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Adsorption of Bovine Serum Albumin and
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Adsorption of proteins on chitosan, which has positively charged proups, was inves-
tigated. The amount of adsorption depended on pH values and showed the maximum
at the isoelectric point of BSA (pH 4.5-5.0) as was recognized in non-charged polymer
membranes. Also it depended on an ionic strength, which affected the maximum point
as well as the amount itself. It was considered that the positive charge of chitosan may
affect the isoelectric point of BSA at which the sinallest lateral interaction appeared to
make the compactest form of BSA molecule.

Whereas, contrary to the general tendency observed at much lower concentration of
BSA, the amount of maximum adsorption decreased as the ionic strength decreased. This
suggests that at relatively high concentration, the reduction of shielding effect of ions
may give the increase of repulsion between BSA molecules rather than that of interaction
between BSA and chitosan molecules. The adsorption of y-globulin was studied, too.
Futhermore, the adsorption of cliitosan onto a silk fiber as substitute for human hair

was studied to result in the usefulness as the rinsing agent.

INTRODUCTION

Chitosan is a deacetylated product of the alkali treatment of chitin which is obtained
from abundant natural resources of crustaceans such as crabs, shrimps, lobsters and krills.
Applications of chitosan to bio—, medical, pharmaceutical and membrane materials have

been investigated widely. The adsorption behavior of proteins on chitosan should be

* Dept. of Materials Science and Engineering



252

noted in these cases. In this study, it was discussed based on the standpoint of

intertacial chemistry.

EXPERIMENTAL

Membrane Preparation

The chitosan powder sample was kindly supplied by Katakura Chikkarin Co.Ltd., having
the degree of deacetylation of 97%. It was suspended in distilled water and then the
swollen chitosan was dissolved in a 2% aqueous acetic acid solution at the chitosan
concentration of 1.4w/v%, with stirring at 25° C for 4 hr.

The membrane was prepared by casting the chitosan solution on a styrene dish at 60
* C for 4 hr after the insoluble substances had been climinated with a glass—filter. The
cast membrane taken off from the dish was immersed into a 4% aqueous NaOH solution for
24 hr to be neutralized, rinsed with water and kept in distilled water.

To avoid dissolution at low pHs, a small amount of crosslinkage was introduced
between chitosan molecules. The chitosan membrane was immersed into a 0.5N NaOH
solution including 1% epichlorohydrine at 55° C for 30 min and then rinsed with water and

kept in distilled water. The thickness of the swollen membrane was about 60 4 m.

Degree of Hydration

The degree of hydration of membrane, H, is the volume fraction of water in the swollen
membrane, which is calculated using the equation: H={(Ws—Wua)/ 0 w}/Vs, where Ws and
Wa are the weights of the dried and swollen chitosan membranes, © w is the density of
water and Vs is the volume of the swollen chitosan membrane, related to the following
equation, Vs = Wo/ 0 m + (Ws—Wa)/ o w, where o m is the density of the dried membrane
(1.4 g/cm .

Adsorption of Protein

Two kinds of proteins were used; bovine serum albumin (Sigma Co., isoelectric point
pHi4.6—5.0, average molecular weight of 69,000) and 7 —globulin (Sigma Co., pHi6.5-7.0,
156,000). They were dissolved in the butfer solutions such as acetic—acetate, phosphates,
Tris—-HCI, and glycine—NaOH with an adjusted ion strength using NaCl, depending on the
pH value at the concentration of 0.1w/w%.

Prior to adsorption, the weight—known dried membrane was swollen in a given buffer
solution without protein for 30 min. The adsorption was carried out by removing this
swollen membrane into a tlask containing the 0.1% protein solution of 10g in the incubator
at 25° C. The amount of adsorption was determined from the concentration change of the

protein solution measured by the absorbance on 280 nm using Shimazu UV —-160 spectro—
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photometer. The concentration of the solution after 5 min was regarded as the initial
concentration.  The equilibrium adsorption, Q, was determined from the concentration
after 3 hr using the following equation; Q=(Co—C)VoyW, where Co and C are the
concentrations after 5 min and 3 hr, respectively and Vo is the volume of the protein

solution after 5 min and W is the weight of the dried membrane.

SEM Observation

The freeze—dried samples were observed by Hitachi SEM Model S—-510 at
accelerating voltage of 25 KV, after gold —spattering.

RESULTS AND DISCUSSION
The adsorption curve of BSA onto a chitosan membrane was shown in Figure 1. An
equilibrium adsorption was achieved at more than 3 hr. The adsorption time of 3 hr was
employed to estimate the adsorption in the equilibrium state. In Figure 2 the adsorption

of BSA onto a chitosan membrane was plotted against the pH value of the buffer solution

used during adsorption. The maximum of adsorption was observed in the region of the
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Fig.1 Adsorption curve of BSA onto chitosan membrane at BSA initial
concn. 0.1 (w/w)%, pH 4.9, ionic strength 0.1 and 256 ° C.

isoelectric point of BSA (pH4.5—5.0) as was recognized in other polymer membranes
without charged groups. It has been explained by the broadening of a protein molecule in
the solution casused by an electrostatic interaction in the intra— and inter—molecules; it

might be attributed to the compactest form and the smallest lateral interaction of molecules

at the isoelectric point.
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A chitosan membrane is a positively charged membrane. Protonation of amino
groups of chitosan molecules is enhanced as the pH value decreases, resulting in the
increase of positive charge. At the same time, the degree of hydration increases shown
in Figure 3. Thus, the positive charge of chitosan may affect the pH depencence of BSA

adsorption, too. The adsorption could not occur at pHs except for the pH4.2—7.5 region.
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Fig.2 BSA adsorption onto chitosan membrane as a function of pH at

initial concn. 0.1 (w/w)%, ionic strength 0.1 and 25° C.
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Fig.3 Degree of hydration of chitosan membrane as a function of pH at 25° C.

