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ABSTRACT : RESULTS \ ( RESULTS :

Immunization with both LLH and KLH conjugated antigens

Baokgrognd: Carrier.p_roteins are Critigal in the antjbody production process as they Purification of Hemocyanin from Lobster serum resulted in the production of antigen specific antibodies
confer immunogenicity to poorly immunogenic compounds such as small

molecules or peptides. Hemocyanins are copper containing proteins used for A B
oxygen transport in arthropods and mollusks and are routinely utilized as carrier
molecules due to their size, potent immunogenicity, and phylogenic distance from
mammalian hosts/antigens. The most commonly used carrier protein is keyhole
limpet hemocyanin (KLH). However, current immunization protocols often require
alternating carrier molecules to prevent immunodominance of the carrier to the
detriment of the antibody response to the hapten. Thus, there is a need for an
alternative highly immunogenic carrier protein. Lobster hemocyanin (LLH), is readily Lobster

available as a byproduct from the food industry. Here, we evaluate the utility of hemolymph

lobster hemocyanin as a carrier protein of hapten antigens in comparison with KLH. LLH — Day 1
Methods: Hemocyanin was purified from American lobster (Homarus americanus)
serum. Peptide, protein and hormone antigens were covalently conjugated to LLH Minutes Minutes
and KLH. New Zealand white rabbits and/or BALB/c mice were immunized with C D

either the KLH-antigen conjugate or the LLH-antigen conjugate. Serum was
collected at designated time points following immunizations and antigen specific
antibody titers were measured by indirect ELISA. Antibody responses directed
against the carrier molecule (LLH or KLH), as well as cross-reactivity of anti-LLH and
anti-KLH antibodies, were also measured via indirect ELISA. Results: Pre-existing Figure 5. Immune response comparison between LLH and KLH conjugated to a protein antigen.
antibodies against LLH were undetectable by ELISA in sera isolated from naive Rabbits (n=3) were immunized with a synthetic peptide that had been coupled with KLH or LLH. Serum samples were
rabbits. Immunization with both LLH and KLH conjugated antigens resulted in the collected immediately before immunization, 30 and 50 days postimmunization and then screened in a protein-specific,
production of antigen specific antibodies. There was no significant difference in the direct ELISA procedure. Titers were not significantly different between the two carriers.

antibody titers generated against the peptide or protein antigens conjugated to LLH LLH — Day 50
or KLH. Conclusions: LLH is an immunogenic and effective carrier protein that
promotes the generation of polyclonal antibodies to conjugated haptens as
effectively as KLH. Anti-LLH antibodies do not cross-react with KLH, signifying that
the LLH epitopes are unique from those on KLH. Thus, LLH is novel carrier protein Figure 2. Purification of Lobster Hemocyanin
that can be used as an alternative to or in conjunction with KLH.

Minutes

Hemolymph was purified from American lobster hemolymph (Homarus americanus, provided by Lobster Unlimited, Inc.). Raw lobster hemolymph and purified LLH were
analyzed by HPLC (A-C) and reduced SDS-PAGE (B). (A) Lobster hemolymph contains multiple protein bands with retention times of 7.3 and 13.5 min. (B-C) Following
purification, LLH was detected as one major peak with a retention time of 7.3 £ 0.1 minutes. LLH remained stable over time as it exhibited the same signal after 50 days
at 2-80C (C). (D) LLH (4 ug) resolved into 2 bands at a molecular weight around 75kDa. KLH resolved into a major band with a molecular weight of >250kDa.

I N T R O D U CTI O N LLH elicits a robust antibody response that does not cross-react with KLH

Figure 3. Comparison of Antibody titers between LLH &
Small antigens such as low KLH.

molecular weight proteins,

peptides, and drugs, are not The immunogenicity of the carrier molecule was

innately immunogenic and determined by screening sera from Peptide-KLH or Figure 6. Immune response comparison between LLH and KLH conjugated to a peptide antigen.

t b - ted to | Peptide-LLH immunized rabbits against KLH or LLH Rabbits (n=3) were immunized with cross-inked peptide (no carrier) or peptide that had been coupled with KLH or LLH. Serum
must be conjugated 1o larger, respectively by ELISA (N = 3). Pre-existing antibodies samples were collected immediately before immunization, 10, 30, 50 and 78 days postimmunization and then screened in
maore Complex molecules for against LLH were undetectable by ELISA in sera isolated a peptide-specific, direct ELISA procedure. Titers were not significantly different between the two carriers, except for the day 78
successful generation of from naive rabbits. Antibody titers generated against LLH timepoint (2 Tailed Students T-test; ***p < 0.01).

were consistently less than that generated against KLH,

antibodies against these ) these diff y significant at the d
] owever these alfrerences were only signiricant a € day n n n
haptens. Hemocyanins, 10 and day 50 time points (2 Tailed Students Ttest Monoclonal antibody generation with LLH.

proteins used for oxygen £%0.05 > p > 0.01: ***p < 0.01).
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however sera from one animal immunized with KLH had low cross-reactivity to LLH (titer <100) (A). Shown are representative titration curves from Day 50 time point. +++). These parents were sub-cloned via limiting dilution. Greater than 3 clones were isolated for each immunogen.
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