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pointed out in the membrane-blotting method does not ham-
per the immunogel-biopanning method. In the case of one
cfu of the h18-108 scFv-phage in the phage solution (Fig.
4c¢), the enrichment was not shown even in the fourth round
of biopanning. This might be attributed to non-specific loss
due to the extreme case of 1 cfu of a specific clone.

DISCUSSION

Filamentous phages attach non-specifically to a Western
blotting membrane, making it difficult to enrich antigen-spe-
cific phage antibodies from phage libraries.>® Liu et al. re-
ported that methanol-treatment of the polyvinylidene fluoride
(PVDF) membrane could overcome this difficulty.” However,
there have been few reports of success in the discovery of
new protein molecules using this method.

In our hands using IL-18, Liu’s protocol gave 1 to 2X10°
phage-recovery (background) after the phage-amplification
eluted from 25 mm? PVDF membrane coated with or without
IL.-18, even if the library contained no IL-18-specific phage
clones. Therefore, we did not perform the experiments to
compare quantitatively to Liu’s method using purified IL-18
or its mixture with unrelated proteins. The purpose of this
study was, rather, to develop the panning procedure with far
less non-specific phage-binding and determine the minimum
amount of target molecule in a sample that may result from a
total loss occurring after experimental manipulations, such as
electrophoresis, gel slicing, elution efficiency, protein coat-
ing, or sensitivity of ELISA.

To simulate the practical experimental conditions, the IL-
18 was mixed with the cell lysates and analyzed for feasibil-
ity. The cell lysates contained 6.4 ug/8 ul/lane which was the
highest amount of sample applied in our experiments. We
showed first that immunogel-biopanning successfully worked
when the cell lysates contained 50 ng of the target molecule.
The amount of 50 ng can be reduced if an experimental appa-
ratus or a manipulation method is devised. Secondly, this
method works when the phage solution contains 10cfu of
target-specific phage clones in a total of 10" cfu of an unre-
lated phage population. This frequency of a target-specific
clone is quite usual in phage libraries. As the unrelated
phages were a mixture of several clones of non-IL-18 bind-
ing phage, therefore, this result was attributed to the specific
clone selection via anti-IL-18 scFv displaying on a phage
surface but not the non-specific binding via non-scFv phage
surface molecules. This result indicated that 10 out of 10
phages were able to detect 5ng of the target protein per well
by this procedure (Figs. 3, 4). It is noteworthy that a target
protein that is invisible by even silver staining can be accu-
rately detected by antibody-phage propagation. It is also of
interest that the amplification of the detection sensitivity is
accomplished by phage propagation, while in other methods
it is usually attained by enzymatic chemical reactions or elec-
trical manipulations.
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Another salient feature of our experiment is that this
method was attained using IL-18 conformation-specific scFv
phage clones. Biopanning using Western blotting is not suit-
able for isolation of conformation-specific phage clones. It is
well known that the conformation of protein is critically re-
lated to severe pathogenesis such as in amyloid f8 or prion
proteins.'®'" In these cases, the antibodies specific to various
conformers are promising tools for analyzing the pathogene-
sis of protein conformation diseases and development of im-
munotherapeutic reagents. The immunogel-biopanning may
be useful for this purpose. We are isolating scFv-phage
clones specific to a distinctive conformer, Barghorn’s globu-
lomer of amyloid 8, ,,' from the mixture of various con-
formers, employing this immunogel-biopanning method [in
preparation).

Thus, immunogel-biopanning is useful for the isolation of
a monoclonal antibody specific to a rare target molecule
using crude mixtures of tissue or cell lysates. This method
may also be promising for quantitative purposes and have
much higher sensitivity if it is combined with the recently re-
ported immuno-polymerase chain reaction method.'”
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