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ABSTRACT 
 
Zika infections have gone viral, causing microcephaly in newborns, malaise across the board             
and even death. Both online and in real life worlds are in panic, with health agencies in the                  
Americas and across the globe struggling to manage the outbreak. With no treatment in sight,               
scientists have feverishly been searching for a cure. So far, only one antibody has been able to                 
reduce the infectivity of ZIKV: 2A10G6, but it's unfortunately minimally produced by the immune              
system. To counter the deficit, utilizing revolutionary gene editing technology like a CRISPR             
system, scientists can modify bacterial genomes to produce the 2A10G6 antibody, and the             
newly engineered bacteria could proliferate in patients’ local buccal environment, providing           
constant and direct production of the ZIKV neutralizing antibody.  
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SCIENTIFIC BACKGROUND 
 
In an increasingly globalized world, our interconnected societies are perfect for epidemics. The             
urgent concern now is the spread of the Zika Virus (ZIKV) across the world. It's consequences:                
fever, neonatal microcephaly, and death. 
 
ZIKV is a single-stranded RNA virus in the family of Flaviviruses. It is also an arbovirus,                
meaning that it's vectors are Arthropods. For ZIKV, the vectors are mosquitoes, specifically the              
Aedes species (Ae. aegypti and Ae. albopictus) who breed in stagnant waters and are              
aggressive daytime feeders. 
 
Its main reservoirs are humans and nonhuman primates, and outbreaks are caused by             
anthroponotic transmission, or human-vector-human. Basically, a human host is infected with           
ZIKV, and an Aedes species mosquito sucks their blood, which then infects others by its bites.                
(1) 
 
No antivirals have been able to neutralize ZIKV, nor do vaccines have the potential to inoculate                
the population anytime soon. However, it has been discovered that an antibody, 2A10G6             
produced by IgG1 cells, has been able to prevent infection of ZIKV upon its attachment to cell                 
membranes. It does so by acting on the fusion loop - a hydrophobic proteinic patch which                
interacts and binds to target membranes - a region on the E-protein of the flaviviruses. The                
E-protein is one of the two envelopes of flaviviruses, which has receptor binding and fusogenic               
properties, while the M-protein stores immature virions. (2) 
 
 
 



 

Below, figure 1 illustrates the E-proteinic structure of ZIKV, with the fusion loop identified, which               
is where 2A10G6 will interact. (3) 

 
Figure 1: E-protein structure of ZIKV with fusion loop 
 
Below, in figure 2, (A) shows ZIKV attached to the 2A10G6 antibody; and shows the heavy                
(pink) and light chain (cyan) interacting with the fusion loop on the E-protein of ZIKV. In (B) we                  
see the specific bindings between 2A10G6 and the fusion loop. In (C) we see the 2A10G6 Fab,                 
where the fusion loop will be solicited and form a ZIKV-E/2A10G6 Fab complex. This is the                
mechanism in which the antibody recognizes and neutralizes ZIKV. (3) 

 
 
Figure 2: interactions between fusion loop and 2A10G6 
 



 

As seen in figure 3, (A) shows the specific interactions between the heavy and light chains of                 
2A10G6 on one side of the complex, and in (B) shows the hydrogen bonding (in green) with the                  
ZIKV residues. (3) 

 
Figure 3: Detailed analysis of the heavy chain and light chain (2A10G6) interacting with ZIKV-E 
 
However, the 2A10G6 antibody requires a high concentration to neutralize an infection of ZIKV              
(4), and smaller amounts are not as effective, as presented by Graph 1. (3) 
 

 
Graph 1: % infectivity of ZIKV, in function of the logarithmic concentration of 2A10G6 
 
 
 
 



 

The issue would be to produce enough 2A10G6 to fully neutralize and prevent ZIKV infection.               
With the advancement of technology, CRISPR - a tool for genetic modification - can be used to                 
insert the 2A10G6 gene in certain bacteria to produce the antibody. CRISPR allows the              
integration of new viral DNA segments into the DNA of the host after first exposure. This allows                 
the bacteria to replicate with the newly integrated DNA segment, which could be transcribed and               
translated into the 2A10G6 antibody. This antibody could then be excreted and transferred into              
the bloodstream, where it can neutralize any incoming ZIKV viruses.  
 
HYPOTHESIS 
 
The goal is to genetically engineer local buccal bacteria using CRISPR in order to synthesise               
the 2A10G6 antibody, letting the bacteria integrate and proliferate in the patient's oral             
environment, thus permitting direct perfusion of the produced antibodies into the bloodstream in             
order to neutralize ZIKV infections.  
 
METHODOLOGY 
  
Firstly, the identification of the protein structure of the 2A10G6 antibody would be needed, which               
can identify the DNA sequence that codes for its production.  
 