Let us calculate the maximum adsorption of BSA per unit area of chitosan. Taking
into account the density of dried chitosan (1.4 g/em ® ), the degree of swelling (ca. 5) and

the thickness of membrane (ca. 60 & m), we can get the value of 63 mg/m ?  which is
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much larger than that onto polystyrene latex (ca. 3.0 mg/m ? ) at the same concentration of

BSA [1].
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Fig.4 7 —globulin adsorption onto chitosan membrane as a function of

pH at 7 —globulin initial concn. 0.1 (w/w)%, ionic strength 0.1 and 26° C.

In Figure 4 the adsorption of 7 —globulin onto a chitosan membrane was plotted
against the pH values. In this case, the maximum of adsorption cannot be seen near the
isoelectric point of 7 —globulin (pH6.5—7.0) and the adsorption increases with increase of
pH value in the region over pH6.5. It may be due to a hydrophobic adsorption, since
7 —globulin is one of hydrophobic proteins and the chitosan membrane seems to become
hydrophobic at these pHs from the viewpoint of hydration behavior shown in Figure 3.

Figure 5 shows the dependence of an ionic strength on BSA adsorption. The
maximum adsorption appeared at any ionic strength. The pH value which showed the
maximum adsorption shifted to lower pH values when the ionic strength was reduced. In
this case, BSA molecules may be much affected by the basic nature of chiosan, i.e., the
isoelectric point of BSA in the local tield seems to shift to the acidic side. On the other
hand, the amount of maximum adsorption also decreased as the ionic strength decreased.
The opposite tendency has been observed in other polymers under the condition of the
much lower concentration of BSA [1]. It is explained from the increase of interaction
between BSA and a polymer caused by reduction of the shielding effect of ions.
Therefore, we must present another reason for much adsorption at relatively high
concentration in our case. A following speculation was made. The reduction of the ionic
strength may bring about not only the increase of interaction between BSA and chitosan
molecules but also a broadening and a lateral interaction of BSA molecules, i.e. the

increase of an intermolecular repulsion of BSA molecules at high concentration. BSA
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molecules could not occupy the adsorption sites of the adjacent glucosamine residues and as
a result, the amount of adsorption may decrease in the case of high concentration contrary

to the case of low concentration.
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Fig.5 Dependence of ionic strength on BSA adsorption onto chitosan

membrane at initial concn. 0.1 (w/w)% and 25° C. # :0.1, A :0.01, N :0.001.

® o 30p
AN
']
7
o
~ 20¢Ft
=]
o]
3
o]
o M0t
[e]
n
e
<
0 , , , .
0 0.1 0.2 0.3 0.4

Concentration %WW
Fig.6 Adsorption isotherm of BSA onto chitosan membrane at pH 4.9,
ionic strength 0.1 and 25° C,

The adsorption isotherm of BSA is shown in Figure 6. The adsorption increases up
to the concentration of 0.2% and would be saturated over it though the smaller value was
measured at 0.4%. The viscosity of BSA solution becomes higher in the region more

than 0.2% to cause the diffusion of BSA molecules delay. It means that it is necessary
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Fig.7 SEM photographs of silk fibers. a: before adsorption (untreated),

b: after adsorption, c: separated after adsorption.
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to measure for much more than 3 hr to estimate the equilibium adsorption.  Accordingly,
the isotherm seems to be essentially Langmuir—type in the same way in other polymer
membranes [2]. This means that a BSA molecule is adsorbed at a definite site of chitosan
molecule.

Finally the adsorption of chitosan onto a silk as a protein fiber was examined.
Chitosan was dissolved in the acetic acid solution and then the pH value was adjusted with
0.5N sodium hydroxide so as to reach to pHS5.5. This solution with chitosan
concentration of 0.74% (w/w) was used. Silk fibers were swollen in water for 30 min
before they were immersed into the chitosan solution and kept for 2 hr at 25° C. A
large adsorption was observed. The isoelectirc point of the silk protein was presumed to
be about pH4.5 from the preliminary experiment. It can therfore be expected that the
electrostatic interaction between anionic silk protein and cationic chitosan may occur at
pH5.5 to result in a large adsorption. Figure 7b shows the silk fiber after adsorption,
the surface of which is as smooth as that before adsorption shown in Figure 7a. The
chitosan membrane can be also seen at intersections of the silk fibers. In order to make it
clear visually, the silk fibers separated each other by a needle were observed shown in
Figure 7c. The coarse surface appeared, in which the chitosan membrane had been
peeled out of the silk fiber surface.

These facts indicates that chitosan molecules uniformly coat the silk fiber surface to
make it smooth. In addition, chitosan can be expected to be useful as the rinsing agent
for human hair, taking into account that the adsorption is caused by the electrostatic

interaction between chitosan and a protein fiber.
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