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Abstract The latex agglutination 
immunoassay technique uses polymer 
colloids as a carrier for the adsorbed 
proteins to enhance the antigen 
antibody reaction. Competitive co- 
adsorption of IgGaCRP and m-BSA 
proteins on polystyrene latexes with 
different functionality (sulfate and 
sulfonate groups) was carried out 
looking for the increase in the 
immunoreactivity and colloid 
stability of latex protein complexes. 
The preferential adsorption of a 
protein is also studied, comparing 
both surface types. 

Regarding the application in the 
development of a diagnostic test 
system, it is necessary to study the 
latex protein complexes from an 
electrokinetic and colloid stability 
point of view. 

The presence of protein on the 
surface latex shifts the iso-electric 
point (i.e.p.) of the latex protein 
complexes to pH values near the i.e.p. 
of the protein which is the majority. 
Thus by the adsorption of m-BSA we 
can obtain complexes with the i.e.p. 
near pH 5 and, therefore, with a 
significant electrostatic repulsion at 
neutral pH. 

Due to the higher surface charge 
density of the sulfonate latexes there is 
a higher adsorption of both proteins, 
which can provide a better colloidal 
stability (by the adsorption of m-BSA) 
and a better immunoreactivity (by the 
adsorption of IgG). 

Key words Polystyrene latex 
protein coadsorption - electro- 
kinetic - colloidal stability 

Introduction 

Recently, the latex agglutination immunoassay has been 
widely studied, favored by the recent advances in colloid 
science that have made it possible to produce uniform 
latex with control of the more important characteristics 
such as particle size, surface charge density and functional- 
ity. In this way, polymer colloids are used as a carrier for 
the adsorbed protein molecules to enhance the antigen 
antibody reaction. Adsorption of a single protein is a com- 
plex process in which several physico chemical factors 
are involved. The amount and way in which that protein 
is adsorbed is dependent on the nature of the protein, 

characteristics of the solid surface and solution conditions 

[I~3. 
One of more important requirements of a protein-latex 

complex for its application in the field of clinical diagnos- 
tics is the stability of the system from a colloidal point of 
view. Another requirement for their application is the 
immunoreactivity of the protein molecules after adsorp- 
tion. Immuno-gamma-globulin (IgG) is the protein 
adsorbed in our work. The active sites of this molecule 
must to be directed towards the solution to react with 
the antigens present in the solution. The C-reactive 
protein (CRP) is the specific antigen for our IgG 
(IgGantiCRP). However, the IgG molecules adsorbed 
on the surface of the latex particles lead to colloidal 
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aggregation of the system in absence of their specific 
antigen, CRP [5]. 

To suppress non-specific interactions of the com- 
plementary antigen, non-occupied parts of the latex 
particles have to be covered with a second protein by 
sequential co-adsorption. The monomeric bovine serum 
albumin (m-BSA) is the protein used in this way. This 
method emphasizes the colloidal stability and degree of 
agglutination of the latex agglutination immunoassay [6] 
because the m-BSA protein leads to an additional stabi- 
lization of the latex particles [7]. The co-adsorption of 
protein couple (IgGaCRP/m-BSA) on polymer colloids 
(competitive co-adsorption) has found considerable interest 
in the immunodiagnostic field [8]. Thus, the high colloidal 
stability by the m-BSA and the good immunological reac- 
tivity by the IgGaCRP can be combined. The adsorption 
phenomena become even more complicated when two 
types of proteins are in the medium. In this work we 
compare the co-adsorption process on two polystyrene 
latexes of different functionality. One of these is a conven- 
tional latex with sulfate groups on their surface. The other 
is a sulfonated latex that presents important advantages 
already studied [9, 10]. The sulfonated latexes with a rela- 
tively high surface charge density can absorb a higher 
amount of protein [11] and, at the same time, can improve 
the colloidal stability of a latex covered by a protein [12]. 
Regarding the application of these systems in the develop- 
ment of a diagnostic test, the latex protein complexes were 
characterized from an electrokinetic and colloidal stability 
point of view, by measuring the electrokinetic mobility and 
the critical coagulation concentration of the complexes 
from both latexes. Finally, the immunological response of 
the complexes with a good colloidal stability were studied 
by turbidity experiments. 

Experimental 

All chemicals used in this study were analytical grade and 
were used without further purification. Water used in all 
experiments was double distilled and deionized with a Mil- 
lipore Q Water Purification System (Millipore). 

