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Current methods for monoclonal antibody production utilize
hybridoma technology. This requires repeated immunization of a
mouse followed by the harvest and fusion of spleen cells with an
immortalized cell line in order to produce and select for antigenspecific antibody-producing clones. Because of the cost, time, and
expertise required for traditional monoclonal production, we are
investigating the efficacy of using phage display to generate novel
antibodies. The aim of this study is to develop proficiency in phage
display, and allow for a supplemental approach to produce
monoclonal antibodies at our facilities. Initial studies will target
Campylobacter jejuni, a gram-negative, epsilonproteobacteria that
is the most common cause of bacterial gastroenteritis.

Thus far, we have been successful in amplifying the phagemid library, as well as
helper phage stocks for back up stocks and future work. In addition, we have
performed various infection assays to validate the phage library, and confirm the
background genotypes of the host cells involved. Primers were also designed to
track the plasmids through the infection and biopanning process.

Transformation, amplification and maxiprep harvest and
subsequent restriction digestion and DNA agarose gel
electrophoresis confirms that the:
• M13 phagemid library was amplified
• M13 phagemid is the appropriate size
• upon restriction digestion, the M13 phagemid
matches the published restriction map
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Figure 4. Maxiprep results (left panel).
pCDisplay-3M phagemid linearized using SalI and
XhoI restriction digestion (B) was electrophoresed
in conjunction with the uncut control phagemid (A).

Figure 5. Maxiprep validation (right panel)
The presence of a 0.4 kilobase band resulting from
the SalI and NheI restriction digestion confirms that
the VH region is present in the phagemid
maxiprep(C).

METHODOLOGY
Phage display utilizes a library of modified M13 bacteriophages that
display single-chain variable fragments of diverse specificities.
Through repeated antigen-targeted biopanning, phage elution, and
coinfection of host bacteria with helper phage, target phages with
the desired specificity can then be amplified, isolated, and utilized
in biomedical research settings.

Figure 1.
M13 bacteriophage
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Figure 2.
Phagemid containing scFv

Figure 3. Biopanning.
The biopanning process
involves the introduction
of the phage library into
antigen-coated microtiter
wells, stringent washes
and elution. Host reinfection and repeated
biopanning then allows for
the amplification of targetspecific phages.
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Figure 6. Phagemid primer validation (left panel).
Phagemid-specific primers were used to amplify a 1
kilobase region of the pCDisplay-3M. P.C.R. reactions
were perform using annealing temperatures of 60C (A)
and 55C (B).

Figure 7. Helper phagemid primer validation (right panel).
Primers were designed and used in P.C.R. to confirm the
specificity to the helper phagemid, as shown by the
production of a 0.3 kilobase amplicon (C).

Figure 8. Phage viability validation.
E. coli TG1 host cells were uninfected, infected with the phagemid display library, the
helper phage stock, or both. Uninfected, infected, or coinfected host cells were then
plated as on standard media with the absence or presence of antibiotics kanamycin
and/or ampicillin. The control set of plates was then scored in order to determine
viability of the phages and the efficiency of cell infection. Display phages contain an
ampicillin resistance cassette while helper phages contain a kanamycin resistance
cassette in order to select for co-infected host cells during target phage amplification.
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Polymerase chain reactions performed on the
phagemid or helper phage stock confirm that the:
• the phagemid primers are specific and amplified
stock is correct
• designing helper phage specific primers were
successful
• both primer sets may be used to detect the
presence of helper phages in various steps of
library production
Plating assays of E. coli TG1 host cells with or without
infection on media containing various antibiotics
indicate that:
• uninfected TG1 host cells will not grow in the
presence of ampicillin or kanamycin
• phagemid stocks are intact and contain cassettes
allowing infected TG1 cells to grow in the presence
of ampicillin
• helper phages are intact and contain cassettes
allowing infected TG1 to grow in the presence of
kanamycin
• dual infection with phagemid and helper phage is
possible; AMP/KAN may be used to select for
coinfected TG1

FUTURE PLANS
With stocks established and validated, we are in the
process of applying the phage display methodology to
Campylobacter jejuni. Once successful phages have
been isolated, amplified and banked, this technology
will allow for: epitopic tagging of antigens,
immunoprecipitation,
antigen
isolation
and
characterization, and recombinant modifications of
antibody variable regions. Moreover, it will allow us to
increase our monoclonal output, involve more students
in phage antibody production and incorporate
components of the process into select campus lab
courses.
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