Secondly, integration of the identified DNA sequence into bacterial plasmid DNA using CRISPR             
techniques is required. Prospective candidates for universal buccal bacteria are certain strains            
of staphylococcus and streptococcus (i.e. Strep. mitis) (7 & 8) which through genetic             
engineering will be rendered noninfectious.  
 
In order to detect whether genetic mutation of the plasmid has occurred, a second mutation               
would be inserted called a reporter gene. Reporter genes are used to identify if a genetic                
modification has been uptaken by the host DNA. A mutation to produce Green Fluorescent              
Protein (GFP) is a common reporter gene, since it is easy to see if expressed. (9) If the 2A10G6                   
production gene is indeed inserted, then a green glow will be expressed by the bacteria via GFP                 
production.  
 
Afterwards, an animal trial would occur, which would give the genetically modified bacteria to              
mice infected with ZIKV. Then, the observation of their health status via blood and physiological               
testing would determine if the 2A10G6 antibodies, now produced by the bacteria, reduces ZIKV              
infectivity. 
 
After positive results, human clinical trials would commence. The genetically modified bacteria            
would be inserted into the oral cavity via a cultured liquid “mouthwash” in order to become                
situated within the local flora until enough are present. Therefore, testing will be required to               
identify the presence of the bacteria to ensure proper proliferation and to identify the frequency               
of culture intake; the elaboration of medical practice standards would follow.  
 



 

Once established, the genetically modified bacteria would produce the 2A10G6 antibody, and            
because of its location in the mouth, it would perfuse directly into the bloodstream. Blood tests                
and infection screening would take place to examine if the treatment worked, and if infection of                
ZIKV is reduced/eliminated.  
 
CONCLUSION 
 
The recent outbreak of the Zika virus has stimulated research for a cure. The introduction of                
genetically modified bacteria given to individuals in the form of a “mouthwash” facilitates the              
production of the 2A10G6 antibody, which allows the neutralization of the virus. The bacteria will               
continuously proliferate and produce the antibody, thus limitations that are based on the             
concentration of the antibody are eliminated. In due time, the infection would be cured, and               
incidences of microcephaly, malaise and death due to ZIKV will lower / disappear.  
 
Efforts will be concentrated in the delivery of the buccal wash, relying on public health expertise                
to effectively distribute the probiotic solution to affected persons, populations, and countries.            
Refinement of the process and methodology will then allow mass production, and optimization             
will provide a timely and cheap solution to this emerging problem.  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Definitions: 
 

Antibody: A protein produced by the immune system which responds/binds to a specific 
antigen  
Anthroponotic transmission: An anthroponotic disease, or anthroponosis, is an infectious 
disease in which a disease causing agent carried by humans is transferred to other animals. It 
may cause the same disease or a different disease in other animals 
Arbovirus : Arbovirus is a term used to refer to a group of viruses that are transmitted by 
arthropod vectors. The word arbovirus is an acronym (ARthropod-BOrne virus). Symptoms of 
arbovirus infection generally occur 3–15 days after exposure to the virus and last 3 or 4 days 
Arthropod: Invertebrate belonging to the phylum of Arthropoda that has a segmented body, 
jointed limbs and a chitinous shell 
Codons: A sequence of three adjacent nucleotides that form a unit of the genetic code; specify 
which amino acid to insert to the growing polypeptide chain 
CRISPR: (a.k.a Clustered Regularly Interspaced Short Palindromic Repeat) this refers to the 
organization of short palindromic repeated sequences of DNA that are found in the genomes of 
bacteria and other microorganisms 
DNA: Deoxyribonucleic acid; a double stranded molecule that contains the genetic information 
within certain animals 
E-protein: One of the envelope proteins on a flavivirus; responsible for the viral entry and a 
major target for antibodies 
Fab: Fragment antigen-binding  
Flaviviruses: Genus of viruses in the family Flaviviridae; RNA virus that cause a number of 
illnesses including yellow fever, dengue fever, zika, etc 
Green Fluorescent Protein: Protein composed of 238 amino acids residues that produces 
bright green fluorescent light when it is exposed to light in blue to the ultraviolet range 
IgG1: Immunoglobulin G, main type of antibody found in blood and extracellular fluid. It protects 
the body from tissue infections. 
Infectivity: The ability of a pathogen to establish an infection 
Microcephaly: Congenital condition which results in incomplete brain development and 
abnormal smallness of the head  
Reservoirs: The place which an infectious pathogen lives and multiplies 
RNA: Ribonucleic acid; a nucleic acid found in all living cells 
Staphylococcus: Genus of a Gram-positive bacteria belonging to the phylum Firmicutes 
including more than 40 species 
Streptococcus: Genus of a Gram-positive bacteria belonging to the phylum Firmicutes and the 
order Lactobacilles  
Systemic infection: An infection which spreads throughout the entirety of the body; not 
localized to a specific region 
Vector: Organism that spreads a disease by transporting pathogens from one host to another 
without being infected by it 
Virion: the infective form of a virus outside the host cell 
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