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produce higher amounts of lipids for biofuels, as well as to increase the biomass that is produced. 

The genomes of several algae species have been sequenced. Multiple techniques are currently 

being studied, including homologous gene replacement, gene knockout and RNA interference lJ 
. 

After further advancements in genetic engineering, recombinant DNA could be used to 

place a human gene into the DNA of algae. Recombinant DNA involves removing a portion of 

the DNA from one organism and inserting it into the DNA of another organism. One way to 

perform this process is called Transformation. A specific gene is selected and can be removed 

from the entire DNA molecule with the use of a specialized enzyme. This small segment of DNA 

is then inserted into a segment of the DNA of a different organism, known as a vector. This 

process has been used successfully many times in bacteria, which allows them to produce 

proteins that can be used in medicine, such as insulin and growth hormones l4 
. 

In order to target malaria, the human gene that produces antibodies against the 

aminopeptidase enzyme would be inserted into the DNA of algae. An algae species that is native 

to Africa should be chosen to prevent the spread of invasive species and to ensure that it is a 

viable food source of the Anopheles larvae. The DNA could also be altered to make it grow more 

rapidly or to make it more resilient, as is being done with biofuel-producing algae. This would 

allow for a greater chance of larvae consuming the genetically-altered strain of algae, and 

therefore a greater chance of eliminating the malaria parasite in certain areas. 

Ideally, this technology would be combined with other new technologies that are 

currently being developed. It's unlikely that a single technique will be able to completely 

eliminate the malaria parasite from third-world countries. A combination of new vaccines, 

pesticides, and novel genetic approaches will likely lead to the most success. 

Breakthroughs 
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Although we believe this technology could be practically produced in the near future, 

there are several technological advances that need to be made first. The envisioned technology 

has two components: engineering algae to carry antibodies for amino peptidase and using the 

engineered algae as a vehicle to administer the antibodies to the mosquitoes. Each of these 

components presents their own problems that need to be solved in order to implement our 

technology. 

More research would need to be done on the algae species of malaria infested regions of 

the world and the genomes of these species would need to be mapped. Once a genome is mapped 

we can isolate genes for replacement and work out how new genes would be inserted. At first, 

this technology is likely to be expensive because genetic engineering is not a very mainstream 

technology yet and we have ways to go in increasing the efficiency and bringing down the costs 

of creating genetically enhanced species. Another difficulty with the inception of our technology 

is that multiple species of algae will have to be genetically altered depending upon which region 

of the world they will be introduced to avoid introducing invasive species. Altering and testing 

so many species may be expensive. 

Also, since the algae is trying to elicit an immune response from the mosquito more 

research on the immune system of mosquito larvae will be necessary to make sure that the 

technology will work before spending so much money. Finally, scientists must ensure that the 

algae actively produce the desired antibodies once the gene has been inserted. Humans only 

produce this antibody when exposed to the aminopeptidase enzyme, so it may be necessary to 

expose the algae to the enzyme, and further studies on gene activation in algae may be required. 

Design Process 
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After we decided to focus our project on malaria, we thought of three initial ideas before 

we settled on our final idea. The first idea was to immunize mosquito larvae against the malaria 

parasite. We considered the process of vaccine production, and instead of using this process to 

immunize humans, we wondered if it would be possible to instead use it directly on mosquitoes. 

In this process, the antigens of the parasite Plasmodium falciparum would be added to stagnant 

bodies of water, possibly within the food sources of the mosquito larvae or encased within a 

substance that would resemble a food source. In theory, the larvae should consume the 

antibodies, and they would then be immunized against malaria for life, never able to spread it to 

humans. However, there are many flaws in this idea. First is the fact that antigens are proteins, 

and they could therefore be easily digested by the mosquito larvae and would never elicit an 

immune response. Also, we learned that scientists have been working for years to develop 

similar technology for vaccines, but they haven't been successful until recentlyJ5 (Scientific 

American). If scientists have been experiencing such difficulty immunizing people against 

malaria, it's unlikely that they would be able to immunize mosquitoes using the same process. 

The second idea that we had concerned a type of dinoflalgellate algae, named Chromera. 

Chromera's genome has been found to link the lineages of parasites like Plasmodium to the 

lineages of other algae l6 
. Since Chromera is so similar to Plasmodium, we had the idea of 

engineering Chromera with a cure for Plasmodium and introducing the engineered Chromera to 

stagnant water. The mosquito larvae would get infected by the Chromera in similar fashion to 

how Plasmodium infects. The Chromera should infect the same cells that Plasmodium would, 

thus giving the cells a cure for an existing or future Plasmodium infection. We rejected this idea 

because it may not be effective to introduce Chromera into stagnant water. Chromera is normally 

found in oceans, and we are not sure if it could survive in fresh water. Even if Chromera did 
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survive, we would be introducing an invasive species which could pose a potential threat to the 

local ecosystem. 

Our third idea was to use RNA interference teclmology (RNAi) to target certain genes 

within the mosquito that allow it to contract and transmit malaria. RNAi involves using double­

stranded RNA molecules to block the transmission of a gene. When this molecule enters a cell, it 

causes the cell to activate a primitive immune response, which stops the cell from producing the 

specific protein that is encoded in the RNA I7 . We theorized that RNAi could be produced to 

target a certain gene that is vital to the mosquito's ability to carry malaria. This RNAi could then 

be incorporated into the food sources of mosquito larvae and placed into stagnant water. The 

larvae would consume the RNAi along with the food source, and the molecule would then go to 

work within the bodies of the insects, preventing them from ever contracting or transmitting 

malaria. However, there are once again major flaws with this theory. First of all, the RNAi could 

be digested by the larvae, or it could be destroyed by the immune system before it enters any 

target cells. Scientists have faced this same problem in humans. RNAi has to be administered 

differently depending on what part of the body that it is meant to target, or else it will be 

destroyed before it gets there l6 
. Also, we didn't have the slightest idea what gene or what part of 

the larvae's body to target with this teclmology. We decided that this method was impractical 

and that we didn't have a broad enough understanding of it to use it as the central idea of our 

project. 

Consequences 

Once this teclmology is perfected, ideally the positive consequences would outweigh the 

negative consequences. An example of a positive consequence would be diminishing the 

devastating effects of malaria in third-world countries. This method of targeting malaria prevents 
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mosquitoes from contracting the parasite in the first place, so the spread of malaria would be 

greatly reduced without the hassle of administering drugs or vaccines and without the risk of the 

parasite developing resistance. 

However, there are some negative consequences of this technology that should be 

considered. For example, the introduction of algae into warm, stagnant water sources within 

tropical climates could result in algae overgrowth, which would greatly disrupt the ecosystem. If 

the algae are genetically altered to be more resilient as we suggest, it would be difficult to control 

this overgrowth problem. 

It is also uncertain what effect the genetically-engineered algae would have on organisms 

other than mosquito larvae that feed on algae. If these organisms consume the genetically­

engineered algae, they could possibly be harmed by the antibodies that are produced by the 

algae. 

We predict that any effects on the ecosystem would be minor. The genetically-engineered 

algae would be limited to small stagnant water sources throughout malaria-infested countries, not 

major water sources. The potential of limiting the spread of malaria greatly outweighs the 

consequences of minor harm to local ecosystems. 
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