Two polystyrene latex were used in this study: a con- 
ventional sulfate sample from Rhone-Poulenc (R-P), with 
an average particle diameter of 297 _+ 7 nm, and a surface 
charge density of - 6 . 9  _+ 0.2 #C/cm 2, and a sulfonate 
latex obtained by a "shot-growth" emulsion polymeriz- 
ation technique (SN9) [9] with an average particle dia- 
meter of 196 + 10 nm and a surface charge density of 
- 14.2 + 1.2/~C/cm< The methods and procedures to char- 
acterize the latexes were described in previous works [8, 13]. 

The preparation methods and characteristics of the 
proteins (IgGaCRP, CRP and m-BSA) used in this work 

were indicated in ref. [8], which presents the different 
methods to calculate the concentration of both proteins, 
IgGaCRP and m-BSA, when they are isolated or mixed, 
and the experimental co-adsorption process used to obtain 
the latex-proteins complexes. 

In this work, we compare the results obtained for the 
two previously indicated latexes. On the basis of previous 
results with the same proteins [8], specific experimental 
conditions (pH and ionic strength, where both proteins 
were significantly adsorbed) were used. In this way, 
latexes-proteins complexes with different degree of cover- 
age of both proteins were obtained. 

The electrophoretic mobility was obtained with a 
Zeta-Sizer IV (Malvern Instruments, UK) by calculating 
the average of six measurements at the stationary level in 
a cylindrical cell. 

The electrolyte concentration at which the latex par- 
ticles coagulate, CCC, is obtained by a static method. The 
latex particles were resuspended in water, sonicated and 
mixed with the NaCI solutions. These suspensions were 
kept at room temperature for 24 h and the CCC deter- 
mined visually as the highest NaCI concentration that did 
not produce coagulation of the latex particles. The experi- 
ments were developed at pH 5, 7 and 9 using acetate, 
phosphate and borate buffers respectively. 

Finally, the immunological reaction of some complexes 
was studied by a turbidity method by measuring the ab- 
sorbance increments at 570 nm of a dispersion containing 
the latex proteins complex and different concentrations of 
CRP ranging from 2 ~g/ml to 12.5 ng/ml diluted in a reac- 
tion medium containing 1 mg/ml of BSA and an ionic 
strength of 150 mM after 5 rain. 

Results and discussion 

Competitive co-adsorption experiments at specific experi- 
mental conditions were realized for both latexes. Table 1 
shows the co-adsorbed amounts of each protein on both 
latexes at pH 5 and low ionic strength, 2 mM, when the 
initial concentration of m-BSA in solution is constant and 
the IgGaCRP concentration is increasing. These condi- 
tions have to favor the adsorption of the protein with 
isoelectric point (i.e.p.) near the experimental pH, in this 
case the m-BSA. As can be seen in Table 1, the adsorbed 
amount of m-BSA is always higher than lgGaCRP. How- 
ever, those values cannot be used to study preferential 
adsorption because the protein-surface affinity depends 
on the protein, the surface and the sensitized medium. 
Using the mass fraction of each protein on the surface for 
a co-adsorption experiment, Cvrot~in, makes it possible 
to know the protein that resists preferentially adsorbed 
under the experimental conditions. Equation (1) shows the 
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Table 1 Co-adsorbed amount of both proteins on sulfate (R P) and 
sulfonate (SN9) latexes. Co-adsorption experiment: pH 5, I = 2 raM, 
[m-BSA]initial = 5.50 mg/m 2 

Initial 
[IgGaCRP] 

Co-adsorbed amount on Co-adsorbed amount on 
R-P latex, (mg/m 2) SN9 latex (mg/m 2) 

(mg/m 2) IgGaCRP m - B S A  IgGaCRP m-BSA 

0.52 0.10 2.41 0.13 4.01 
1.03 0.15 2.30 0.28 3.73 
1.91 0.49 2.24 1.04 3.70 
3.00 0.51 2.09 1.40 3.12 
5.10 0.76 2.00 1.40 2.80 
7.16 1.10 1.77 1.20 2.75 

Table 2 Surface composition of latex proteins complexes on both 
latexes as a function of the IgGaCRP mass fraction 

Latex Jadd IgGaCRP Jadd m-BSA (~IgGaCRP ~bpl, 
(mg/m 2) (mg/m 2) IgGaCRP 

RP 7.16 5.22 0.38 0.58 
SN9 7.16 5.45 0.30 0.55 

expression for this parameter: 

rproteinl (1) 
~proteinl = /.protein I .~_ Fprotein 2 

where /"protein is the adsorbed amount of this protein in 
mg/m 2. If the diffusion condition ([IgGaCRP]/[mBSA] = 
Diffusion coefficients ratio = 1.3) and the surface affinity 
of each protein are the same, it would result in a surface 
composition directly related with the single adsorption of 
those proteins. Considering: 

/"pl, protein 1 (2) 
q~pl, proteinl = /"pl,proteinl -~- /"pl,protein2 

where/"pl,pro,oin shows the maximum adsorbed amount of 
a single protein at the same experimental conditions; if 
~bprotei n = ~bpl,protein there is not preferential adsorption. 
Some deviation of a fraction with regard to the other 
means preferential adsorption of a protein. 

