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INTRODUCTION
[bookmark: _GoBack]“Tailed bacteriophages are ubiquitously distributed in nature and are the most abundant organisms on the planet.” (Zhang, Kottadiel, Vafabakhsh, Dai, Chemla, Ha, Rao 2011) Their structure is simple yet effective. They have a head that contains the DNA and a tail which delivers the deoxyribonucleic acid to its cell destination. During bacteriophage production, the head is built first. A protein scaffold forms a skeleton to which a portal can attach. The scaffold is taken away and an adenosine triphosphate enzyme motor attaches itself to the portal. The ATPase motor fills the head with DNA and detaches itself when it’s done. The tail proteins fasten to the portal and complete the birth of the bacteriophage.
Bacteriophage T4 differs slightly from other bacteriophages. Its ATPase motor is the fastest and most efficient motor ever documented. Also, phage T4 doesn’t have strict standards for what types of heads they build on. All other bacteriophages only assemble on empty proheads whereas phage T4 builds on empty proheads, partial heads, or full heads. In fact, phage T4 is able to package more efficiently on partial or full heads rather than the proheads. 
The hypothesis specifies that this information could be indicative of phage T4’s abundant population and adaptive behaviors as well as “[offering] avenues to design novel nanodevices that can transport DNA therapeutics and vaccines into cells.” (Zhang, Kottadiel, Vafabakhsh, Dai, Chemla, Ha, Rao 2011)
MATERIAL AND METHODS
Bacteriophage T4 heads and proheads were collected and infected with 10am13am and 17am18amrII mutations respectively. After the heads were purified, their DNA was digested and centrifuged. The supernatant was isolated, resuspended, and subject to more centrifugations. “The head pellet was then resuspended in 200 ml of Tris-Mg buffer and purified by CsCl density gradient centrifugation.” (Zhang, Kottadiel, Vafabakhsh, Dai, Chemla, Ha, Rao 2011) The head bands gathered after the centrifugation were dialyzed, purified further, and stored appropriately.
“The [in vitro DNA] reaction mixture contained purified proheads, partial heads, or full heads (0.5–161010 particles), purified full-length gp17 (1.5 mM), and DNA.” (Zhang, Kottadiel, Vafabakhsh, Dai, Chemla, Ha, Rao 2011) The different types of DNA required different buffers for packaging. DNAse I-resistant DNA was analyzed by agarose gel electrophoresis alongside many negative controls.
After the packaging mixture containing the purified heads was incubated, T4 phage antibody beads were added and the mixture continued to incubate. Using dual-trap optical tweezers, the DNA was observed and the DNA’s contour and packaging velocity were calculated.
To test the integrity of the packaging efficiency and speed of all the heads a microscope, specialized camera, and homemade program were used to record and examine the data.
RESULTS
Phage T4 synthesis differs from most other bacteriophage development. The “data [demonstrated] that the packaging machine does not discriminate between ‘‘prohead’’…and finished or matured ‘‘phage head’’.” (Zhang, Kottadiel, Vafabakhsh, Dai, Chemla, Ha, Rao 2011) However, because the proheads are very fragile, DNA packaging is generally much less efficient than when packing on phage heads. Partially filled heads have the highest packaging efficiency because full heads don’t have an adequate amount of room left in the head to keep a consistent speed of packaging especially when longer pieces of DNA are involved. Alternatively, full heads will eject DNA to make room for new DNA. All proheads and phage heads can undergo multiple packaging phases, thus housing different genes.
DISCUSSION
When assembling a virus, the process is sequential and irreversible. The phage T4 building process is entirely contradictory to this model. Regardless of the stage of maturation, the ATPase motor will attach itself to a portal and pump DNA into the head. Even if the motor breaks off accidentally, it will reattach itself and continue packaging. This flexibility allows for more DNA to be transferred into heads, which creates tightly packed DNA that is more efficiently transferred into the host cell. This creates more infected cells which passes the disease along quicker.
The head of the phage T4 has been found to act more as a storage vessel than a space dedicated to DNA. The head can be underfilled and overfilled by the ATPase motor and it can house multiple genes. “The use of highly stable virus shells as packaging containers is also a significant breakthrough from a technical standpoint and will have broad implications.” (Zhang, Kottadiel, Vafabakhsh, Dai, Chemla, Ha, Rao 2011) 
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