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ABSTRACT

Ophitoxemia or venomous snakebite remains a public health problem in many
countries especialy in the tropica areas like Asia and Africa. Treatment of snake
envenomation requires proper medical management and antivenom therapy. Most of
the conventiona antivenoms are produced by immunizing horse. There are several
limiting factors in the production and use of the horse-derived antivenoms. Toxicity
of the venoms limits the amount of an antigenic dose. As such, multiple-, spaced-, low
dose, formulated in adjuvant and/or delivery vehicle, must be given intramuscularly at
multi-sites to the animal over an extended period of time. For successful treatment,
large amount of the heterologous antibodies must be infused into the snake bitten
victim. Reactions including full range of anaphylactic manifestations, serum sickness,
and other forms of hypersensitivity often occur. These limitations emphasize the
requirement of the immunotherapy using human derived antivenoms.

Phage display technology invented by Smith in 1985 is a powerful tool for the
production of human monoclona antibodies using phage library that display more than
10" HuScFv variants. In this research, human antibody phage display library for use
asabhiological tool in the production of human therapeutic antibodies was constructed.
The large repertoire of human antibody-encoding DNA sequences in the form of
single-chain variable fragments (huscFv) were generated by linking the VH-encoding
DNA sequences (VH) with Vk-encoding DNA sequences (Vk). The VH and Vk

sequences were amplified from a large pool of human antibody-producing cells



(B lymphocytes) collected from non-immune 50 donors (gave informed consent) and
10 buffy coat samples. Degenerate and non-degenerate primers used in the DNA
amplification were designed from the available database of the human antibody genes
and were modified by adding oligonucleotide linker and sites for restriction
endonucleases. DNA encoding human single-chain variable fragments (VH-linker-
VL; HuScFv) caled huscFv were generated by spliced overlapped extension-PCR
(SOE-PCR). The huscFv sequences were ligated into phagemid vectors and the
huscFv-phagemid vectors were introduced into TG1 E. coli by electroporation. From
one eletroporation, a total 2.6 x 108 TG1 E. coli colonies were obtained. All
transformed TG1 E. coli were infected with M13KO7 helper phages in phage rescue
process. Progeny phage particles (6.5 x 10* cfu/ml) were obtained and used as human
antibody phage display library. Eighty-five percent of the recombinant phagemid-
transformed TG1 E. coli contained huscFv. Among the 17 representative huscFv-
containing TG1 E. coli clones that were randomly selected for huscFv diversity
screening, 15 RFLP patterns of huscFv were obtained, implying high diversity of the
huscFv sequences in the phage library.

Protein components of the Tha cobra, Naja kaouthia, venom were studied by
proteomics. 1) two dimensional gel electrophoresis (2DE) coupled with peptide
generation by liquid chromatography, tandem mass spectrometry (LC/MS-MS); 2) two
dimensional liquid chromatography/tandem mass spectrometry (2D-LC/MS-MS), and
3) orthologous protein identification. From the 2DE+LC/MS-MS, six groups of
protein were identified as. cobra venom factor, nerve growth factor p-chain,
phospholipases, venom protein 2, cytotoxin I, and neurotoxins. From the 2D-LC/MS-
MS, 61 orthologous proteins of the database matched with the venom peptide
sequences generated by the 2D-LC/MS-MS. The orthologs of the N. kaouthia venom
components could be classified into 12 different groups according to their putative
biological functions/activities. These are: cardiotoxins, cobra venom factors, a
cysteine-rich venom toxin, cytotoxins, kaouthiagin, mocarhagin, muscarinic toxin-like
proteins, neurotoxins, an oxoglutarate dehydrogenase complex, phospholipases, serum
albumin, and aweak toxin.

Protein components of N. kaouthia venom were separated by using ion exchange
column chromatography and were identified by either gel-based MALDI-TOF or



2D-LC/MS-MS. The venom protein fractions: i.e.,, P1 (cobra venom factor), P3
(predominantly contained phospholipase), P4 (predominantly contained a novel
component of N. kaouthia venom, i.e., natrin), P5 (predominantly contained
phospholipase), and P8 (predominantly contained long a-neurotoxin) were used as
antigens to select phages displaying HuScFv specific to the proteins in those fractions
from the own constructed human antibody phage display library. The soluble HuScFv
derived from the bio-panning were tested for their specific binding with target antigens
by indirect ELISA (HuScFv-ELISA), dot-ELISA, and Western blot analysis.

In this study, only the HuScFv derived from phage clones that bond to P8 of the
venom (designated as P8/0/1, P8/9/1, P8/19/1, P8/7/2, P8/10/2, P8/22/3, and P8/31/3)
were studied for mimotope searching by using the 12-mer peptide displaying M13
phage library, and the in vivo venom neutralization test. The phage mimotopes that
were bound by the HuScFv were “TVNT” and this peptide is a homolog of TVKT
peptide located in the loop Il of long a-neurotoxin which is an acetylcholine
receptor binding domain of the Thai cobra venom.

Purified HuScFv derived from individual phage clones [al were specific to
TVK(N)T of the acetylcholine receptor binding domain of the venom long o-
neurotoxin] were tested for their venom neutralizing activity in vivo according to
WHO protocol. The HuScFv could rescue the mice from lethal envenomation at the
efficacy equal to or better than the conventional horse anti-Thai cobra venom at an
egual protein weight basis.

The phage display library derived-HuScFv specific to other venom components
can be similarly produced. The HuScFv especially those that are specific to the letha
and highly toxic venom components (neurotoxins and phospholipases) have high
potential as a human derived-aternative of the conventional horse derived-anti-venom
for immunotherapy of the ophitoxemia.
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