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Chapter 3 

Low-affinity antibodies bottleneck for 

subtractive phage display 

Astrid de Greeff, Loek van Alphen, and Hilde E. Smith 



Abstract 

An antibody phage library was used to select for proteins differentially expressed by two 

Streptococcus suis strains. Selected antibodies recognized both the selector and the adsorber 

strain in ELISA systems. We show this is due to the low sensitivity of the phage ELISA 

caused by the low affinity of the phage antibodies present in the library. 
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Antibody phage display is a very powerful technique for the selection of recombinant 

antibodies specific for an antigen from a large library (Winter et al, 1994; Griffiths et al, 

1997). In addition, subtractive selection procedures which aim to select antibodies against 

differentially expressed structures on the surface of different cell types have been described 

(Boel et al, 1998; Stausbol-Gran et al, 2001). We recently showed the successful selection 

of a phage antibody directed against a protein exclusively expressed by a virulent strain of 

Streptococcus suis serotype 2 (de Greeff et al, 2000). S. suis is a cause of meningitis, 

septicemia, and arthritis in piglets, that often do not survive an S. suis infection (Vecht et al, 

1985). Within serotype 2 of S. suis differences in virulence exist; virulent, weakly virulent 

and avirulent strains can be recognized (Vecht et al, 1991). In the present study, we aimed to 

select for phage antibodies specifically directed against proteins differentially expressed by 

virulent and weakly virulent S. suis strains by using phage display. A subtractive selection 

strategy was used to select phage antibodies from the Griffin. 1 antibody phage library, that 

contains > 10 phages (a generous gift from Greg Winter, Centre for Protein Engineering, 

Cambridge, United Kingdom). Selection procedures were performed as described by de 

Greeff et al (2000). Two subtractions were performed on intact bacterial cells: virulent -

avirulent and weakly virulent - avirulent. Five rounds of selection were performed for both 

subtractive selections. Input phage titers for both selections were fairly constant, between 5.0 

x 1012 and 6.2 x 1013. After each round of selection, the number of eluted phages was 

determined. It was seen that phage titers decreased in the first two rounds of selection and 

rose again in the third and following rounds, indicating successful enrichment for antigen-

specific phage-antibodies. 

To test the specificity of the selected phages, polyclonal phage ELISAs were 

performed as described by de Greeff et al. (2000). Polyclonal phage antibodies (PoPhAbs) 

derived from the library and from the successive selection rounds were tested for their 

capacity to bind to intact cells of the selector and the adsorber strain in serial dilutions. The 

adsorption signal increased after the second or third round of selection, indicating that S. suis-

specific phages had been selected and enriched in both selections. The adsorption signal of 

the PoPhAbs was in some, but not all, rounds higher on the selector than on the adsorber, 

indicating an enrichment for selector-specific PoPhAbs. 

To test the specificity of individual phage antibodies, monoclonal phage antibodies 

(MoPhAbs) of 96 randomly chosen clones derived from the third selection round were tested 

in an ELISA. Their binding capacity to intact whole bacterial cells of the selector and the 

adsorber strain was determined. Seven MoPhAbs from the subtraction virulent - avirulent and 
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three MoPhAbs from the subtraction weakly virulent - avirulent were detected that recognized 

the selector strain. However, all 10 positive MoPhAbs also recognized the adsorber strain. 

This was surprising since the results from the polyclonal phage ELISA showed that 

enrichment of selector specific phages had taken place. The identification of individual 

MoPhAbs, specifically recognizing the selector strain seemed to be a problem. This could 

indicate that no selector-specific phages were selected. However, based on the phage titers 

measured and the results of the polyclonal phage ELISA, this seems not very likely. 

Alternatively, it could be a detection problem. To test this, a MoPhAb that is known to 

recognize extracellular factor (EF) of S. suis, called E-Hl (de Greeff et al, 2000) was tested 

on various amounts (0 - 200 ng) of purified EF protein in the phage ELISA. Besides, a 

positive control phage antibody derived from the detection module was tested on a coating of 

the antigen enclosed with the module. The data show that using the positive control phage 

from the detection module a coating of 20 ng of control protein was required to obtain a 

positive ELISA signal (Figure 1). Using MoPhAb E-Hl, 200 ng of purified EF (Vecht et ai, 

200 ng 10(1 il» 

Coating 
20 ng 2ng 

Figure 1. Evaluation of the phage ELISA. A phage antibody recognizing EF called E-Hl (white bars) and a 

positive control phage antibody (black bars) were tested on a coating of purified EF and a coating of the antigen 

supplied with the control antibody, respectively. 

1991) was required to obtain a positive signal (Figure 1). This indicates that MoPhAb E-Hl 

has a low affinity for its antigen, EF. We next compared ELISA signals obtained by a 

classical antibody against EF, MoPhAb E-Hl and the unselected phage library on more 

complex antigens. Since it is known EF is secreted into culture supernatant (Vecht et al, 
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1991), this fraction of S. suis was used as a model system for complex antigens. This fraction 

was concentrated 20 times. Using MoPhAb E-Hl and the unselected phage library (negative 

control) on this same coating, no absorption signal could be detected in the phage ELISA, 

whereas the classical monoclonal antibody (Vecht et al, 1993) clearly showed a positive 

signal. In conclusion, we were unable to obtain positive adsorption signals with a defined 

MoPhAb recognizing EF on a coating of culture supernatants containing considerable 

amounts of EF. This confirms the suggestion that the affinity of E-H1 is very low. We tried to 

optimize the ELISA by varying several parameters. Different blocking buffers, either based 

on skimmed milk, or on BSA were used; and different detection methods like ABTS and 

TMB, were used. In addition different coating procedures were tried, in which the 

temperature (4°C or 37°C or a combination), duration (for 1 h or 16 h) or concentration of the 

coating were varied. However, we were unable to sufficiently increase the sensitivity of the 

ELISA (data not shown). For E-H 1 the insensitivity of the ELISA is probably due to the low 

affinity of this antibody. Similarly, we assume the phage antibodies in the library in general 

have a low affinity, and that this is causing the problems with the identification of individual 

MoPhAbs. 

In literature, several reports discuss the correlation between the affinity of phage 

antibodies and the size of phage libraries. It was suggested that large libraries would yield 

antibodies with higher affinity, but there is no conclusive evidence for such a correlation 

(Hoogenboom et al, 1997; Stausbol-Gran et al, 2001). Besides library size, several other 

methods have been described to influence the sensitivity of the phage display system. One 

method to increase the sensitivity in order to perform subtractive selections is increasing the 

antigen concentration in the selection procedure and in the ELISA system (Stausbol-Gron et 

al, 2001). This observation is in agreement with our data, since with high concentrations of 

purified protein, positive ELISA signals were obtained for E-Hl. Unfortunately, it is not 

feasible to obtain these high concentrations for all proteins present in the complex antigen 

mixture. Another method to increase the sensitivity is affinity maturation of phage antibodies, 

which is e. g. done by chain shuffling of the selected antibodies (Marks et al, 1992). 

However, to do this, antigen-specific phage antibodies have to be selected. In conclusion, 

subtractive selections on complex antigens using medium-sized libraries, are very difficult if 

not impossible. This is probably due to the low affinity of the antibodies, combined with low 

concentrations of individual proteins in the antigen mixture. 
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