Table 2 shows the mass fraction of the IgGaCRP 
protein in both experiments: competitive co-adsorption 
and single adsorption, at pH 5 and low ionic strength. In 
this table Jadd means the initial amount of the protein in 
the adsorption medium. The maximum amounts of both 
proteins adsorbed by a single adsorption process on the 
RP latex were 2.5 mg/m 2 for the m-BSA and 3.5 mg/m 2 
for the IgGaCRP [8], while for the SN9 latex the 
final amounts adsorbed after the desorption step were 
3.80mg/m 2 for the m-BSA and 4.72mg/m 2 for the 
IgGaCRP [13]. With these values it is possible to calculate 

(]~pl,lgGaCRP. On the other hand, using the values of 
Table 1 for an initial amount of IgGaCRP of 7.16 mg/m 2, 
we can obtain (/)|gGaCRP. In  this way, the ratio between the 
initial amount of each protein in the co-adsorption me- 
dium is 1.3 and the diffusion conditions are the same for 
both proteins. As can be seen  (~IgGaCRP was always lower 
than q~pl .IgGaCRP although the latexes have different surface 
groups (sulfate and sulfonate). There is preferential adsorp- 
tion of the m-BSA because pH 5 is near the i.e.p, of the 
m-BSA. These results show the importance of the hydro- 
phobic forces in the co-adsorption process which are the 
main interaction [1, 11, 14, 15]. Protein protein interac- 
tions have been mentioned by several authors [15, 16]. 
These interactions could be very important because these 
can affect the surface affinity of the proteins. Furthermore, 
these interactions could have influence on the position of 
the adsorbed protein molecules on the surface. The differ- 
ence between the latexes used is only the higher adsorbed 
amount of both proteins on the sulfonate latex, that is the 
latex with a higher surface charge density. The special 
surface structure of the sulfonate latex synthesized by 
a "shot-growth" process can be responsible for the higher 
adsorption of this type of particles. Higher amounts of 
both m-BSA and lgGaCRP proteins on non-rigid particles 
have been found by several authors [17 19]. These par- 
ticles have flexible surfaces due to the presence of 
chemically bound oligomers as have been shown in a 
previous work and by other authors [9, 10,20]. The 
complexes of sulfate and sulfonate latex obtained by the 
competitive co-adsorption process have an important 
amount of m-BSA and a significant amount of IgGaCRP 
that can give very interesting results in the immuno- 
diagnostic field. In this way, it is necessary to study the 
electrokinetic, colloidal stability and immunoreactivity 
behavior of these complexes. 

Figure 1 shows the electrophoretic mobility values of 
several complexes for the sulfonated latex when these are 
redispersed at different pH buffered by acetate, phosphate 
and borate. All the mobility measurements were carried 
out at an ionic strength of 2 raM, which was adjusted by 
adding NaC1. As a consequence of the strong acid nature 
of the surface groups of this latex, the mobility of the bare 
particles remains constant in the interval of pH shown in 
the figure. Latex protein complexes with only an adsorbed 
protein are compared with a complex obtained by the 
previous co-adsorption experiment. The presence of a pro- 
tein on the latex surface shifts the i.e.p, of the latex-protein 
complexes to pH values near the i.e.p, of the protein 
adsorbed. Thus the particles covered by m-BSA show an 
i.e.p, near pH 4.7 (the i.e.p, of this protein) and will have 
a high mobility at neutral and basic pH that indicates high 
colloidal stability at these pH. On the other hand, a com- 
plex with IgGaCRP show an i.e.p, higher than pH 5 (the 
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Table 3 Colloidalstability (CCC values for [NaC1])for co-adsorbed 
complexes of R-P latex at several pH 

(lgGaCRP/m-BSA)-RP CCC pH 5 CCC pH 7 CCC pH 9 
(mg/m a) (mM) (mM) (mM) 

0.10/2.41 2 2000 2000 
0.25/2.30 2 2000 2000 
0.49/2.14 2 2000 2000 
0.81/2.09 4 50 2000 
0.76/2.00 4 50 2000 
1.10/1.77 4 50 100 

Fig. 1 Electrophoretic mobility of m-BSA/SN9, IgGaCRP/SN9 
and m-BSA-IgGaCRP/SN9 complexes as a function of pH. *, 
bare latex; x, 3.53 mg(m-BSA)/m2; e, 4.63 mg(IgGaCRP)/m2; II, 
2.80 mg(m-BSA)/m 2 - 1.40 mg(IgGaCRP)/m 2 

IgG is a polyclonal sample with an i.e.p, between 6 and 8) 
but the mobility values at neutral and basic pH are lower 
than the bare latex indicating low colloidal stability. These 
results have been normally found in previous works 
[8, 17]. Finally, the co-adsorbed complex with 2.80 mg/m 2 
of m-BSA and 1.40 mg/m 2 of IgGaCRP shows an i.e.p. 
intermediate between previous single complexes as a con- 
sequence of the presence of both proteins on surface latex 
particles. The electrokinetic behavior of this complex 
seems to indicate that it can be colloidally stable at neutral 
and basic pH. 

