do influence
binding as illustrated by the very low affinity of
several proteins for untreated glass and the on
hanced interaction of BSA for the same material.

The maximum amount of protein bound for 1}
proteins in eight different containers is sumnui-
rized in Fig. 2. Inspection of the binding isotherms
from which the data in Fig. 2 was obtained as
well as similar experiments from seven other pro
teins reveals a number of generalities. No corre -
lation was found between molecular mass or the
isoclectric point of the proteins and their interac-
tions with the containers under these experimen
tal conditions. In addition, the difference in sur-
face interaction between the proteins was much
greater than the variation in container surface
typc. Nevertheless, some types of containers do.
On - average, appear to manifest fower protem
surface adsorption than others. Overall, siliconed
and untreated glass appear to bind less protein
than the other materials examined, while sulfur-
treated glass and polvester containers bind cer-
tain proteins in somewhat increased amounts,

In summary, and somewhat surprisingly. pro-
tein adsorption to container surfaces does not
appear to be a major problem above o 5-20
wg/ml protein range with many it not most pro-
teins over the 4°C. 24 h incubation period exam-
incd. Since proteins sometimes manifest slow
structural changes on surfaces over longer peri-
ods (Andrade, 1985). further studies are reguired
to establish the utility of these containers for
long-term storage. Nevertheless, untreated and
trcated glasses gencrally appear to bind the least
protein, but all of the surfaces tested appear to
have aceeptable adsorption characteristics. 1t s
clear. however. that proteins need to be individu-
ally evaluated in this regard. Not evaluated in this
study was the adsorption to vial stoppers. which
could potentially contribute significantly to pro-
tein loss, In situations where protein adsorption
is significant, the inclusion of high concentrations
of an inert protein (e.g.. serum albumin) to satu-
rate the container surface or the prchcmc of
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surfactants, carbohydrates, or amino acids can be
employed to reduce the problem (Suelter and
Deluca, 1983 Wang and Hanson., 1988).
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