The next step is the study of the colloidal stability by 
calculating the critical coagulation concentration for the 
latex proteins complexes. Tables 3 and 4 show this para- 
meter for the sulfate and sulfonate latexes, respectively, at 
different degrees of coverage and several pH. A higher 
percentage of m-BSA on the surface and lower adsorption 
of IgGaCRP made the complexes stable at pH 7 and 9 and 
not stable at pH 5. When the amount of IgGaCRP on 
sulfate latex surface increases up to a value between 0.49 
and 0.81 mg/m 2 (see Table 3) the stability decreases at pH 
7. However, the sulfonate latex, as a consequence of the 
higher adsorbed amount of m-BSA, presents complexes 
highly stable (see Table 4), from a colloidal point of view, 
with a higher amount of IgGaCRP on the surface. There- 
fore, the colloidal stability appears when the degree of 
coverage by m-BSA is high and at a pH in which this 
protein was negatively charged [12]. In this way, the 
sulfonate complexes shown in Table 4 with an amount of 
BSA higher than 2.8 mg/m 2 and an amount of IgG lower 
than 1.4 mg/m 2 display a high colloidal stability at pH 7 
and 9 where the BSA molecules are negatively charged. 

Table 4 Colloidalstability(CCC values for [NaCl])for co-adsorbed 
complexes of SN9 latex at several pH 

(IgGaCRP/BSA)-SN9 CCC pH 5 CCC pH 7 CCC pH 9 
(mg/m 2) (raM) (raM) (raM) 

0.13/4.01 2 1000 1000 
0.28/3.37 2 1000 1000 
1.04/3.70 2 1000 1000 
1.40/2.80 2 1000 1000 

Fig. 2 Immunoreactivity of a co-adsorbed complex, 2.8 mg(m- 
BSA)/m 2 - 1.4 mg(IgGaCRP)/m 2, of SN9 latex. *, 4.2 x 10 l~ part/ 
ml; II, 1.1 x 10 la part/ml 

As the final step of this work, the immunoreactivity of 
several complexes was studied in order to know the 
minimum amount of IgGaCRP that permits a good 
immunological response. Only the complexes which were 
colloidally stable have been studied since the complexes 
unstable at the immunological reaction conditions 
(150 raM) cannot be used to detect the presence of antigen 
(CRP) in the medium due to colloidal aggregation produc- 
ed in absence of the coaggulating agent. Figure 2 shows, 



202 Colloid & Polymer Science, Vol. 275, No. 2 (1997) 
�9 SteinkopffVerlag 1997 

after 5 min of the reaction, the change in the optical ab- 
sorbance of the dispersion as a function of the CRP con- 
centration, for one of the complexes obtained with the 
sulfonate latex. As a reference sample the same complex 
concentration redispersed at the same solution but with- 
out the presence of antigen was used. The turbidity of the 
references was constant which is an indication of the stab- 
ility of this complex at the physiological ionic strength 
(150 raM). As can be seen in this figure, the increments in 
the absorbance were very high, especially for the sample 
with a higher particle concentration. The shape of the 
curve shows the typical Heidelberger-Kendall  curve of the 
immunoprecipitine reaction [-21]. The minimum CRP 
antigen concentration detected was 12.5 ng/ml with an 
optical response in the range of the immunodiagnostic test 
commercially available. However, the results obtained for 
the RP complexes (not shown) present an important  de- 
crease in the response, which indicates that the maximum 

adsorbed amount  of I gG aCRP in a stable complex is not 
sufficient to display a good immunological behavior. 

Therefore, the latex-proteins complex properties 
depended on the percentage of m-BSA or I g GaCRP 
adsorbed and on the electric state of the proteins at the 
redispersion pH. It is necessary to find the adequate equi- 
librium between the amount  of I g G a C R P  which produces 
a good immunological response and the amount  of m-BSA 
responsible for the colloidal stability. The sulfonated latex, 
due to the special surface structure and higher surface 
charge density, allows adsorption of higher amounts of 
both proteins improving the colloidal stability and the 
immunoreactivity of the latex-proteins complexes. 
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